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Abstract 

This report presents the results of groundwater 
and vadose zone monitoring and remediation for fiscal 
year 1999 on the US. Department of Energy’s Hanford 
Site, Washington. 

Water-level monitoring was performed to evalu- 
ate groundwater flow directions, to track changes in 
water levels, and to relate such changes to evolving 
disposal practices. Measurements for site-wide maps 
were conducted in June in past years and are now 
measured in March to reflect conditions that are closer 
to average. Water levels over most of the Hanford Site 
continued to decline between June 1998 and March 
1999. 

The most widespread radiological contaminant 
plumes in groundwater were tritium and iodine-129. 
Concentrations of carbon-14, strontium-90, 
technetium-99, and uranium also exceeded drinking 
water standards in smaller plumes. Cesium-137 and 
plutonium exceededkandards only near the 216-B-5 
injection well. Derived concentration guide levels 
specified in US. Department of Energy Order 5400.5 
were exceeded for plutonium, strontium-90, tritium, 
and uranium in small plumes or single wells. 

Nitrate and carbon tetrachloride are the most 
extensive chemical contaminants. Chloroform, chro- 
mium, cis- 1,Zdichloroethylene, cyanide, fluoride, and 
trichloroethylene also were present in smaller areas at 
levels above their maximum contaminant levels. 
Metals such’ as aluminum, cadmium, iron, manganese, 
and nickpl exceeded their maximum contaminant levels 
in filtered samples from numerous wells; however, in 
most cases, they are believed to represent natural com- 
ponents of groundwater. 

Resource Conservation and Recowsy Act of I976 
groundwater monitoring continued at 25 waste man- 
agement areas during fiscal year 1999: 

16 under detection programs and data indicate 
that they are not adversely affecting groundwater 

6 under interim status groundwater quality 
assessment programs to assess contamination 

2 under final status corrective-action programs. 

Another site, the 120-D-1 ponds, was clean closed 
in fiscal year 1999, and monitoring is no longer required. 

Groundwater remediation in the 100 Areas con- 
tinued with the goal of reducing the amount of chro- 

mium (100 K, D, and H) and strontium-90 (100 N) 
reaching the Columbia River. The objective of two 
remediation systems in the 200 West Area is to pre- 
vent the spread of carbon tetrachloride and techne- 
tium-99/uranium plumes. Groundwater monitoring 
continued at these sites and at other sites where there 
is no active remediation. 

Subsurface source characterization and vadose zone 
monitoring, soil-vapor monitoring, sediment sampling 
and characterization, and vadose zone remediation 
were conducted in h a 1  year 1999. Baseline spectral 
gamma-ray logging at two single-shell tank farms was 
completed, and logging of zones at tank farms with the 
highest count rate was initiated. Spectral gamma-ray 
logging also occurred at specific retention facilities in 
the 200 East Area. These facilities are some of the 
most significant potential sources of remaining vadose 
zone contamination. Finally, remediation and moni- 
toring of carbon tetradoride in the 200 West Area 
continued, with an additional 972 kilograms of carbon 
tetrachloride removed from the vadose zone in fiscal 
year 1999. 

’ 

?his report is available on the internet through the 
Hanford Groundwater Monitoring Project’s web site: 
http://hanford.pnl.gov/groundwater. Inquiries regard- 
k g  t h i s  report may be directed to Ms. M a q  J. Hartman 
or Dr. P. Evan Dresel, Pacific Northwest National 
Laboratory, P.O. Box 999, Richland, Washington 
99352 or by electronic mail to mary.hartman@pnl.gov 
or evan.dresel@pnl.gov. 

http://hanford.pnl.gov/groundwater
mailto:mary.hartman@pnl.gov
mailto:evan.dresel@pnl.gov
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Billions of liters of liquid waste, some containing 
radionuclides and hazardous chemicals, have been 
released to the ground on the W o r d  Site since 1944. 
A portion of these contaminants was trapped above 
the water table and some reached groundwater. The 
U.S. Department of Energy (DOE) monitors ground- 
water on the Hanford Site to track the spread of these 
contaminants. Groundwater is being remediated at 
seven sites that were identified as requiring immediate 
action. This report summarizes results of monitoring 
for fiscal year 1999. 

State and federal regulations require groundwater 
monitoring for protection of human health and the 
environment. This report fulfills reporting require- 
ments of the Resource Casewation and Reccwery Act of 
1976 (RCRA), specific Washington Administrative 
Codes, and the Atomic Energy Act of I954 as imple- 
mented by DOE orders. This report also summarizes 
results of groundwater monitoring conducted to assess 

the effects of remediation or interim measures con- 
ducted in accordance with the Comprehensive Environ- 
~~Resgonse ,compet l saaon * ,andLiabilityActof1980 
(CERCLA). 

Groundwater Flow 
The water-table map for March 1999 indicates 

that groundwater in the unconfined aquifer generally 
moves from recharge areas along the westem boundary 
of the site to the east and north toward the Columbia 
River, which is the major discharge area. This natural 
flow pattern was altered by the formation of ground- 
water mounds created by the dis3large of lage volumes 
of wastewater at disposal facilities. These mounds are 
declining, and groundwater flow is gradually returning 
to earlier patterns. During fiscal year 1999, water levels 
continued to drop beneath the 200 Areas, causing some 
monitoring wells to go dry. Replacement wells were 
installed in the most critical locations. 

B 

In part of the 200 East Area, water levels have 
dropped below the top of a fine-grained confining unit 
so that there is no unconfined aquifer. The uppermost 
aquifer there is a confined aquifer in the Ringold For- 
mation. Groundwater flow in this confined aquifer is 
affected by a mound remaining from past discharges to 
the B Pond. There seems to be an upward gradient 
between this aquifer and the unconfined aquifer. 

Water levels &dined beneath the cen- 
tral Hanford Site in fical year 1999, caw- 
ing some wells to go dry. Rephcement wells 
are needed. 

The fiscal year 1999 potentiometric map for the 
upper basalt-confined aquifer is similar to previous 
maps. The potentiometric map indicates that, south 
of Umtanum Ridge and Gable Mountain, groundwater 
generally flows from west to east across the Hanford 
Site, through the overlying sediment, and into the 
Columbia River. In the region northeast of Gable 
Mountain, there is insufficient well coverage to clearly 
define flow directions. The groundwater is believed to 
flow southwest and discharge primarily to underlying 
confined aquifer systems in the Ummum Ridge-Gable 

lic head associated with recharge from agricultural 
activities north and east of the Columbia River has 
been observed for deeper, confined aquifer systems 
and is believed to be mirrored in the upper basalt- 
confined aquifer system north of Gable Mountain. 
Water levels in this aquifer in the central and western 
portions of the Hanford Site declined in fiscal year 
1999, responding to a reduction in artificial recharge 
from liquid waste disposal. Water levels in the eastern 
portion of the Hanford Site i n c d  in fiscal year 1999 
because of large-scale irrigation activities in areas east 
of the Columbia River. 

Mountain S N C ~  m. A region of i n 4  hydrau- 
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Groundwafer Contamination 
Monitoring wells were sampled during fiscal year 

1999 to sat* requirements of RCRA, CERCLA, 
Washington Administrative Code, and DOE orders. 
There were 623 wells sampled during the period. 

Most of the contamination in the groundwater 
today resulted from the discharge of high volumes of 
relatively low-concentration efFluents into cribs, ponds, 
and ditches in the past. New groundwater con-- - tion may result from these inactive sources if contami- 
nation that has been immobile in the vadose zone is 
mob&& by increased infiltration of water from man- 
made or natural sources, e.g., in areas of gravel cover 
with no vegetation. Though there may be short-term 
variability in the concentrations of contaminants 
derived from these past sources, concentrations are 
expected to decline overall through radioactive decay, 
chemical degradation, and dispersion. A few sites still 
have the potential to add new contamination to 
groundwater, eg., single-shell tanks, K Basins, and state- 
permitted disposal facilities. In the past few years, 
mobile fractions of waste from leaking Sqle-sheLl tanks 
have been detected in pundwater. Tritium leaks from 

. K Basins also have been detected in the past decade. 

The Hanford Groundwater Monitoring 
Project sampled 623 wells du7ingfid y e m  
1999. Tritium, nitrate, and iodine-129 
are the most widespread contmninants. 

the 216-E5 injection well). Derived concentration 
guide(') levels were exceeded for strontium-90 in the 
100 K, 100 N, and 200 East areas (near the 216-B-5 
injection well). The derived concentration guide for 
uranium was exceeded near U Plant. The derived con- 
centration guide for tritium was exceeded in one well 
that monitors fuel storage basins in the 100 K Area 
and in one well near cribs that received effluent from 
the Plutonium-Uranium Extraction (PURM) Plant. 
The derived concentration guide for plutonium was 
exceeded in one well in the 200 East Area (near the 
216-B-5 injection well). Results for individual con- 
stituents are summarized below. 

In fical year 1999, -254 square kilo- 
meters of the aquiferwerecontamirurtedat 
&Is above drinking water standmds. This 
is a slightly larger area than m f i d  year 
1998. 

L, 
The extent of major chemical constituents at 

levels above the primary maximum contaminant levels 
is shown in Figure S.2. The map is based on data from 
wells near the top of the unconfined aquifer. Carbon 
tetrachloride, nitrate, and trichloroethylene were the 
most widespread. Chloroform, chromium, cis-l,2- 
dichloroethylene, cyanide, fluoride, and other metals . 
also were present at levels above their maximum con- 
taminant levels. Results for individual constituents 
are summarized below. 

The extent of major radionuclides at levels above 
the interim drinking water standards is shown in Fig- 
ure S.1. The map isbased on data from wells that mani- 
tor near the top ofthe unumfined aquifer. Iodine-129, 
strontium-90, technetium-99, tritium, and uranium 
were present at levels above the standards. Minor 
radiological commination included carbon-14 (100 K 
Area) cesium-137 and plutonium (200 East Area near 

The area of contaminant plumes with concentra- 
tions ex+ a maximum contaminant level or drink- 
ing water standard was estimated to be -254 square 
kilometers in fiscal year 1999. This is an increase of 
-4% compared tu fiscal year 1998. The fiscal year 1999 
plumes equate tu a volume of -1.4 billion cubic meters. 
The volume estimate has a high uncertainty because 
of a lack of knowledge about the vertical extent of 
contaminant plumes. Plume thickness is estimated to 

(a)& derivedccmmtraticm &e isbased on anarposure standard of 100 mil l i iper  year and is the amount of an individual 
radionuclide that would lead to that dose through ingestion under specified inmke scenarios. 
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be 20 meters, except in the 100,300, and Richland 
North areas, where it is estimated to be 5 meters. The 
porosity of the aquifer is not well-characterized; for the 
purpose of the calculation, the porosity was assumed 
to be 30%. The estimate did not include water in the 
vadose zone. 

plume is moving relatively slowly because the aquifer 
has a relatively low permeability. Additional plumes 
of tritium originated in the 100 Areas, exceeding the 
drinking water standard locally. 

Tritium exceeded its 2 million pCi/L derived con- 
centration guide in one well near cribs that received 
effluent from the PUREX Plant (3.87 million pCi/L) 
and in one well in 100 K Area (2.36 million pCi/L). 
Concentrations in the PUREX well appear to be 

Limited data are available on contamination 
deeper in the Ringold Formation near the 200 Areas. 
Carbon tetrachloride and tritium have k e n  detected 
in these deeper units. 

Tritium was present in many Hanford Site waste 
streams discharged to the soil column and is the most 
mobile and most widely distributed radionuclide onsite. 
It has a relatively short half-life (12.3 years). 

The most prominent tritium plume originated in 
the 200 East Area near the PURM Plant and is migrat- 
ing downgradient to the southeast. This phme dis- 
charges to the Columbia River along a stretch that 
extends from the Old Hanford Townsite to the 
300 Area. Tritium concentrations near the Columbia 
River are highest in wells near the Old W o r d  Town- 
site, where they are greater than 100,OOO pCi/L. Con- 
centrations in these wells are about half of what they 
were in the 1980s and are expected to continue to 
decline. 

decreasing gradually, while concentrations in the 
100 K Area well are highly variable. One well at Waste 
Management Area TX-TY equalled the derived con- 
centration guide for tritium. 

In January 1999, a sample from well 699-13-313, 
located downgradient of the 618-11 burial ground in 
the southeastern 600 Area, contained 1.86 million 
pCi/L of tritium. This value was the fmt tritium data 
from this well and was far higher than concentrations 
in surrounding wells. The concentration was confirmed 
by re-analysis, and a sample collected in January 2000 
contained 8.1 million pCi/L of tritium. A special 
investigation of the groundwater at the 618-11 burial 
ground is being undertaken in fiscal year 2000 to define 
the source of the high tritium results. . 

Tritium contamination has been detected in con- 
fined aquifers beneath the 200 Areas. Concentrations 
exceeded the drinking water standard in several wells 
that monitor a confined aquifer h the Ringold Forma- 
tion near 200 East Area. Levels below the standard 
were detected in the upper basalt-confined aquifer. . Tritium i s  very mobile in groundwater. 

The largest plume originates in the 200 East 

concennations exceed the drinking water 
standurd near the Columbia River. Levels 
me generally declining due to radioactive 
decay. 

Area and extends to the southeast, where Iodine- 1 29 
The presence of iodine-129 in groundwater is sig- 

nificant because of its relatively low, l-pCi/L interim 
drinking water standard; its long-term releases from 
nuclear fuel processing facilities; and its long half-life 
(16 million years). However, iodiie-129’s relatively 
low-fission yield and long half-life limit its concentra- 
tion in Hanford Site groundwater. Iodine-129 is trans- 
ported in groundwater as the anionic iodide (I)  species 
that is very mobile. Waste containing iodine.129 was 
historically disposed of in the 200 Areas. Extensive 

AnotherAtritium plume from the 200 East Area 
has moved northward between Gable Mountain and 
Gable Butte. A smaller plume between the 200 East 
and 200 West Areas has its source near the 200 West 
Area’s Reduction-Oxidation (REDOX) Plant. This 

ei 
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plumes exceed the drinking water standard in the 
200 Areas and in downgradient portions of the 
600 Area. The major plume extends toward the south- 
east from the 200 East Area. Concentrations remain 
below the drinking water standard in wells near the 
Columbia River, but may increase in the future as the 
plume moves downgradient. A smaller plume of 
iodine-129 is moving toward the north between Gable 
Mountain and Gable Butte. 

The highest concentration of iodine- 129 detected 
in fiscal year 1999 was 47 pCi/L at Waste Manage- 
ment Area TX-TY. 

E ~ t e n ~ i ~  j h ~ ~  ofgrounnWater (3011- 
t a m i M t e d  with i0m~-129 exceeded the 
drinking water standard in the 200 Areas 
and in downgradient portions of the 
600 Area. 

Technetium-99 
Technetium-99 is produced as a high-yield fission 

product and is present in waste streams associated 
with fuel processing. Technetium-99 is transported in 
groundwater as an anionic pertechnicate (TcO;) spe- 
cies that is highly mobile. Technetium-99 tended to 
be associated with uranium through the fuel process- 
ing cycle, but uranium is less mobile in groundwater 
on the Hanford Site. 

The 200 West Area had the highest technetium-99 
concentrations detected in fiscal year 1999 
(48,000 pCi/L). In this area, the largest plume is asso- 
ciated with U Plant, and the plume is migrating to the 
east into the 600 Area. A groundwater pump-and- 
treat system is operating near U Plant in an attempt to 
contain the plume. Technetium-99 ais0 is elevated in 
wells monitored for the B, BX, BY, S, SX, T, TX, and 
TY single-shell tank b. These sites are undergoing 
R C M  assessment investigations. 

,- 

Elevated technetium-99 levels apparently asso- 

,ciated with the BY cribs (200 East Area) continued to 

be detected in fiscal year 1999. -The maximum annual 
average near the BY cribs in fiscal year 1999 was 
5,700 sin, 

? 
A well completed in the basalt-confined aquifer 

near the BY cribs had technetium-99 at levels above 
the 900-pCi/L drinking water standard in fiscal year 
1998 (average of 1,500 pCi/L, which is within the 
historical range). However, this well was not sampled 
in fiscal year 1999. 

Technetium-99 is a mobile contaminant 
that exceeds the drinkmg water standards m 
d p l u m e s .  Thehighestconcentrationsm 
fiscal year 1999 were m the 200 West Area, 
where uranium is also present. The goal of 
a groundwater pump-and-treat system in 
that mea is to prevent the plume from 
spreading. 

hpi 
Uranium 

Uranium contamination on the Hanford Site has 
numerous potential sources, including fuel fabrication, 
fuel processing, and uranium recovery from separations 
activities. Uranium mobility is dependent on Eh, pH, 
and the presence of carbonate; its migration is slower 
than that of tritium and technetium-99. At the Eh/ 
pH conditions found in the unconfined aquifer, U(W) 
is the most mobile state. 

The U.S. Environmental htection Agency (EPA) 
proposed a 20-pg/L maximum contaminam level for 
uranium. Uranium was detected at concentrations 
above this level in the 100 H, 100 F, 200, and 300 areas. 
Contamination in the 100 H, 100 F, and 200 East 
areas is very localized. 

The highest concentrations detected in fiscal year 
1999, exceeding the derived concentration guides for 
uranium isotopes, were in the 200 West Area near the 

the 600 Area to the east. Like technetium-99, this 
plume is the target of a pump-and-treat system. 

216-U-1 and 216-U-2 cribs. This plume extends into 
.(J 
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Another area of elevated uranium concentrations 
is observed in the 300 Area, downgradient of the 
3 16-5 process trenches and ponds. Uranium contami- 
nation appears to be moving from the vicinity of the 
process trenches toward the southeast. 

Strontium-90 
Strontium-90 is produced as a high-yield fission 

product and is present in waste streams associated with 
fuel processing; it was released also by fuel element 
failures during reactor operations. Strontium-90 is 
of concern because of its moderately long half-life 
(28.8 years), its potential for concentrating in bone 
tissue, and the relatively high energy of the beta decay 
from its yttrium-90 radioactive decay product. 

In fiscal year 1999, strontium-90 exceeded the 
8-pCJL interim drinking water standard in wells in 
all of the 106 and 200 areas and near the former 
Gable Mountain Pond. Strontium-90 exceeded the 
1 ,OOO-pCi/L derived concentration guide in wells in 
the 100 K, l O N ,  and 200 East areas. Levels dedined 
to just below the derived concentration guide near 
the former Gable Mountain Pond. 

The most widespread strontium-90 
COntamiMtion is m the 100 N Area, and is 
the target of a pump-and-treat system. The 
pZume did not change siguFcantiy m fid 
year 1999. Strontium-90 is of concern 
b e w e  of its moderately long half-life 
(28.8 years) and its potential to amcentrate 
in animal and human bones. 

The most Gdespread, high strontium-90 concen- 
trations continued to be detected in the 100 N Area. 
The o v e d  extent of the strontium-90 plume in the 
100 N Area is not changmg perceptibly but concen- 
trations in seeps d-ng to the Columbia River 
continue to exceed the drinking water standard. The 
goal of a pump-and-treat system in the 100 N Area is 
to reduce the movement of strontium-90 toward the 
Columbia River. 

Carbon- 14 
Carbon-14 exceeded the 2,OOO-pCi/L interim 

drinking water standard in two small plumes near 
waste disposal facilities adjacent to the KW and KE 
reactor buildings. The maximum concentration in 
fiscal year 1999 was 15,600 pCi/L, about the same as 
in recent years. 

Cobalt-60 
Cobalt-60 is a neutron activation product typi- 

cally associated with waste generated by the process- 
ing of irradiated fuel or with reactor cooling water. 
Cobalt-60 is predominantly present as a divalent cat- 
ion that is strongly adsorbed onto Hanford Site sedi- 
ment and is rarely observed in groundwater unless 
combined with other chemicals. Wells consistently 
show the presence of detectable cobalt-60 north of the 
200 East Area, in an area that is affected by waste dis- 
posed to the BY cribs. However, levels have declined 
because of its relatively short half-life (5 3 years). 

Inficalyear1999,cobalt-60mrjnued 
to be detectednorrhofthe 200 East Area but 
remuinedbelowtheddingwaterstandard. 

In fiscal year 1999, the maximum annual average 
cobalt-60 detected in this vicinity remained below the 
lOO-pCi/L interim drinking water standard. cobalt-60 
in this area appears to be highly mobile, probably 
because of the presence of a soluble cobalt-cyanide (or 
ferrocyanide) complex associated with the plume 
originating in the BY cribs. 

< 

Cesium- 137 
Cesium-137 is produced as a high-yield fission 

product, is present in waste streams associated with 
fuel processing, and has been released in reactor areas 
by fuel element failures. The concentration of cesium- 
137 in fiscal year 1999 reached 1,840 pCi/L in a well 
near the 216-E5 injection well, which is in line with 
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the historical trend for the well. The interim d r d c i q  
water standard for cesium-137 is 200 pcilr, 

Cesium-137 is a potential contaminant ofconcern 
at the S and SX single-shell tank farms. However, it 
was not detected in in fiscal year 1999 in this area. It 
appears that the conmphation is dominantly sorbed 
to particulate matter and does not seem to be a signifi- 
cant groundwater contaminant. 

PIutonium 
Plutonium was present in waste streams associated 

with fuel processing. The derived concentration guide 
for plutonium-239 is 30 pCi/L.. There is no explicit 
interim dnnlung water sfandard for plutonium-239; 
however, the maximum contaminant level for gross 
alpha (15 pCi/L) is applicable. Alternatively, if the 
derived concentration guide, which is based on a 
100-millirem dose standard, is converted to the 
$-millirem dose equivalent used for the interim dnnlung 
water standard, 1.2 pCi/L would be the relevant guide- 
line. Plutonium generally binds strongly to sediment, 
so its mobility in groundwater is limited. 

P l u t o n i u m c € m t a ~ i s  limited to 
un area adpent to the 21 6-E5 injection 
weR m the 200 East Area. 

The only significant detection of plutonium in 
fiscal year 1999, as in previous years, was associated 
with the 216-E5 injection well in the 200 East Area. 
The maximum plutonium-239/-240 concentration 
detected near this injection well in fiscal year 1999 
was 66 pCi/L, about the same as last year. 

Nitrate contamination in the unconfined aquifer 
reflects the extensive use of nitric acid in decontami- 
nation and chemical processing op6rations. Like 
tritium, nitrate was present in many waste streams and 

is mobile in groundwater. Additional souras of nitrate 
are located off the Hanford Site to the south and west. 

xiv 

Nitrate is the widest spread CJlemiCal 
mtmninantmgroundwateron the Hm- 
ford Site. However, the kmgestportions of 
the plumes are belour the drinking water 

Standard. 

Nitrate was measured at concentrations greater 
than the maximum contaminant level (45 m a )  in 
wells in all operational areas. Although elevated 
nitrate levels were found throughout the extensive 
plume that originates from the vicinity of the PURM 
Plant in the 200 East Area, only proportionally small 
areas contained nitrate at levels above the maximum 
contaminant level. Concentrations in wells near the 
Columbia River at the Old Hanford Townsite are below 
the maximum contaminant level and have been steady 
for the past 10 years. Another plume originates at facili- 
ties associated with B Plant and migrates northward. 

L) 

Extensive nitrate contamination extends into the 
600Areafrom the vicinity ofU Plant in the 200 West 
Area. A large nitrate plume in the 200 West Area is 
located near T Plant, while smaller amounts of con- 
tamination are found near the Plutonium Finishing and 
REDOX plants. Two relatively smaU areas greater than 
the maximum contaminant level were detected near 
the 400 Area and Energy Northwest (formerly the 
Washington Public Power Supply System). Nitrate 
contamination in the Richland North Area apparently 
hasha source off the Hanford Site. 

Chromium 
A major source for chromium was the sodium 

dichromate used as a corrosion inhibitor in cooling 
water for reactors in the 100 Areas. Chromium also 
was used for decontamination in the 100,200, and 
300 areas and for oxidation-state conml in the REDOX 
Plant processes in the 200 west Area. Chromium was 
elevated in each of the 100 Areas, but the major plumes 
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exceeding the loo-& maximum contaminant level 
are related to operations in the 100 K, 100 D, and 
100 H Areas. 

the 200 West Area. The plume extends beyond the 
area boundary and forms the most widespread organic 
contaminant plume on the W o r d  Site. The contami- 
nation is principally from waste dtsposal operations asso- 
ciated with the Plutonium Finishing Plant, where it was 

used in plutonium processing. Concentrations in the 
central part of the plume remained above 2,000 & 
in fiscal year 1999. A groundwater pump-and-treat 
system is operating in this area to prevent the central 
portion of the plume from spreading. There appears 
to be a shift in the maximum concentrations toward 
the pumping wells, and the treated water is displacing 
the plume in the vicinity ofthe injection wells, located 
west of the area. 

Hexavalent chromium is a hazard to 
some aquatic life. Therefore, interim aaions 
are under way to pump and meat ground- 
water m 100 K, 100  D, and 100 H areas 
to red- the amount of chromium reaching 
the Columbia R i m .  

Hexavalent chromium was detected in the colum- 
bia River substrate adjacent to these areas and is a haz- 
ard to some aquatic life. Therefore, interim actions are 
under way to pump and treat groundwater in these areas 
to reduce the amount of chromium reaching the 
Columbia Rver. Data from new wells in the southwest- 
em 100 D Area helped define the chromium plume in 
that region in fiscal year 1999. That plume, with con- 
centrations greater than 1,OOO Clgn, is being treated in 
situ by a method of reduction/oxidation manipulation. 

Groundwater beneath the 200 West 
Area is contaminated with c a r b  terrachb- 
ride. A pump-and-rreat system prevents the 
center of the plume fiom spreading. 

w 
The total area of the carbon tetrachloride plume 

at the top of the unconfined aquifer in fiscal year 1999 
(5-clgn contour) was -11.5 square kilometers, a m -  
pared to 11.4 in fiscal year 1998. In some areas, con- 
centrations of carbon tetrachloride decrease with depth, 
but data collected in recent years indicate that in other 
areas carbon tetrachloride is present at higher concen- 
trations deeper in the Hanford/Fhgold sediment than 
at the water table. Therefore, the extent of the plume 
at the water table may not reflect the extent in deeper 

Chromium concentrations also exceeded the maxi- 
mum con taminant level near T Plant and the 2164-10 
pond and ditch in the 200 West Area. Chromium 
continued to exceed the maximum contaminant level 
in one well south of the 200 East Area. Other wells in 
the area also have elevated chromium, though levels 
are below the maximum contaminant level. The 
source of this plume has not been identified. 

Datafiomnew wells infiscal year 
1999 helped dejine the chromium plume in 
the southwestern 100 D Area. An innoua- 
tiw method to clean up this plume will be 
expandedinfiscalyear2000. 

. 

parts of the aquifer system. 

carbon rewadJ0ride has been detected 
in wells that monitor fat b e h  the water 
table. Further szudy is needed to determine 
its distribution with depth. 

Carbon Tetrachloride Chloroform 
Carbon tetrachloride contamination exceeds the 

5-pg/L maximum contaminant level beneath much of The 200 West Area chloroform plume is associ- W 
ated with the carbon tetrachloride plume and is 
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believed to be a degradation product of carbon tetra- 
chloride. A concentration of 140 pg/L was detected 
in 200 West Area in fiscal year 1999. The maximum 
contaminant level for chloroform is 100 pg/L (total 
trihalomethanes). 

Tn'chloroethylene 
Trichloroethylene was used on the Hanford Site in 

the 1960s and 1970s as a degreasing compound. Con- 
centrations of trichloroethylene exceeded the 5-ctgn 
maximum contaminant level in fiscal year 1999 in wells 
in the 100 K, 100 F, 200 West, 300, and Richland 
North areas. It also was detected in wells near the 
Solid Waste Landfll, but levels were below the maxi- 
mum contaminant level. 

Tridhoethylene was used to remove 
grease. 1tispresentmsmalIplumesmthe 
100 K, 100 F, 200 WW, 300, and Ridr- 
land North meas. 

Concentrations of trichloroethylene exceeded the 
maximum contaminant level in the 200 West Area to 
the west of T Plant and east of U Plant. Trichloroeth- 
ylene is also associated with the carbon tetrachloride 
plume near the Plutonium Finishing Plant. 

Trichloroethylene exceeded the maximum con- 
taminant level in one of the point-of-compliance web 
for the 1100-EM-1 Operable Unit and was detected in 
other wells near Siemens Power Corparaton and Horn 
Rapids Landfill. The plume appears to be moving 
toward the northeast and concentxations are declming. 

cis-1 ,2-Dichloroethylene 
Concentrations of cis- 1,2-dichloroethylene 

remained high in a well that monitors the bottom of 
the unconfined aquifer near the 316-5 process trenches 
in the 300 Area. The average &-1,2dichloroethylene 
concentration in this well in fiscal year 1999 was 

150 pg/L (maximum contaminant level is 70 pg/L). 
The source of this constituent is believed to be anaer- 
obic biodegradation of trichloraethylene. 

TetrachIoroethylene 
Tetrachloroethylene exceeded the S-pg/L maxi- 

mumcon taminant level in a single well in the 300 Area 
in fiscal year 1999, with a concentration of 7 pg/L. A 
plume of tetrachloroethylene was detected in six wells 
in the 300 Area in fiscal year 1998, but rapidly 
decreased. 

Cyanide 
Cyanide contamination is present north of the 

200 East Area and is believed to have originated from 
wastes containing ferrocyanide that were disposed in 
the BY cribs. Wells containing cyanide often contain 
concentrations of several radionuclides, including 
cobalt-60. cobalt-60 appears to be chemically com- 
plexed and mobilized by cyanide or ferrocyanide. 
Cyanide concentrations exceeded the 200-pg/L maxi- 
mum contaminant level in only one well in fiscal year 
1999, with a maximum value of 291 pg/L, a slight 
decrease from fiscal year 1998. 

L;; 

Cg~nide w a ~  aocinted with ~ t e  dis- 
charged to the BY cribs near 200 East Area. 
Ingrarndwateritexceededthedtinltingwater 
standurd in one well m jkd year 1999. 

Fluoride 
Fluoride was detected above the 4,000-j1g/L maxi- 

mum contaminant level in one well near the T Plant 
waste disposal facilities in the 200 West Area. The 
highest concentration was 4,960 p&. A concentra- 
tion of -5,OOO pg/L from a source off the W o r d  Site 
was detected in a well in the Richland North Area. 
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Ingestion Risk and Dose Estimate 

Groundwater is not a primary source of drinking 
water for most Hanford Site workers. However, com- 
parison to drinking water standards provides perspec- 
tive for contaminant levels. Interim drinking water 
standards use the methods set out in 40 CFR 141, 
40 CFR 142, and 40 CFR 143 to estimate the concen- 
tration in water that could result in a potential 
radiological dose of 4 millirem per year from consump- 
tion of each individual constituent. Similarly, derived 
concentration guides provide estimates of radiological 
concentration that could result in a 100-millirem per 
year dose as defined in DOE Order 5400.5. However, 
the potential dose is actually the sum of the doses 
from the individual constituents. An estimate of this 
cumulative dose, which could result from consumption 
of groundwater from different onsite locations, can be 
calculated from the extent of contamination. 

A person's potential dose from drinking 
wntaminated water is the sum ofthe doses 
from the individual radionudides. The high- 
est dose estimates on the Hanford Site me 

restrictedtopartsofthelOOK, 100N,and 
200 areas. Groundwater is not wed for 
drinking in these areas. 

Figure S.3 shows the cumulative dose estimates 
from ingestion of groundwater from the unconfined 
aquifer on the Hanford Site. These estimates were 
made by adding the effects of all major radionuclides 
in Hanford Site groundwater: carbon-14, cesium-137, 
iodine-129, plutonium, strontium-90, technetium-99, 

tritium, and uranium. The automatic interpolation 
process sometimes resulted in peak grid values that 
were lower than the measured maximum values becaw 
it averaged in other lower values. In these cases, the 
value at the grid node closest to the measured peak 
value was increased to match the measured peak. Fac- 
tors to convert activities to ingestion dose equivalents 
were taken from DOE Order 5400.5. 

The dose estimates presented in Figure S.3 show 
that areas above the 100-millirem per year dose stan- 
dard are restricted to localized parts of the 100 K, 100 N, 
and 200 areas and a location around a single well down- 
gtdent of the 618-1 1 burial ground. Portions of the 
100,200,300, and 600 areas exceed 4 millirem per 
year+) 

The hazard quotient describes health 
hazards associated with noncarcinogenic 
substances. The highest hazard quotient on 
the Hanford Site is in a small part of the 
200 West Area. 

~~ ~ 

Figure S.4 illustrates the estimated lifetime incre- 
mental cancer risk that would be experienced by a 
person drinking water contaminated with chemicals 
and radionuclides at concentrations that have been 
measured in groundwater across the Hanford Site. 
Cancer-risk estimates were made by adding concentra- 
tions of the radionuclides listed above plus carbon 
tetrachloride, chloroform, cis- 1 ,Zdichloroethylene, 
hexavalent chromium, nitrate, and trichloroethylene. 
The calculation assumes that a person weighing 70 kilo- 
grams consumes 2 liters of groundwater every day for 

(a) EPAdrinking water standards for radionuclides in4OCFR Part 141 were derived based on a + d b  per year dose SQndard 
using Maximum Permissible Gmcentrations in water specified in National Bureau of Standards Handbook 69 (U.S. Department 
of Commerce, as amended August 1963). The area exceediig drinking water standards in Figure S.l is based on the EF'A regula- 
tory tequirement. However, the areas in Figure 53 carresponding to a dose greater than 4 millirem per year were calculated using a 
more recent dosimetry system adopted by DOE and other regulatory agencies (as implemented in DOE Order 5400.5 in 1993). 
If both dosimetry systems were equivalent, one would expect the area above 4 millirem per year in Figure S.3 to be the same as 
the area exceesiii interim d r i i i g  water standards (see Figure S.l), or to show a slightly larger area exceeding 4 millirem per 
year (ie., if two or more radionuclides were individually below the d r i i g  water standards, but added up to exceed 4 millirem 
per year). In fact, the areas above 4 millirem per year on Figure S3 are more restricted than the area above the drinking water 
standard in Figure S.l because of differences in the dosimetry systems adopted by EF'A and DOE. 
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30 years (DOE/RL-91-45, Rev. 3; IRIS 1997). Caner  
risks exceeding O.OOO1 are present in portions ofthe 
100,200,300, and 600 areas. 

Figure S.5 shows the estimated hazard quotient 
that would be experienced by an individual drinking 
water contaminated with chemicals at concentrations 
that have been measured in groundwater across the 
W o r d  Site. The hazard quotient relates the poten- 
tial human health hazards associated with exposure to 

Mlncarcinogenicsubstancesorcarcinogenic~ 
with systemic toxicity other than caner (in Hadord 
Site groundwater, these include hexavalent chromium, 
nitrate, strontium, and uranium). The calculation 
assumes that apersanweighmg 70 kilogramsconsumes 
2 liters of groundwater every day for 30 years (DOE/ 
RL-91-45, Rev. 3; IRIS 1997). The only locations 
with hazard quotients above 5 are small portions of 
the 100 H and 200 West areas. Values between 1 and 
5 are present in the 100 K, 100 D, 100 F, 200 West, 
and 200 East areas and from offsite contamination in 
the Richland North Area. 

Groundwater Remediation 
Groundwater remediation conducted in acMdance 

with CERCLA was performed at the following sites: 

100-KR4 Operable Unit, 100 K Area - An 
interim action to address chromium contamination 
near the 116-K-2 trench continued in fiscal year 1999. 
Groundwater is extracted from six wells between the 
trench and the Columbia River, treated to remove 
chromium, and injected into wells upgradient of the 
trench. A capture zone model indicates that si@- 
cant portions of the plume are being captured. The 
mass of chromium in the aquifer also is being reduced. 

100-NR-2 Operable Unit, 100 N Area - 
Groundwater continued to be extracted from wells 
near the 1301-N liquid waste disposal facility, treated 
to remove smntium-90, and injected into wells near 
the 1325-N liquid waste disposal facility. The extrac- 
tion wells create a hydraulic barrier intended to reduce 
the volume of contaminated groundwater reaching 
the Columbia River. 

The goal of the pumpnd-treat systems on the 
Hanford Site is to prevent the worst contami- 
nants from spreading. These systems removed 
the following contaminants in fiscal year 1999: 

b 1,300 kilograms of carbon tetrachloride 

b 63 kilograms of hexavalent chromium 

b 4,900 kilograms of nitrate 

b 0.2 curie of strontium-90 

b 22 kilograms of uranium 

F 7.8 kilograms of technetium-99. 

100-HR-3 Operable Unit, 100 D Area - An 
interim action pump-and-treat system continued in 
fiscal year 1999. The system removes chromium- 
contaminated groundwater from wells near the colum- 
bia River and pipes it to the 100" Area for treatment 
and injection. The hydraulic effects of groundwater 
extraction are estimated to result in con-ent of 
the plume along -400 meters of shoreline. A demon- 
stration of in situ redox manipulation technology 
continued in fiscal year 1999 and the technology will 
be expanded in fiscal year 2000. The project's goal is 
to create a permeable treatment zone in the subsurface 
where chemical-reducing agents will turn the highly 
soluble hexavalent chromium to an insoluble state. 

L.) 

. 

A test of an in situ method to immbi- 
lire chromium in groundwater m the 100 D 
Areawassucwsful, and themethod willbe 
expanded in fical year ZOOO. 

100-HFt-3 Operable Unit, 100 H Area -An 
interim action pump-and-treat system continued in 
fiscal year 1999. The system removes chromium from 
wells in the central 100 H Area, treats it to remove 
chromium, and injects the water into wells in the 
southwestern part of the area. Computer simulations 
indicate that most of the plume is being captured, but a 
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portion continues to pass between the extraction wells 
into the Columbia River. An additional extraction 
well was installed in fiscal year 1999 and is scheduled 
to begin operating in 2000 to improve contaminant 
capture. 

monitored under assessment or corrective-action pro- 
grams. The following summarizes the highlights of 
RCRA monitoring during fiscal year 1999. 

Four single-shell tank waste management areas 
were monitored under interim status assessment inves- 
tigations. At the T,'TX, and TY single-shell tank farms 
(200 West Area), technetium-99 and other contami- 
nants are increasing in many wells, apparently as a 
result of changing directions of groundwater flow. 
Waste Management Area S-SX (200 West Area) had 
increases and decreases in technetium-99 as a result of 
movement of the contaminant plume. No cesium-137 
or strontium-90 was detected in any of the RCRA 
wells at Waste Management Area S-SX. Waste Man- 
agement Area B-BX-BY (200 East Area) appears to 
have three distinct areas of contamination, based on 
chemical fingerprints, plume locations, and trends. 

200-UP-1 Operable Unit, 200 West Area - 
An interim action pump-and-treat system, designed to 
contain and treat the elevated technetium-99 and 
uranium, continued to operate in fiscal year 1999. 
Technetium-99 concentrations are below the remedi- 

- ation goal of 9,OOO pCi/L in all but two wells. Uranium 
concentrations remained above the remediation goal 
of 480 pg/L in almost all wells, even after treatment of 
425.6 million liters of groundwater and 5 years of 
operation. 

200-ZP-1 Operable Unit, 200 West Area - 
An interim action pump-and-treat system continued 
to operate to prevent further movement of carbon tet- 
rachloride, chloroform, and trichloroethylene from 
the high concentration portion of the carbon tetra- 
doride plume and to reduce contaminant mass. Treat- 
ment of the contaminated water resulted in the removal 
of 1,290 kilograms of carbon tetrachloride in fiscal 

. year 1999. Since initiation of pump-and-treat opera- 
tions, August 1994 through September 1999, more 
than 864.2 million liters of water have been treated, 
resdthg in r emod  of 3,386 kilograms of carbon tetra- 
chloride. The system appears to be' containing and 
capturing the portion of the plume with the highest 
concentrations. 

The 183-H solar evaporation basins (100 H Area) 
and the 316-5 process trenches (300 Area) were moni- 
tored under final status requirements during fiscal year 
1999. The 183-H basins have contaminated the 
groundwater with chromium, nitrate, technetium-99, 
and uranium at levels exceeding applicable concentra- 
tion limits. Corrective action is directed by the 
CERCLA program, and an interim remedial action 
(pump-and-treat system) for chromium continued in 
fiscal year 1999. Groundwater monitoring to meet 
RCRA requirements continues during the remediation. 

)cd 

The 3 16-5 process trenches and other nearby 
sources contaminated groundwater with cis-l,2- 

Groundwater Monitoring of RCRA 
Treatment, Storage, and-Disposal .. .- 

dichloroethylene, trichloroethylene, and uranium at 

* units 

RCRA groundwater monitoring continued at 
25 waste management areas. At the end of fiscal year 
1999,16 were being monitored under indicator evalu- 
ation programs and do not appear to adversely affect 
groundwater with hazardous constituents. One (120- 
D-l ponds) was clean closed in fiscal year 1999, mean- 
ing that no waste was left in place and no further ' w 

RCRA monitoring at the Hanford Site included 

b 2 sites under corrective action 

b 6 sites under groundwater quality 
assessments 

b 1 site clean closed in fiscal year 1999 

b 16 sites under indicator evaluation. 
groundwater monitoring is required. The others were 
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levels above their respective concentration limits. 
However, the corrective-action monitoring plan has 
not been approved, and monitoring continues under 
the compliance plan. Natural attenuation of the con- 
taminants is the corrective action chosen in the 
CERCLA record of decision. Groundwater monitor- 
ing continues in accoTdance with RCRA. 

Changing water levels have affected the adequacy 
of some RCRA groundwater monitoring networks. In 
some areas, flow directions have changed since the 
networks were designed, and some wells have gone dry 
because of a d e d i  water table. In the 200 West 
Area, monitoring networks for Waste Management 
Areas T and TX-TY could be inadequate for RCRA 
monitoring and need additional wells. Dry wells at 
the 216-S-10 pond and ditch and the 216-U-12 crib 
have caused their monitoring networks to be umsidered 
inadequate, and replacement wells may be required. 
In the 200 East Area, the Liquid Effluent Retention 
Facility is monitored by only two downgradient wells 
because the water tabie is dropping to near the bottom 
of the aquifer. Ecology has granted a waiver from the 
requirements for three downgradient wells while alter- 
native methods of monitoring are being investigated. 
The adequacy of monitoring networks for Waste Ma& 
agement Areas A-AX and C are uncermin because of 
uncertainties in flow direction. Resolution of these 
uncertainties will be addressed in revised monitoring 
plans. Inadequacies in existing monitoring networks, 
where identified, are being evaluated on the basis of 
regulatory compliance, technical efficacy in terms of 
actual risk, and in the context of the closure or corn-  
tive-action plans of the respective facility. 

Well Installation 
In fiscal year 1999, eight new wells were installed 

(or begun) for RCRA groundwater monitoring. Six- 
teen new wells were installed in the 100 Areas for 
activities related to environmental restoration. One 
well was installed to support characterization for a 
proposed immobilized low-activity waste repository 
and another for vadose zone characterization at the 
SX Tank Farm. 

Six wells were decommissioned ( d e d  with grout) 
in fiscal year 1999 because they were no longer used or 
were in poor condition. Approximately 110 well main- 
tenance activities were carried out during fiscal year 
1999. These activities included well or pump repair, 
cleaning, and maintenance. 

Twenty-six new wells were installed m 
ficd y m  1999 and six OM wells were seded. 

Modeling 
Numerical simulations of groundwater flow and 

contaminant movement are used to predict future 
conditions and to assess the effects of remediation 
systems. One site-wide model and several local-scale 
models were applied to the Hanford Site in fiscal year 
1999. 

The site-wide, three-dimensional model under- 
went an extemal technical peer review in fall 1998. 
Pacific Northwest National Laboratory (PNNL) plans 
to implement the following modifications to the model 
to address peer review comments: 

L’ 

(1) Investigate alternative conceptual models that 
reflect different credible combinations of bound- 
ary conditions and interpretations of the hydro- 
geologic framework. 

(2) Develop a model framework that includes uncer- 
tainties associated with prescribed processes, 
physical features, initial and boundary conditions, 

system stresses, field data, and model parameter 
values. This framework will ultimately be used 
to assess uncertainty in results produced by the 
range of alternative site-wide groundwater con- 
ceptual and numerical models. . 

(3) Repeat the inverse calibration of the site-wide 
groundwater model to incorporate many of the 
changes arising from the peer review and incor- 
porate new information. In addition, perform an 
inverse calibration of each alternative concep- 
tual model. 
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Other groundwater models were applied in the 
design and evaluation of pump-and-treat activities 
aimed at remediation of contaminated groundwater in 
the 100 and 200 West areas. These models were used 
to estimate the area affected by the pump-and-treat 
operations at different times. Results of the models 
were used to optimize pumping rates and to choose 
locations for additional pumping wells. 

Vadose Zone 
Subsurface source characterization and vadose zone 

monitoring, soil-vapor monitoring, sediment sampling 
and characterization, and vadose zone remediation were 
conducted in fiscal year 1999. 

Waste sites in the 100 Areas are being excavated 
to remove contaminated sediment. Significant activ- 
ities related to the vadose zone during fiscal year 1999 
included 

soil sampling and analysis to support remediation 
of the 116-C-1 process effluent trench and the 
1301-N and 1325-N cribs and trenches 

sampling and analysis to select a waste site for 
initial deployment of technology for in situ reduc- 
tion of hexavalent chromium 

laboratory studies to measure the distribution 
coefficient and the leachability of chromium in 

100 Areas sediment to support future remedial 
action goals and plans. 

W 

Several vadose zone characterization and moni- 
toring activities were undertaken at the 200 Areas in 
fiscal year 1999, including 

sample collection and characterization of deep 
vadose zone contamination at the SX Tank Farm 

preliminary temperature and neutron capture 
borehole logging at the SX Tank Farm 

baseline spectral gammamy logging at two single- 
shell tank farms 

spectral gamma-ray logging at specific retention 
facilities in the 200 East Area, which are some of 
the most significant potential sources of remain- 
ing vadose zone contamination 

remediation and monitoring of carbon tetrachlo- 
ride in the 200 West Area, where 972 kilograms 
of carbon tetrachloride were removed from the 
vadose zone in fiscal year 1999. 

In fiscal year 1999, several vadose zone related 
activities were accomplished which have potential 
applicability across the Hanford Site: 

175 lysimeters were inventoried and described. 

Four years of field data from the Hanford Site 
prototype surface barrier were analyzed and inter- 
preted. Those data have important applicability 
to contaminated sites that may be left in place 
and monitored during natural attenuation. 

Tritium and helium-3/helium-4 were obtained 
from vadose zone sediment to extrapolate con- 
centrations in the soil to concentrations in 
groundwater. 
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Figure S. 1. Distribution of Major Radionuclides in Groundwater at Concentrations Above Maximum 
Contaminant Levels or Interim Drinking Water Standards, Fiscal Year 1999 
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Figure S.3. Potential Dose Estimates from Ingestion of Groundwater, Fiscal Year 1999 

H xxiv H 



I 

0 O t o 0 . 0 0 0 0 1 r i s k  

O.oooO1 to O.OOO1 risk 

O.OOO1 to 0.001 risk 

0.001 to 0.01 risk 

> 0.Olrisk 

Basalt Above Water Table 

0 I 2 3 4 5 6 7 8 9 lohlomaen 1 
0 1 2 3 4 5 m l c r  I 

Figure S.4. Cancer-Risk Estimates from Ingestion of Groundwater, Fiscal Year 1999 
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Figure S.5. Hazard Quotient Estimates from Ingestion of Groundwater, Fiscal Year 1999 
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1 e o  Introduction 

The U.S. Department of Energy (DOE) monitors 
groundwater at the Hanford Site to fulfill a variety of 
state and federal regulations, including the Atomic 
Energy Act of 1954, the Resource Conservation and 
Recovery Act of 1976 (RCRA), the Comprehensive 
Environmental Response, Compensation, end Liabiliq 
Act of 1980 (CERCLA), and Washington Adminis- 
trative Code. DOE manages these activities through 
the Hanford Groundwater Monitoring Project, which 
is conducted by Pacific Northwest National Laboratory. 

1.1 Purpose and Scope 
M. J. Hartman 

Hanford Site Groundwater Monitoring for Fiscal 
Yem 1999 presents results of monitoring. These results 
primarily rely on data from samples collected between 
October 1, 1998, and September 30, 1999. Data 
received from the laboratory after November 8,1999; 
may not have been considered in the interpretations. 

h, 

This report is designed to meet the following 

provide a comprehensive report of groundwater 
conditions on the Hanford Site and adjacent 

objectives: 

areas 
fulfill the reporting requirements of RCRA, W E  
orders, and Washington Administrative Code 

summarize the results of groundwater monitoring 
conducted to assess the effects of remediation or 
interim measures conducted under CERCLA 
describe the results of vadose zone monitoring 
and characterization 

summarize groundwater modeling activities 

summarize the installation, maintenance, and 
decommissioning of Hanford Site monitoring wells. 

W 

Environmental restoration work, which includes 
groundwater remediation and associated monitoring 
of pumping wells, is the responsibility of Bechtel 
Hanford, Inc. Vadose zone monitoring and character- 
ization are conducted by Fluor Hanford, Inc., Bechtel 
Hanford, Inc., and Pacific Northwest National 
Laboratory. 

. 

This year's report has been reorganized to make it 
easier to use. Annual reports for fiscal years 1996, 
1997, and 1998 contained descriptions of regulatory 
requirements, waste sites, analytical methods, regional 
geology, and statistics. This badcground information 
was important but repetitive, and readers found that it 
impeded their ability to find the substance of the report. 
This year that background information was published 
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in a separate report, Hanjbrd Site onnmdulater: Setting, 
Sources and Methods (PNNL-13080). That document 
will not be updated every year and will be available as 
a reference companion to the annual reports such as 
this one. 

The discussions of groundwater flow and ground- 
water chemistry are combined in this year's report. 
Supporting information in the appendices has also 
been consolidated this year. Compliance issues, statis- 
tical evaluations, monitoring networks, and maps for 
regulated units are included in Appendix A. 

. Finally, the physical layout of the report has been 
redesigned to include more white space, inset sketch 
maps to orient the reader, and textboxes to emphasize 
key points. 

Please note two changes in the way data are dis- 
played in figures. Maps in this year's report show data 
from fiscal years 1992 and 1998 if there were no new 
data for a well in fiscal year 1999. Wells that monitor 
plumes that change slowly are sampled every 3 years, 
so this change allows us to see the most recent data. 
Trend plots in this year's report use open symbols to 
show data that were reported below laboratory detec- 
tion limits. 

As in previous reports, the enclosed computer 
diskette conrains groundwater data for the fiscal year. 
Large plate maps show the wells used for monitoring, 
the W o r d  Site water table, and the distribution of 
tritium (the most widespread contaminant) in the 
uppermost aquifer. 

This report, PNNL-13080, and the fiscal year 
1998 report are available on the internet through the 
groundwater project's web site: http://hanford.pnl.gov/ 
groundwater. 

L; 
1.2 Related Reports 

M. J. Hartman 

Other reports and Atabases relating to Haxiford 
Site groundwater in fiscal year 1999 include the 
following: 

Hanford Site Enuirmmend Report for Calendar 
Year 1998 ( PNNL-12088) - This annual report 
summarizes environmental data, describes envi- 
ronmental management performance, and repor& 
the status of compliance with environmental 
regulations. Topics include effluent monitoring, 
surface water and sediment surveillance, soil and 
vegetation sampling, vadose and groundwater 
monitoririg, radiological surveys, air surveillance, 
and fish and wildlife surveillance. 

Hanford Environmental Information System 
(HEIS) - This is the main environmental data- 
base for the Hanford Site that stores groundwater 
chemistry and water-level data, as well as other 
environmental data (e.g., soil chemistry, survey 
data). 

The primary units of measurement in this report 
are metric. To convert metric units to English 
units, use the information provided in this 
table. 

Multiply BY To Obtain 

centimeters 
meters 
kilometers 
kilograms 
liters 
square meters 
hectares 
square kilometers 
cubic meters 
picocuries 
curie 
picocurie 
rem 
"Celsius 

0.394 
3.28 
0.62 1 
2.205 
0.2642 
10.76 
2.47 
0.386 
1.308 
1 
3.7 x 10'0 
0.03704 
0.0 1 
('C x 9/5) + 32 

inches 
feet 
miles 
pounds 

square feet 
acres 
square miles 
cubic yards 
nanocuries 
becquerel 
be c q u e r e I 
rievert 
OFahrenheit 

gallons 
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W 
0 Quarterly data transmittals - DOE transmits 

letters quarterly to the Washington State Depart- 
ment of Ecology after groundwater data collected 
for the RCRA program have been verified and 
evaluated. These letters describe changes or 
highlights of the quarter with reference to HEIS 
for the analytical results. 

Fiscal Year 1999 Annual Summary Report for the 

Treat Operations and operable Units (DOE/RL-99- 
79) - This report describes results of remediation 
and monitoring in three groundwater operable 
units. 

Annual report for 100-KR4 and 100-HR-3 interim 

200-UP-1,200-ZP-I, and 100-NR-2 Pump-and- 

remedial action (in preparation) - This report 
describes results of remediation and monitoring 
in two groundwater operable units, including 
100 K, 100 D, and 100 H areas. 

1.3 Groundwaterfladose Zone 
LJ integration Projec+ 

T. M. Wintczak 

DOE established the groundwater/vadose zone 
integration project (integration project) inlate 1997 
to provide a new approach for protecting the Columbia 
River. DOE directed the integration project to be 
science-based, to include strong participation from 
DOE’S national laboratories, to incorporate rigorous 
technical reviews, and to engage diverse stakeholders 
in project decisions in a meaningful way. The 
Hanford Groundwater Monitoring Project is under 
the umbreUa of the integration project. 

5 

In March 1998, the General Accounting office 
issued the report Understrmding of Waste Migration at 

Hanford is inadequate far Key Decisions (GAOFCED- 
98-80). The report concluded that the DOE’S under- 
standing of how waste moves through the vadose zone 
to groundwater was inadequate for making key techni- 
cal decisions on how to clean up the Hanford Site in 
an environmentally sound and cost-effective manner. 
The report also highlighted DOE‘S inability to cred- 
ibly estimate the Hanford Site’s long-term risk to the 
public, and underscored the need to investigate va- 
dose zone conditions. DOE and the integration 
project have made significant progress in meeting the 
challenges described in the report. 

Another significant focus of the integration proj- 
ect involves the preparation of a cumulative impact 
assessment of the Hanford Site radioactive and haz- 
ardous contaminants that have affected, or may affect, 
use of the Columbia River. The Columbia River 
Comprehensive Impact Assessment (CRCIA) Part I1 
report (DOE/RL-96-16, Rev. 1) established the basis for 
this type of holistic assessment. The Systems Assess- 

ment Capability will support cleanup decisions and 
actions, such as the eventual completion of a final record 
of decision for the cleanup of the overall Hanford Site. 

Ultimately, the integration project must work to 
ensure the protection of all the Hanford Site’s water 
resources (i.e., vadose zonelsoils and groundwater) and 
all the users of the Columbia River. To be successful, 
the integration project must 

. 

1 

adopt a site-wide approach to planning and funding 
ensure that management attention is maintained 
on the subsurface and river resources 

be recognized for technical and scientific excel- 
lence in all products 

establish and ensure effective two-way communi- 
cations with diverse project participants. 
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2.0 Groundwater 

Groundwater contamination at the Hanford Site 
is associated with a number of sources within its active 
and inactive operational areas. Liquid waste, discharged 
to the ground since the 1940s, percolated through the 
soil and in many locations reached the water table. 
Very little liquid waste is currently disposed to the 

- soil, and cleanup of existing groundwater contamina- 
tion, by pump-and-treat systems for example, is occur- 
ring at some sites. 

This section describes groundwater flow and 
groundwater contamination in each of the major areas 
of the Hanford Site. Factors that affect the distribu- 
tion, migration, and concentrations of groundwater 
contaminants include 

Residual contamination in the vadose zone - 
provides a continuing source of groundwater 
contamination in some areas, and may be moved 
by increased natural or artificial recharge. 

Stratigraphy - (a) groundwater tends to flow 
through sediment with higher hydraulic conduc- 
tivity rather than less permeable units; (b) in 
some areas, the shallowest aquifer is connected to 
deeper aquifers, which could allow contaminants 
to move into deeper aquifers. 

0 Declining water table - (a) some monitoring 
wells have gone dry, which affects adequacy of 
Resource Conservation and Recovery Act of 1976 
(RCRA) or other monitoring; (b) may affect 

'cd 

River stage - (a) affects distribution and trends of 
contaminants at sites near the Columbia River 
by changing direction of flow; (b) high water 
may remobilize contaminants from the vadose 
zone or may dilute contaminants when river 
water flows into the aquifer. 

Groundwater remediation - (a) extraction and 
injection wells affect the direction of groundwater 
flow locally. This affects contaminant distribu- 
tion and the ability to monitor other sites (e.g., 
RCRA units); (b) treated water is injected back 
into the aquifer, but may c o n e  residual contami- 
nants or may dilute local groundwater. 

This section discusses these factors, as applicable, 
for individual areas or waste sites in geographic order 
(north to south, west to east). The results ofthe moni- 
toring program are discussed, as much as possible, in 
relation to source areas. In some cases, several poten- 
tial sources such as cribs, trenches, or other disposal 
facilities may contribute to a particular groundwater 
plume, and their contributions cannot be readily dis- 
tinguished. Therefore, they are discussed together. 
Monitoring of specific storage and disposal facilities, 
such as RCRA units, is reported within the sections 
on the operational areas. The status of groundwater 
remediation under RCRA or the COmpreWue Envi- 
ronmental Response, Compensation, and Liability Act of 
1980 (CERCLA) is'discussed in the relevant sections. 

. 

contaminant concentrations, which may vary 
with depth. 

Waste sites, hydrogeology, and methods of sam- 
pling and analysis are described in b f m d  Site Ground- 

That document also explains how water-level and 
groundwater chemistry data were interpreted and 
mapped. 

Well depth - the depth of the well, the length of WtO': sed''@ 9 S~~ a d  M'thd (P"L-13080). 

the screen, and the depth of the pump intake can 
affect contaminant concentrations hb samples if 
concentrations vary with depth. 
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2.1 Over view of Hanford Site Groundwater 

J. P. McDcmald, M. J. Hartman 

This section provides a broad picture of ground- 
water flow and contaminant distribution on the Han- 
ford Site. Details for specific locations are included in 
Sections 2.2 through 2.14. 

The uppermost aquifer beneath most of the  an- 
ford Site in unconfimed and is composed of unconsoli- 
dated to semiconsolidated sediment of the Hanford 
and Ringold formations, which were deposited on the 
basalt bedrock. In some areas, deeper parts of the 
aquifer are confined locally by layers of silt and clay. 
Confined aquifers occur within the underlying basalt 
and associated sedimentary interbeds. 

2.1.1 Groundwater Flow 

The Hanford Groundwater Monitoring Project 
measures water-level elevations in aquifers beneath the 
Hanford Site annually. Water-level elevations indi- 
cate the potential for groundwater movement, because 
groundwater flows from areas of high potential (high 

Beginning in fiscal year 1999 water 
levels are measured &ring Murch because 
the Murch water table is expected torepre- 
sent the annual average water table. 

water-level elevations) to areas of low potential (low 
water-level elevations). Contour maps indicate the 
general direction of groundwater movement, because 
water generally flows perpendicular to the contour 
lines from high to low potential. Water-level gradi- 
ents are used to estimate the rate of groundwater flow. 

Water-level maps are used to interpret contami- 
nant plume patterns and to support the calibration of 
groundwater flow models. The Hanford/Ringold aqui- 
fer system is the primary focus because it is the most 

likely groundwater pathway for migration of contami- 
nants off the Hanford Site. However, measurements 
also are taken annually in the upper basalt-confined 
aquifer system (Section 2.14) and in the deep basalt 
aquifexs to support modeling activities and to provide 
a data archive in the event that contamination is dis- 
covered in these systems. The Water-LeueZ Monitoring 
Plan for the Hanford Groundwater Monitoring Project 
(PNNL- 1302 1 ) contains a detailed description of the 
water-level monitoring activities. 

In past years, the groundwater project collected 
annual water-level measurements during June. How- 
ever, beginning in fiscal year 1999, the annual meas- 
urements were taken during March, because the March 
water table is expected to be more representative of 
the annual average water table (PNNL-13021). 

The following sections describe groundwater flow 
in the unconfined aquifer and changes in the water 
table during the past year. Flow in a confined aquifer 
in the Ringold Formation is described in Section 2.9.3. 
Groundwater flow in the basalt-confined aquifer is 
discussed in Section 2.14. 

2.1.1.1 Current Water Table 

Groundwater in the unconfined aquifer flows 
from areas where the water table is higher (west of the 
Hanford Site) to areas where it is lower, near the 
Columbia River (Figure 2.1-1 and Plate 2). Steep gra- 
dients in the western region of the Hanford Site are 
caused by 

2.3 
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groundwater recharge 

lower hydraulic conductivity than in the eastern 
region of the site 

a decrease in the aquifer thickness from west to 
east. 
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Possible sources of recharge include infiltration of 
rain and snowmelt at higher elevations, primarily in 
the Cold Creek and Dry Creek Valleys, as well as irri- 
gation of offsite agricultural land in the Cold Creek 
Valley. Steep gradients north and east of the Colum- 
bia River (see Figure 2.1-1) are attributed to recharge 
associated with irrigation of agricultural land. Region- 
ally, water-table elevations decrease while approach- 
ing the Columbia River from either side, indicating 
that groundwater flow converges and ultimately dis- 
. charges to the river. 

Wastewater discharged to the ground on the 
Hanford Site resulted in groundwater mounding and 
significantly affected the flow system. Past w e s  
at U Pond and lesser discharges to other 200 West 
Area facilities still are apparent from the shape of the 
water-table contours passing through the 200 West 
Area. The steep gradient just east of the 200 West 

Groundwater in the unconfined 
aquifetgenerdyflowscuesttoeastbeneath 
the Hunford Site, and discharges to the 
Columbia River. 

Area results partially from this mounding and partially 
from the relatively low transmissivity. The hydraulic 
gradient decreases abruptly between &e 200 West and 
200 East areas, corresponding to an increase in trans- 
missivity. The steep gradient between Umtanum 
Ridge and Gable Butte results partially from recharge 
coming from Cold Creek Valley, mounding in the 
200 West Area, and restriction of the Hanfordl 
Ringold aquifer system by the underlying basalt to a 
thin, narrow zone in the gap. 

The water table in the central portion of the 
Hanford Site, south of Gable Mountain, is relatively 
flat because of the presence of highly permeable sedi- 
ment of the Hanford formation at the water table. 
Groundwater flow in this region also is significantly 
affected by the presence of low permeability sediment 
of the Ringold Formation at the water table east and 

northeast ofthe 200 East Area. There is a groundwater 
mound associated with B Pond, where process cooling 
water and other liquid waste were dwharged to the 
ground up until fiscal year 1997, but currently it occurs 
mainly within the Ringold Formation mud units and 
is considered to be part of the Ringold Formation con- 
k e d  aquifer (Section 2.93). The mud units of the 
Ringold Formation at the water table east and north- 
east of the 200 East Area are represented d8erently in 
the June 1998 (PNNL-12086) and March 1999 water- 
table maps. This is due to evolving interpretation of 
the hydrogeology of this region. 

North of Gable Butte and Gable Mountain, 
groundwater also generally flows from west to east 
and d d m g e s  to the Columbia River. Recharge to 
the aquifer in this region comes primarily from the 
Columbia River west of the 100 B/C Area. Recharge 
also comes from groundwater flowing north &&ugh 
the gaps between Umtanum Ridge and Gable Butte 
and between Gable Butte and Gable Mountain. 

L j  
A local groundwater mound exists -2 kilometers 

north of Gable Mountain (between Gable Mountain 
and the 100 F Area). Long before the Hanford Site 
was established, Jenkins ( 1922) reported elevated 
groundwater levels in this area, which have persisted to 
the presen~ Data suggest that this mound is associated 
with a subsurface topographic “high” of Ringold For- 
mation sediment having a low hydraulic conductivity . 
(primarily clay). One possible source of recharge is 
past seasonal use of the Hanforrd irrigation canal, which 
traverses the groundwater mound area and was active 
between 1908 and 1943. Other potential sources of 
recharge include upwelling from the upper basalt- 
confined aquifer system and infiltration from surface 
runoff. The slow dissipation of the recharge water is 
attributed to the presence of a significant thickness of 
clay in the Ringold Formation sediment. There is 
insufficient information to distinguish whether the 
groundwater in this area is locally perched or is part of 
the regional, unconfined flow system. 

L.l The elevation of the water table in the region 
between the ~akima and ~ o ~ u m b i  Rivers is lower dmn 
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the Yakima River stage elevation, which is - 122 meters 
above mean sea level at Wanawish (formerly Horn 
Rapids) Dam. This implies that infiltration from the 
Yakima River recharges the Hanford/Ringold aquifer 
system in this area, During the summer, leakage from 
the Horn Rapids Ditch and Columbia Canal, which 
originate from the Yakima River at Wanawish Dam, 
and irrigation in areas east of the Yakima River also 
may recharge the Hanfordmingold aquifer system. 
Operation of the city of Richland's North Well Field 
recharge ponds results in a groundwater mound in the 
Richland North Area. 

21.1.2 Water-TableChangesbmJune 1598 
to March 1999 

A contour map of the change in the water table 
from June 1998 to March 1999 is shown inFigure 2.1-2. 
The water table declined over much of the Hanford 
Site during this period. This is due to the decline in 
wastewater discharges to the ground that have occurred 
since the peak discharge in 1984. Over the 9-month 
period, the water table declined by an average of 
0.19 meter (equivalent to 0.25 meter per year) in the 
200 East Area and 0.34 meters (0.45 meter per year) 
in the 200 West Area (outside of the 200-ZP-1 and 
200-UP- 1 Operable Units groundwater pump-and- 
treat regions). 

The water table declitied beneath the 
cencral Hanford Site in fiscal year 1999, 
causing some weUs to go dry. 

The decline in the water table along the Colum- 
bia River from west of the 100 B/C Area to the Old 
Hanford Townsite is due to seasonal differences in 
river caused by changing the month in which 
the measurements are collected from June to March. 
The largest water-level decline (1.87 meters) on the 
Hanford Site occurred in well 699-68-105 (west of the 
100 B/C Area). 

The water-table elevation increased in a broad 
region adjacent to the Rattlesnake Hills and Yakima 

River. This may be caused by higher than normal pre- 
cipitation in fiscal years 1993 through 1997, along 
with higher than normal Yakima River discharge in 
fiscal years 1995 through 1998. 

The water-table elevation increased along the 
Columbia River in the 300 Area. The 300 Area water- 
level measurements are collected at the end of the 
month in which the annual measurements are taken. 
The increase in the water table in the 300 Area is 
attributed to a higher river stage in late March 1999 as 
compared to late June 1998. The largest water table 
increase on the Hanford Site (0.38 meter) occurred in 
well 3994-10, which is lccated adjacent to the Colum- 
bia River in the 300 Area. 

Changes in the water table also occurred beneath 
active facilities (e.g., the State-Approved Land Dis- 
posal Site, near the 200 West Area, and the Richland 
North Well Field) and within groundwater pump-and- 
treat areas. These changes are attributed to operation 
of these facilities. The largest water-table increase in 
the unconfined aquifer (0.58 meter) occurred in well 
1199-41 -15 at the Richland North Well Field. 

2.1.2 Groundwater Contaminants 

During fiscal year 1999, Hanford Site staff sampled 
623 wells for radiological and chemical constituents. 
Of the web sampled, 253 were sampled once, 178 were 
sampled twice, 20 were sampled three times, 117 were 
sampled four times, and 55 were sampled more fre- 
quently. Well locations for the Hanford Site are shown 
on Plate 1. A number of wells are sampled to meet 
ResourceCaservahon ' rmdRecoveryActof1976 (RCRA) 

a d  Liability Act of I980 (CERCLA) requirements. 
More detailed maps of well locations are included in 
Appendix A for RCRA units and other sites regulated 
under the Washington Administrative Code. 

or CompFehmsive Environmnrtol Response,ComperwtionJ 

Tritium, nitmte, and iodine-129 are the most wide- 
spread contaminants associated with past Hanford Site 
operations. Their distribution in the unconfined aqui- 
fer are shown in Figures 2.1-3,2.1-4, and 2.1-5. The 
distribution of tritium also is shown in Plate 3. The 
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most prominent portions of these plumes derive from 
waste sites in the 200 Areas and spread toward the 
~utheast. Nitrate and tritium as0 have significant 
sources in the 100 Areas. 

chromium contamination is widespread in several 
of the 100 Areas and extends into the surrounding 
600 Area. Strontium-90 contamination is present in 
the 100 Areas, but the plumes are d e r .  Other exten- 

sive umtaminant plumes include carbon tetrachloride 
and associated ~ m f m  and trichloroethylene in the 
200 West Area, chromium in the 600 Area south of 
the 200 Areas, technetium49 and uranium that extend 

The major sources of groundwater 
contamination on the Hanford Site ore 
inactive liquid waste facilities in the ZOO, 
ZOO, and 300 ureas. 

eastward from the 200 West Area, and technetium-99 
with minor amounts of cyanide and cobalt-60 north- 
west ofthe 200 East Area. Several other constituents 
are detected outside the boundaries of the operational 
areas but the contamination is clearly linked to opera- 
tions in the specific areas and is discussed with the 
source areas. A few smaller sources within the 600 Area 
are discussed in Section 2.11. Table 2.1-1 lists con- 
taminants and refers tothe sections in this reportwhere 
they are discussed. The table hifights contazninants 

that exceed water quality standards. All analytical 
results for fiscal year 1999 are included on the data 
diskette included with this report. 

Available data indicate that the vast majority of 
contamination on the Hanford Site remains near the 
water table, but information on the depth of the con- 
taminant plumes is lacking for much of the site. Con- 
tamination in deeper aquifers of the Hanfod/Ringold 
sediment is discussed for the 200 East Area in Sec- 
tion 2.93. Contamination in the upper b a s a l t d e d  
aquifer is discussed in Section 2.14. 

For site characterization and cleanup, waste sites 
are grouped into source operable units, and the ground- 
water beneath the sites is divided into groundwater 
operable units. Groundwater operable unit boundaries 
are illustrated in Figure 2.1-6. 

A number of Hanford waste sites have specific 
RCRA monitoring requirements (Appendix A, Fig: 
ure A.l). The results of monitoring at these facilities 
are integrated into the following discussions, and spe- 
cific RCRA reporting requirements, such as indicator 
parameter evaluations, are included as needed. Appen- 
dix A discusses issues related to regulatory compliance 
and describes results of statistical evaluations for RCRA 
monitoring requirements. Appendix A also summa- 
rizes analytical results for wells monitoring RCRA- 
and state-permitted facilities that exceeded maximum 
contaminant levels or interim dnnlung water standards. 

LJ 
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Table 2.1-1. Maximum Concentrations of Groundwater Contaminants in Fiscal Year 1999 (data on diskette included with this report) 

Contaminant 
(alphabetical order) 

Carbon tetrachloride 
Carbon-14 
Cesium- 13 7 
Chloroform 
Chromium (filtered) 
Cobalt-60 
Cyanide 
cis-1,2 Dichloroethylene 

p Fluoride 
Gross alpha 
Grossbeta 
Iodine-129 
Manganese (filtered) 
Nitrate (as NO;) 
Nitrite (as NO,) 
Plutonium 
Strontium-90 
Sulfate 
Technetium-99 
Tetrachloroethylene 
Trichloroethylene 
Tritium 
Uranium 

4 

DWS or MCL 
IDcGl"' 

5 

2,000 [70,0001 
200 [3,0001 

100 
100 

100 [5,000] 
200 
70 

4,000 
15 
50 

1 [5001 
50 
45 

3,300 
NA [30] 
8 [1,0001 

250 
900 [100,0001 

5 
5 

20,000 [2,000,0001 
20 (7901 

Units 

100 B/C 
Section 2.2 

Wells Shore*) 

100 K 
Section 2.3 

Wells Shore(b) 

100 N 
Section 2.4 

Wells Shore(b) 

100 D 
Section 2.5 

Wells Shore(b) 

108 

141 

50 

135 

86,900 

50 

52 

43 

5.7 

66,000 

15,600 

606 

23,800 

175 

(3 

5,660 

23 
2,360,000 

680 

112 

55 

29 

0.03 

11,900 

176 

5,780 
150 

19,500 
390 

5 1.600 

2.3 

21 

13,100 

24,400 

2,155 

255 

91 
4.640 

32 
735 

35,500 

783 

23 

49 

4,100 

100 H 
Section 2.6 

Wells - 

259 

309 
42 
260 

216 

45 

56 1 

6,630 
57 

Shore(b) 

73 

97 

50 

56 

3,800 
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Contaminant 
(alphabetical order) 

Carbon tetrachloride 
Carbon-14 
Cesium-137 
Chloroform 
Chromium (filtered) 
Cobalt-60 
Cyanide 
cis-l,2 Dichloroethylene 
Fluoride 
Gross alpha 
Gross beta 

I lodine-129 
Manganese (filtered) 

I Nitrate (as NO;) 
Nitrite (as NO,) 
Plutonium 
Stront ium-90 
Sulfate 
Technetium-99 
Tetrachloroethylene 
Trichloroethylene 
Tritium 
Uranium 

DWS or MCL 
[DCGl(') Units 

100 F 
Section 2.7 

Wells 

5 
2,000 [70.0001 

200 [3,0001 
100 
100 

100 [5,0001 
200 
70 

4,000 
15 
50 

1 I5001 
50 
45 

3,300 
NA [301 
8 [ 1,0001 

250 
900 [100,0001 

5 
5 

20,000 [2,000,0001 
20 [7901 

PdL 
pCi/L 
pCi/L 

PdL 

PdL 
PdL 
ClglL 

pCi/L 
pCi/L 
pCi/L 

PdL 
mg/L 
PdL 
pCi/L 
pCi/L 

mdL 
pCi/L 

PdL 
PdL 
pCi/L 

PdL 

pCi/L 
96 

5 5.3 

198 

329 

18 
32,700 

20 

Shore(b) 

29 

7.4 

49 

1,100 

Table 2.1-1. (contd) 

200 West 200 East 400 600 300 Richland North 
Section 2.8 Section 2.9 Section 2.10 Section 2.11 Section 2.12 Section 2.14 

Shore(b) Wells Wells Wells Shore(b) Wells -~ 
0.5 

Wells Wells ~- 
7,000 

undetected 1,840 
140 
433 2,820 

62 
291 

4,960 
1,380 37 
5,490 20,800 

47 12.5 
1,380 152 
823 5 14 

1,862 
undetected 65.8 

1 10,800 

8,540 6.850 

33 
1,970,000 3,870,000 
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Note: Table lists highest concentration for fiscal year 1999 in each geographic region. Concentrations in blue exceed drinking water standards. Concentrations in red exceed derived 
concentration guides. Blank spaces indicate the constituent is not of concern in the given area. 
(a) DWS = drinking water standard; MCL = maximum contaminant level; DCG = derived concentration guide. See PNNL-13080 for more information on these standards. 
(b) Shoreline sampling includes aquifer sampling tubes, seeps, and shoreline wells from fall 1998. 200 East Area plumes monitored at Old Hanford Townsite. 
(c) A special study using ultra-low detection limits detected plutonium at levels far below standard detection limits. 
(d) Has had MCL exceedances in the past; well not sampled in fiscal year 1999. 
(e) Uranium-234 at 26.2 pCi/L. Uranium-238 at 26.2 pCi/L. 
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Figure 2.1-1. Hanford Site and Outlying Areas Water-Table Map, March 1999 
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Figure 2.1-2. Changes in Water-Table Elevations Between June 1998 and March 1999 
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&rview of Hanford Site Groundwater 

Figure 2.1-3. Average Tritium Concentrations on the Hanford Site, Top of Unconfined Aquifer 
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Figure 2.14. Average Nitrate Concentrations on the Hanford Site, Top of Unconfined Aquifer 
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Overview of Hanfod Site Groundwater 

Figure 2.1-5. Average Iodine-129 Concentrations on the Hanford Site, Top of Unconfined Aquifer 
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Figure 2.1-6. Groundwater Operable Units on the Hanford Site 
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2.2 100 B/C Area 

M. D. Sweeney, R. F. Raidl 

The 100 B/C Area is the reactor area farthest 
upstream along the Columbia River. B Reactor was 
placed into service in 1944 and operated until 1968. 
C Reactor operated from 1952 to 1969. The B and 
C Reactors used a single-pass system for cooling water 
(i.e., cooling water passed through the reactor and 
was discharged to the Columbia River). Groundwater 
contaminants include strontium-90 and tritium. Chro- 
mium and nitrate are elevated locally. 

Extensive restoration of former waste sites con- 
tinued in fiscal year 1999. Activities consisted of 
removing and stockpiling clean overburden soil and 
removing contaminated soil/debris for disposal at the 
Environmental Restoration Disposal Facility. Water 
was applied as necessary to control dust during remed- 
iation activities. Application of water was held to a 
minimum to reduce the potential for mobilizing con- 
taminants from the vadose zone to the groundwater. 
Excavation of the 116-B-11 retention basin and 116- 
B-13 trench, located in the northern 100 B/C Area, 
was completed in November 1998 at a maximum depth 
of 4.6 meters. Twelve smaller sites, including cribs 
and French drains, were excavated near the 100 B and 
100 C reactor buildings in spring 1999. The depths of 
these excavations ranged from 2.4 to 9.2 meters. 

U 

2.2.1 Groundwater Flow 

Groundwater flow within the uncodned aquifer 
was north toward the Columbia River in March 1999 
(see Plate 2). The hydraulic gradient was -0.002 near 
the Columbia River, and much lower farther inland 
near the reactors. The average gradient between 
C Reactor and the Columbia River was -0,001. The 
hydraulic conductivity of the unconfined aquifer in 
the 100 B/C Area ranges from 4.3 to 17 meters per 
day (BHI-00917). Using these values and an effective 

. porosity of 0.1 to 0.3, the flow rate ranges from 0.014 
to 0.17 meters per day. 

u 

116-12-1 Tmnch 

11 Cl..emr Building I 

I 100 B/C Area 
un-hart-SS041 Anwry 27,2000 lfl8 PM 

2.2.2 Tritium 

2.15 

Several wells in the northern 100 B/C Area and 
one well in the southwestern 100 B/C Area had trit- 
ium concentrations that exceeded the 20,000 pCi/L 
drinking water standard (see Plate 3). The distribu- 
tion in fiscal year 1999 was similar to fiscal year 1998. 

In fiscal year 1998, some wells in the 100 B/C 
Area had spikes in tritium concentration. Levels 
declined again in most of these wells in fiscal year 1999 
(Figure 2.2-l), but remained higher than in the early 
1990s. Some of the wells with recent tritium peaks 
are located near waste sites that were remediated in 
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fiscal years 1997 through 1999, leadiig to speculation 
that they were caused by infiltration of dust-control 
water through contaminated sediment (Section 5 3  of 
PNNL12086). However, other wells (e.g., 199-B5-1 
and 199438-6; see Figure 2.2-1) are not located near 
surface remediation sites, yet showed similar increases 
in tritium concentrations. Other wells that did not 
show spikes in concentrations show gradual declines 
in tritium. 

Groundwater monitoring is conducted in the 
100 B/C Area: 

b triennially to annually to describe the 
nature and extent of contamination 

b quarterly to monitor trends near inactive 
waste sites. 

2.2.3 Strontium-90 

Strontium-90 continues to exceed the 8.0 @I/L 
drinking water standard in wells near the 116-E11 
and 116-C5 retention basins, nearby trenches, and 
waste disposal facilities near the B reactor buildmg. 
The distribution is approximately the same as in fiscal 
year 1998. There are no obvious increasing or decreas- 
ing trends in strontium-90 concentration. The high- 
est average concentration in fiscal year 1999 was 
77 pCi/L in well 199-B346. 

2.2d Chromium 

As in the past, two wells, 199-B347 and 199-B5-1, 
had chromium results above the 100 pg/L maximum 
contaminant level in fiscal year 1999. These wells 
have shown a large variability in chromium in the 
past two years, with a general increase in concentra- 
tions. Well 199-B3-47 monitors the 116-B-11 reten- 
tion basin. The source of chromium at well 199-B5-1 
is believed to be sodium diduomate transfer facilities 
(BHI-00917). 

't, 
2.2.5 Ndraie 

One well, 199-B347, e x d e d  the 45 mg/L maxi- 
mum contaminant level in fiscal year 1999 with a 
result of 50.4 mgb. Concentrations are generally 
increasing in this well (Figure 2.2-2). 

Some wells had high nitrate concentrations in 
fiscal years 1997 or 1998. Concentrations decreased 
in these wells in fiscal year 1999, but in some cases 
remain above earlier levels (Figure 2.273). Other wells 
show no obvious increasing or decreasing trends. 

2.2.6 Water Quality a t  Shoreline 
Monitoring Locations 

Groundwater near the dlumbia River is sampled 
annually in the late fall via aquifer sampling tubes and 
riverbank seep. The sampling tubes are polyethylene 
tubes that were driven into the aquifer at locations near 
the low-water shoreline. Seeps are locations where 
groundwater discharges abve  the river level. 

2.2.6.1 Aquifer Sampling lube Results 
i, 

The highest concentrations of contaminants of 
concern from the fall 1998 sampling round were as 
follows: 52 gross beta, 49.5 &hexavalent 
chromium (filtered sample), 43 m a  nitrate, and 
66,OOO pCi/L tritium. These values are consistent 
with groundwater contaminant concentrations in 
monitoring wells near the Columbia River shoreline. 

2.2.6.2 Riverbank Seepage Results 

. 

The integrated Comprehensive Environmental 
ltespme, Compensation, and LiubiZity Act of 1980 and 
Surface Environmental Surveillance projects collected 
samples from two seeps along the 100 B/C Area shore- 
line during October 1998. The highest contaminant 
concentrations were as follows: 21 pg/L chromium 
(filtered sample), 21.5 pCi/L gross beta, 15 rn& nitrate, 
5.73 pCi/L stmntium-90, and 14,200 pCi/L tritium. 

2.16 
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Figure 2.2-3. Nitrate in Wells 199-B2-13 and 699-72-92, West of 100 B/C Area 
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2.3 100 K Area 

R. E. Peterson, W. J. McMtzhon, R. F. Raidl 

The KE and KW reactors were the largest of the 
original group of eight production reactors. They 
operated between 1955 and 1971. The 116-K-2 liquid 
waste disposal trench, which received used reactor 
coolant and decontamination solutions, was the larg- 
est soil column disposal facility in the 100 Areas. 

The principal issues associated with groundwater 
contamination in the 100 K'Area today involve a 
chromium plume located near the Columbia River; 
operating facilities that contain highly radioactive 
liquid and sludge; and carbon-14, strontium-90, and 
aitium contarnination from past-practice dwposal sites. 
An interim remedial action is in progress to reduce the 
amount of chromium reaching the Columbia River 
via groundwater flow. Removal of spent nuclear fuel, 
shielding water, and sludge from the 100-K Fuel Stor- 
age Basins is a top priority project for the Hanford Site 
and work is underway. 

There are several potential sources of contamina- 
tion that may add to existing groundwater plumes or 

Groundwater monitoring is conducted in the 
100 K Area: 

F annually to describe the nature and extent 
of contamination in support of environ- 
mental restoration decisions . 

F monthly near the KE and KW Fuel Stor- 
age Basins to detect potential leakage 

F various time intervals to evaluate the 
performance of the pumpand-treat system 
for chromium. 

\ 
100 K Area 

ean-h.rt-SSo40 January 27,2000 530 PM 

create new plumes. These sources include locations 
where the vadose zone contains significant inventories 
of radionuclides from past disposal practices and the 
potential loss of shielding water and sludge from the 
KE and KW Fuel Storage Basins, located in the reac- 
tor buildings. 

Additional information on current groundwater 
issues at the 100 K Area is available on the Internet at 
http://pnl45.pnl.gov/lOOk or at http://hanford.pnl.gov/ 
groundwater. Information on the hismry of operations 
and waste sites at 100 K Area is presented in the tech- 
nical baseline report for the 100-KR-4 Operable Unit 

, 

(WHCSD-EN-TI-239). 
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2.3.1 Groundwater Flow 

Groundwater movement beneath the 100 K Area 
is generally toward the north-northwest, as suggested 
by contours for the water-table elevation (see Plate 2). 
The unumfined aquifer is contained within the grav- 
elly sediment ofRingold Formation Unit E, which is 
generally considered a transmissive aquifer. Ground- 
water flow velocity in this aquifer between the reactors 
and the Columbia River is estimated to be between 
0.01 and 0.4 meter per day (WHGSD-EN-AP-174). 

* The estimate assumes a hydraulic conductivity in the 
range 0.95 to 16 meters per day; gradients in the range 
0.003 to 0.005; and an effective porosity of 0.2. Using 
a representative rate of 0.3 meter per day, a travel 
time of -4 years is indicated for the pathway between 
the reactors and the river. In the vicinity of the 
116-K-2 liquid waste disposal trench, the extraction 
and injection of water as part of the interim action 
pump-and-treat system influences the direction and 
rate of groundwater movement in the immediate 
vicinity of the associated wells (Section 23.9). 

E3ecause monitoring wells in the 100 K Area do 
not provide complete coverage, the codguration of 

. the water table cannot be accurately described in some 
areas. Although the general direction of groundwater 
flow is fairly clear, the fine-scale details for direction 
and rate of flow between known sources and the 
Columbia River are less well underst&. Also, the 
presence of engineered backfill and heterogeneity in 
hydraulic properties of the aquifer sediment con-. 
tribute to uncertainty in describing pathways for con- 
taminant transport. Near the river, flow rate and 
direction vary considerably in response to the fluctu- 
ating river stage. 

In addition to lateral groundwater movement in 
response to the hydraulic gradient, there is also verti- 
cal movement in response to the fluctuating Columbia 
River stage. The water table typically moves up and 
down through a range of -2 meters in wells located 
within several hundred meters of the Columbia River, 
decreasing to a range of -0.3 meter in the 100 K Area 

ts 
wells located farthest inland (BHI-00917). Water- 
level fluctuations in these wells are even greater dur- 
ing years of extremely high river discharge (e.g., 1996 
and 1997). The vertical movement of the water table 
may cause remobilization of contaminants held in the 
normally unsaturated vadose zone (PNNL-12023). 

During the operating years 1955 to 1971, a large 
mound was created beneath the southwestern end of 
the 116-K-2 liquid waste dtsposal trench (HW-77170). 
The mound created a radial flow pattern that modiied 
the flow field beneath the entire 100 K Area. The 
influence of the mound can be seen in historical moni- 
toring trends for well 699-78-62, which is located 
-1,600 meters inland from the trench (Figure 23-1). 
The gross beta contamination in this well is believed 
to be the result of groundwater flow reversal ca&d by 
the mound. The implication of the mound with mpect 
to current groundwater conditions is that residual 
contaminated moisture from the previously saturated 
mound areas continues to slowly migrate downward 
to the water table, thus contributing to groundwa- 
ter plumes. 

7 

2.3.2 Chromium 

Chromium was introduced to 100 K Area ground- 
water from multiple sources. Infiltration of reactor 
coolant that contained 700 pg/L hexavalent chromium 
created the most widespread contamination because of 
mounding beneath the 116-K-2 liquid waste disposal 
trench. Additional sources include leakage and/or 
spillage of sodium dichromate stock solutions near rail- 
car d e r  stations, storpge tanks, and mixing facilities 
during the water treatment process. By early 1971, 
these sources no longer contributed to contamination 
and the nearly 30 years of groundwater movement since 
then have allowed the original plumes to disperse. 
The hexavalent form of duomium is highly soluble in 
groundwater as chromate (0;) and moves at the 
same speed as groundwater because the anions are not 
sorbed significantly to the sediment. 

F2 2.20 
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The current distribution of chromium in 100 K 
Area groundwater is shown in Figure 2.3-2. Three 
areas of concern are apparent: (1) a large area of con- 
tamination between the 1 i6-K-2 liquid waste disposal 
trench and the Columbia River, (2) a smaller area 
centered on the KW Reactor, and (3) an area near the 
183-KE water treatment plant. The first area is the 
target plume for interim remedial action using a pump- 
and-treat system (DOEN-99-13). Chromium con- 
centrations in this plume typically range from 75 to 
150 pg/L, which is only slightly above the lOO-pg/L 
maximum contaminant level for drinking water sup- 
plies. However, these concentrations are significantly 
above the ll-pg/L standard set by Washington State 
for the protection of freshwater aquatic organisms 
(WAC 173-201A-040). The concentration trends in 
this plume are described further in the section on 
groundwater remediation (Section 2.3.9). 

U The 100 K Area has three areas of 
chromium contamination: a plume between 
the 1 16-K-2 wench and the Columbia River 
andhuosmallermeas ofcontamination near 
the reactor buildings. 

In the second area of concern, Le., near the 
KW Reactor, concentrations range between 200 and 
600 pg/L as illustrated in Figure 23-3. The specific 
source for the chromium in this plume is not known, 
though the source is likely to be leakage and/or spill- 
age of sodium dichromate stock solution in upgradient 
areas. One potential site is the rail- transfer station 
and storage tanks lckated at the southeastern side ofthe 
183-KW water treatment plant. A second potential 
some area is the vicinity of the coolant storage clear- 
wells located on the southeastern side of the KW 
Reactor. 

The western extent of this plume is uncertain 
because monitoring wells do not cover that area. The 
plume does not appear to have reached the Columbia 
River because similar concentrations are not observed 
in wells 199-K-31 and 199-K-33, which are located 

W 
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between KW Reactor and the Columbia River (Fig- 
ure 23-3). The increasing trends in wells 199-K-107A 
and 199-K-108A suggest plume movement in this 
area. The travel time between KW Reactor and well 
199-K-33 has been estimated at between 1.6 and 
4.9 years, depending on the assumed groundwater flow 
rate (WHC-SD-EN-TI-280, Rev. 0). Additional 
near-river sites are available to monitor the arrival 
of this plume. They include aquifer sampling tubes 
(BHI-01153) and riverbank seepage sites near the KW 
water intake structure. 

The third area of chromium contamination appears 
to originate near well 199-K-36, located at the south- 
eastern end of the 183-KE water treatment plant. In the 
previous annual groundwater report (PNNL-12086), 
relatively high chromium concentrations were reported 
for samples from this well, with a maximum value of 
2,710 pg/L on January 16,1996. The source for the 
chromium is most likely past leaks or spills of sodium 
dichromate stock solution during railcar transfer oper- 
ations and from storage tanks located near that well. 
Remobilization of sodium dichrumate from the vadose 
zone may occur in association with water leakage from 
the nearby KE filter plant. Chromium concentrations 
in well 199-K-36 averaged 210 pg/L during fiscal 
year 1999. 

2.3.3 Strontium-90 

Strontium-90 is not distributed widely in 100 K 
Area groundwater, though there are several waste sites 
where contamination in the vadose zone is expected, 
thereby creating a potential source for future ground- 
water contamination. Strontium-90 contamination is 
anticipated wherever liquid effluents associated with 
irradiated nuclear fuel were disposed. The principal 
sites for soil column disposal were the 116-K-2 liquid 
waste disposal trench and the fuel storage basin drain 
fields/injection wells associa’ted with each reactor. The 
radionuclide is adsorbed onto sediment particles in 
the vadose zone and aquifer. It is considered a moder- 
ately mobile radionuclide in groundwater and has a 
radioactive decay half-life of 29.1 years. The drinking 
water standard is 8 pCi/L. 
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The current levels of ~tr~ntium-90 contamination 
between the 116-K-2 liquid waste cbposal trench and 
the Columbia River range up to a maximum near 
50 pCi/L (well 199-K-21). Trends for two wells are 
illustrated in Figure 2.3-4. The radionuclide is a 
co-contaminant with chromium in this area. How- 
ever, it is not removed by the ion exchange resin that 
removes chromium from extracted groundwater and 
is, therefore, returned to the aquifer via the injection 
wells. Strontium-90 analyses on treated effluent 
revealed concentrations of 3.83 and 4.1 pCi/L during 
the period February 1,1998, and December 31,1998 
(DoE/RL-99-13). 

Near the KE Reactor, samples from well 199-K- 
109A reveal a variable trend in strontium-90 levels. 
Figure 2.3-5 shows the historical trends, along with 
data for tritium concentrations. The source for the 
strontium-90 detected in this well has been previously 
identified as past-pxactice dtpasal to the nearby drain 
&ld/injectionwell (PNNL-12023). Thisfacility (waste 
site 116-KE-3) received effluent from the basin that may 
have contained ~tqmium-90 released from damaged 
fuel elements, as well as tritium. Increased infiltration 
of water from the surface, caused by leaking fire hydrant 
utility lines, apparently remobilized contamination 
held in the normally unsaturated vadose zone. 

Stmntium-90 is also elevated somewhat above the 
drinking water standard near the KW Reactor (Fig- 
ure 23-6). Again, the suspected source is the adjacent 
drain field/injection well (waste site 116-KW-2). 

2.3.4 Tritium 

The distribution of tritium in 100 K Area ground- 
water is shown on Plate 3. The shapes of the umtours 
drawn to describe the plumes for fiscal year 1999 have 
been modified somewhat compared to previous repre- 
sentations. The revised shapes reflect the most cur- 
rent information on groundwater flow direction and 
the presumed locations where tritium was (and still 

is) introduced to groundwater. These locations and 
their associated sources include 

0 northeastern side of each reactor building, where 
condensate from reactor atmehere gas appar- 
ently continues to migrate downward through 
the soil column beneath the 116-KW-1 and 116- 
KE-1 cribs (carbon-14 is a co-contaminant with 
tritium in this effluent). 

past leakage from the KE basin; the most recent 
event occurred in 1993, and the plume moved 
north-northwest past well 199-K-27, but has appare 
ently not yet arrived in downgradient wells 199- 
K-32A and 199-K-111A (Figure 2.3-7), or the 
plume is too small to be detected by the existing 
well network. 

past disposal to the 116-K-2 liquid waste disposal 
trench, which created a mound that left contam- 
inated moisture in the vadose zone, when waste 
disposal ended in 1971. 

Lr 
. 7'hetritiumdis&~mapforfiscal 

year 1999 shavs contamination near the 

near the reactor buifdings. 
1 16-K-2 trench a~ separate f i ~ m  the plume 

The source for the relatively high tritium concen- 
trations in the vicinity of pump-and-treat extraction 
well 199-K-120A is not fully understood. One expla- 
nation is that residual vadose zone moisture containing 
tritium from past disposal to the 116-K-2 liquid waste 
dtsposal trench continues to feed a small groundwater 
plume in the vicinity of wells 199-K-18,199-K-19, 
and 199-K-12OA. An alternative explanation is that 
the tritium represents shielding water from the 116- 
KE-1 basin lost during the period 1976 to 1979, or 
alternatively, groundwater from beneath the 116-KE-1 , 
gas condensate crib. However, if either of these sources 
is responsible, similar Concentrations would be expected 
in wells along the pathway between those sources and 

Lid 
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L d  
well 199-K-l2OA, (Le., wells 199-K-18 and 199-K-19), 
which is not the case (Figure 2.3-8). Also, long-term 
water-level data do not suggest a gradient directed 
from the KE Reactor toward well 199-K-l2OA, so a 
circuitous route would be required to link the well to 
those sources. 

A field sampling program was conducted during 
summer 1999 to determine whether a tritium plume in 
groundwater could be detected by analyzing soil gases 

sampled from the overlying vadose zone. A grid of 
locations was sampled in the 100 K Area that covered 
the general area north and east of the KE Reactor (see 
Figure 3.3-7). No tritium was detected in the soil 
moisture samples. Analyses for helium-3, which would 
indicate the presence of tritium in the underlying 
groundwater, also did not suggest the presence of a 
plume (Section 3.3.3). 

2.3.5 Carbon-14 

This radionuclide was included along with tritium 
in the condensate from reactor atmosphere gas that was 
disposed to the cribs located on the northeastern side 
oftheKEandKWreactors(116-KE-1 and 116-KW-1). 
Carbon- 14 disperses more slowly than does tritium 
because of interaction with carbonate minerals, so the 
disttibution pattern is not exactly the same as for tritium 
(PNNL-12023). Unfortunately, the different geo- 
chemical characteristics for carbon-14 and tritium 
limited attempts to use the ratio of the two constitu- 
ents as an exclusive indicator of effluent from these 
gas condensate cribs, though same patterns are 
evident (PNNL12023). 

)e, 

The highest concentrations of carbon-14 are 
found in wells near and downgradient of the conden- 
sate cribs. Figure 2.3-9 illustrates the concentrations 
found in wells associated with the 116-KE-1 crib and 
Figure 2.3-10 illustrates concentrations associated 
with the 116-KW-1 crib. The derived concentration 
guide for this radionuclide is 70,000 pCi/L. The half- 
life is very long (5,730 years), suggesting that some of 
the existing plume will eventually be exposed at the 
Columbia River before it decays, although a portion 
will likely remain fixed in carbonate minerals. 

W 
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2.3.6 Nitrate 

Nitrate is widely distributed in groundwater 
beneath all the reactor areas. There are multiple sources 
that potentially contribute to the plumes, including 
past-practice disposal to the soil column of decontami- 
nation solutions, such as nitric acid (WHC-SD-EN- 
TI-239) and septic system drain fields. The maximum 
contaminant level is 45 m&. This level is exceeded 
in numerous 100 K Area wells. The fiscal year 1999 
maximum observed value near the reactor buildings is 
-175 m& (well 199-K-30) and near the 116-K-2 liquid 
waste disposal trench is -130 mg/L (well 199-K-19). 

Nitrate levels have been gradually rising in numer- 
ous wells in the 100 Areas for as yet unexplained rea- 
sons. There are no current operations that would 
account for the increase. Examples of changing con- 
centrations in 100 K Area wells are presented in 
Figure 2.3-11. The prominent increase in nitrate that 
occurred in many wells during 1985 is also not fully 
understood. 

2.3.7 Other Constituents of Interest 

Three other constituents detected in one or two 
wells in the 100 K Area are discussed in this section. 

2.3.7.1 Plutonium 

During late May and early April 1999, scientists 
from Woods Hole Oceanographic Institute completed 
sampling at wells 199-K-27,199-K-32A, 199-K-36, 
and 199-K-110A as part of a plutonium speciation 
study. The research is funded by the U.S. Department 
of Energy's (DOE) Environmental Management Sci- 
ence Program and is in its third year (EMSP Project 
No. DE-FG07-96ER14733). The research is a joint 
project between Woods Hole and Pacific Northwest 
National Laboratory. The purpose for the research is 
"...to study the association of actinides with dissolved 
organic complexes in subsurface waters." 

These researchers analyzed groundwater from the 
100 K Area in 1998. Because of the atom ratios, they 
concluded that the plutonium detected in the samples is 
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from a local source rather than from atmospheric fallout. 
The concentrations they report represent extremely 
small amounts of plutonium. For example, the largest 
value reported was 1.87 femtogram per liter for 

and chloride concentrations, thus suggesting comion 
of the steel, which would be enhanced by the presence 
of chloride. 

plutonium-239, which in a t s  c o d y  used to report 

monitoring results equates to 0.00000000187 pg/L or 
2.3.8 1 OO-K Fuel Storage Basins 
Monitoring 

0.000116 pCi/L. The results for samples collected in 
April 1999 are expected by Apnl2OOO. The 100-K fuel storage basins are operating facili- 

ties that are used to store irradiated fuel elements from 
the N Reactor. The KE basin contains - 1,150 metric 
tonsoffuelstoredinunsealedcanisters, while KWbasin 

A specific analysis for plutonium is not performed 
during the periodic sampling events d u c t e d  at 100 K 
Area. The tools and methods used by the researchers 
to achieve their ultra-low detection levels are not 
practical for producing the quantity of environmental 
data typically used to support decisions. Other con- 
tamination indicators are monitored that would indi- 
cate the presence of plutonium at concentrations of 
environmental concern. 

' 

2.3.7.2 Trichloroethylene 

This organic constituent is a minor contaminant 
of concern resulting from the past dqmal/spillage of 
organic solvents. Two wells downgradient of the KW 
reactor buildmg revealed samples containing trichlor~- 

ethylene at levels above the 5 pg/L maximum contami- 
nant level for dnnkurg water supplies (F@m 23-12). 
Concentrations appear to be decreasing with time. 

2.3.7.3 Nickel 

Nickel has not been tracked as a contaminant of 
concern for human or ecological health reasons (BHI- 
00917). However, conmtrations exceed the 100 pg/L 
maximum contaminant level in wells 199-K-36 and 

nickel contamination and its occurrence is scattered. 
Nickel appears to be elevated only in relatively new 
monitoring wells, which have stainless steel casing 
and screens. Therefore, a sampling anomaly is sus- 
pected, perhaps the result of corrosion of the stainless 
steel (Hewitt 1994). There is a tendency for nickel 
concentrations to increase with increasing chloride 
concentrations in well 199-K-36 (Figure 23-13). A 
similar correlation is observed in well 199-K-108A 
(also stainless steel construction) between chromium 

199-K-11OA. There is no O ~ ~ ~ O U S  waste site SOUITX for 

contains -953 metric tons stored in sealed containers 
(HNF-SD-SNF-TI-009). Because of the unsealed 
containers and greater proportion of damaged fuel ele- 
ments, the KE basin is the more contaminated facility. 

A focused feasibility study is available that pro- 
vides detailed information on the fuel, shielding water, 
and sludge, along with a description of altematives for 
cleanup (DOEN-98-66, Rev. 0). Following this 
study, a proposed plan for interim remedial action at 
the basins was issued for public review and comment 
(DOEN-98-71, Rev. 0). Finally, a record of decision 
has been signed that describes the selected remedial 
action (ROD 1999a). Work began in fiscal year 1999 
with equipment that will be used to move the fuel 
canisters. The schedule for activities is described 
under Tri-Party Agreement Major Milestone M-34-OOA 
(Ecology et al. 1989). 

The Hanford Groundwater Monitoring Project 
provides monitoring services to the Spent Nuclear 
Fuel Project in support of basin leak detection efforts. 
In addition, the groundwater project maintains base- 
line information on the characteristics of groundwiiter 
movement throughout the 100 K Area. A complete 
description of the monitoring strategy and data quality 
objectives for the 100-K fuel storage basins is presented 
in a monitoring plan (WHC-SD-EN-AP-174). 

2.3.8.1 Groundwater Flow 

The general movement of groundwater beneath 
the KE and KW Fuel Storage Basins is from the south- 
southeast to the north-northwest, i.e., toward the 
Columbia River (see Plate 2). Several factors may 
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influence the details of groundwater movement beneath 
the basins, including currently operating facilities that 
may lose clean water (e.g., fuel storage basin emergency 
makeup water stored in clearwells) and heterogeneity 
in the hydraulic properties of the aquifer sediment. 
The distribution and rate of downward movement of 
water infiltrating from the surface may be influenced 
by engineered backfill associated with buildings and 
pipelines. 

2.3.8.2 Tritium 

not known). Well 199-K-28 apparently does not pro- 
duce samples that are fully representative of aquifer 
conditions because it appears to be sufficiently close to 
well 199-K-27 to have also detected the 1993 leakage. 

Tritium is monitored in wells near 
operating fuel-storage basins. The basins 
leaked in the past, but there is no eui- 
dence of leaks in fiscal year 1999. 

Tritium is a key constituent for monitoring poten- 
tial leakage from the KE and KW Fuel Storage Basins. 
The tritium concentration for KE basin shielding water 
is 2.64 million pCi/L and for KW basin is 593500 pC& 
(September 1999 measurements). Additional nearby 
sources for tritium are past-practice h a l  sites located 
at the eastern side of each reactor building. These soil 
infiltration sites (referred to as gas condensate cribs or 
French drains) received condensate from reactor atmos- 
phere gases. The condensate contained significant 

continue to migrate downward beneath the disposal 
sites and to contaminate the underlying groundwater. 
The levels of tritium in gas condensate are comparable 
to, or even exceed, basin water concentrations, thus 
complicating the ability to identify the specific source 
for tritium observed in groundwater near the basins. 

of 6 - 1 4  and These con~tituent~ 

Figure 23-14 shows the tritium concentrations in 
KE basin wells that are most likely to detect basin 
leaks. The entire record for these wells illustrates that 
leakage during the period 1976 through 1979 must 
have already passed these wells by the time of their 
installation because there is no evidence of a tritium 
pulse. The volume of water lost during that period is 
estimated at -57 million liters (WHCSDSNF-TI-013, 
Rev. 0) and the basin water tritium concentration was 
-600,OOO pCi/L. A subsequent period of leakage in , 
1993 is clearly revealed by the tritium pulse that passed 
well 199-K-27. That leakage is estimated at -341,000 
liters (WHC-SD-SNF-TI-013, Rev. 0) and the basin 
water concentration at that time was -3 million pCi/L. 
(The cause for the 1990 tritium pulse in 199-K-27 is 

Tritium concentrations in groundwater near the 
KW Fuel Storage Basin are generally lower than near 
the KE basin (Figure 2.3-15; note order-of-magnitude 
scale difference). There has been no documented 
leakage from the KW basin. The tritium observed 
in well 199-K-34 is most likely attributable to the 
KW gas condensate crib. 

Concentration trends for tritium in groundwater 
near the KE and KW gas condensate cribs are included 
here to illustrate the other major sources for tritium in 
groundwater near the reactors. Figure 2.3-16 shows 
the tritium concentrations and specific conductance 
values for groundwater immediately downgradient of 
the KE gas condensate crib. The concentrations at 
that location are believed to represent the downward 
migration of tritium (and carbon-14) in vadose zone 
moisture. The strong positive correlwion between * 

tritium concena-atiions and specific conductance values 
suggests that downward migration is promoted by 
increased infiltration of water from the surface. The 
increase in specific conductance in groundwater at the 
KE gas condensate crib has been attributed to infiltra- 
tion of precipitation (e.g., snow melt) containing ice 
control salt (WHGSD-EN-TI-280, Rev. 2). 

Figure 2.3-17 shows the same constituents for the 
KW gas condensate crib. A similar correlation between 
tritium and specific conductance is absent at this loca- 
tion, and there is currently no clear explanation for 
the tritium peak (-600,000 pCi/L) that occurred dur- 
ing 1995. Leakage from the KW Fuel Storage Basin is 
not a possibility because basin water concentrations 
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were only one-tenth the concentrations observed in 
the well shown in Figure 23-17. Specif~c conductance 
at the KW crib is significantly higher than natural back- 
p u n d  (-650 versus -350 pS/cm for background). 

2.3.9 Groundwater Remediation 

A groundwater pump-and-treat system began 
opera- in the 100 K Area in October 1997. The 
extraction wells are located between the 116-K-2 liq- 
uid waste dtsposal trench and the Columbia River. 
The treatment system removes chromium from the 
extracted pundwater. The treated d u e n t  is injected 
back into the aquifer at an upgradient location. This 
interim remedial action is described in a record of 
decision for the 100-KR-4 Operable Unit (ROD 
1996b), which also includes remedial actions in the 
100 D and 100 H Areas (100-HR-3 Operable Unit). 

2.3.9.1 Interim Remedial Action Objectives 

The record of decision (ROD 1996b) contains 
the following specific remedial action objectives that 
pertain to operation of the pump-and-treat system: 

protect aquatic receptors in the river bottom 
substrate from contaminants in groundwater 
entering the Columbia River 

protect human health by preventing exposure to 
contaminants in the groundwater 

provide information that will lead to the final 
remedy. 

The record of decision stipulates that the interim 
action pump-and-treat system will continue to operate 
mtil the selection ofa 6nal remedy, or when U.S. Envi- 
ronmental Protection Agency and Washington State 
Department of Ecology are satisfied that termination 

(or intermittent operation) is appropriate. Conclusion 
of the pump-and-treat system occurs when sampling 
results indicate that the concentration of hexavalent 
chromium is below 22 & in the compliance wells, 
and the data indicate that the concentration will 
remain below the compliance value. Other criteria 
for terminating pump-and-treat operations include the 
effectiveness of the treatment technology not justify- 
ing further operation or the availability and feasibility 
of an alternate and superior treatment technique 
(ROD 1996b). 

2.3.9.2 Remediation Progress During Fiscal 
Year 1999 

Progress was made toward achieving the remedial 
action objectives at the 100-KR-4 Operable Unit in 
fiscal year 1999. The pump-and-treat operation is 
successflly intercepting and capturing groundwater 
containing elevated concentrations of hexavalent 
chromium. This prevents that groundwater from dis- 
charging into the Columbia River. Figure 2.3-18 
shows the flow lines and hydraulic capture estimated 
to occur during a low-flow period in the Columbia 
River (November 1998), when groundwater flow to 
the Columbia River is greatest. A description of the 
numerical modeling used to create this figure is pre- 
sented in DOE/RL-99-13. 

Li 

Although designed primarily to prevent or reduce 
the amount of contaminated groundwater that dis- 
charges into the Columbia River, the pump-and-treat 
system also reduces overall contamination in the oper- 
able unit by the process of contarninant mass removal. 
The pump-and-wat program collecttj hydraulic moni- 
toring data, contaminant monitoring data, and treat- 
ment system operation data to assess treatment system 
performance and to provide the basis to select the 
final remedy as part of the record of decision. 

~uring fiscal year 1999, the pump-and-treai system 
extracted 296.2 million liters of groundwater and 
removed 3 7.6 kilograms of hexavalent chromium 
(Table 2.3-1). Extraction well operating flow rates 
averaged between 95.5 and 106.5 liters per minute for 
the year, with maximum sustained pumping rates’ 

I 
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ranging between 115.1 and 174.4 liters per minute at 
the different wells. Average concentrations for hexa- 
valent chromium in the extraction wells ranged 
between 74 and 185 pg/L, with an average influent 
concentration of 136 pg/L delivered to the treatment 
system during the fiscal year. The effluent concentra- 
tion averaged 9 pg/L during the year, with hexavalent 
chromium being undetected during 16 of the 55 indi- 
vidual effluent sampling events. 

A total of 69.7 kilograms of hexavalent chromium 
has been removed since startup of the pump-and-treat 
system in October 1997. An estimate for the total 
amount of chromium in the plume targeted for reme- 
dial action suggests a mass of 250 kilograms (DOE/ 
RL-94-95, Rev. 1). Uncertainty in this estimate is 
primarily associated with the lack of data on the verti- 
cal distribution of chromium in the aquifer and the 
distance inland to which the plume extends. An 
order-of-magnitude estimate for the rate at which 
chromium is discharging to the Columbia River via 
groundwater flow is 0.04 kilograms per day (BHI- 
00469). This equates to a total mass flux of -29 kilo- 
grams that would have entered the Columbia River 
since October 1997. The actual flux is believed to be 
less because of the pump-and-treat system. 

2.3.9.3 Influence on Aquifer Conditions 

The concentration of hexavalent chromium 
measured in several of the six extraction wells exhib- 
ited a slight downward trend during the last 2 years. 
However, the concentration has not declined below 
22 a, the target concentration listed in the record 
of decision. After rebounding from consecutive flood 
stage years in the Columbia River in 1996 and 1997, 
the concentration of hexavalent duomium exhibited 
a downward trend in five of the six' extraction wells 
between May 1998 and July 1999, and then a reversal 
of trend began in several wells (Figures 2.3-19 and 
23-20). An explanation for the reversal to an increas- 
ing trend is not currently available. Extraction well 
199-K-120A has exhibited a constant trend since 
operations began. 

Concentrations have remained relatively collstant 

or increased slightly over the last 2 years in three of 

the five compliance wells (Figure 2.3-21). Concen- 
trations averaged 61, 115, and 97 pgb, in wells 
199-K-18,199-K-20, and 199-K-l12A, respectively, 
during fiscal year 1999. Except for the most recent 
sampling results, the trends observed in the other two 
compliance wells, 199-K-114A and 199-K-l17A, 
appear to behave similarly. 

Because the elevated concentration of hexavalent 
chromium persisted in the compliance wells, the annual 
summary report (DOEN-99-13) recommended con- 
tinued operation ofthe pump-and-treat system. A new 
monitoring well (199-K-126A) was installed north- 
east of the trench following a recommendation to 
define the downgradient extent of the plume (DOE/ 
FU-97-96). Additional plans are in progress to con- 
vert compliance well 199-K-112A to an extraction 
well and thereby increase the capture area beyond the 
northern end of the trench. The declining concentra- 
tion of hexavalent chromium measured in the extrac- 
tion wells indicates that the pump-and-treat system is 
lowering the concentration of hexavalent chromium 
in the aquifer, but the rate of decline indicates that 
many years of pumping may be required before the 
remedial action objectives have been entirely satisfied. 

2.3.10 Water Quality at Shoreline 
Monitoring Locations 

Groundwater samples are collected annually from 
riverbank seepage sites during the seasonal low river 
stage and from aquifer sampling tubes located near 

- the low-river stage shoreline. 

2.3.10.1 Aqu'hr Sampling Tubes 

The Environmental Restoration Contractor 
installed aquifer sampling tubes at -300-meter inter- 
vals along the 100 K Area shoreline during the fall 
1997. One to three polyethylene t u b  were installed 
at various depths at each tube site near the low-water 
shoreline. Samples collected from the tubes during 
the fall 1998 sampling were screened for carbon- 14, 
gross beta, hexavalent chromium, nitrate, and tritium. 

Hexavalent chromium concentrations ranged from 
a high of 112 pg/L (filtered sample) downgradient of 
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the 116-K-2 trench to undetected from a tube sample 
slightly upriver of the 100 K A&. Nitrate concentra- 
tions from samples collected downgradient of the 
116-K-2 trench ranged from 10 mg/L. to undetected. 
Tritium concentrations ranged from 4 3 0  pCi/L from 
a tube site upstream of the 100 K Area to undetected 
downgradient of the 116-K-2 trench. Gross beta con- 
centrations ranged from 4 pCi/L downgradient of the 
KW Reactor to 55 pC& downgradient of the 116-K-2 
trench. 

The maximum carbon-14 concentration was 
680 pCi/L in a sample collected from a tube downgra- 
dient of the KW retention basins. This tube site is 
also downgradient of well 199-K-33 where samples 
have contained over l0,OOO pG/L carbon-14. 

2.3.10.2 Riverbank Seepage 

The CERCLA monitoring project collected sam- 
ples from one riverbank seepage site (SK-062) dong 
the 100 K Area shoreline during October 1998. This 
site is near the river water intake structure for KW 
Reactor. Maximum concentrations of contaminants 
of umcem were: 4.95 pCi/L gross beta, 29 mg/L nitrate, 

LJ 
0.03 pCi/L strontium-90, and 11,900 pC& tritium. 
Results for chromium are not available. Tritiuim has 
declined in concentration at this seepage site. The 
median concentration during the period 1993 to 1997 
was 18,000 pCi/L (PNNL12088, Table A.7). 

2.3.10.3 Special Shoreline Studies 
Independent researchers from the Government 

Accountability Project sampled mulberry bush leaves 
from a shoreline location near the southwestern end 
of the 116-K-2 liquid waste disposal trench (GAP 
1999a). They speculate that the radioactivity observed 
in their samples is related to an underground stream 
that transports strontium-90 very rapidly from past- 
practice sources to the Columbia River. No field data 
exist to support their speculation, other than the veg- 
etation samples. The bushes sampled are located in 
an area of extensive former surface contamination 
caused by breakouts from the nearby 116-K-1 crib 
and 116-K-2 liquid waste disposal trench (WHC-SD- 
EN-TI-239; historical photo is available on the 
internet at http://pnl45.pnl.gov/lOOk). 

LA 
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Table 2.3-1. Summary of 100 K Area Pump-and-Treat Performance for Fiscal Year 1999 

Well or 
Sample Location 

199-K-113A 
199-K-115A 
199-K-116A 
199-K-119A 
199-K-120A 
199-K- 125A 

Annual Average 
Flow Rate 
(L/min) 

95.5 
103.2 
106.5 
95.5 

101.2 
102.9 

K-Influent 5 74 
K-Effluent 574 

Maximum Sustained 
Flow Rate 
(L/min) 

115.1 
157.2 

174.4 
100.7 
163.6 

157.4 

74s 
745 

bata Source: Project Specific Database for the 100-KR-4 Operable Unit. 
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Figure 2.3-1. Influence of Groundwater Mound During the 100 K Operating Years, 1955 to 1971 
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Figure 2.3-3. Chromium in Wells Near KW Reactor 
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Figure 2.34. Strontium-90 in Wells Near 116-K-2 Liquid Waste Disposal Trench 
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Figure! 23-5. Strontium-90 and Tritium in Wells Near KE Reactor 
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Figure 2.3-6. Strontium-90 in Wells Near KW Reactor 
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Figure 23-8. Tritium in Wells Northeast of KE Reactor 
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Figure 23-9. Carbon-14 in Wells Near KE Gas Condensate Crib 
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Figure 2.3010. Carbon-14 in Wells Near KW Gas Condensate Crib 
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Figure 2.3-1 1. Example of Increasing Nitrate in Wells at 100 K Area 
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Figure 23-14. Tritium in Wells Adjacent to KE Fuel Storage Basin (note logarithmic scale on lower plot) 
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Figure 2.3-16. Tritium and Specific Conductance in Wells Near KE Gas Condensate Crib 
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2.4 100 N Area 

M. J. Hartman, W. J. McMahm, R. F. Raidl 

The 100 N Area contains a single reactor that 
operated from 1963 through 1987. Waste sites and 
proposed corrective measures are described in DOE/ 
RL-95-111 and DOE/EU-96-102. The most sigxuficant 
groundwater contamination is associated with the 
1301-N and 1325-N facilities, which will be remediated 
in coming years. Characterization of sediment from 
those facilities is described in Section 3.1.2. Other 
sources of contamination include the 1324-N/NA facili- 
ties and various spills or leaks of petroleum products. 
Groundwater flow and contamination for each of 
these contaminant source areas are discussed in the 
following sections. 

2.4.1 1301 -N and 1325-N Liquid Waste 
Disposal Facilities 

This section describes groundwater flow and con- 
tamination beneath the 1301-N and 1325-N facilities. 
The principal groundwater contaminants are stron- 
tium-90 and tritium. Groundwater remediation and 
riverbank water sampling also are discussed. Fiscal year 

1999 data indicate few changes in groundwater quality 
beneath these facilities compared to previous years. 

2.4.1.1 Groundwater Flow 

Groundwater generally flows to the northwest, 
toward the Columbia River, beneath the 1301-N site 
and toward the north beneath the 1325-N site (see 
Plate 2). When the stage of the Columbia River is high, 
the gradient beneath the 1301-N facility reverses, cre- 
ating a potential for groundwater to flow toward the 
northeast, approximately parallel to the Columbia 
River. Estimated flow velocities in March 1999 were 
0.04 to 0.82 meter per day at 1301-N and 0.02 to 
0.38 meter per day at 1325-N (see Table A.2). Move- 
ment of a peak in specific conductance indicates a 
flow velocity at the upper end of this range at the 
1325-N site, 0.3 meter per day. 

Extraction of groundwater from wells near the 
1301-N facility, and injection of treated water near 
1325-N, affect groundwater flow. These effects are 
clearly visible on the water-table map (see Plate 2) 
and are discussed in Section 2.4.1.6. 
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Water levels beneath both facilities fluctuate with 
the stage ofthe Columbia River. In Figure 2.4-1, water 
levels near the 1301-N facility are represented by well 
199-N-2. Because the well is relatively close to the 
Columbii River, the well shows the greatest fluctuation 
in the elevation of the water table. Well 199-N-34, 
representing water levels near the 1325-N facility, 
showed slightly less variation. The range of water levels 
was smaller than in the previous several years when 
river stage was unusually high. 

Groundwater monitoring is conducted in the 
l o0  N Area: 

b triennially to annually to describe the 
nature and extent of contamination 

b semiannually to detect the possible impact 
of three RCRA sites 

b semiannually to monitor trends in variable 
constituents/wells 

b various time intervals to evaluate the 
performance of a pumpand.treat system 
for strontium-90. 

2.4.1.2 Tritium 

The 1301-N and 1325-N facilities contaminated 
groundwater with tritium, which forms a widespread 
plume at levels exceeding the 20,000-pCi/L drinking 
water standard (see Plate 3). The core of the plume 
(i.e., the highest concentration) was formerly beneath 
the 1325-N facility and has migrated to the north and 
northwest. The highest concentrations of tritium cur- 
rently are near the Columbia Rver. Tritium is also 

present in upgradient wells 199-N-74 and 199-N-52. 
The current upgmhent tritium is believed to have been 
mo~eed inland by mo~nding during 1325-N operations. 

Lid 
Tritium concentrations are declining in most 

100 N Area wells (Figure 2.4-2). The general decline , 
is expected to continue because of plume migration 
and radioactive decay. 

2.4.1.3 Strontium-90 

Groundwater beneath the 1301-N and 1325-N 
facilities is contaminated with strontium-90 at levels 
up to 18,000 pCi/L (Figure 2.4-3). contamination is 
concentrated in an area between the 1301-N facility 
and the Columbia River and its distribution has not 
changed significantly in recent years. The contours 
of Figure 2.4-3 take into account the mntium-90 
remaining in the treated water that is injected into 
wells 199-N-29 and 199-N-l04A, near the 1325-N 
facility. The average strontium-90 concentration of 
the injected water in fiscal year 1999 was 382 pCi/L. 

Concentrations in the heart of the plume near 
the 1301-N facility remained about the same as last 
year (Figure 2.4-4). However, strontium-90 levels in 
well 199-N-67 are four or five times higher than they 
were from 1991 through 1995. The high water table 
in 1996-1997 may have caused the increase by mobi- 
lizing strontium-90 that had been sorbed to sediment 
in the vadose zone. Changes in flow direction caused 
by the pump-and-treat system, which began to operate 
in 1995, also may have contributed to the rise in 
Concentrations. 

L/ 

. 

The pattern of seasonal fluctuation in wells far- 
ther from the 1301-N facility, where the vadose zone 
is not contaminated with strontium-90, is illustrated 

Strontium-90 umcenfrazions in 100 N 
Area groundwater continued to'& m g  
the highest on the Hanfmd Site in ficcll yem 
1999. Levefsweremorethan1,OOOtimes 
the drinking water standmd in wlls near the 
Columbia River. This plume is the target of 
a pump-and-weat system. 
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by well 199-N-14. Concentrations increased in this 
well in the mid-to-late 1980s as the plume migrated 
toward the north. since then, strontium-90 iw ranged . 
from 500 to 1,500 pCi/L, with no overall increasing or 
decreasing trend. Concentrations tend to be lower 
when the river stage is higher, because of a dilution 
effect from the Columbia River. 

Near the 1325-N facility in retent years, strontium- 
90 levels have increased in .well 199-N-81 (Fig- 
ure 2.4-5). The peak level in this well was about the 
same as the peak in well 199-N-29, adjacent to the crib, 
when waste was being dtsposed, and the recent increase 
may represent movement of the contamination down- 
gradient. This would equate to a transport rate of 
-0.1 meter per day for strontium-90. The rate of move- 
ment of strontium-90 would be expected to be less than 
the rate of groundwater flow (0.3 meter per day) because 
strontium-90 sorbs to the sediment. Strontium-90 
levels in well 199-N-81 also may be affected by the 
Mux of water from wells 199-N-29 and 199-N-l04A, 
which are used to inject treated water from the pump- 
and-treat system. This water may mobilize strontium-90, 
causing it to migrate northward to well 199-N-81. 
Other wells near 1325-N neither confirm nor rehte 
this idea. The only well between 199-N-29 and 199- 
N-81 that can be sampled is 199-N-32, which has 
always had very low strontium-90 concentrations and 
does not appear to be representative of concentrations 
in the larger area. 

The strontium-90 plume in groundwater appears 
to be limited to the upper few meters of the aquifer. 
Wells 199-N-69 and 199-N-70, cdmpleted at the bot- 
tom of the upper unconfined aquifer, have no detect- 
able strontium-90, though they are in the heart of the 
contaminant plume. 

2.4.1.4 Chromium 

In fiscal year - 1999, dissolved chromium exceeded 
the maximum contaminant level in only one well, 
which is completed in a thin, confined aquifer in the 
Ringold Formation. Concentrations in well 199-N-80 
are steady at - 180 pg/L. The source for chromium in 
this deep horizon is unknown. Chromium was disposed 

of in the 1301-N crib until the early 1970s, and it was 
identified as a contaminant of potential concern based 
on soil data (Section 2.5 in DOE/RL-96-39). There are 
no chromium data from wells that monitored the facility 
in the early 197Os, and chromium was not detected in 
significant concentrations in wells near the crib in the 
1980s. The presence of chromium in well 699-87-55, 
which is located east of the northern part of the 1325-N 
.facility, illustrates the possible inland influence of past 
disposal from the 100 N or 100 b areas. 

A filtered sample from well 199-N-64, located 
upgradient of the 1301-N facility, contained 124 pg/L 
of chromium in fiscal year 1998. The result from a 
sample collected in September 1999 was 26 pg/L. 

2.4.1.5 RCRA Parameters 

Monitoring for the Resource Conservation and 

Recovery Act of 1976 (RCRA) in fiscal year 1999 indi- 
cated the 1301-N and 1325-N facilities are not con- 
taminating groundwater with hazardous constituents. 

2.45 

Total organic carbon exceeded the critical mean 
value in one well (199-N-3) downgradient of the 
1301-N facility in September 1998. Results from 
January 1999 confirmed the exceedance, and the 
U.S. Department of Energy (DOE) notified Washing- 
ton State Department of Ecology (Ecology). No organic 
constituents of concern have been iden&ed in 1301-N 
waste or sediment, and the contamination is assumed 
to come from a source other than the 1301-N facility. 
The elevated total organic carbon is probably related 
to the detection of petroleum products in other wells 
near 199-N-3 (Section 2.4.3). Total organic carbon 
levels remained fairly stable in well 199-N-3 in fiscal 
year 1999. For the September 1999 evaluation, the 
critical mean value was revised based on more recent 
upgradient data (see Table AS). The new value is 
higher (2,383 p&) and was not exceeded. 

Specific conductance of groundwater near the 
1301-N facility is relatively low (200 to 300 pS/cm) 
compared to typical Hanford Site groundwater because 
the facility is close to the Columbia River. A plume 
of high-conducmnce (500 to 1,oO pS/cm) groundwater 
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from an upgradient source affects groundwater chemis- 
try in downgradient well 199-N-3 and upgradlent well 
199-N-5 7. 

Critical mean values for the 1301-N and 1325-N 
facilities were revised in December 1999, based on 
recent data from the upgradient wells (1997 through 
1999; see Tables A S  and A7). The new values were 
used to evaluate data from July through September 
1999. Speafic conductance in two downgdent wells 
at the 1325-N facility (199-N-41 and 199-N-81) 

* exceeded the new critical mean d u e .  The previous 
critical mean value was 689.9 @/cm (Table B.6 in 
PNNL-12086), based on data from upgradient well 
199-N-74 from March 1992 through March 1993, 
when specific conductance was -500 pS/cm. Specific 
conductance declined in well 199-N-74 from 1993 to 
1995. The new critical mean value is 470.9 @/an. 

The 1301 -N and 1325-N RCRA 
facilities donotappar to have COntamiTlated 

~ ~ & d l h r y m d a c S , n o n . r a d i a a a i W  
constihcents. 

DOE notified Ecology of the exceedance and sub- 
mitted an assessment report. The report concluded that 
the source of the high specific conductance was not 
the 1325-N facility, as evident from the following: 

Specific conductance exceeded the critical mean 
value only after the critical mean value was revised 
(lowered) based on 1997 to 1999 concentrations 
in the upedient well. The older critical mean 
value was not exceeded. 

Downgradient wells 199-N-41 and 199-N-81 are 
in a plume of high-sulfate groundwater that was 
observed in the upgradient well from 1991 to 

1995. Based on the rate of groundwater flow in 
the area, the plume will pass the downgradient 
wells in 2 to 4 years. 

No further assessment ofthe hi& specific mnduc- 
tance at 1325-N is needed. The site should remain in 

detection monitoring as described in the existing moni- 
toring plan (WHGSD-EN-AP-038, Rev. 2). 

Groundwater at the 1301-N and 1325-N facilities 
is also analyzed for other constituents discharged to 
these facilities during their use. These a n a l p  include 
cadmium, chromium, and nitrate (see Appendix A). 
Cadmium and chromium (in filtered samples) were 
not detected in signficant concentrations in 1301-N 
or 1325-N downgradient wells. Nitrate was elevated 
in some of the downgradient wells, as discussed in 
Section 2.4.3, but the sources are unclear. 

2.4.1.6 Groundwater Remediation 

The 100-NR-2 Operable Unit pump-and-treat 
system, located along the 1301-N facility, is part of an 
expedited response action that began operating in 
1995. An action memorandum (Ecology and EPA 
1994) contains the following objectives that pertain 
to operation of the pump-and-treat system: 

Lj reduce strontium-90 contaminant flux from the 
groundwater to the Columbia River 

evaluate commercially available treatment options 
for strontium-90 

provide data necessary to set demonstrable 
strontium-90 groundwater cleanup standards. 

- 

On September 29,1999, DOE, Ecology, and 
U.S. Environmental Protection Agency (EPA) signed 
an interim record of decision for the 100-NR-1 and 
100-NR-2 Operable Units (Ecology 1999). This 
record of decision specifies the selected remedy and 
activities for the 100-NR-2 Operable Unit, including 
continued operation of the pump-and-treat system 
with the objectives listed above. 

The pump-and-treat system made progress toward 
the remedial action objectives in fiscal year 1999. 
Figure 2.4-6 shows the flow lines and hydraulic capture 
estimated to occur during a low-flow period in the 
Columbia River (November 1998), when groundwater 
flow to the Columbia River is greatest. The flow lines 

L.. 
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represent simulations of the paths that groundwater 
would follow from upgradient locations, including the 
injection wells. The flow paths curve toward the 
extraction wells, which capture the groundwater from 
beneath much of the 1301-N strontium-90 plume 
(DOEN-99-79). 

During fiscal year 1999, the pump-and-treat sys- 

tem extracted over 108 million liters of groundwater 
and removed -0.2 curies of strontium-90 (Table 2.4-1). 
Combined, the three active extraction wells delivered 
an average concentration of 2,276 pCi/L to the treat- 
ment system during the fiscal year. After treatment, 
the effluent contained 382 pCi/L., which was returned 
to the aquifer through wells 199-N-29 and 199-N-104A. 

A pumpand-meat system in the 100 N 
Area is intended as an interim remedial 
measure to reduce strmtium-90 contomina- 
tim reaching the Columbia Rim. It is not 

an eficient way to remove srrmtium-90 
fiom the aquifer. 

The extraction wells create a hydraulic sink 
between the 1301-N facility and the Columbia River 
and thus reduce or reverse the hydraulic gradient in 
the groundwater toward the Columbia River. The 
reduction or reversal of the hydraulic gradient results 
in less groundwater and strontium-90 discharging to 

the Columbia River through the N Springs area. 

. 

The pump-and-treat system has not reduced the 
concentration of strontium-90 in the aquifer, nor has 
it removed a significant quantity of strontium-90 mass 
compared to the estimated existing inventory. The 
distribution of strontium-90 in the aquifer remained 
essentially unchanged in recent years, with concentra- 
tions returning to the levels observed prior to the 1996 
and 1997 high water years in the Columbia River. 
Since operations began in 1995, the pump-and-treat 
system has removed 0.7 curie of strontium-90, com- 
pared to a total inventory in the aquifer estimated to 
exceed 75 curies. Current estimates indicate that the 

pump-and-treat system would have to operate for more 
than 300 years before the strontium-90 concentrations 
reach permissible levels (DOE/RL.-95-110). For this 
reason, DOE is investigating and evaluating alterna- 
tive remediation technologies. 

2.4.1.7 Water Quality a t  Shoreline 
Monitoring Locations 

Water quality near the Columbia River in the 
100 N Area is evaluated by sampling wells near the river 

and riverbank seepage. The sampling points are located 
on the shoreline downgradient of the 1301-N facility. 
The fiscal year 1999 environmental restoration report 
for the 100-NR-2 Operable Unit (DOEN-99-79) 
provides details of samples analyzed from the near-river 
sampling points. The following are brief summaries. 

(199-N-46,199-N-92A, 199-N-96A, and 199-N-99A) 

Near-Rber Wells 

Strontium-90 concentrations in samples from these 
wells in fiscal year 1999 ranged from undetected in well 
199-N-92A to 13,100 pCi/L. in well 199-N-46. Well 
199-N-99A, near the middle of the plume, detected a 
peak of strontium-90 in 1996 (19,OOO pCi/L.). Levels 
of strontium-90 remain above the 1 ,OOO-pCi/L derived 
concentration guide (1,890 pCi/L in September 1999). 

The highest tritium concentration in fiscal year 
1999 in a near-river well was 10,300 pCi/L in well 
199-N-92A. Concentrations also were relatively high 
in well 199-N-46 (9,190 pCi/L in September 1999). 
Tritium averaged -1,OOO pCi/L in well 199-N-96A, 
and was undetected in well 199-N-99A. 

Riverbank Seepage 

The Sitewide Environmental Surveillance Project 
collected a sample from one seep along the lo0 N Area 
shoreline in October 1998. The sample contained 
2.3 pCi/L gross beta, 24,400 pCi/L tritium, and 21 mg/L 
nitrate. The specific conductance of the sample was 
290 pS/cm, suggesting that there was relatively little 
dilution of the groundwater by river water in bank 
storage. Low gross beta and high tritium concentra- 
tions are typical for this seep, located downstream of 
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the main stmntium-9O plume. Another seep located 
in the heart of the strontium-90 plume could not be 
sampled in fall 1998. 

2.4.2 1324-N Surface Impoundment/ 
1324-NA Percolation Pond 

\ 

Groundwater near these RCRA facilities contains 
high levels of sodium and sulfate, caused by past influ- 
ence of the percolation pond. Nitrate increased in 
fiscal year 1999, but its source is unknown. 

2d.2.1 Groundwater Flow 

Groundwater flows toward the northwest beneath 
the 1324-NFJA site, perpendicular to the Columbia 
River (see Plate 2). The average rate of flow is 0.09 to 
1.6 meters per day (see Table A.2). Movement of the 
sulfate plume between 1990 and 1993 indicated a flow 
velocity of -0.5 meter per day (Section 3.2 in DOE/ 
RL-93-88). The gradient in those years was approxi- 
mately the same as it was in March 1999, so the flow 
estimate is still valid. 

Water levels are influenced by the stage of the 
Columbia River. In Figure 2.4-1, well 199-N-7'2 rep- 
resents water levels near the 1324-NFJA site. Water 
levels were higher than normal in 1996 through 1998, 
and declined to more normal conditions in fiscal year 
1999. 

2.4.2.2 RCRA Parameters 

RCRA monitoring in fiscal year 1999 indicated 
the 1324-NFJA site has not contaminated groundwa- 
ter with hazardous constituents. Specific conductance 
and total organic carbon were elevated in downgradi- 
ent wells but were not caused by dangerous constitu- 
ents from the site. 

Spif ic  conductance has been elevated at this site 
since monitoring began in 1988, primarily caused by 
non-dangerous constituents that were present in the 
waste, such as sodium and sulfate. Specific conductance 
and sulfate are dxussed in Section 2.4.23. . 

Total organic carbon in downgradient well 199- 
N-59 exceeded the aitical mean value in March 1999, 
continuing a previously reported trend (Figure 2.4-7). 
Critical mean values were revised for the September 
1999 sampling, based on more recent upgradient data 
(see Table A.6). The critical mean value for total 
organic carbon at the 1324-NFJA site i n d  from 
1,373.2 to 1,840.1 pg/L. In September 1999, total 
organic carbon in well 199-N-59 averaged 1,535 w, 
which is below the revised critical mean though still 
above the previous mean. 

The groundwater at dre I324-NINA 
RCRA site does not to be contami- 
d with hazmous C o n s t i ~ t s .  How. 
ever, this site has added non-hazardous 
constituents, such as sulfate and sodium, to 
groundcuater. 

i 

id 
The source of organic contamination in well 

199-N-59 is not the 1324-NwA site. Organic con- 
stituents were not included in waste disposed to the 
site. Oil and grease were detected in this well in fiscal 
years 1998 and 1999. This contamination is believed 
to have originated at one of several nearby storage 
tanks or waste sites (PNNL-11885). 

2.4.2.3 Sulfate and Specific Conductance 

The 1324-NA percolation pond has added non- 
hazardous constituents, including sulfate and sodium, 
to groundwater, creating high specific conductance 
(more than 1,000 pS/cm) (Figtne 2.4-8). The plume 
extends in a wedge shape to the north-northwest, 
presumably discharging to the Columbia River. 

Specific conductance and sulfate have declined 
from their peaks (Figure 2.4-9). When high conduc- 
tance waste was being ddmged, sulfate concentrations 
were over 1,500 m a .  The secondary drinlcing water 
standard is 250 Sulfate and specific conductance 
in well 199-N-59 and other downgradient wells remain 
much higher than in upgradient well 199-N-74. 

u 
\ 
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2.4.3 Other Groundwater Contamination The first area with nitrate above the maximum 

W 

This section describes miscellaneous contami- 
nants in 100 N Area: petroleum products, nitrate, 
and manganese. 

2.4.3.1 Petroleum Hydrocarbons 

Petroleum hydrocarbons are present as dissolved 
and free-product phases at several locations in the 
100 N Area. Wells 199-N-8T, 199-N-16,199-N-17, 
199-N-18, and 199-N-54 monitor the most prominent 
area. During fiscal year 1999, most of these wells had 
detectable oil and grease, ranging from 1 mg/L in wells 
199-N-8T and 199-N-54 to 34 mg/L in well 199-N-18. 
Total petroleum hydrocarbons were only detected in 
well 199-N-18 (5.4 m a ) .  Field samplers look for an 
oil sheen or odor each time they sample wells in'this 
area of diesel contamination. The samplers noted an 
oil odor at wells 199-N-17 and 199-N-18 during sam- 
pling in fixal year 1999. 

Groundwater chemistry in the petroleum- 
contaminated area suggests that bacterial degradation 
of the product is taking place, creating reducing con- 
ditions in the aqder. Chemical reduction may explain 
anomalous, low nitrate and high manganese concen- 
trations in wells 199-N-16 and 199-N-18 (see discus- 
sions below). 

As mentioned in Section 2.4.2, well 199-N-59 in 
the 1324-N/NA monitoring network has elevated total 
organic carbon. No volatile organic constituents have 
been detected in this well, but oil and grease were 
detected at 2 and 26 mg/L in duplicate samples in Sep- 
tember 1999. The data are being evaluated to explain 
the large difference between duplicates. Oil and grease 
were detected in fiscal year 1998. This contamination 
is believed to have originated at one of several nearby 
storage tanks or waste sites (PNNL-11885). 

contaminant level is in the southern 100 N Area, near 
the 1324-N/NA site and to the north and west of this 
site. Nitrate or related constituents were not dis- 
charged in significant quantities to this facility (DOE/ 
RL-96-39). Nitrate increased to -100 mg/L in fiscal 
year 1999 in well 199-N-59, but decreased in well 
199-N-19, where it reached a peak of >200 mg/L in 
1996 (Figure 2.4-11). 

Wells 199-N-2 and 199-N-32 represent the sec- 
ond and third regions of nitrate contamination (see 
Figure 2.4-1 1). These trend plot are typical of many 
wells in the 100 N Area, showing peaks in nitrate in 
the mid 1980s and in 1997 and 1998. The 1301-N 
and 1325-N facilities received nitrate-bearing waste 
while they were in use, which could explain the 1980s 
peaks. No satisfactory explanation has been made for 
the recent nitrate peaks. See Section 5.5 of PNNL- 
12086 for more discussion of elevated nitrate. 

Several wells with anomalous, low nitrate values 
appear to separate the southern part of the plume from 
the portion near the 1301-N facility. Nitrate has been 
historically below detection limits in well 199-N-18, 
which is very unusual in the unconfined aquifer. 
Nitrate is highly variable in well 199-N-16, ranging 
from 0.9 mg/L in September 1998 to >35 mg/L. in Sep- 
tember 1999 (Figure 2.4-12) Groundwater is not 
diluted by the Columbia River or leaking utility lines 
in this area, as evident from the specific conductance, 
which is >1,000 pS/cm in these wells. Low nitrate 
may be related to chemical reduction of petroleum 
hydrocarbons in the aquifer, as discussed above. 

2.4.3.3 Manganese 

Manganese exceeds the 50-pg/L maximum con- 
taminant level in several 100 N Area wells, and may 
be associated with reducing conditions in the aquifer 

2.4.3.2 Nitrate (Figure 2.4-13). Well 199-N-16 had fairly stable man- 
ganese concentrations in recent years, at - 1,000 pg/L. 
Well 199-N-18 has more limited data, but reached 
5,780 pg/L in fiscal year 1999. 

Nitrate exceeds the 45-mg/L maximum contami- 
nant level in three portions of the 100 N Area, but 
the sources are unknown (Figure 2.4-10). Virtually 
the entire area has nitrate at levels above 20 m a .  

W 
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Table 2.4-1. Summary of 100 N Area Pump-and-Treat Performance for Fiscal Year 1999 

Well ID or 
Sample Location 

199-N-75 
199-N-103A 
199-N-105A'" 
199-N-106A 
N-Muent 
N-Effluent 

Annual 
Average Flow 
Rate (win) 

49.4 
64.6 
0 

109 
223 
223 

Total Volume 
pumped 
(x 106 L) 

104.5 
136.6 

0 
230.6 
108 
108 

Average Strontium40 
Concentration (si) 

445 
NS 

1,857 
NS 

2,276 
382 

Strontium-90 
Mass Removed 

(a 
NA 
NA 

0 
NA 
0.2 
NA 

122.0 

121.5 

121.0 
h 
rn 8 120.5 
> 

E 
2 120.0 

(a) Backup extraction well; not operating in fiscal year 1999. 
NA = Not applicable. 
NS - Not sampled. 
Total strontium-90 removed since &tup is -0.7 curie. Total in aquifer estimated at 75 curies. 
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Figure 2.4-1. Water Levels in Wells Monitoring 100 N Area 
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Figure 2.44. Strontium-90 and Water Levels in Well 199-N-67 Near 1301-N Facility 

2,000 

1,800 

1,600 

1,400 

+ 1,200 op 
$ 1,Ooo 
.- 5 - c g 800 
5 

600 

400 

200 

0 

22.0 

21.5 

h 

21.0 8 
2 

20.0 8 
20.5 

E 
i 

> 
P) 
iil 

19.5 5 
5 
-I 

19.0 & 
2" 

18.5 

18.0 

17.5 

- 199-N-29 
4- 199-N-81 . 

I 

I 

I 

m .  
m . 

. 
b . 

A 

A a  A 
A 

A 

Jan-87 Jan-88 Jan-89 Jan-90 Jan-91 Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 

Collection Date 
MAC20056 

Figure 2.4-5. Strontium-90 in Wells Near 1325-N Facility 
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Groundwater Monitoring for FY I999 

i, 

N 

9 z 
e 

I 

t z 7. 

II 2.54 E 



100 N Area 

3,500 

3,000 

5 2,500 

U 
0 

P 1,ooo 
9 U 

500 

0 

cc 
0 

0 .  
0 

199-N-59 

0 .. 0 
0 0. 

0 .  

0 
0 

0. 

0 '  

0 

0 

0 

Jan-87 Jan-88 Jan-89 Jan-90 Jan-91 Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-OO 

Collection Date MAC20128 

Figure~2.4-7. Total Organic Carbon in Well 199-N-59 Monitoring 1324-NNA Site 
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Gmundwoter Monitoring for FY 1999 
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Groundwater Monitoring for N 1999 
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Figure 2.4-12. Nitrate in Wells 199-N-16 and 199-N-18 
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2.5 100 D Area 

M. J. Hartman, W. J. McMah,  R. F. Raidl 

The 100 D Area contains two former plutonium 
production reactors. D Reactor operated between 
1944 and 1967 and DR Reactor between 1950 and 
1964. Descriptions of operations and associated haz- 
ardous waste sites for the 100 D Area are presented in 
WHC-SD-EN-TI-181. Recent activities to character- 
ize the vadose zone in the 100 D Area are summarized 
in Section 3.1.3. 

This section discusses groundwater in four general 
areas: the region around D and DR reactors and to 
the north, the 120-D-1 ponds RCRA unit, the south- 
western 100 D Area, and the river shore. 

2.5.1 D and DR Reactors 

This section describes groundwater flow and con- 
tamination associated with waste sites in the central 
100 D Area, near the D and DR reactors. The most 
prevalent contaminant is chromium. Nitrate and 
tritium are also elevated in broad plumes, while 
strontium-90 is above d d a n g  water standards locally. 
Contamination associated with downgradient waste 
sites (1 16-DR- 1 and 116-DR-2 disposal trenches; 
116-D-7 and 116-DR-9 retetltion basins) is also 
discussed in this section. A pump-and-treat system 
near the retention basins removes chromium from 
groundwater. 

2.5.1.1 Groundwater Flow 

Groundwater flows to the north-northwest beneath 
the D and DR reactor buildings (see Plate 2). T h e  
distribution of contaminant plumes with sources near 
the reactor buildings confirms this direction of flow. 
During periods of high river stage in the spring and 
early summer, groundwater may flow toward the north- 

east (Section 3.5 in mL-12086).  This effect, which 
is generally short-lived, is more pronounced in the 
north and northwest, closer to the Columbia River. 

100 D Area 

Extraction wells 199-D8-53 and 199-D8-54A 
have created a depression in the water table north of 
the retention basins (see Plate 2). Section 2.5.1.6 
describes the capture zone for these wells. 

2.5.1.2 Chromium 

The area around the D reactor building is a primary 
source area for a chromium plume that extends north- 
ward toward the Columbia River (Figure 2.5-1). The 
former retention basins and disposal trenches in the 
north also were Contaminant sources. Previous inter- 
pretations (e.g., Section 5.6 of P"L-12086) showed 
the entire 100 D Area underlain by a continuous area 
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of chromium umtamination. In fiscal year 1999, data 
from new wells indicated that there are two separate 
plumes. The northeastern plume, originating near the 
reactor buildings, did not change significanty in fiscal 
year 1999. The center of this plume had annual aver- 
age concentrations up to 630 p& in well 199-D5-14. 

Chromium concentrations declined sharply in 
well 199-D5-15, north of the D reactor buildmg, dur- 
ing the past year (Figure 25-2). The recent decrease, 
and a similar dip in'the winter of 1996-97, were asso- 
ciated with lower specific conductance. Nitrate, a 
co-contaminant, as0 declined during these periods. 
These low chromium concentrations may be related 
to infiltration of fresh water from the surface. The 
1996 low was linked to a leaking water line near the 
well. That line was blocked and is currently not in 
use. Well 199-D5-15 and two nearby wells were used 
to withdraw groundwater for a pilot-scale treatability 
test for removing chromium from 1994 to 1996 (DOE/ 
RL-95-83). This pump-and-treat system may have 
caused declines in chromium during that time. 

Groundwater monitoring is conducted in the 
lo0 D Area: 

b triennially to annually to describe the 
nature and extent of contamination 

b semiannually to detect the possible impact 
of one RCRA site, through March 1999 

b semiannually to monitor trends in variable 
constituents/wells 

b quarterly to characterize chromium and 
sulfate distribution 

b quarterly to evaluate the performance of 
in situ remediation of chromium 

F various time intervals to evaluate the 
performance of a pumpand treat system 
for chromium. 

The northem chromium plume m the 
100 D Area extendsficnn the reactor build- 
ings toward the Columbia River. 

2.5.1.3 Nitrate 

Nitrate is widely distributed in the 100 D Area at 
concentrations up to approximately twice the 45-m& 
maximum con taminant level (see Figure 2.1-4). The 
highest concentrations were measured in wells near 
the reactor buildings. Concentrations did not change 
significantly in fiscal year 1999. 

2.5.1 A Tritium 

Tritium is above background levels in the 100 D 
Area, but exceeds the drinking water standard in only 
a few wells (see Plate 3). Two wells near the D reac- 
tor building had the highest average concentrations, 
28,000 pC$. Many of the wells in the northwestern 
100 D Area continued to have low tritium concentra- 
tions (less than 2,000 s i b )  as a result of the influ- 
ence of the Columbia River and, possibly, artificial 
recharge with fresh water. 

23.1.5 Strontium-90 

6.i 

Strontium-90 exceeds the drinking water standard 
in one well near D Reactor and sporadically in one 
well near the retention basins. Well 199-D5-12 is the 
only well that consistently has elevated smntium-90 
(-30 pCi/L). Well 199-D5-15 had an in- in gross 
beta levels in November 1999 (14.4 pCi/L), but the 
sample was not analyzed for strontium-90. The reason 
for this increase is not known. Groundwater in this 
area is presumably influenced by past disposal of radio- 
nuclide-bearing effluent from the D Reactor fuel stor- 
age basin, which is located nearby. 

~ 

' 

~n the northem 100 D mntium-90 is above 
background levels in several wells near the pump-and- 
treat system but is below the drinking water standard 
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100 D Area 

u 
with one exception. Well 199-D8-68 has shown 
widely variable strontium-90 concentrations during its 
3-year history (Figure 2.5-3). Strontium-90 data are 
sparse in this well, so the possibility of a S ~ ~ S O M ~  vari- 
ation is difficult to assess. Some of the increases in 
strontium-90 (e.g., late 1997, late 1998) appear to fol- 
low mid-year increases in water level. Another pos- 
sible explanation relates to the well’s proximity to 
waste sites that were excavated and remediated in fis- 
cal years 1997 through 1999 (see Section 2.5.4). It is 
possible that groundwater recharge increased because 
of the application of dust-control water or natural pre- 
cipitation mllecting in the excavations. The i n d  
recharge may have mobilized or desorbed strontium-90 
in the vadose mne and carried it to groundwater. If 
that is the case, levels are expected to decrease after 
remediation is completed. 

provide information that will lead to the final 
remedy. 

The record of decision stipulates that the pump- 
and-treat system continue operating until the selection 
of the final remedy, or when the U.S. Environmental 
Protection Agency and Washtngton State Department 
of Ecology are satisfied that termination (or intermit- 
tent operation) is appropriate. The system may be 
shut down when the concentration of hexavalent 
chromium is below 22 
(199-D8-68, 199-D8-69, and 199-D8-70), and the 
data indicate that the concentration will remain low. 
Other criteria for terminating pump-and-treat opera- 
tions include the effectiveness of the treatment technol- 
ogy not justifying further operation, or the availability 
and feasibility of an alternative and superior treatment 
technique (ROD 1996b). 

Remediation Ptvgress During Fka! Year l999 

in the compliance wells 

2.5.1.6 Groundwater Remediation 

A pump-and-treat system operates in the 100 D 
Area as part of an interim action for the 100-HR-3 
Operable Unit. The system is located north of the 
former 116-D-7 and 116-DR-9 retention basins and 
began operating in July 1997. Groundwater is pumped 
from two extraction wells (199-D8-53 and 199-08- 
54A) and treated and discharged in the 100 H Area. 

Interim Remedial Action Objectives 

The pump-and-treat system made progress toward 
Area 

during fiscal year 1999. Figure 2.54 shows the flow 
lines and hydraulic capture estimated to occur during 
a low-flow period in the Columbia River (November 
1998), when groundwater flow to the Columbia River 
is greatest. The flow lines represent simulations of the 
paths that groundwater would follow. The flow paths 

the remedial action objectives in loo 
W 

. 

curve toward the extraction wells, which capture the 
groundwater from beneath most of the high chromium 
area. In this simulation, groundwater chat flows beneath 

The record of decision (ROD 1996b) contains 
the following specific remedial action objectives: 

the most significant waste sites in this area (retention 
basins, trenches and cribs) is prevented from reaching 
the Columbia River (DOE/RL-99-13). 

protect aquatic receptors in the river bottom 
from contaminants in eoundwater entering the 
Columbia River 

i 
Although designed primarily to prevent or reduce 

protect human by Preventing to the -out of groundwater dlslarging 
contaminants in the groundwater into the Columbia River, the pump-and-treat system 

is also reducing overall contamination in the operable 
unit by the process ofcontaminant mass removal. The 
pump-and-treat program collects hydraulic monitoring 
data, contaminant monitoring data, and treatment 
system operation data to assess treatment system per- 
formance and to provide the basis for selecting the 
final remedy as part of the record of decision. 

chromium-contmninatea groundwater 
is pumpedfiom two we& in the narthern 
100 DAreainanattemptwpremtthe 
plume fiom reaching the Columbia River, 
where it could ham young salmon. 
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During fiscal year 1999, the pump-and-treat system 
in 100 D Area extracted -128 million liters o f g ~ ~ d -  
water (Table 2.5-1). The treatment system conveys 
the influent to the 100 H Area, where it was treated 
and injected into the aqdkr. A total of -5 1 Hograms 
of hexavalent chromium has been removed from the 
plume targeted for interim action since startup of the 
pump-and-treat system in July 1997. This is in addi- 
tion to the -30 kilograms moved earlier by the pilot- 
scale test conducted between August 1992 and August 
1994 (DOEN-95-83). An estimate for the total 
amount of chromium in the plume suggests a mass of 
590 kilograms (DOEJRL-94-95, Rev. 1). Uncertainty 
in this estimate is primarily associated with the la& of 
data on the vertical distribution of chromium in the 
aquifer, and the value should be viewed as an ordersf- 
magnitude estimate. The rate at which chromium is 
discharging to the Columbia River via groundwater 
flow has also been estimated at -0.07 kilograms per 
day (BHI-00469). This equates to a total mas  flux of 
-57 kilograms that would have entered the Columbia 
River via natural groundwater flow since July 1997. 
The actual flux is believed to be less because of the 
pump-and-treat system. 

lnfkrence on Aquhr Conditions 

Chromium concentrations in the extraction 
wells and other monitoring wells vary seasonally 
(Figure 2.5-5). The highest concentrations are meas- 
ured during the late fall and winter months, when the 
river stage is loWest. The lowest concentrations are 
measured in late spring and early summer months 
when runoff caused by snowmelt drains through the 
Columbia River and its tributaries. The concentra- 
tions of chromium measured in wells 199-08-68, 
199-D8-69, and 199-D8-70 around the beginning of 
fiscal year 1999 were the highest since the pump-and- 
treat system began in 1997. The cause of the increase 
is unclear, but probably is an artifact of the changes 
caused by the high river stages in 1996 and 1997. The 
concentrations returned to more typical values in the 
spring and summer of 1999. 

The start of pump-and-treat operations coincided 
with the second of consecutive flood stage years in the 

tions mask long-term trends in chromium concentra- 
tion. The maximum concentration in the extraction 
wells since 1997 is less than the average concentration 
in those wells before the first high river year (1996) 
(Figure 2.5-6). Wells 199-D8-53 and 199-D8-54A . 
were origmlly installed as Comprehensiue Environmen- 
tal Re.$mse, Compemurion, and Liability Act of 1980 
(CERCLA) monitoring wells in 1991 and converted 
to pump-and-treat extraction wells in 1997. 

C o l d i a  River d- 1996 and 1997. seasonal varia. 

Because the concentration of chromium in the 
extraction and compliance wells shows a cyclical pat- 
tern, an overall trend in concentration over the last 
2 years is difficult to identify. The concentration has 
declined below 22 pg/L in the extraction and compli- 
ance wells twice, during the summer 1997 (all five 
wells) and the summer 1999 (all except complice 
well 199-D8-70), but both times the concentration 
rebounded above the action level by the following 
September. Because of the recurring elevated concen- 
tration of chromium in the compliance wells, the 
annual summary report (DOE/RL&9-13) recommended 
continued operation of the pump-and-treat system. 
Contaminant data indicate that many years of pump- 
ing may be required before the remedial action objec- 
tives have been entirely satisfied. 

2.5.2 120-D-1 Ponds 

The 120-D-1 ponds (commonly known as 
D ponds) received effluent from a water treatment 
plant and related facilities from 1977 until 1994. The 
site was clean closed in fiscal year 1999. This means 
that all dangerous waste constituents or residues have 
been removed and no Resource Conservation and 
Recowry Act of 1976 (RCRA) groundwater monitor- 
ing is required in the future. The following discus- , 
sion finalizes RCRA interpretation for this site. 

Ld 
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100 D Area 

W 
2.5.2.1 Groundwater Flow 

Groundwater generally flows toward the north 
beneath D Ponds (see Plate 2). When the stage of the 
Columbia River is high, flow direction is inferred to 

be toward the northeast. The rate of flow was estimated 
to be between 0.002 and 0.2 meter per day in March 
1999 (see Table A.2). 

2.5.2.2 RCRA Parameters 

None of the indicator parameters exceeded criti- 
cal mean values in fiscal year 1999, indicating the 
ponds have not contaminated groundwater. 

Specific conductance has increased beneath the 
ponds since dilution effects dissipated (Figure 2.5-7). 
Groundwater chemistry in the vicinity of the ponds 
was affected by dilution while the ponds were in use. 
The dilution effect influenced groundwater chemistry 
even in upgradient well 199-D5-13. After discharges 
to the ponds ceased in 1994, groundwater from upgra- 
dient sources with high specific conductance flowed 
past the well and specific conductance increased. 
This parameter continued to increase in downgradient 
wells during fiscal year 1999. 

U 

Groundwater beneath the ponds has relatively high 
pH because of the influence of underlying ash (Fig- 
ure 2.5-8). The elevated pH is caused by pond dis- 
charge reacting with materials in the ash that underlies 
the ponds to within 10 meters of the water table 
(WHGEP-0666, WHGSD-EN-EV-033). 

The only regulated dangerous waste that may have 
been discharged to D ponds was mercury. No mercury 
has ever been detected in groundwater downgradient 
of the ponds. 

2.5.3 Soufhwestem 100 D Area 

This section describes groundwater flow and con- 
tamination in the southwestern 100 D Area, which 
contains the highest conceitrations of chromium meas- 
ured in groundwater on the W o r d  Site. Twelve new 
wells were installed in fiscal year 1999, which helped h*r 

define the boundaries of the chromium plume. An 
innovative technique for groundwater remediation, 
using chemical redox principles, was tested in fiscal 
years 1997 through 1999. Test results indicate that 
the technique is effective at transforming hexavalent 
chromium to a less toxic, less mobile form (trivalent 
chromium). 

2.5.3.1 Groundwater Flow 

The direction of groundwater flow in the south- 
western 100 D Area varies with river stage. Estimates 
range from 0.1 to 0.3 meter per day toward the north- 
west during normal river stage. Flow was toward the 
northeast when the river stage was high. These esti- 
mates were based on water-level measurements near 
the redox site in 1997, 1998, and 1999, an estimated 
hydraulic conductivity of 16.5 meters per day, and an 
average porosity of 0.14. The latter terms were obtained 
from hydraulic tests of site wells and laboratory analy- 
ses of site sediment. 

2.5.3.2 Chromium 

The chromium plume in the southwestern 100 D 
Area is long and thin, oriented perpendicular to the 
Columbia River (see Figure 25-1). The highest average 
concentrations in fiscal year 1999 were over 1,ooO pg/J- 
in wells 199-W-15 and 199-D5-43. Twelve new wells 
that were drilled in fiscal year 1999 provided data that 

helped define plume boundaries and concentrations. 
The suspected source of contamination is sodium 
dichromate stock solution that was used in the 190-DR 
building or nearby waste sites. 

. 

Estimates for the total volume of contaminated 
groundwater and total mass of chromium in the chro- 
mium plume in the Southwestern corner of the 100 D 
Area suggest values that exceed 536 million liters and 
233 kilograms, respectively (BHI-01309, Rev. 0). This 
plume has been the target for a remediation test using a 
reduction/oxidation (redox) manipulation method 
(PNNL-12153), which converts the hexavalent chro- 
mium in situ to a less soluble form (trivalent chro- 
mium). The record of decision for the 100-HR-3 
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Operable Unit has been amended to include use of 
the redox method for interim remedial action 
(ROD 1999b). 

The redox technique appears to be d d  in 
chemically reducing hexavalent chromium to a less 
toxic, less mobile form (trivalent chromium) and will 
be expanded in fiscal year 2000. Results ofa treatabil- 
ity study in 1997 through 1999 show that chromium 
concentrations have declined in downgradient wells. 

Testing of an mwarive technique for 
deaningground~mthe100DAreawas 
cmn&teainfiscalyearl999. Thetehicp? 
flppars t o b e ~ m c h e m i c $ y & -  
mg chromium to a less toxic fm. The 
system urill be expunded mfical yem 2000. 

The method created a permeable treatment zone in 
the aquifer to remediate contaminants that are semi- 
tive to chemical reduction. The treatment zone was 
createdby reducing the ferric iron to krrous iron within 
the minerals of the aquifer sediment. This reduction 
was accomplished by injecting a chemical-reducing 
agent, sodium dithionate, into closely spaced web. 
After the aquifer sediment was reduced, reagent and 
reaction products were pumped out of the wells. The 
reducing conditions remain in the aquifer because of 
the change in iron chemistry, and the barrier should 
remain effective for 23 *6 years Hexavalent chromium 
is immobilized by reduction of the soluble chromate 
ion (hexavalent chromium) to insoluble chromium 
hydroxide or iron chromium hydroxide (trivalent 
chromium). This transformation is particularly 
advan~usbecausechtomiumisnoteasilyreoxidized 
under ambient environmental conditions, and will 
thus remain immobile. 

Gmcentrations ofhexavalent chromium are below 
the detection limit (less than 7 pg/L> in the treatment 
zone (cg., 199-W-1 and 199-W-71, and have declined 
in downgradient wells (e.g., 199-W-4,199-W-5, and 
199-W-6; Figure 2.5-9). Dithionite was injected into 

a single well, 199-D4-7, in October 1997, creating a 
M ~ O W  treatment zone estimated at -15 meters in 
diameter. Chromium concentrations dropped sharply 
in downgradient wells, and have remained below the 
detection limit in the injection well and other wells in 
the treatment zone. Chromium concentrations in the 
downgradient wells rebounded somewhat in the first 
half of 1998, possibly because of changes in the direc- 
tion of groundwater flow. Chromium concentrations 
in the downgradient wells dropped again following the 
second series of injections during May to July 1998. 
This series of injections included wells 199-D4-9, 
199-W-10,199-W-l1, and 199-D4-12, and created a 
longer treatment zone. Chromium concentrations 
continued to be low until spring and summary 1999. 
At that time, high river stage reversed the flow direc- 
tion, causing chromium to increase in wells 199-W-5 
and 199-W-6. Thii revised gradient can also be seen 
by the decrease in chromium concentrations in well 
199-W-2, which is upgradient of the site during nor- 
mal conditions. Residual effects of redox treatment 
cause the groundwater to have high specific conduc- 
tance, while ambient groundwater and river water 
have lower specific conductance. Thus specific con- 
ductance varies inversely with chromium (see Fig- 
ure 2.5-9). The changes in specific conductance are 
evidence of changes in flow direction. 

Dithionite was injected into well 199-D4-21 in 
September 1999, lengthening the treatment zone. 
Effects of that injection will be monitored in fiscal 
year 2000. 

Although chromium concentrationshave declined 
s&cantly, it is too early to tell how the redox method 
will perform at this site in the long term. Not enough 
time has elapsed since the July 1998 injection for 
groundwater migrating through the treatment zone to 
filly influence the aquifer downgradient. 

Other effects of the redox method include deaeases 
in dissolved oxygen and nitrate and increases in alu- 
minum, iron, manganese, and nitrite. Although iron 
and manganese are elevated in'the treatment zone, 
they are not expected to be mobile downgradient from 
the zone because they will reoxidize, and become 

L, 
. 
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immobile, once they contact untreated sediment. 
Chromium, however, cannot be reoxidized to its hex- 
avalent state in the natural oxidizing conditions at the 
100 D Area. 

Wells in and downgradient of the treatment zone 
also show residual effects of the injected reagent. 
Although much of the reacted reagent (sodium 
dithionite with potassium carbonate/bicarbonate as a 
buffer) was pumped from the test wells, some of it 
remained in the aquifer. Residual effects included 
elevated carbonate/bicarbonate, potassium, sodium, 
and sulfate. These constituents cause elevated specific 
conductance. High gross beta activity that was observed 
in well 199-W-1 was c a d  by potassium-40, a natural 
component of potassium. Gross beta levels will decline 
as the residual reagent dissipates. Another potential 
source of potassium was from tracer tests conducted 
before the initial injection and in 1999. 

Sulfate increased in well 199-D4-13 in most of 
fiscal year 1999 (Figure 2.5-10). The increase is prob- 
ably caused by disposal of withdrawn water containing 
spent reagent and reaction products, which was dripped 
to the ground near this well. The increase in sulfate 
probably does not reflect an influx of residual reagent, 
because well 199-D4-13 is not in the flow path of the 
redox test site and increases in sulfate were not observed 
in nearby wells 199-D4-14 and 199-D4-15. 

In addition to the monitoring wells, five sets of 
sampling tubes, each with multiple depths, are used to 
monitor water in the substrate of the Columbia River 
downgradient of the site (Section 2.5.5). These data 
will be used to help assess the performance and side 
effects of the redox method. However, it is too soon 
to see effects at the Columbia River. 

The redox demonstration will be expanded to a 
full-scale remediation system beginning in fiscal year 
2000. Fourteen new injectiorJwithdrawa1 wells are 
planned for fiscal year 2000 to expand the redox bar- 
rier. Expansion will continue until the barrier is long 
enough to prevent groundwater exceeding 20 j.tg/L. 
chromium from reaching compliance wells near the 
Columbia River (ROD 1999b). 

W 

2.5.3.3 Tritium 

Tritium in the southwestern 100 D Area may 
have migrated from the 100 N Area (Figure 2.5-11). 
Concentrations in well 699-87-55, located upgradient 
of 100 D Area, were much higher in the 1970s and 
1980s than they are now and have declined for the 
last 10 years. Well 199-D2-6, in the southwestern 
100 Area, showed increases in tritium in 1996 and 
1997. This well is downgradient of well 699-87-55, 
so it is likely that the peaks in well 199-D2-6 are related 
to previous high values in well 699-87-55. Tritium 
levels declined in well 199-D2-6 in fiscal year 1999, 
but remained at 4,600 pCi/L, slightly above pre-1996 
levels. Well 199-D3-2, west of the 100 D Area, appears 
to be linked to the 100 N tritium plume and had con. 
centrations of 35,000 pCi/L. in fiscal year 1999. 

2.5.4 Waste Site Remediation 

Remedial action of waste sites in the northern 
100 D Area continued in fiscal year 1999. These 
activities consisted of removing and stockpiling clean 
overburden soil and excavating contaminated soil and 
debris for disposal. Water (obtained from fire hydrants) 
was applied as necessary to control dust. Application 
of water was held to a minimum to reduce the poten- 
tial for mobilizing contaminants from the vadose zone 
to the groundwater. The sites have not yet been badc- 
filled with clean soil, so the excavations remain open, 
and water will be applied as needed to control dust 
until they are stabilized. Groundwater in the 100 D 
Area is 16 to 20 meters below the ground surface. 
The waste sites that were excavated in fiscal year 1999 
include the following: 

' 

116-D-7 and 116-DR-9 retention basins (and 
associated sludge pits) - Excavation began in 
fiscal year 1998 and was completed during the 
first quarter offiscal year 1999 (October 1998 for 
116-D-7 and December 1998 for 116-DR-9). The 
maximum depths of the excavations were 4.6 to 
4.7 meters. In the 116-D-7 basin, results of soil 
analyses for hexavalent chromium ranged from 
below the detection limit up to 18 mg/kg on the 
floor of the excavation. 
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116-DR-1 and 116-DR-2 trenches - Excavation 
continued from fiscal year 1998. Limited areas of 
contamination were excavated in fiscal year 1999. 
The remaining contamination will be excavated 
in fiscal year 2000. The maximum depth was 
-4.6 meters. 

1607-D2 septic tank - Excavation began in 
fucal year 1998 and was completed in October 
1998. The maximum depth was 4.7 meters. 

North process effluent pipelines - These pipe- 
lines, located north of D Reactor, were removed 
in fiscal year 1999. The depths of the resulting 
trenches ranged from 2 to 6 meters. 

2.5.5 Water Quahy af Shoreline 
Monitoring Locations 

Groundwater near the Columbia River is sampled 
annually in the late fall via aquifer sampling tubes and 
riverbank seeps. The sampling tubes are polyethylene 
tubes that were installed in the aquifer at locations 
near the low water shoreline. Spacing between tubes 
installed in 1996 and 1997 ranges from 70 to 
350 meters. Tube sites completed in 1996 included 
only one sampling tube; sites completed in 1997 
includes up to three tubes installed at different depths 
to a maximum of 8.8 meters. Seeps are locations 
where groundwater d d m g e s  above the river level. 

2.5.5.1 Aqu'kr Sampling Tube Results 

Analyses of samples collected in fall 1998 had 
concentrations of hexavalent chromium ranging from 
undetected in tubes from the downstream end of the 
100 D Area to 783 pg/L within the chromium plume 

in the southwestern 100 D Area. The highest nitrate 
concentrations (49 mg/L) also were detected in sam- 
ples collected from a tube in the southwestern chro- 

mium plume. Results were consistent with earlier 
samplingrounds and with analytical results from nearby 
groundwater monitoring wells. 

The highest tritium concentrations (2,600 and 
3,200 pCi/L) were detected in samples collected from 
two sampling tubes along the downstream end of the 
100 D Area. The same locations were characterized 
by the highest gross beta concentrations, at 8.6 and 
23 pCi/L. These tubes are downgradient of the 
116-DR-9 retention basins and 116-DR-1 and 
116-DR-2 liquid waste disposal trenches. 

2.5.5.2 Riverbank Seepage Results 

Three riverbank seep sites were sampled during 
fall 1998. Specific conductance ranged from 160 to 
245 pS/cm. These relatively low levels suggest that 
the samples contained substantial river water drain- 
ing from bank storage. 6.i 

Chromium concentrations of seep samples ranged 
from 11 1 pg/L near the upstream limit of the chro- 
mium plume in the southwestern 100 D Area to 21 pg/L 
downstream near the 100 D pump-and-treat compli- 
ance wells. Nitrate mcentrations ranged from 7 mg/L 
at the upstream location to 16 mg/L near the 100 D 
Area pump-and-treat compliance wells. 

Tritium concentrations ranged from 4,100 pCi/L 
in the upstream seep, nearest 100 N Area, to undetected 
in the downstream seep. Gross beta concentrations 
were near the method detection limit at all sites. 
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Table 2.5-1. Summary of 100 D Area Pump-and-Treat Performance for Fiscal Year 1999 

Maximum Average 
Annual Sustained Total Volume Chromium Chromium 

Well or Average Flow Flow Rate Pumped Concentration Mass Removed 
Sample Location Rate (L/min) (L/min) (x 1@ L) (c(g/L) (k) 

199-D8-53 132.6 153.2 58.4 137 8.0 
199sD8-54A 156.8 172.3 69.2 162 11.2 
D-Influent 288.1 312.1 127.6 150.4''' 19.2 

Data source: Project specific database for the 100-HR-3 Operable Unit. 
(a) Influent was not sampled. This number was calculated from concentrations and volumes in individual wells. 
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Figure 2.5-9. Chromium in Wells Monitoring Redox Demonstration 
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2.6 100 H Area 

R. E. Peterson, M. J. Hartman, 
W. J. McMahun, R. F. Raidl 

The H Reactor operated between 1949 and 1965 
using a single-pass cooling system. This configuration 
resulted in large volumes of used coolant being released 
to the soil column, which had significant implications 
with regadto vadose m e  contamination and ground- 
water movement. An additional source for groundwater 
contamination was leakage of fuel fabrication effluent 
stored in solar evaporation basins during the period 
1973 to 1985 (Section 2.6.3). Groundwater approach- 
ing the 100 H Area from the west is contaminated by 
chromium and tritium, originating from past disposal 
in the 100 D Area and possibly the 100 N k e a .  

A comprehensive description of 100 H Area 
operations and waste sites is presented in the techni- 
cal baseline report for the 100-HR-3 Operable Unit 
(BHI-00127). Facilities and monitoring wells referred 
to in the text are included on Plate 1. 

The presence of chromium in groundwater at the 
100 H Area is an environmental restoration issue. In 
particular, there is concern over chromium in ground- 
water from 100 H Area that upwells through the adja- 
cent riverbed gravel used by salmon for spawning 
habitat. Pore water samples collected from gravelly 
areas used for redds (groups of egg pockets) (BHI-00345, 
Rev. 1) revealed chromium at concentrations well 
above the 11 pgk standard for protecting aquatic 
organisms. A pump-and-treat system is operating cur- 
rently to reduce the rate at which chromium enters 
the Columbia River and also the amount of chromium 
in near-river groundwater (Section 2.6.4). 

Additional remedial actions are underway in the 
100 H Area to address vadose zone contamination 
beneath the 107-H retention basins and adjacent liq- 
uid waste disposal trench. These facilities and their 
underlying soil may contain contaminants that pose a 
threat to groundwater. The contaminated concrete 
and soil are being transported to the Environmental 

- 100 H Are 

Restoration Dqosal Facility in the 200 Areas plateau 
The H reactor building is scheduled for remediation 
beginning in fiscal year 2000. 

The contaminants of potential wncem in ground- 
water beneath the 100 H Area include chemical 
constituents chromium and nitrate, and radiological 
constituents strontium-90, technetium-99, titium, 
and uranium. Organic constituents are not present at 
levels of concern. The following Sections describe 
contaminants in their order of relative significance to 
environmental restoration issues. 

2.83 



Groundwater monitoring is conducted in the 
100 H Area: 

F annually to describe the nature and extent 
of contamination in support of environ- 
mental restoration decisions 

b annually to monitor conditions beneath 
the former 1834 Basins, a RCRA site 

F semiannually to monitor trends in variable 
constituentdwells 

b various time intervals to evaluate the 
performance of a pumpandtreat system 
for chromium. 

2.6.1 Groundwater Flow 

Groundwater flow beneath the 100 H Area is gen- 
erally southwest to northeast, toward the Columbia 
River (see Plate 2). Flow through the sandy/gravelly 
sediment near the water table is relatively rapid and 
estimated to be in the range 0.3 to 2.0 meters per day 
(DOEN-9343, Rev. 0). Because groundwater flows 
toward the northeast ;KXOSS the entire northezn tip of 
the Hanford Site, groundwater approaching the shore- 
line upstream of 100 H and along 100 H may contain 
con w t s  whose origin was liquid effluent disposal 
at the 100Dand 100N areas. 

During periods of high river discharge, sigmficant 
bank storage of river water d e s  place along the 100 H 
shoreline. When combined with a possible preferential 
pathway created by a former river channel in the sedi- 
ment of the unconfined aquifer, this promotes ground- 
water flow that is parallel to the Columbia River. This 
condition is observed in water-table contour maps 
drawn for the seasonal high water period during May 
and June (PNNL-11573) and dkcts groundwater move- 
ment up to adistanceof-300 meters inland. Datly and 
seasonal river stage fluctuations create corresponding 
changes in the elevation of the water table, which 
may cause changes in water quality monitoring results. 

The extraction and injection of groundwater Bssoci- 
a d  with the interim remedial action to address chro- 
mium contamination also influence the movement of 
groundwater in the vicinity of the associated wells. 
This influence is described in Section 2.6.7. 

2.6.2 Chromium 

Chromium contamination currently observed in 
100 H Area groundwater (see Figure 2.5-1) includes a 
significant component of chromium-bearing ground- 
water from upgradient sources, such as waste sites in 
the 100 D Area in addition to 100 H sources. Evidence 
for this is (1) the groundwater flow direction inferred 
from watex-mble elevation maps and (2) chromium con- 
centration trends in wells located along the flow path 
between 100 D Area and 100 H Area (Figure 2.6-1). 
Several 100 H Area wells show recent changes in 
chromium that may be associated with the arrival of 
chromium- and tritium-bearing groundwater from west 
of the 100 H Area. These include wells near &e 
H reactor buildmg (Figure 2.6-2). Injection of treated 
effluent from the chromium pump-and-treat system 
(Section 2.6.7) may also influence the groundwater 
flow pattern in that area, thus contributing to the 
observed changes. 

Chromium concentrations in 100 H gro.undwater 
are generally 100 pg/L or less, with several exceptions, 
indicating that the groundwater is typically below the 
100 pg/L drinking water standard. However, the more 
stringent standard for protection of freshwater aquatic 
organisms ( 11 pg/L) is exceeded along a portion of the 
groundwate&ver interface adjacent to gravelly river- 
bed areas that are heavily used by salmon for spawning 
(Dauble and Watson 1997). During previous field 
studies, samples of pore water were obtained from the 
spawning gravels in this area and found to contain 
chromium concentrations as high 
00345, Rev. 1). 

130 pg/L (BHI- 

Chromium concentrations near the approximate 
center of mass for the plume are illustrated by trend 
charts for wells 199-H4-14,199-H4-18, and 199-H4-16 
(Figure 2.6-3) and the map shown in Figure 2.6-16. 
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Chromium concentrations in well 199-H4-14 have 
historically been higher than in surrounding wells, 
presumably because of chromium releases at the former 
water treatment facility located near the well. Fig- 
ure 2.6-3 shows the concentration trend for well 
199-H4-14 and for two wells located downgradient- 
199-H4-16 and 199-H4-18. Concentration changes 
observed in 199-H4-18 may be the result of southward 
+lacement of the contaminant plume associated with 
the former 183-H solar evaporation basins because of 
high water-table conditions during 1996 and 1997. 

Chromium is  elevated in groundwater 
beneath the 100 H Area. Sources inclt.de 
waste sites in the area and upgradient in the 
100 D Area. 

Several anomalous occurrences of chromium 
are being tracked. The first involves well cluster 
199-H3-2A, -2B, and -2C (trend plots for these wells 
are shown in Figure 2.6-4). Well 199-H3-2C is com- 
pleted in a confined aquifer beneath the overlying 
unconfined aquifer, which is monitored by wells 
199-H3-2A and -2B. In late summer 1996, the water 
quality observed in 199-H3-2C became very similar to 
that of water from the shallower wells, as illustrated by 
the change in chromium concentrations. The change 
occurred at about the same time as pumping began in 
well 199-H3-2A, as part ofthe interim remedial action 
for chromium. ~n exphation for this change is not 
yet available. 

A second anomaly is found in well 199-H4-12C, 
which is also completed in a confined unit beneath the 
unco&ed aquifer. This well has shown relatively high 
chromium concentrations (-300 clgn) since it was 
constructed in 1986 (Figure 2.6-5) though no other 
contamination indicators are present. One current 
explanation for these results involves corrosion of the 
stainless steel well screen (Hewitt 1994; Oakley and 
Korte 1996). There is no other evidence suggesting that 
waste effluents have contaminated this deep aquifer. 

2.6.3 Strontium-90 

The primary source for strontium-90 contamination 
observed currently in groundwater is past disposal of 
highly contaminated reactor coolant to the 107-H 
retention basin and 107-H liquid waste dqosal trench, 
which is located nearby. Also, highly contaminated 
sludge from the retention b i n  was placed in an adjacent 
trench (107-H sludge burial trench), which is located 
between the basin and the Columbia River. The 
vadose mne beneath the basin and trenches is poten- 
tially contaminated with strontium-90, some of which 
has dispersed downward and entered groundwater. 
The upper portion of the vadose zone beneath these 
facilities is being excavated during 1999, with the 
contaminated soil being trucked to the Environmental 
Restoration Disposal Facility in the 200 Areas plateau. 

Typical groundwater concentrations for strontium- 
90 are illustrated by the trend chart for well 199-H4-11 
(Figure 2.6-6), which is located between the retention 
basin and the Columbia River. The concentration 
trend for gross beta has also been included in the fig- 
ure. Where strontium-90 is the principal beta emitter 
present, the concentration of strontium-90 is approxi- 
mately one-half that of gross beta. 

Scrmtium-90 is present in groundwater 
near the Columbia River in the 100 HArea 
but was not detected in pore water fiom the 
riverbom. 

Independent researchers have recently inferred 
that strontium-90 is present in mulberry bushes along 
the 100 H shoreline and also speculated that strontium- 
90 is present in riverbed gravel used by salmon for 
spawning (GAP 1999b). Pore water samples that were 
still available from an earlier investigation of these 
gravels (BHI-00345, Rev. 1) were subsequently ana- 
lyzed for strontium-90, and none was detected (see 
Section 2.6.9.3). More complete descriptions of the 
results are presented in PNNL-13177, along with a 
discussion of strontium-90 in the 100 Areas and its 
ecological implication. 
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2.6.4 Tdfium A general increqe in nitrate concentrations is 
apparent in the historical trends for numerous 100 H 
Area wells, &d also for wells located in other reactor 
areas. This trend is illustrated in Figure 2.6-10. The 
cause for the gradual increase is not known. 

Tritium concentrations in the 100 H Area are 
below the 20,000 pCi/L drinking water standard (see 

Plate 3). The maximum value observed during fiscal 
year 1999 was -8,400 pCi/L. During the last several 

100 H Area wells in anarea northeast ofthe H reac- 
tor building (Figure 2.6-7). While concentrations are 
typically in the range 4,000 to 5,000 pCi/L, the inaeas- 
ing trend may be indicative of contaminant plume 
movement across the northern tip ofthe Hanford Site. 
Upgradient of the wells shown in Figure 2.6-7, tritium 
concentrations are decreasing in two wells that moni- 
tor groundwater from 100 D and 100 N area sources 

(Figure 2.6-8). This suggests that the higher concen- 
tration core of the plume has passed these wells. A 
second possibility is that injection of treated effluent 
from the chromium pump-and-treat system at wells 
199-H3-3,199-H3-4, and 19943-5 may influence 

' Years* tritium has in conmmtion at some 2.6.6 1 83-H Solar Evaporation Basins 
RCRA Monitoring 

Groundwater near the former 183-H solar evapo- 
ration basins is monitored to meet RCRA final status 
monitoring requirements. Wastes were removed from 
the treatment facility during & late 1980's, followed 
by decontamination and demolition, which was com- 
pleted in 1995 (DOEN-97-48). Contaminated soil 
was then removed, although nitrate and fluoride 
remained elevated in the remaining soil, thus requir- 
ing postclosure groundwater monitoring. 

the direction of groundwater flow near the H Fetor 
building, causing a redisnibution of the plume. 

The 183-H busins me a RCRA site 
that has contaminated groundwater with 
chromium, nitrate, technetium-99, and 
uranium. Groundwater is monitored in 
an@nction with an interim remedial meas- 
ure at the 100-HR-3 operable Unit. 

An increase in tritium concentrations occurred in 
well 199-H3-2C beginning in mid-1996, from very 
low concentrations to a peak of -3,200 pCi/L (Fig- 
ure 2.6-9). The change is significant because this 
well monitors a confined aquifer that is separate from 
the overlying unconfined aquifer; the confined unit is 
not known to have received any cmtamination. other 
water quality indicators changed in well 199-H3-2C 
at the same time (e.g., chromium; see Section 2.6.2), 
with the characteristics of water from 199-H3-2C 
looking very similar to those for water from the 
shallower wells. An explanation for this condition 
has not yet been established. 

2.6.5 Nitraie ~ 

Groundwater movement in the vicinity of the 
basins has been modified by the interim remedial 
action to address chromium. While pumping opera- 
tions are in progress, RCRA monitoring is conducted 
to track the trends of five contaminants associated 
with leakage from the basins: chromium, fluoride, 
nitrate, technetium-99, and uranium (PNNL-11573). 

Groundwater chemistry near these former basins 
is characterized by elevated levels of chromium, nitrate, 

LJ 

sodium, sulfate, technetium-99, and uranium. All of 
these constituents were present in waste discharged to 
the basins when they were in use. Concentrations in 
fiscal year 1999 were lower than in recent years. See 
Appendix A for supporting information about this 
RCRA site. 

During fiscal year 1999,14 wells in the 100 H Area 
exceeded the 45 mg/L maximum contaminant level. 
Concentrations were measured to a high of 217 m& 
in well 1WH4-4, which is located within the 183-H 
plume. The average value for nitrate in 100 H Area 
wells is 49 mg/L. 

L 
/ 
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2.6.6.1 Groundwater Flow 

As indicated on the March 1999 water-table map 
(see Plate 2), groundwater beneath the former basins 
flows generally to the east-northeast, toward the 
Columbia River. Technetium-99 and uranium plumes 
originating at the basins have migrated primarily 
toward the east (see Section 5.7 of PNNL-12086). 
The rate of flow in March 1999 is estimated to be 
between 0.12 to 3.2 meters per day (see Table A.2). 

- Groundwater levels fluctuate with the stage of the 
Columbia River (Figure 2.6-1 1). Water levels were 
measured monthly in well 199-H4-4 and ranged in 
elevation from 114.51 meters in October 1998 to 
116.77 meters in July 1999. Periods of high river stage 
influence flow veloci.ty in the area temporarily, creat- 
ing a potential for flow toward the south. Groundwater 
flow around the 183-H solar evaporation basins is also 

influenced by the pump-and-treat system, as discussed 
in Section 2.6.7. 

U 2.6.6.2 khnetium-99 and Uranium 

Concentrations of technetiam-99 and uranium 
were lower in fiscal year 1999 than in recent years as 
illustrated by concentrations in wells 199-H4-3 and 
199-H4-4 (Figure 2.6-12) These basin contaminants 
are very mobile in groundwater, and concentrations 
fluctuate in response to changes in ,the stage of the 
Columbia River. Usually concentrations are highest 
when river stage is low. However, in November 1998, 
river stage was low, and concentrations were also low, 
especially in well 199-H4-3. These changes may rep- 
resent a shift in the contaminant plume caused by the 
influence of the pump-and-treat system. 

, 

Only three wells exceeded the 20-& maximum 
contaminant level for uranium in fiscal year 1999: 
199-H4-3,199-H4-4, and 199-H4-12A. The highest 
annual average was -31 clgn-in well 199-H44. Well 
199-H4-4 also had the highest concentration of 
technetium-99, with an annual average of -550 pC&. 
This was below the 900 pCi/L drinking water standard. 

Well 199-H4-5 had peaks in concentrations of 
chromium, nitrate, technetium-99, and uranium in 

ei 

fiscal year 1998. Levels declined again in fiscal year 
1999 (Figure 2.6-13). Changing directions of ground- 
water flow caused by the pump-and-treat system may 
have caused the spikes. 

Well 199-H4-18 is located near the southern 
boundary of the contaminant plume attributable to 
the 183-H solar evaporation basins. During periods of 
high water-table conditions, the plume appears to be 
displaced slightly to the south, as indicated by a change 
in the direction of water-level gradients. This is 
reflected in well 199-H4-18 by increased concentra- 
tions of technetium-99 and nitrate, which are 183-H 
plume indicators, during the summer of each year 
(Figure 2.6-14). This was especially apparent during 
1996, a year of an usually high water table. 

2.6.6.3 Nitrate 

Leakage from the basins contributed to a more 
widespread plume of nitrate (see Section 2.6.5). The 
highest concentrations in 100 H Area in fiscal year 
1999 were observed in downgradient well 199-H4-4 at 
21 7 m a .  Like technetium-99 and uranium, concen- 
trations in wells downgradient of the basins were 
generally lower in fiscal year 1999 than in the previ- 
ous several years. 

2.6.6.4 Chromium 

Leakage from the 183-H solar evaporation basins ' 

also contributed to the widespread plume of chro- 
mium (see Figure 2.5-1 and Section 2.6.2). Unlike 
co-contaminanw, chromium appears to have increased 
in recent years in well 199-H4-3 (Figure 2.6-15). Sea- 
SOM~ fluctuations are evident in well 199-H44, where 
chromium is analyzed monthly. High river stage in 
the spring and early summer was accompanied by low 
concentrations of chromium. Specific conductance of 
those samples was also low, indicating possible dilu- 
tion by river water. 

chromium declined in well 199-H4-5 after a 1998 
peak (see Figure 2.6-14). The changes in concentration 
may be related to changes in groundwater flow caused 
by the pump-and-treat system (Section 2.6.7). 
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Chromium remains elevated, but is gradually 
dedining, in well 199-H4-12C (E Figure 2.6-5). Thk 
well is completed in a deeper part of the aquifer than 
the other wells nearby. The well is monitod as part 
of the Resome Conservd and Recatmy Act of 1976 
(RCRA) network to ascertain whether pumping the 
shallow aquifer (i.e., well 199-H4-12A) affects the 
chromium concentrations observed in the deeper 
aq& (-11573). The average concenaation for 
well 199.H4-12C in fiscal year 1999 was -200 &L. 

waste are not elevated, and the cause for this elevated 
chromium is currently not understood. 

mercon taminants that are characteristic of 183-H 

2.6.6.5 Fluoride 

This constituent was detected in the vadose zone 
beneath the basins during remediation activities in 
1996, making it a constituent of interest for RCRA 
postclosure care (DOEN-97-48, Rev. 0; PNNL- 
11573). Recent and historical values for fluoride are 
anorder ofmagnitude lower than the 4 mg/L maximum 

con taminant level. Fluoride concentrations in down- 
gradient wells were lower than in upgradient wells 
during fiscal year 1999, suggesting no addition offluo- 
ride to groundwater as it passes beneath the footprint 
of the former basins. 

2.6.7 Groundwafer Remediation 

A pump-and-treat system, located in the 100 H 
Area, began operating in 1997 as an interim action for 

wells are located within -50 meters of the river shore, 
two others are located farther inland near the 183-H 
solar evaporation basins. Four compliance we% are 
located within - 100 meters of the river shore. 

2.6.7.1 Interim Remedial Action Obi& 

The record of decision (ROD 1996b) contains 
the following specific remedial action objectives that 
pertain to operation of the pump-and-treat system: 

the 100-HR-3 Operable Unit. Three ofthe extractl 'a 

protect aquatic receptors in the river bottom fiom 
con-ts in groundwater entering the Colum- 
bia River 

hi 
protect human health by preventing exposure to 
contaminants in the groundwater . 

provide information that will lead to the final 
remedy. 

The record of decision stipulates that the interim 
action pump-and-treat system continues operating 
until the selection of the final remedy or when the 
U.S. Environmental Protection Agency and Washing- 
ton State Department of Ecology are satisfied that ter- 
mination (or intermittent operation) is appropriate. 
The pump-and-treat system may be shut down when 

sampling results indicate that the concentration 
of hexavalent chromium is below 22 pg/L - in the 
compliance wells 

data indicate that the concentration will remain 
below the compliance value 

effectiveness of the treatment technology does 
not justify further operation 

an alternative and superior treatment technique 
becomes available and feasible (ROD 1996b). 

2.6.7.2 Remediation Progress During Fiscal 
Year 1999 

The pump-and-treat system made progress toward 
achieving the remedial action objectives during fiscal 
year 1999. Figure 2.6-16 shows the flow lines and 
hydraulic capture estimated to occur during a low flow 
period in the Columbia River (November 1998), 
when groundwater flow to the river is greatest. This 
simulation estimates that much of the contaminated 
groundwater is prevented from discharging to the 
Columbia River (DO-99-13). 

Although designed primarily to prevent or reduce 
the amount of contaminated groundwater ddmrgmg 
into the Columbia River, the pump-and-treat system 
also reduces overall contamination in the operable 
unit by removing contaminant mass. The pump-and- 
treat program collects hydraulic monitoring data, con- 
taminant monitoring data, and operating data to 

b 
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Lid 
assess the performance of the system and to provide 
the basis to select the final remedy as part of the record 
of decision. 

The goal of a pumpand-treat system in 
the 100 H Area is toprecent drromimfiom 
reaching the Columbia River, where it could 
harm youngsalmon. Since 1997,15 kilo- 
grams of chromium haw been remowed fiom 
groundwater. 

During fiscal year 1999, the pump-and-treat sys- 
tem extracted over 131.0 million liters of groundwater 
and removed over 6.1 kilograms of hexavalent chro- 
mium in the 100 H Area (Table 2.6-1). The average 
concentration of hexavalent chromium from 100 H 
Area wells was 50.6 clgn. After treatment, the average 
effluent concentration was 2 pg/L, with hexavalent 
chromium being undetected during 45 of the 52 sam- 
pling events. A total of 15.0 kilograms of hexavalent 
chromium has been removed since startup of the 
pump-and-treat system in July 1997. Published esti- 
mates for the total amount of hexavalent chromium in 
the plume targeted for remedial action range between 
42 and 250 kilograms (Peterson and CONlelly 1992; 
DOEIRL-94-95, Rev. 1). A principal reason for uncer- 
tainty in these estimates is the lack of data on the ver- 
tical distribution of contamination in the aquifer. An 
order-of-magnitude estimate for the rate at which 
chromium is discharging to the Columbia River via 
groundwater flow is 0.05 kilogram per day (BHI- 
00469). This equates to a total mass flux of -41 kilo- 
grams that would have entered the Columbia River 
since July 1997. The actyl flux is believed to be less 
because of the pump-and-treat system. 

2.6.7.3 Influence on Aquifer Conditions 

L d  

The concentration of chromium declined below 
the 22-~J$L action level in some of the extraction and 
compliance wells during all three summers that the 
pump-and-treat system operated. Each time, the con- 
centration rebounded over the action level by the fol- 
lowing September. In September 1999, chromium 

- 

was measured at 77,48, and 37 pg/L in compliance 
wells 199-H4-4,199-H4-63, and 199-H4-64, respec- 
tively (Figure 2.6-17). 

Because of the recurring elevated concentration 
of hexavalent chromium in the compliance wells, the 
annual summaryreport (DOE/RL.-99-13) recommended 
continued operation of the pump-and-treat system. 
The cyclical pattern in the hexavalent chromium 
trend plots makes it difficult to quantifi the effective- 
ness of the pump-and-treat system in lowering the 
concentration of hexavalent chromium in the aquifer. 
The concentration in the compliance wells falls close 
to or below the 22 pgjL remedial action objective level 
during the summer, but rebounds greatly over it in the 
fall and winter. The decrease in concentration in cer- 
tain extraction wells (Figure 2.6-18) and compliance 
wells indicates that the concenttation throughout the 
aquifer is decreasing in some areas, but the rate of 
decline is inconsistent throughout the targeted plume 
area. The pump-and-treat system reduces the total 
amount of chromium in the environment, but a review 
of the contaminant data indicates that many years of 
pumping may be required before the remedial action 
objectives have been entirely satisfied. 

2.6.8 Waste Site Remedidon 

Remedial action excavation of waste sites in the 
100 H Area continued in fiscal year 1999. Activities 
consisted of removing and stockpiling clean overbur- 
den soil and removing contaminated soilldebris for 
disposal at the Environmental Restoration Disposal 
Facility. Water from the Columbia River was used for 
dust control; it was applied as necessary during remedi- 
ation activities. Application of water was held to a 
minimum to reduce the potential for mobilizing con- 
taminants from the vadose zone to the groundwater. 
Groundwater in the 100 H Area is 15 to 18 meters 
below the ground surface. Waste sites excavated in 
fiscal year 1999 included 

107-H retention basin (waste site 116-H-7) - 
Excavation began in March 1999 and continued 
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duoughout fiscal year 1999. Excavation is sched- 
uled to be completed during the first quarter of 
fiscal year 2000. The depth of the excavation 
will be - 10 meters below ground surface. 

100-H-5 sludge burial site -This site is located 
just east of the retention basin. Excavation 
began in September 1999 and is scheduled to be 
completed during the second quarter of fiscal 
year 2000. The depth of the excavation will be 
-5 meters below ground surface. 

107-H Liquid Waste D q x d  Trench (waste site 
116-H-1) - Excavation began in July 1999 and 
is scheduled to be completed during the fim quartm 
of fiscal year 2000. The depth of the excavation 
will be -5 meters below ground surface. 

Reactor process piping - Overburden removal 
began in August 1999 and is scheduled to be 
completed during the second quarter of fiscal 
year 2000. The depth of excavation ranges from 
2 to 10 meters below ground surface. 

2.6.9 Water Quahy at Shoreline 
. Monitoring Locations 

Groundwater near the Columbia River is sampled 
annually in the late fall via aquifer sampling tubes and 
rive- seeps. n e  samplmg tubes A polyethylene 
tubes that were installed in the aquifer near the low- 
water shoreline. Riverbank seepage appears at numer- 
ous locations when the river level is low. In fiscal year 
1999, special studies of shoreline vegetation and pore 
water samples were conducted in 100 H Area. 

2.6.9.1 Aqu'kr Sampling Tubes 

Samples collected during the fall 1998 sampling 
round were screened for hexavalent chromium, gross 
beta, nitrate, technetium-99, and tritium. Hexavalent 
chromium concentrations ranged from 11 pg/L down- 
stream of the 100 H Area to a maximum of 73 pg/L 
near the 107-H retention basin. This concentration is 
consistent with hexavalent chromium concentrations 
in samples from nearby well 199-H4-11. 

' 

Tritium concentrations ranged from 1,000 to 
3,800 pC& Gross beta concentrations in the same 
locations ranged from undetected downstream of the 
100 H Area to 97 pCi/L near the 107-H retention 
basin. These concentrations are consistent with gross 
beta and tritium concentrations in samples from ground- 
water monitoring wells near the 100 H shoreline. 
Technetium-99 was detected in samples from three 
tubes near the 107-H retention basin, with a maxi- 
mum concentration of56 pCi/L. 

Nitrate concentrations ranged from 13 mg/L down- 
stream of the 100 H Area to 50 mg/L. near $e reten- 
tion basin. These concentrations are consistent with 
nitrate detected in groundwater samples from moni- 
toring wells near the Columbia River shoreline. 

2.6.9.2 Riverbank Seepage 

Five riverbank seeps were sampled in the fall 1998 
for the 100-HR-3 Operable Unit. These seeps were 
sampled during low-river discharge, when seepage is 
least influenced by bank storage of river water and is 
most representative of groundwater that discharges 
into the Columbia River. The specific conductance 
of the collected seep samples ranged from 154 to 
280 pS/cm, indicating a mix of groundwater and river 
water draii back to the river from bank storage. 

L 

Chromium concentrations ranged from 6.7 to 
57.6 pgL The highest chromium concentration was 
detected in a sample from a seep near the 107-H reten- 
tion basin and is consistent with aquifer sampling tube 
and groundwater well sample analytical results. 

Gross beta ranged from 3.1 pCi/L upstream of the 
100 H Area to a maximum of 38.8 pCi/L near the 
107-H retention basin. Gross beta observed at this 
location is most likely the result of smntium-90 in 
the groundwater. The maximum tritium ancentra- 
tion was detected in a sample from a seep upstream of 
the 100 H Area. 

2.6.9.3 Special Shoreline Sfudies 

Analysis of radioactivity in shoreline vegetation LJ 
at the 100 H Area led to speculation that strontium-90 
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might be present in riverbed pore water where chro- 
mium had been observed previously (GAP 1999b). In 
an attempt to test this hypothesis, archived samples of 
pore water from the origmal study (BHI-00345, Rev. 1) 
were reanalyzed for strontium-90. Strontium-90 was 
not detected in any of the samples (Table 2.6-2). The 
pore water sampling locations are in the nearshore - 

area adjacent to the former 107-H retention basin. 

Analysis of shoreline vegetation reveals the pres- 
ence of radionuclides of Hanford Site origin at very 
low concentrations (WDOH/320-023). The roots of 
mulberry bushes are bathed in a mixture of ground- 
water and river water in the zone of bank storage and, 
thus, provide insight on possible contaminants in 
groundwater near the Columbia River. 
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Table 2.6-1. Performance Statistics for the 100 H Pump-and-Treat System for Chromium, Fiscal Year 1999 

Well or 
Sample Location 

199-W-2A 
199-H4-7 
199-H4-11 
199-H4- 12A 
199-H4- 15A 
H-Influent 
H-Effhmt 

h u a l  Average 
Flow Rate 
(Umin) 
69.2 
46.2 
833 
49.4 
47.6 

279.6 . 
548.8 

Maximumsustained 
Flow Rate 
( U d )  
78.1 
52.2 
91.6 
52.5 
51.4 

3173 
601.5 

Total Volume 
pumped 
(x 106 L) 

32.8 
19.7 
37.1 
22.0 
19.3 

131.0 
258.6 

Average Chromium 
concentration 

16.2 
63.6 
61.0 
62.6 
51.8 
50.6 
2.1 

Chromium Mass 
Removed (kg ) 

0.5 
1.3 
2 3  
1.4 
1 .o 
6.6 
-- 

Data Source: Project Specific Database for the 100-HR-3 Operable Unit. 

Table 2.6-2. Chromium and Strontium-90 Results for River Substrate Pore Water Samples 

Sample Specific Minimum 
Riverbed Distance Conductance Hexavalent Strontium-90 Detection 

Sampling Site Offshore (m) (W4 Chromium (&) (PCJL) Level ($a) 
TH-1A 21 207 100 -0.436 3.2 
TH-1A (dupl) 21 198 130 0.931 7.72 
TH-1B 30 155 52 - 1.02 3.14 

TH-2A 30 149 <1 -0.751 4.62 
TH-2B 43 137 <1 -0.034 3.83 
TH3A 12 175 1.2 0.523 4.77 
TH3B 24 147 9 3.27 3.83 
TH-13A 7 177 2.6 0.23 3.85 
TH-14A 7 190 73 -0.55 1 3.1 

,\ 

Note: The specific conductance of river water measured just above the pore water sampling sites ranged between 149 and 
155 @/an. The pore water sample specific conductance indicates’the sample was primarily river water, with only a minor 
added component of groundwater. Strontium-90 analyses were performed on archived pore water samples during August 
1999. All results for strontium-90 indicate non-detection. 

TH-1B (dupl) 30 183 103 -4.2 9.01 
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Figure 2.6-2. Chromium in Wells 199-H3-1,199-H4-47, and 199-H4-48 Near H Reactor 
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Figure 2.6-3. Chromium in Wells 199-H4-14,199-H4-16, and 199-H4-18 at 100 H Area 
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Figure 2.64 Chromium in Wells 199-H3-2A, 199-H3-2B, and 199-W-2C at 100 H Area 
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Figure 2.6-5. Chromium in Wells 199-H4-12A, 199-H4-12B, and 199-H4-12C at 100 H Area 
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Figure 2.6-6. Strontium-90 and Gross Beta in Well 199-H4-11 
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Figure 2.6-7. Tritium in Wells 199-H3-1,199-H447, and 199-H4-48, Northeast of H Reactor 
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Figure 2.6-9. Tritium in Wells 199-H3-2A, 199-H3-2B, and 199-H3-2C, Western 100 H Area 
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Figure 2.6-10. Example of Increasing Nitrate in Wells at 100 H Area 
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Figure 2.6-11. Water Levels in Well 199-H44 Monitoring 183-H Solar Evaporation Basins 
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Figure 2.6-15. Chromium in Wells 199-H4-3 and 199-H44 Monitoring 183-H Solar Evaporation Basins 
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2.7 100 F Area 

M. D. Sweeney, R. F. Raidl 

The 100 F Area is located the farthest east and 
downstream of the reactor areas on the Hanford Site. 
F Reactor operated from 1945 to 1965. Like all of the 
other W o r d  Site reactors, except N Reactor, F Reac- 
tor was cooled by a single-pass system (Le., cooling 
water passed through the reactor and was discharged 
directly to the Columbia River). Waste sites in the 
100 F Area included leaking retention basins for reac- 
tor coolant, liquid waste disposal trenches, and French 
drains. Waste sites are described in DOE/RL-95-54 
and DOE/RL-95-92. Groundwater contaminants 
include nitrate, strontium-%, and tritium. Local con- 
tamination with chromium, trichloroethylene, and 
uranium is also detected. 

2.7.1 Groundwater Flow 

Groundwater flows toward the east-northeast in 
the northern 100 F Area and toward the southeast in 
the southern 100 F Area (see Plate 2). In March 
1999, the gradient between wells 199-F5-4 and 199- 
F8-4 was 0.0016. Hydraulic conductivity of the 
Hanford formation in the 100 F Area ranges from 9.1 
to 69 meters per day (BHI-00917). Using these values 
and an effective porosity of 0.1 to 0.3, the flow rate 
ranges from 0.05 to 1.1 meters per day toward the 
southeast. 

hd 

A plume of groundwater contaminated with nitrate 
and tritium, which originates from sources in the 
100 F Area, extends to the southeast ofthe 100 F Area, 
confirming the southeastern direction of flow. This 
plume appears to discharge into the river in the vicin- 
ity of the 100 F Area slough and some additional but 
uncertain distance fhher downstream (see Figures 2.1-3 
and 2.1-4). The cause for this preferential pathway 
may be a buried former river channel that lies parallel 
to the current channel. Evidence for erosional features 
on the top of the Ringold Formation (which lies below 
the water table) was noted during earlier investigations 

w 
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of the hydrogeology of the 100 F Area (Figure 8 in 
WHCSD-EN-TI-221, Rev. 0). 

2.7.2 Tritium 

Results from sampling at 100 F Area in fiscal year 
1999 indicated a general decline in tritium concen- 
tration. Only one well, 199-F8-3, exceeded the 
20,000 pC& drinking water standard, with a result of 
32,700 pC& in October 1998 (see Plate 3). The trit- 
ium concentration had declined to 16,300 pCi/L in 
April 1999. 
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Ld 
2.7.3 Uranium year 1998 and decreased this year. Well 199-F5-45, 

located ,near the reactor building, showed a peak in 
nitrate concentrations early in fiscal year 1999, but 
declined later in the year. 

Low levels of uranium are detected in the 100 F 
Area, but d y  one the proposed 20 @- 
maximum con taminant level in fiscal year 1999. Well 

1998. The well is located near'the 118-F-3, -4, and -5 
burial grounds and downgradient of the 116-F-1 trench. 
The result represents a slight increase in concentra- 
tion in this well. 

2.7.4 Strontium-90 

199-F8-2 reported a result of 20.3 pg/L in October 2.7.6 Chromium 

Most of the wells in the 100 F Area have low but 
detectable chromium concentrations. All results were 
below the 100 pg/L, maximum contaminant level in 
fiscal year 1999. The highest concentrations were 
reported in wells 199-F5-46 (51 to 96 j@L) and 
199-F5-6 (66 pg/L). The chromium results from both 
of these wells show variable concentrations. Both 
wells are downgradient from the 100 F Reactor cool- 
ing water effluent lines (100-F-19), which may be the 
souTce of he elevated bmium. 

A plume of strontium-90 exceeding the 8 pC& 
drinking water standard is centered on the 116-F-14 
retention basii and the 11CF-2 and 116-F-9 trenches. 

The distribution in fiscal year 1999 was the same as in 
1998 (see Figure 5.8-1 in PNNL-12086). 

Most of the wells with detectable strontium-90 2.7.7 Tichloroethylene 

Li Trichloroethylene continued to be detected in 
the southwestern comer of the 100 F Area and in the 
adjacent 600 Area. Wells 199-F7-1 and 699-77-36 

level in October 1998, at 16 and 18 pg/L, respectively. 

either exhibited a decline in concentration, or no sig- 
nificant change. The highest concentration umtinued 
to be in well 199-F5-3, with an annual average of 

have been declining since 1997. 
194 $i/L 2.7-1)* ConcenmtionS in both exceeded the ~ - M / L  maximum 

b triennially to annually to describe the 
nature and extent of contamination 

Both wells show declining trends. 

Wells 199-F5-45 and 199-F5-46 consistently detect 

2.7.8 Wafer Quality at Shoreline 
Mon'bing Locutions 

Groundwater monitoring is conducted in the 
lo0  F Area: 

low levels of mchloroethylene. In October 1998, they 
both measured 5 j&. 

b quarterly to monitor trends in variable 
constituents/wells. Groundwater near the Columbia River is sampled 

annually in the late fall via aquifer sampling tubes and 
riverbank seeps. The sampling tubes are polyethylene 
tubes that were driven into the aquifer at locations 
near the low-water shoreline. Seeps are locations 
where groundwater discharges above the river level. 

2.7.5 Nitrate 

Nitrate continues to have the widat distribution 
of any contaminant in the 100 F Area. The highest 
concentrations continued to be in the southwestern 2.7.8.1 Aquifer Sampling Tube Results 

comer of the 100 F Area in well 199-F7-1 (Fig- 
ure 2.7-2). This well had a peak in nitrate in fiscal 

Samples collected during the fall 1998 sampling 
homium, gross beta, were screened for 
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nitrate, and tritium. The highest contaminant concen- 2.7.8.2 Riverbank Seepage Results 
trations were: 7.4 pCi/L gross beta, 29.4 pg/L hexa- 
valent chromium, 49 mg/L. nitrate, and 1,100 pCi/L 
tritium. All of the highest concentrations were detected 
in samdes collected alone the. 100 F Area slough. 

One seep site along the 100 F Area shoreline was 
sampled during October 1998. The specific conduc- 
tance of the sample was 364 @/cm, indicating that it - - - was primarily groundwater. The maximum concentra- 
tions of the contaminants of concern are as follows: 
39 mg/L. nitrate, 898 pCi/L tritium, 17.6 pg/L chro- 
mium, and 5.87 pCi/L gross beta. 
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2.8 200 West Area 

P. E. Dresel, D. B. Barnett, F. N. Hodges, 
V. S. Johnson, R. B. Mercer, L. C. Sevmuon, 
B. A. Willimns 

Contamination in 200 West Area can be divided 
into five major regions: 

Plutonium Finishing Plant 

TPlant 

UPlant 

REDOXPlant 

State-Approved Land Disposal Site. 

The discussion in this section is divided into 
groundwater flow, the major radioactive and non- 
radioactive hazardous contaminants, and specific 
ResoLcrceConservationandRecweryA~tof1976 (RCRA) 
facility monitoring. Where appropriate, groundwater 
remediation is also discussed. The major contaminant 
plumes found in 200 West Area are carbon tetrachlo- 
ride, iodine-129, nitrate, technetium, trichloroethylene, 
tritium, and uranium. Chromium is also found in 
small, scattered areas. 

W 

2.8.1 Plutonium Finishing Plant 

The Plutonium Finishing Plant operated from 
1949 through 1987 for the final stages of plutonium 
purification. The Plutonium Finishing Plant was not 
a significant contributor to the iodine-129 or tritium 
plumes. Migration of plutonium contamination from 
the vadose zone is of concern because large quantities 
of plutonium, in the presence of organic complexing 
agents, were disposed to ground in the area. The forma- 
tion of plutonium bearing colloids kat coutd enhance 
mobility is also a concern. No further investigation of 
the mobility of plutonium was undertaken in fiscal year 
1999. Carbon tetrachloride and other volatile organic 
compounds form the major plumes discussed in this 
section. Relatively widespread nitrate contamination 
is also present. b.i 

1. 
0 Stats-Appnved 

land Disposal 
Site 

UWMA-3 \ 

W W X - N  

1 

Plutonium 
Finishing 
Plant 

U k n d  

0 2lW-12 
Crib 

WMA-s-sx 

REDOX Plant 10/ 
2lO-S-10 D i h  

mCS-lobnd 200 West Area 
can-hart-S9018 January 25. Moo 1 M  AM 

The ody facilities near the Plutonium Finishing 
Plant with RCRA monitoring requirements are the 
burial grounds in Low-Level Waste Management 
Area 4. These are not believed to contribute to ground- 
water contamination. Remediation of volatile organic 
compounds in groundwater and the vadose zone is 
being undertaken in this area using a pump-and-treat 
system. Large masses of carbon tetrachloride continue 
to be removed from the vadose zone, reducing this 
source of groundwater contamination. The ground- 
water pump-and-treat system removes smaller amounts 
of carbon tetrachloride as groundwater is withdrawn 
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Groundwater monitoring is conducted near 
the Plutonium Finishing Plant: 

b triennially to annually to describe the 
nature and extent of contamination 

b semiannually to detect the possible impact 
of one RCRA waste management area 

F semiannually to monitor trends in variable 
constituents/wells 

b various time intervals to evaluate the 
performance of a pumpand-treat system 
for carbon tetrachloride. 

and re-injected. As a result, significant changes in 
groundwater flow and contaminant distribution are 
occurring. 

2.8.1.1 Groundwater Flow 

Groundwater near the Plutonium Finishing Plant 
flows generally from west to east (see Plate 2). Flow is 
heavily influenced by the ongoing 200-ZP-1 Operable 
Unit pump-and-treat activities. Six extraction wells 
to the north, east and south of the Plutonium Finish- 
ing Plant and five injection wells to the west of Low- 
Level Waste Management Area 4 have created an 
area of flow converging on the extraction zone. These 
conditions are expected to continue until the end of 
the pump-and-treat program, at which time the flow 
direction will become generally eastward. 

Details of groundwater flow beneath the pump- 
and-treat system and Low-Level Waste Management 
Area 4 are discussed below. 

2.8.1.2 Carbon Tetrachloride 

Carbon tetrachloride contamination is present in 
the unconfined aquifer system beneath most of the 
200 West Area and has migrated past the 200 West 
Area boundary (Figure 2.8-l), covering an area of over 
11 square kilometers. The contamination is believed 

to be from pre-1973 waste associated with the Pluto- 
nium Finishing Plant. The maximum carbon tetra- 
chloride concentration detected in the 200 West Area 
in fissl year 1999 was in extraction well 299-W15-32, 
where the annual average concenmtion was 6,600 Crgn. 
Data from extraction wells are taken from project- 
specific data files and, thus, are not included on the 
diskette provided with this report. The allowable maxi- 
mum contaminant level for carbon tetrachloride in 
drinking wa3er is 5 pg/L. 

The major identified sources of carbon tetrachlo- 
ride are the 216-2-9 trench, the 216-Z-1A tile field, 
and the 216-2-18 crib. The 216-2-12 crib, the 216-219 
ditch, and the 216-T-19 tile field may also have con- 
tributed. These sources are shown in Figure A.12. 
Vadose zone carbon tetrachloride sources are discussed 
in Section 3.2.2.1. 

A large plume of curbon tenachloride 
under the 200 West Area mginutes mainly 

nium Finiihmg Plant. The mea of the 
fim waste sites assaciated with the Pluto- 

plume ilummedsrightly dzningthepast year. 

In the central part of the plume, the area within 
the 4,000 pg/L contour has increased during the 
period of pump-and-treat operations. concentrations 
of carbon tetrachloride are increasing in the northem- 
most extraction wells 299-W15-33,299-W15-34, and 
299-W15-35 and nearby monitoring wells such as well 
299-W15-1 (Figure 2.8-2). Concentrations in the 
southern extraction wells 299-W15-32 and 299-W15-36 
and nearby monitoring wells are declining slowly. 
BHI-013 1 1, Rev. 0 discusses in more detail the con- 
tinued existence of high concentrations in the area of 
pump-and-treat remediation, whichsupports the pres- 
ence of a continuing source of carbon tetrachloride, 
such as non-aqueous phase liquid below the water table 
or continued recharge from the vadose zone. Concen- 
aations are dedining around the active injection wells 
as shown in Figure 2.8-1. c, 
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200 West Area 

I, 
The part of the plume greater than 1,000 pg/L 

extends to the north and northeast reaching the vicinity 
of Low-Level Waste Management Area 3 burial ground 
and T Plant. Well 299-W10-20, for example, has per- 
sistent concentrations of carbon tetrachloride near or 
above 1,OOO pg/L, even though it is not located near 
any known sources. Other wells in the vicinity also 
have high carbon tetrachloride values, with the excep- 
tion of well 299-W10-19, where the concentrations 
have declined sharply since 1997 (Figure 2.8-3). The 
reason for this localized decline is unknown but sug- 
gests variability that may be related to c o n t a m k t  or 
water source distribution. It is possible that past dis- 
charges to the 200 West power plant pond and the 
216-W laundry waste crib, located in the east-central 
part of the 200 West Area, resulted in the nearly 
due north and northeastward transport of the carbon 
tetrachloride. As suggested by BHI-01311, Rev. 0 

previously low concentrations in this area could have 
been caused by the discharge of carbon tetrachloride- 
free water to portions of the 216-U-14 ditch, north of 
the tank farms, until 1995. This discharge may have 
affected groundwater flow, so that carbon tetrachlo- 
ride spread to the east and west of the tank farms. 

Information on the distribution of carbon tetra- 
chloride in the eastern half of the 200 West Area is 
very sparse. The original well network had large gaps 
in this area and several key wells have gone dry. 
Whether or not a low concentration area exists in the 
east-central part of the 200 West Area is uncertain. 
This low concentration area may have resulted from 
past discharges to the 200 West power plant pond and 
the 216-W laundry waste crib as is suggested by two 
1990 samples from well 299-W14-10 where carbon 
tetrachloride was below the detection limit. 

further investigation of possible sources and histori- 
cal flow directions in the northwestern 200 West Area 
is warranted. 

Carbon tetrachloride contamination extends a 
considerable distance southeast of the Plutonium Fin- 
ishing Plant to the eastern edge of the Environmental 
Restoration Disposal Facility. concentrations in fis- 
cal year 1999 were slightly below the maximum con- 
taminant level but were greater than the maximum 
con taminant level in fiscal year 1998 (see Figure 2.8-5). 

t 
Carbon tetrachloride concentrations greater than 

1,OOO pg/L also are found near T Plant northeast of the 
known carbon tetrachloride sources near the Pluto- 
nium Finishing Plant. High concentrations persist in 
well 299-W11-14 but have declined in upgradient 
well 299-Wll-7, suggesting a pulse of contamination 
is moving downgradient (Figure 2.8-4). Concentra- 
tions in well 299-W12-1, located in the northeastern 
comer of the 200 West Area, ha;e increased since 
1997 to a maximum of 8 pg/L (Figure 2.8-5). The 
carbon tetrachloride plume has been divided into two 

lobes on its northem boundary, likely because of the 
discharge of relatively clean water to the 216-T4-2 
ditch. Concentrations of a number of contaminants 
are increasing in that vicinity since that discharge 
ceased in 1995 (Section 2.8.2). 

Carbon tetrachloride contamination has been 
observed to depths greater than 60 meters in the aqui- 
fer. In places, contamination at depth extends greater 
distances laterally than at the water able, as reported 
previously (PNNL-12086). Little information is avail- 
able on the distribution of carbon tetrachloride at 
depth. Available data consist of a few well nests and 
depth discrete samples collected from older wells with 
large open intervals. One disadvantage of the depth 
discrete samples is the potential for vertical mixing 
within the well or along the annulus. A discussion of 
depth distribution of carbon tetrachloride is presented 
in the fiscal year 1998 annual groundwater report 
(PNNL-12086). A detailed summary of the available 
data on the depth distribution of carbon tetrachloride 
has recently been published in BHI-01311, Rev. 0. 
Two figures from that report showing the carbon tetra- 
chloride distribution in two deeper zones of the 

Carbon tetrachloride concentrations have been 
increasing markedly in the vicinity of Waste Man- 
agement Area S-SX. For example, concentrations in 
well 299-W23-15, located directly south of the SX Tank 
Farm, rose from less than 5 pg/L in fiscal year 1995 to 
120 pg/L in fiscal year 1999 (see Figure 2.8-5). The 
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uncohed aquifer are reproduced here and compared 
to carbon tetrachloride contours at the top of the 
aquifer (Figure 2.8-6 and Figure 2.8-7). 

2.8.1.3 Chloroform and Trichloroethylene 

Two soufces o f c h l d m  in Hanfd  Site ground- 
water are from chlorination of organic matter during 
purification of potable water and then its subsequent 
disposal to ground, or by biodegradation of carbon 
tetrachloride. Biodegradation is believed to be the 
major source of chloroform in the 200 West Area. 
The maximum contaminant level for chloroform is 
100 pg/L, (total trihalomethanes), which is 20 times 
higher than that for carbon tetrachloride. The distri- 
bution of chloroform is shown in Figure 2.8-8. Values 
for chloroform are all below the maximum contami- 
nant level. 

The distribution of trichloroethylene near the 
Plutonium F i n i s h  Plant is shown in Figure 2.8-9. 
Disposal near T Plant may have also contributed to 
this plume. The plume is fairly extensive but concen- 
trations are only slightly above the 5 pg/L maximum 
contaminant level. 

2.8.1 A Plutonium and Americium 

The single well, 299-W15-8, near the 216-Zs9 crib, 
where plutonium and americium have been detected 
in groundwater, has not been monitored since 1991 
d e n  the well went dry. No replacement well has been 
funded. The fiscal year 1998 annual report (PNNL- 
12086) presents the latest information on plutonium 
and americium in groundwater and the vadose tone in 
this vicinity. Report WHC-SD-EN-Ti-248 discusses 
how complexants may mobilize transuranics in the 
vadose zone. 

2.8.1.5 N m t e  

The 216-2-9 trench received an estimated 1 3  mil- 
lion kilograms of chemicals containing nitrate during 
its operation from 1955 to 1962. Other liquid waste 
disposal facilities associated with the Plutonium Fin- 
ishing Plant received smaller but significant amounts 

of nitrate. There is, thus, a nitrate plume originating 

in this area, but additional sources of nitrate from dis- 
posal facilities near T Plant also contribute to the a n -  
tamination. The extent of nitrate in the western and 
northem 200 West Area is shown in Figure 2.8-10. The 
highestni~tecon~~ti~areassociatedwithfacili- 
ties near T Plant and are discussed in Section 2.8.2.6. 

Nitrate concentrations are increasing in wells 
downgradient from the injection wells for the 200-ZP-1 
pump-and-treat system. This increase appears to be 
from nitrate in the injected water that was not treated 
for nitrate removal. Thus, nitrate concentrations in 
wells 299-W18-23 and 299-W18-26 are now greater 
than the maximum contaminant level (Figure 2.8-1 1). 
Thii nitrate results in an increase in specific conduc- 
tance of water from wells that are now upgradient of 
Low-Level Waste Management Area 4, decreasing the 
usefulnm of specific conductance for RCRA detec- 
tion monitoring. 

2.8.1.6 Low-level Waste Management 
Area 4 RCRA Parameters 

The standard detection monitoring system, using 
upgradient versus downgradient comparisotls of indi- 
cator parameter concentrations, is of limited use at 
LowLevel Waste Management Area 4. Water from 
the 200-ZP-1 pump-and-treat project has been rein- 
jected inm groundwater wells located immediately west 
of Low-Level Waste Management Area 4, chang~ng 
the groundwater chemistry baseline. Background 
levels for the umtamination indicator parameters were 
re-established in the second quarter of 1999. There 
does not appear to be any contaminant release from 
Low-Level Waste Management Area 4. Wells and 
analytes monitored are listed in Appendix A. 

RCRA monitoling at Lau-Le~l Waste 
Management Area 4 indicates no ground- 
Mtercon tcrminationfim thir fadity. Moni- 
wring this area is  challenging because of 
extraction and injection of groundwater 
fim a nemby remediadon system. 
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200 West Area 

At the inception of RCRA monitoring at Low- 
Level Waste Management Area 4 in 1988, ground- 
water flow was primarily from east to west. However, 
as the effects of past liquid disposal practices began to 
dissipate, groundwater flow beneath this facility began 
to return to the west to east conditions that pre-dated 
the Hanford Site. The groundwater flow conditions 
are also being influenced by the ongoing 200-ZP-1 
pump-and-treat program, which has extractions wells 
to the east and injection wells to the west of Low- 
Level Waste Management Area 4. Groundwater flow 
is expected to remain in the easterly direction after 
the pump-and-treat activities are completed. 

Carbon tetrachloride, nitrate, and trichloroethyl- 
ene are the major contaminants in monitoring wells 
surrounding Low-Level Waste Management Area 4. 
These constituents are not related to the disposal of 
waste in this facility. They are attributed to contami- 
nant plumes originating to the east of Low-Level 
Waste Management Area 4 that have spread over the 
200 West Area. 

All of the wells in the monitoring network con- 
tain carbon tetrachloride above the 5 pg/L. maximum 
contaminant level. In contrast, ohy monitoring well 
299-W15-16 exceeded the 5 pg/L maximum contami- 
nant level for trichloroethylene in April 1999, with a 
value of 6 pg/L. Subsequent results were below the 
maximum contaminant level. 

Nitrate exceeded the 45 mg/L maximum con- 
taminant level in wells 299-W15-15,299-W15-16, 

and 299-W18-26. With the exception of299-W18-21, 
this contamination is related to the recognized nitrate 
plume in the 200 West Area. The elevated nitrate 
levels in well 299-W18-21 appear to be isolated from 
the main body of this nitrate plume. However, this 
may simply indicate a preferential flow path in this 
direction. 

2.8.1.7 Groundwater Remediation at 
200-ZP- 1 Operable Unit 

299-W15-18,299-W18-21,299-W18-23,299-W18-24, 

The pump-and-treat system for the 200-ZP-1 Oper- 
able Unit is successfully containing and capturing the 

high concentration portion of the carbon tetrachlo- 
ride plume. contamination in the groundwater was 
reduced in the area of highest concentrations through 
mass removal, and additional information was col- 
lected through hydraulic monitoring, contaminant 
monitoring, and treatment system operation. 

Groundwater is pumped and treated in 
the 200 West Area to prevent carbon tetra- 
&bride contamiMtionfiom spreading. In 
fical year 1999, I ,290 kilograms of carbon 
t e t r m M  were remoued. 

Interim Remedial Action Objectives 

The pump-and-treat system for the 200-ZP-1 
Operable Unit, located north of the Plutonium Fin- 
ishing Plant, was implemented as an interim action. 
The interim action objectives (ROD 1995) are the 
following: 

prevent further movement of contaminants from 
the highest concentration area of the plume (i.e., 
containing carbon tetrachloride inside the 2,000 
to 3,000 pg/L contour) 

reduce contamination in the area of highest carbon 
tetrachloride concentrations 

provide information that will lead to development 
of a final remedy that will be protective of human 
health and the environment. 

The following information is summarized from 
DOE/RL-99-79. The 200-ZP-1 Operable Unit facili- 
ties and Phase 111 extraction, injection, and monitor- 
ing well locations are shown in Figure A. 12. 

History of Opemtions 

The pump-and-treat operations were implemented 
in a three-phase approach. Phase I operations, which 
have been terminated, consisted of a pilot-scale treat- 
ability test that ran from August 29,1994 to July 19, 
1996. During that period, contaminated groundwater 
was removed from a single extraction well, treated 
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using granular activated carbon, and retumed to the 
aquifer through an injection well. For more detailed 
information about operations during the treatability 
test, refer to DOE/RL-95-30. 

phase I1 operations commenced August 5,1996 
and ended on August 8,1997 for transition to Phase 111 
operations. The well configuration during Phase I1 
operations consisted of three extraction wells, all com- 
pleted in the top 15 meters of the aquifer. The ground- 
water was treated using an air stripper followed by 

* granular activated carbon of the air sueam and returned 
to the aquifer through a single injection well. 

From August 8 to 28,1997, well-field piping and 

tions, which were initiated on August 29,1997. The 
well configuration was expanded to six extract& wells, 
in the top 15 meters of the aquifer, and five injection 
wells. The Phase I11 treatment system uses air smp- 
ping combined with vapor-phase, granular activated 
carbon technology to remove the volatile organic com- 
pounds from the contaminated groundwater. 

treatment equipment were upgraded for Phase 111 opera- 

Contaminant Remowl 

. Carbon tetrachloride contamination in the ground- 
water was r e d u d  in the area of highest concentrations 
through mass removal. Approximately 339.9 million 
liters of contaminated groundwater were treated in 
fiscal year 1999 at an average flow rate of 707 liters per 
minute. Production rates for the six extraction wells 
ranged from 27 to 310 liters per minute. The average 
influent concentration for the six extraction wells was 
3,788 Ilgn, ranging from 3,300 to 4,400 ClgF 

Treatment of the contaminated water resulted in 
the removal of 1,290 kilograms of carbon tetrachloride 
in fiscal year 1999. Since initiation of pump-and-treat 
operations in August 1994, -954.8 million liters of 
water have been treated, resulting in removal of 
3,386 kilograms of carbon tetrachloride. Table 2.8-1 
shows the volumes of treated water and the mass of 
carbon tetrachloride removed by quarter since incep- 
tion of operations. 

The most significant system shutdowns in fiscal 
year 1999 occurred when sporadic, elevated carbon tet- 
rachloride concentrations (exceeding the 5 pg/L maxi- 
mum contaminant level) were detected in the water 
exiting the treatment system. Normally, carbon tetra- 
chloride concentrations are at or below the 2 pg/L 
detection limit after treatment and before injection. 
The reason for the increased concentrations was iden- 
tified as an algae buildup in the &-stripper packing ma- 
terial, which interferes with the &-snipping efficiency. 
While concentrations of carbon tetrachloride in the 
effluent tank exceeded the maximum contaminant 
level of 5 clgn during those exceptions, concentrations 
measured at the injection wells were never above the 
detection limit. It appears that carbon tetrachloride 
volatilizes from the return water while the water is 
transported through the pipeline to the injection wells. 

To deal with the algae problem, chlorine was 
injected into the influent tank to reduce the algae 
content. Since concentrated chlorine (-3,000 m a )  
was injected into the system on May 27, 1999, the 
carbon tetrachloride concentrations in the effluent 
tank have been below the maximum con taminant level 
of 5 Ilgn. The system is scheduled for cleaning and 
replacement of the packing in early fiscal year 2000, 
which will increase air-stripping efficiency. 

u 

The environmental restoration contractor sam- 
pled for coliform contamination at extraction well 
299-W15-35, located nearest to the Z Plant septic field, 
and in the treatment influent tank on August 4,1999. 
The effluent from the Z Plant septic system was sus- 
pected to have been impacting the groundwater in the 
area of the 200-ZP-1 Operable Unit. Coliform was 
not detected in these samples. 

Technetium-99 was measured in special samples 
collected in fiscal year 1999. The technetium-99 
results ranged from a minimum of 20 pCi/L measured 
at extraction well 299-W15-37 to 286 pCi/L measured 
at extraction well 299-W15-32. None of the results 
exceeded the drinking water standard of 900 pCi/L. 

, 

Lj 
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Overall Effectiveness 

Carbon tetrachloride concentrations increased at 
all three of the northern extraction wells, but were 
stable or decreased slightly in the three southern wells 
(Figure 2.8-12 and Figure 2.8-13). The greatest aver- 
age fiscal ye? 1999 concentrations were measured at 
the two northernmost extraction wells (299-W15-33 
[6,218 p&.] and 299-W15-34 [4,700 &L]) and the 
lowest average concentrations were observed at the 
southernmost well (299-W15-37 [358 &I). Table 
2.8-2 compares average carbon tetrachloride concen- 
trations at the extraction wells for fiscal year 1997, 
fiscal year 1998, and fiscal year 1999, the mean flow 
rate for each extraction well, and the relative concen- 
tration changes. 

There were no significant changes in chloroform 
and trichloroethylene Concentrations in the extraction 
wells for fiscal year 1999 when compared to fiscal year 
1998 concentrations. Chloroform concentrations 
ranged from 17 to 38 pg/L, while trichloroethylene 
concentrations ranged from 5 to 16 p&.. ki 

As discussed above, the influent tank concentra- 
tions of carbon tetrachloride increased to an average 
of 3,788 pg/L. The hydraulic gradient created by the 
extraction wells is moving significant quantities of dis- 
solved organic mass from the high concentration area 
of the plume to the extraction wells. Figure 2.8-14 
shows the detail of the fiscal year 1999 carbon tetra- 

chloride plume map in the area of the remediation sys- 
tem, and Figure 2.8-15 shows the June 1996 baseline 
plume map. 

Several conclusions can be drawn from changes 
in the carbon tetrachloride plume maps (refer to 
DOE/RL-99-79 for additional details and discussion). 

The plume center (greater than 3,000 pg/L) is 
moving primarily in a northerly and easterly direc- 
tion toward the four runthemmost extraction w 

The concentrations of carbon tetrachloride east 
of the puinping wells may be decreasing indicated 
by a decrease in concentrations in monitoring 
well 299-W14-9, from -100 pg/L in mid-1997 to 
-20 & at the end of fiscal year 1999. 

LJ 

The area of the 4,000 pg/L contour has apparently 
increased in size, noted by comparing the fiscal 
year 1999 plume map with the June 1996 baseline 
plume map. Spreading of the 4,000 pg/L contour 
is attributed to the effects of pumping. 

Concentrations of carbon tetrachloride south and 
east of injection welt299-W15-29 are decreas- 
ing, as demonstrated by the indentation in the 
1,OOO pg/L contour on Figure 2.8-14. This implies 
that injection of the treated water is displacing 
the plume to the east. 

WaterLevel Impact and Capture-Zone Anafysis 

General groundwater flow in the vicinity of the 
extraction wells is still east-northeast in this area (Fig- 
ure 2.8-16). Water levels are estimated to be declin- 
ing in this area at a rate of about 0.47 meter per year 
(DOEN-99-79). 

The entire high concentration area of the plume 
(greater than 2,000 pg/L) was contained hydraulically 
in fiscal year 1999 (DOE/RL99-79). Based on numeri- 
cal modeling results, the radius of influence of the 
pumping wells across the high concentration area 
extends over 124 meters from extraction well 299- 
W15-33 (Figure 2.8-17). 

2.8.2 TPlant 

’ T Plant aperated from 1944 through 1953 to sepa- 
rate plutonium contaminated fuel using the bismuth 
phosphate process. It was subsequently converted to 
an equipment decontamination facility. Chlorinated 
hydrocarbons (carbon tetrachloride and trichloroeth- 
ylene), iodine-129, nitrate, and tritium form the most 
extensive contaminant plumes in the vicinity of 
T Plant. The majority of the chlorinated hydrocarbon 
contamination appears to originate in the vicinity of 
the Plutonium Finishing Plant, though there may be a 
contribution from T Plant facilities. Nitrate contami- 
nation appears to originate from both T Plant and 
Plutonium Finishing Plant facilities. Technetium-99 
contamination at levels above drinking water standaxds 
is not as extensive but high levels are found near Waste 
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Groundwater monitoring is conducted near 
T Plant: 

b triennially to annually to describe the 
nature and extent of contamination 

b semiannually to monitor trends in variable 
constituents/wells 

b semiannually to detect the possible impact 
of one RCRA waste management area 

b quarterly to assess contamination from 
two RCRA waste management areas. 

Management Area T and Waste Management Area 
TX-TY. In addition, minor uranium, chromium, and 
fluoride contamination is found near T Plant. 

Waste Management Areas T and TX-TY are moni- 
tored as RCRA treatment, storage and ctsposal facili- 
ties. They were both monitored according to interim 
status assessment quirements in fwal year 1999. The 
status of the assessment monitoring is discussed in 
Sections 2.8.2.11 and 2.8.2.12. Low-Level Waste 
Management Area 3 was monitored under RCRA 
interim status detection requirements and is discussed 
in Section 2.8.2.13. 

2.8.2.1 Groundwater Flow 

Groundwater flow in the northern portion of the 
200 West Area is predominantly to the east-northeast, 
with the flow direction more to the east in the area 
immediately around and to the east of T Plant (see 
Plate 2). In the past, the flow direction in this part of 
the 200 West Area was strongly influenced by liquid 
waste disposal practices at other facilities in 200 West 
Area. As little as 5 years ago, the flow direction was 
mainly north-north- As the influence of past liquid 
disposal practices continues to declie, groundwater 
flow is expected to approach pre-Word conditions 
and become primarily eastward. Pump-and-treat 
operations at the 200-ZP-1 Operable Unit are impact- 
ing flow directions in the southern part of this area. 

Sections 2.8.2.11,2.8.2.12, and 2.8.2.13 onRCRA 
monitoring contain additional discussion of ground- 
water flow. 

2.8.2.2 Tritium 

A tritium plume lies beneath much of the north- 
em half of the 200 West Area and extends to the 
northeast (see Plate 3). The plume geometry suggests 

the major tritium source is near the TY Tank Farm, 
the 242-T evaporator, and associated disposal cribs. 
Tritium concentrations remain.extremely high in the 
area immediately east of the TY Tank Farm. In June 
1998, tritium concentration suddenly increased to 
3.21 million pCi/L in well 299-W14-2, adjacent to the 
216-T-28 crib. In fiscal year 1999, concentrations in 
this well dropped, but concentrations increased in 
nearby wells 299-W14-12 and its replacement well 
299-W14-13 (Figure 2.8-18). The August sample from 
well 299-W14-13 contained the maximum concentra- 
tion detected in fiscal year 1999,2 million pCi/L, which 
is equal to the derived concentration guide. The 
hydraulic gradient in thii vicinity is very flat due to 
the interaction of the regional gradient and the influ- 
ence of the 200-ZP-1 Operable Unit pump-and-treat 
system. Condensate from the 242-T evaporator is a 
likely source of this contamination; however, the cause 
for the sudden increase is unknown. 

Waste sites associated with T Plant hawe 
contaminatedgrolcndeuaterwithhigh~~ 
wafionsofwitim. Theanrtaminantisasso- 
dated with We- 1 29 and techetium-99. 

In an area north of Waste Management Area T, 
uitium is consistently found at levels much lower than 
the surroundings, which may be related to past dis- 
charge of relatively clean water to the 216-T-4-2 ditch 
(WHGEP-0815). Discharge of water to the 216-T-4-2 
ditch ceased in 1995, followed by an increase in trit- 
ium concentrations in nearby wells. 
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2.8.2.3 Iodine- 129 

The extent of iodine-129 above the interim drink- 
ing water standard near T Plant (Figure 2.8-19) coin- 
cides generally with the technetium-99 and tritium 
(see Plate 3) plumes. The interpretation of iodine-129 
results is somewhat complicated by analytical difficul- 
ties at the primary laboratory that affected numerous 
higher concentration values. The analytical issues are 
being addressed in discussions with the laboratory. 
High concentrations of iodine- 129 were measured in 
well 299-W14-2 with a maximum concentration of 
47.4 pCi/L for data that are not Aciated with ana- 
lytical problems (annual average from this well was 
32 pCi/L). Concentrations from this well appeared to 
decline during the course of the year. 

2.8.2.4 bchnetium-99 

A technetium-99 plume is present in the T Plant 
area (Figure 2.8-20), but the concentrations are less 
than the drinking water standard in most of the area. 
The two areas with technetium-99 greater than the 
drinking water standard are near the northeastern cor- 
ner of Waste Management Area T and in the Waste 
Management Area TX-TY. The RCRA assessment 
concluded that Waste Management Area T and TX-TY 
were probably the sources of at least some of this 
technetium-99 (PNNL-11809). Further details on the 
technetium-99 contamination are discussed with the 
tank farm assessment summaries in Sections 2.8.2.1 1 
and 2.8.2.12. 

2.8.2.5 Uranium and Gross Alpha - 
' Few analyses for uranium were performed in 

vicinity of T Plant in fiscal year 1999 because most 
wells showed insignificant levels in previous monitoring. 
Wells monitored near the single-shell tank farms for 
RCRA compliance are sampled for gross alpha meas- 
urements, which would show an increase if uranium 
contamination appeared. Because uranium is typically 
the source of most elevated gross alpha measurements 
seen at the Hanford Site, it is discussed in this section. 
Uranium was detected above the proposed maximum 
con taminant level in only one well in the T Plant area. 

Well 299-W11-14 contained 49.7 pg/L of uranium in 
the single sample taken in fiscal year 1999.. The value 
continues the slow decline seen for the past several 
years. This well is located immediately northwest of 
T Plant, and the source of the uranium has not been 
determined. 

Elevated levels of gross alpha concentration were 
noted in well 299-Wll-27, north of the T Tank Farm 
prior to its going dry. Although a gross alpha concen- 
tration of 90 pCi/L was detected in 299-Wll-27 in 
March, it was not detected in the replacement well 
299-W10-24 in March or in samples collected later. 
Thus, the elevated gross alpha levels in 299-Wll-27 
are suspected to be related to high turbidity and par- 
ticulate matter in the samples. High turbidity is often 
encountered in wells that are nearly dry because the 
water must be collected near the bottom of the well, 
and the well often cannot be purged sufficiently to 
remove the particulate matter. In these cases, the 
conFntrations of contaminants such as d u m ,  which 
may be found within or sorbed to particulates, are not 
representative of aquifer conditions. 

2.8.2.6 Nitrate 

Nitrate continued to be present in groundwater at 
concentrations in excess of the 45 mg/L maximum 
contaminant level beneath much of the northern part 
of 200 West Area (see Figure 2.8-10). The ma$mum 
concentration in this vicinity in fiscal year 1999 was 
823 mg/L in well 299-W10-4. Concentrations of 
nitrate in this well have been rising since 1997. The 
nitrate contamination is more widespread than the 
iodine-129, technetium-99, or tritium plumes discussed 
previously. It is probable that there are multiple sources 
of nitrate in this area, including disposal facilities near 
the Plutonium Finishing Plant. 

2.8.2.7 Chromium 

chromium at levels above the 100 pgh. maximum 
contaminanr level in filtered samples is restricted to 
the immediate vicinity of Waste Management Area 
T and TX-TY (Figure 2.8-21). The maximum average 
annual concentration detected in fiscal year 1999 was 
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294 jg/L in well 299-W14-13, east of Waste Manage- 
ment i4rea TX-TY, where concentrations have been 
generally increasing. 

A small chromium plume has been identified in 
the vicinity of T Tank Farm. The source for this per- 
sistent plume has not been identified. Chromium is of 
interest because it has been identified in tank waste 
and may help form a signature of mobile tank waste 
components. A recent increase in chromium to levels 
above the maximum contaminant level near Waste 
Management Area TX-TY is discussed in more detail 
in Section 2.8.2.12. 

2.8.2.8 Fluoride 

Fluoride was detected above the 4-m& maximum 
contaminant level near the T Plant waste disposal 
facilities. The fluoride contamination was found in a 
number of wells in the vicinity of Waste Management 
Area T, with annual average measurements in wells 
299-WlO-4 (4.6 m a )  and 299-WlO-12 (4.1 m a )  
greater than the maximum contaminant level. Fluo- 
ride may be associated with tank waste. 

2.8.2.9 Chlorinated Hydrocarbons 

Although the bulk of the carbon tetrachloride 
plume in the 200 West Area is known to have origi- 
nated from liquid waste disposal facilities in the vicin- 
ity of the Plutonium Finishing Plant, a second source 

may exist in the vicinity of T Plant. According to 
WHC-SD-EN-TI-248, the source could be carbon 
tetrachloride that was dissolved in the 242-T evapora- 
tor overhead and discharged from 1973 to 1976 to the 
216-T-19 crib. The carbon tetrachloride distribution 
in the 200 West Area is shown in Figure 2.8-1. carbon 
tetrachloride concentrations in the vicinity of T Plant 
are hi f ly  variable. Of particular interest are datively 
low carbon tetrachloride concentrations (less than 
500 pg/L but still above the 5-m maximum contam- 
inant level) in the vicinity of the Southeastern comer 
of Waste Management Area TX-TY. This area is 
within the hydraulic influence of the 200-ZP-1 Oper- 
able Unit pump-and-treat system discussed previously. 

(4 
Although data are sparse, there appears to be a gener- 
ally low carbon tetrachloride concentration area in 
the east-central part of the 200 West kea.  

Trichloroethylene is also found at levels above 
the maximum contaminant level in the vicinity of 
T Plant but at levels considerably lower than carbon 
tetrachloride. The area of trichloroethylene greater 
than the maximum contaminant level extends from 
the Plutonium Finiiing Plant northeast through the 
T Plant vicinity (see Figure 2.8-9). 

2.8.2.10 Iron, Manganese, and Nitrite 

Wells 299-W11-24 and 299-W11-28, located to 
the east of Waste Management Area T, have had 
reported high values of iron and manganese in filtered 
samples. Iron jumped suddenly to a maximum of 
9.500 pg/L. in well 299-W11-24 in fiscal year 1999 but 
increased slowly to a fiscal year 1999 maximum of 
394 pg/L in well 299-Wl l-28. Manganese in well 
299-Wl1-24 reached a fiscal year 1999 maximum level 
of 1,380 pg/L, while the fiscal year maximum value for 
well 299-Wll-28 was 209 pg/L. The &ese trends 
closely follow those of iron. Elevated nitrite has also 

been detected at levels (expressed as pg/L NO;) up to 
1,862 pg/L in well 299-W11-24 and 295 pg/L in well 
299-W11-28 for fiscal year 1999 but does not follow 
the same trend as the iron and manganese. The high 
nitrite, iron, and manganese are indicative of reducing 
conditions; however, the cause of the reducing condi- 
tions is unknown. 

2.8.2.1 1 Waste Management Area T RCRA 
Assessment Summary 

Lil 

Waste Management Area T, located in the north- 
central portion ofthe 200 Area, consists ofthe T Tank 
Farm and ancillary equipment (e.g., diversion boxes). 
Constructed between 1943 and 1944, the tank fann 
umtains twelve 2-million-liter tanks and four 208,000- 
liter tanks. The tanks began receiving waste in 1944, 
initially receiving principally waste from the bismuth 
phosphate process. During early operations, tank waste 

from the third tank was discharged to the ground in 

\ 

was cascaded through sets of three tanks and overflow Ll 
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cribs and tile fields to the west of the waste manage- 
ment area. Seven of the tanks in the waste manage- 
ment area are known or suspected to have leaked. 

concentration of technetium-99 peaked at 21,700 pCi/L 
in February 1997. Technetium-99 subsequently 
decreased to a low of 6,000 pCi/L when the last sample 
was taken in March 1999 as water levels dropped in the 
well. Technetium-99 in replacement well 299-W10-24, 

assessment pro- in year 1999* The and drilled immediately adjacent 299-Wll-27, has ranged 
between 1,960 and 3,660 pCi/L with little apparent analyte lists for this unit are given in Appendix A. 

This site continued to be monitored under an 

Gmundwakr Fhw 
trend. This may be because of the longer interval 
open below the water table in the replacement well or 

Groundwater flow directions at Waste Manage- 
ment Area T have been highly variable over the life 
of the facility because of changing effluent discharge 

residual effects of well drilling and development. The 
sampling pump in 299-W10-24 is set at a depth of 
-4.6 meters below the water table. 

patterns within the 200 West Area. The flow direc- 
tion when the RCRA monitoring network was estab- 
lished was toward the northeast. The present flow 
direction is generally toward the east as indicated by 
the large scale water-table map (see Plate 2). However, 
locally flow directions may diverge from the regional 
pattern because variable cementation within the 
Ringold aquifer may result in preferred groundwater 
flow paths. The pre-Hanford flow direction in the 
vicinity of Waste Management Area T is believed to 
have been from west to east, and it was expected that 
groundwater flow in this area would eventually move 
to that direction. However, the change has happened 
fairly rapidly over the past several years and may have 
been accelerated by operation of the 200-ZP- 1 Oper- 
able Unit pump-and-treat system less than 1 kilometer 
to the south. 

hd 

RCRA Wuste Munugement Area T 
contains single-shell rank fm that may 
have contaminated boundwater with 

were drilled m 1999, but m e  wells me 
needed to rep& those that me going d 9 .  

techneti~~n-99 and nin~te. TWO ww wells 

Technetium-99 concentrations in well 299- 
Wll-23 started to increase inNovember 1997, reach- 
ing a high of 8,540 pCi/L in November 1998. 
Technetium-99 subsequently dropped to 2,755 pCi/L 
in March 1 999 before springing back to 7,110 pCi/L 
in August 1999. The detection in 299-W11-23 is 
apparently a result of the change in groundwater flow 
direction from northeast to east. Apparently, the plume, 
stretching northeast from 299-Wll-27, is moving east- 
ward across 299-Wll-23. The location and concen- 
trations of the plume inside the waste management 
area that initially impacted 299-W11-27 are unknown 
at this time. 

Nitrate concentration trends in well 299-W11-27 
and its replacement 299-W10-24 are shown in Fig- 
ure 2.8-23. The recent increase in nitrate concentra- 
tion in well 299-W11-27 is strongly correlated with 
the technetium-99 trend (compare to Figure 2.8-221, 
but this correlation does not carry through to the 
replacement well 299-W10-24. The concentration of 
nitrate in well 299-W10-24 is much higher than that 
in 299-W11-27 whereas the technetium-99 is lower. 
This suggests that the pulse in niaate and technetium- 
99 in well 299-W11-27 is a feature of the very top of 
the aquifer. However, the highest nitrate concentra- 
tions are somewhat deeper, with a different source. 
Given the widespread nature of the nitrate plume, 
much of the nitrate appears to be from liquid waste 
disposal facilities, but the nim,-&&netium-gg asso- 
ciation may represent shallow release from T Tank 
Farm operations. 

Gmundwcrter Confamination 

Technetium-99 concentrations began increasing 
in downgradient well 299-W11-27 in late 1995 and 
early 1996, soon after effluent discharges to ground 
stopped in the 200 West Area (Figure 2.8-22). The 

LJ 
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Chromium concentrations in well 299-W11-27 
exhibited a peak in fiscal year 1996, earlier than the 
peak inteclmetium-99. The chromium i n q k e n t  
well 299-WlO-24 is higher than currently found in 
well 299-Wll-27, indicating the chromium may not 
be askiated with the technetium-99 source since the 
technetium-99 was higher in well 299-Wll-27. 

Monhrjng Netwvrk 

The 0ngu-d RCRA monitoring network for Waste 
Management Area T, completed in 1992, consisted of 
one upgradient and three downgradient wells. Three 
of these wells have subsequently gone dry, as a result 
of the falling water table in the area, and the fourth 
willbedrysoon Inaddition,achangeingroundwater 
flow directicmhasdted in gap in the downgradient 
coverage. Existing, pre-RCRA wells were used to the 
extent possible to meet the needs resulting from a 
declining water table and chang.mg groundwater flow 
directions; however, new wells are needed to meet 
both the needs of downgradient monitoring and for 
tracking the known contaminant plume. 

Two new RCRA compliant monitoring wek were 
drilled in fiscal year 1999 to replace existing gromd- 
water monitoring wells and to fill gaps in the downgra- 
dient network resulting from changes in groundwater 
flow directions (PNNL-12125). Well 299-W10-23 
was drilled as a replacement for well 299-WlO-15 and 
299-W10-24 was drilled as a replacement for well 
299-W11-27; both were completed with 10.7-meter 
screened intervals to allow for future declines in 
water-table elevation. In addition, 299-W10-24 was 
drilled to a depth below the Ringold lower mud unit 
before being backfilled and completed as a monitoring 
well at the top of the aquifer. 

Well 299-W 10-24 was drilled to an initial depth 
of 131.8 meters, endi i  below the lower mud, a con- 
firung unit within the lower Ringold Formation but 
above the top of the basalt. During drilling discrete 
level groundwater samples were taken at depths of 
87.5,99.1,116.7,122.5, and 131.4 meters. The dis- 
crete sampling detected significant levels of carbon 

tetrachloride, nitrate, technetium-99, and tritium 
throughout the thickness of the aquifer (Table 2.8-3), 
including beneath the lower mud, which is generally 
considered to be a confining layer and the bottom of 
the unconfined aquifer. Technetium-99 generally 
decreases downward through the aquifer; however, 
carbon tetrachloride reaches a maximum concentra- 
tion of 1,600 at a depth of 99.1 meters, and nitrate 
and tritium peak at a depth of 87.5 meters. 

2.8.2.12 Waste Management Area TX-TY 
RCRA Assessment Summary 

Waste Management Area TX-TY continued to be 
monitored under an assessment program in'fiscal year 
1999. The well and analyte lists for this area are given 
in Appendix A. 

Gmundwater F low 

Groundwater flow directions at Waste Manage- 

1 ment Area TX-TY have been highly variable over the 
life of the facility because of changmg d u e n t  
patterns within the 200 West Area. The flow direc- 
tion when the RCRA monitoring network was estab- 
lished was toward the northeast. The pre-Hanford 
flow direction in the vicinity of Waste Management 
Area TX-TY is believed to have been from west to 

east, and it was expected that groundwater flow in this 
area would eventually move to that direction. How- 
ever, groundwater flow directions have changed fairly 
rapidly over the past several years as a result of the 
200-ZP-1 Operable Unit pump-and-treat operation 
located immediately to the south of the waste manage- 
ment area. The current flow direction is generally 
toward the east in the northern part of the waste man- 
agement area, toward the southeast in the central part 

RCRA Waste Management Area 
TX-7-YcOntains single-shell tunk fm that 
m y  haw c-d groundwater with 

J 

technetim-99 and nitrate. Four new wells 
were drilled in 1999 to rep& h e  that 

haw gone dry. Lr 
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of the waste management area, and toward the south 
in the southern part of the waste management area (see 
Plate 2). However, locally flow directions may diverge 
from the regional pattern because variable cementa- 
tion within the Ringold aquifer may result in preferred 
groundwater flow paths. 

Gmundwcrkr Contamination 

Gmtaminant levels (chromium, cobalt-60, iodine- 
129, nitrate, technetium-99, and tritium) were elevated 
in well 299-W14-12 when first sampled in 1992 and 
remained high for several years. Technetium-99 had a 
high value of 13,300 pCi/L in November 1992 (Fig- 
ure 2.8-24). Contaminant concentrations dropped 
sharply, along with falling water levels in 1995 to 1996 
and remained at relatively low levels during 1997 to 
1998. In late 1998 contaminant levels began to 
increase and continued that trend until the last sam- 
pling of the well in January 1999. Concentrations in 
replacement well 299-W14-13 appear lower but also 

exhibit an upward trend reaching a maximum of 
5,130 pCi/L in August 1999 (see Figure 2.8-24). 

td 

High chromium concentrations were also found 
several years ago in well 299-W14-12, east of Waste 
Management Area TX-TY. Concentrations have been 
lower for several years (Figure 2.8-25). Well 299-W14- 
12 has gone dry and replacement well 299-W14-13 
exhibits increasingly higher concentrations of filtered 
chromium, ranging from 180 to 433 pg/L in fiscal year 
1999. 

The groundwater flow direction in the vicinity of 
299-W14-12 was toward the northeast when moni- 
toring was initiated. Flow is currently toward the 
southeast. Thus, it seems likely that 299-W14-13 
intersects a plume that is distinct from the plume first 
sampled by 299-W14-12. The location and extent of 
the earlier plume is uncertain because of the lack of 
monitoring wells to the east of the line of compliance 
at Waste Management Area TX-TY. 

Technetium-99 levels have increased in well 
299-W15-4 since the initiation of the 200-ZP-1 Oper- 
able Unit pump-and-treat operations (see Section 2.8.1) 

u 

south of the waste management area (Figure 2.8-26). 
Concentrations exceeded the drinking water standard 
of 900 pCi/L in July 1999, though the most recent 
sample in October 1999 was below the drinking water 
standard. Well 299-W15-4, originally constructed to 
monitor the 216-T-19 crib, is directly south of the 
waste management area in a direct flow path between 
the waste management area and the nearest extraca 
tion well. It is possible that the waste management 
area is the soufce of the technetium-99 observed in 
299-W15-4. This small increase is important for eval- 
uating the impact of the pump-and-treat remediation 
on contaminants in the T Plant area and for potential 
future impact of increasing technetium-99 on the opera- 
tion of the pump-and-treat system. Technetium-99 in 
well 299-W15-22, located in the southwestern comer 
of Waste Management Area TX-TY was increasing in 
fiscal year 1998 to an average activity of 3,100 pCi/L. 
However, this well could not be sampled because of 
declining water levels and has not yet been replaced. 
This suggests that the remediation may have a larger 
impact on the plume geometry than can be detected 
by the current monitoring network. Technetium-99 
reached a concentration of 286 pCi/L in northern 
extraction well 299-W15-32 in fiscal year 1999 (see 
Section 2.8.1 .7). 

Monitoring Network 

The original RCRA monitoring network f a  Waste . 
Management Area TX-TY, completed in 1992, con- 
sisted of one upgradient and three downgradient wells. 
Three of these wells have subsequently gone dry, as a 
result of the falling water table in the area, and the 
fourth will be dry soon. In addition, a change in 
groundwater flow direction has resulted in gaps in the 
downgradient coverage. Ex-, pre-RCRA wells were 
used to the extent possible to meet the needs resulting 
from a declining water table and changing groundwa- 
ter flow directions; however, new wells are needed to 
meet both the needs of downgradient monitoring and 
for tracking of the known contaminant plume. 
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Four new RCRA compliant monitoring wells were 
drilled in fiscal year 1999 to replace existing ground- 
water monitoring wells. The new wells fill gaps in the 
downgradient network resulting from changes in 
groundwater flow directions. Well 299-W 10-26 was 

drilled as a replacement for downgradient monitoring 
well 299-W10-18 and 299-W14-13 was drilled as a 
replacement for downkdient monitoring well 
299-W14-12. Well 299-W14-14 was drilled along the 
Southeastern boundary of the waste management area 
to provide monitoring coverage resulting from changes 
in groundwater flow direction. Well 299-W1540 was 
drilled both as a replacement for upgradient mom"tor- 
ing well 299-W15-22 and to monitor the 241-T-25 
trench, which was considered a potential source for 
contaminants detected in well 299-W14-12. All four 
wells were completed with 10.7-meter screened inter- 
vals to allow for future declines in water-table eleva- 
tion. In addition, 299-W14-14 was drilled to a depth 
of 135 meters before being completed as a topsf-the- 
water-table monitoring well. 

Well 299-W14-14 was drilled to an initial depth 
of 135 meters, ending below the lower mud, a confin- 
ing unit within the lower Ringold Formation, but above 
the top of the basalt. During drilling, discrete level 
groundwater samples were taken at depths of 14.5, 
30.1,39.8,56.9, and 685 meters below the water table. 
The discrete sampling detected significant levels of car- 
bon tetrachloride, nitrate, technetium-99, and tritium, 
throughout the thickness of the aquifer (Table 2.8-4), 
including beneath the lower mud, which is generally 
considered to be a confining layer, and the bottom of 
the unconfined aquifer. Technetium-99 generally 
decreases downward through the aquifec however, it 
does seem to peak at a depth of 14.5 meters. Carbon 
tetrachloride reaches a maximum concentration of 
920 pg/L at a depth of 39.8 meters. 

2.82.13 Low-level Waste Management 
Area 3 RCRA Parameters 

'This site continued to be monitored d e r  a detec- 
tion program in fiscal year 1999. Concentrations of 
the indicator parameters, pH, specific conducmnce, 

total organic carbon, and total organic halogen, in 
downgradient wells did not exceed levels in upgradient 
wells during this reporting period. There are no indi- 
cations that Low-Level Waste Management Area 3 
has contributed to groundwater contamination. Wells 
and analytes monitored at this site are listed in 
Appendix A. 

RCRA munitoringut Loy-LweZ Waste 
Management Area 3 indicates no ground- 
water C a t a m i M t i O n ~  this fadlity. 

The miximum contaminant level for carbon tetra- 
chloride and nitrate are consistently exceeded at Low- 
Level Waste Management Area 3. These coflstituents 
are not related to the dispasal of waste in this facility. 
They are attributed to contaminant plumes originating' 
to the south of Low-Level Waste Management Area 3. 
Trichloroethylene continues to exceed the 5 jig/L 
maximum contaminant level in well 299-W10-21. hj 

Groundwater flow beneath Low-Level Waste Man- 
agement Area 3 is generally to the northeast trending 
more to the east-northeast under the 218-W-3AE 
burial g r o d .  The flow direction in this area has been 
influenced by past liquid disposal practices in other 
portions of the 200 West Area. As these influences 
continue to decline, the flow direction is expected to 
return to the pre-Hanford conditions, with groundwater 
flowing from west to east. 

2.8.3 UPhnt 

U Plant was built for plutonium recovery using 
the bismuth phosphate process but was never used for 
that purpose. It was used for recovery of uranium from 
bismuth phosphate process waste from 1952 until 
approximately 1962. 

A groundwater contaminant plume, containing 
iodine-129, nitrate, technetium-99, and uranium, 
originates from U Plant disposal facilities and extends 
beyond the 200 West Area fence line to the east. The 
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216-U-1 and 216-U-2 cribs are the major sources of 
the plume. Waste from these cribs is believed to have 
been remobilized by disposal to the 216-U-16 crib 
(WHCEP-0133). Additional sources of contaminants 
include the 216-U-17,216-U-8, and 216-U-12 cribs. 

W 

Groundwater monitoring is conducted near 
U Plant: 

b triennially to annually to describe the 
nature and extent of contamination 

b quarterly to detect the possible impact of 
one RCRA waste management area 

b quarterly to monitor trends in contami- 
nants from one RCRA site 

various time intervals to evaluate the per- 
formance of a pump-and-treat system for 
technetium-99 and uranium. 

Interim action groundwater pump-and-treat remed- 
iation is taking place in the vicinity of U Plant. Because 
of the effects of remediation and past injection of 
treated water into the aquifer, the plume maps in this 
report are somewhat generalized in the area of system 
influence. This section discusses the contamination 
from the facilities in the viciniry of U Plant and 
includes the contaminaton being remediated in a m -  
dancewithcERcLAandthespecificreportingrequire- 
ments for RCRA monitoring at the 216-U-12 crib and 
Waste Management Area U single-shell tank farm. 

2.8.3.1 Groundwater Flow 

Groundwater flow in the vicinity of U Plant in 
the 200 West Area is primarily to the east (see Plate 2). 
Water levels in this portion of the 200 West Area are 
higher &an the pre-Hanford conditions, but the flow 
direction has been relatively unchanged over the last 
10 or more years. This is because the facilities which 
were the main contributors to the elevated water levels 
are to the west of U Plant. 

br 

Details of groundwater flow at RCRA sites are 
discussed in sections 2.83.6 and 2.83.7. Details of the 
effects of groundwater remediation are discussed in 
Section 2.8.3.8. 

2.8.3.2 Uranium 

. The highest concentrations of d u m  in Hanford 
Site groundwater in fiscal year 1999 were detected 
near U Plant in wells downgradient from the 216-U-1 
and 216-U-2 cribs and adjacent to the 216-U-17 crib 
(Figure 2.8-27). Uranium concentrations in wells 
near the 216-U-1 and 216-U-2 cribs showed a large 
pulse of uranium in 1986. Trends in uranium concen- 
trations in well 299-W19-3, immediately downgradient 
from the cribs, are shown in Figure 2.8-28. The ura- 
nium levels in this well decreased considerably since 
the maximum measured in 1986 but have increased 
again in recent years. Levels in fiscal year 1999 reached 
1,990 pg/L. Technetium-99 concentrations, however, 
have not shown the recent increase. This suggests 
that the cribs are not currently providing an ongoing 
source of technetium-99 from the vadose zone. The 
uranium behavior is different than technetium-99 
because of its stronger sorption to the sediment and a 
greater proportion of the uranium remains at or near 
the source area. 
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e d w a t e r  beneadr u Plant waste 

wanam on the H anfmd Site m jbd year 
1999. Levels increased in some wells this 
year, but have dedinedfrom their peak in 
1986. 

faciIitieshadthehigfiestconcentru~of 

The maximum annual average uranium concen- 
tration detected near U Plant in fiscal year 1999 was 
2,600 pg/L in well 299-W19-20, located near the 
pump-and-treat extraction well (see Figure 2.8-27). 
The uranium concentrations for several wells in the 
U P h t  vicinity represent dose values greater than the 
derived concentration guide dose level. Assuming 
natural isotopic abundance, a uranium concentration 
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of 790 pg/L represen& the 100-mremh.r dose equiva- 
lent for ingestion of drinking water. , 

The uranium distribution in the vicinity of the 
216-U-17 crib has been affected by pump-and-treat 
remediation (discussed in Section 2.83.8). The remedi- 

. ation system impacted the direction of groundwater 
flow, both through the pumping and the past injection 
of treated groundwater upgradient ofthe pumping well. 
Because injection ceased in March 1997, its effect on 
the uranium distribution is decreasing. As expected, 
uranium concentrations decreased downgradient of 
the injection well and increased near the pumping 
well as the plume is drawn toward the pumping well. 
In fiscal year 1999, however, high concentrations of 
uranium were detected near the former injection well. 
This suggests that uranium contamination is moving 
into the area from upgdent  but may also be rebound- 
ing from termination of the injection. 

2.8.3.3 khnetium-99 

Technetium-99 typically followed uranium 
throughout much of the fuel cycle. Thus, a sizable 
technetium-99 plume is associated with the 216-U-1, 
216-U-2, and 216-U-17 cribs in essentially the same 
location as the uranium plume. The distribution of 
technetium-99 in this vicinity is complex, in part 
because ofthe operation of the pump-and-treat remedia- 
tion system that reinjected treated water until March 
1997. The maximum annual average technetium-99 
concentration associated with this plume in fiscal year 
1999 was'25,300 pCi/L, found in well 299-W19-29. 
This well is located downgradient of the former injec- 
tion well, and for several years prior to fiscal year 1999, 
the technetium-99 reflected the low concentrations in 
the injected water (Figure 2.8-29). The technetium-99 
levels are currently higher than they were prior to the 
start of the remediation. However, technetium-99 
concentrations in most wells in the central part of the 
plume have declined during the period of pump-and- 
'treat operations. Technetium-99 concentrations 
also declined in downgradient well 699-38-70 
(Figure 2.8-30). 

Technetium-99 remains slightly elevated in wells 
downgradient of Waste Management Area U, as com- 
pared to upgradient wells. However, levels are below 
the dnnlung water standard. The concentrations in 
most downgradient wells declined to values between 
200 and 300 pCi/L.. In new well 299-W19-41, how- 
ever, concentrations of technetium-99 increased from 
323 to 638 pCi/L during the course of the year. 

Thedisnibutionof~netium-99issim- 
iktr to uranium in the U Plant mea. Nitrate 

is also present, but is m e  cuidesgread. 

2.8.3.4 Nitrate 

Near U Plant, nitrate contamination at levels 
greater than the maximum contaminant level is con- 
siderably more widespread than technetium-99 or 
uranium (Figure 2.8-31). Thii reflects the multiple 
sources of nitrate in the area. In particular, the 
216-U-12 crib contributed to nitrate at levels slightly 
above the maximum contaminant level. ' 

Nitrate concentrations in the vicinity of the 
216-U-17 crib are among the highest on the Hanford 
Site but are not typically monitored because nitrate is 
not a performance indicator for the pump-and-treat 
system. In fiscal year 1998, a concentration of 1,700 . 
mg/L nitrate was detected in well 299-W19-26. This 
well was not sampled for nitrate in fiscal year 1999. 
The nitrate source is believed to be past disposal to 
the 216-U-1 and 216-U-2 cribs, the same as the 
technetium-99 and uranium source. 

2.8.3.5 iodine-1 29 

Iodine- 129 was found above the interim drinking 
water standard in the immediate vicinity of the 216-U-1 
and 216-U-2 cribs (Figure 2.8-32). Several of the 
wells that previously cbntained iodine-129 at levels 
above the drinking water standard were not sampled 
in fiscal year 1999. Downgradient, the iodine-129 
plumes from U Plant operations merge with, and 
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Id 
become indistinguishable from, the REDOX Plant 
plume (see Section 2.8.4.2). 

2.8.3.6 2164-12 Ctib RCRA Assessment 
Summary 

RCRA groundwater monitoring continued in an 
assessment program in fiscal year 1999. The results 
and findings of the assessment monitoring program are 
presented in PNNL-11574. The elevated levels of 
specific conductance in the downgradient wells are 

- attributed to calcium and nitrate. Technetium-99 has 
been detected in downgradient monitoring wells since 
monitoring began, indicating that the crib was the 
source. These finclmgs indicated that the crib contrib- 
uted to groundwater contamination and must remain 
in interim status assessment monitoring. The objec- 
tive of the assessment monitoring is to evaluate the 
flux of constituents into the groundwater beneath the 
crib and monitor the known constituents until a cor- 
rective action is defined or final status monitoring 
plan is implemented for the crib. ib/ 

The 216-U-12 cribis uRCRA site that 
mayhaw- . g r o u ~ w i t h  
nitrate. Newcuellsmeneededtoreplace 
thosethataregoingdry. 

Declining water levels in the 200 West Area 
reduced the monitoring network from the original five 
wells to just three wells (one upgradient and two down- 
gradient). This included one new well that was 
installed in September 1998. While the wells are 
sampled quarterly for the constituents of interest (see 
Table A.17) only two downgradient wells remain 
active, 299-W22-79 and 699-36-70A (see Figure A.8 
and Plate 1). Washington State Department of Ecol- 
ogy (Ecology) and US. Department of Energy (DOE) 
agreed in the form of a Tri-Party Agreement interim 
milestone M-24-00] that new wells would not be added 
during calendar year 1999. However, 'two replacement 
wells, one upgradient and one downgradient, may be 
installed in calendar year 2000. 

W 

New well 299-W22-79 was sampled for the first 
time in the first quarter of fiscal year 1999. The well 
is located approximately halfway between downgra- 
dient wells 299-W22-41 and 299-W22-42, both of 
which went dry and were last sampled in March 1999. 
Well 299-W22'-79 was installed to replace 299-W22-42. 
Well 299-W22-40 was removed from the network in 
the first quarter of 1999 after it went dry. Well 
299-W22-40 will not be replaced because it was not 
located directly downgradient of the crib, and no con- 
taminants were detected in the well. 

Based on regional groundwater elevations, the 
groundwater flow direction continues east-southeast 
to easterly. New wells will be located appropriately to 
maximize the downgradient coverage of the 216-U-12 
crib. 

Groundwater flow rates have not changed signifi- 
cantly since last year and are presented in Table A.2. 

Site-specific parameters selected for the interim 
status quality assessment monitoring include gross 
alpha, gross beta, iodine-129, nitrate, technetium-99, 
and tritium (see Table A.17). The crib is the source of 
elevated nitrate and technetium-99 that were detected 
in downgradient wells 299-W22-41,299-W22-42, 
299-W22-79, and 699-36-7OA. 

The nitrate and technetium-99 plumes are a series 

of smaller plumes with sources from several cribs 
(216-U-1,216-U-2,216-U-8, and 216-U-12) in the 
U Plant area. Iodine-129 and tritium were detected 
repeatedly in several 2 16-U- 12 crib downgradient 
monitoring wells, but the sources appear to be the 
REDOX Plant effluent disposal cribs that are upgradi- 
ent of the 216-U-12 crib. These plumes are discussed 
fiuther in Section 2.8.4. 

Nitrate continued to be detected at levels greater 
than the 45 mg/L maximum wntaminant level in all 
the downgradient wells. However, the concentration 
trend in the nitrate has been downward (Figure 2.8-33). 
Technetium-99 followed a trend similar to nitrate. 
Technetium-99 activities ranged from 21.2 to 103 pCi/L 
in downgradient wells, well below the 900 pCi/L 
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dnnkurg water srandard (Figure 2.8-34). Technetium- 
99 concentration trends are declining in wells near 
the crib and increasing farther downgradient in well 
699-36-7OA. This suggests that the plume is moving 
downgradient farther east, away from the crib. 

During fiscal year 1999, the center of the tritium 
plume appears to have moved farther east, away from 
the crib. Tritium concentrations remained above the 
2O,OOO-pCi/L interim drinking water standard in 
downgmhent wells 299-W2242,299-W22-79, and 
699-36-70A during fiscal year 1999. The most recent 
concentrations are 21,600 and 83,300 pCi/L reported 
in wells 299-W22-79 and 699-36-70A, respectively. 

Iodine-129 is elevated above the 1 $i/L dnnking 
water standard in wells 299-W22-42, 299-W22-79, 
and 699-36-70A. Iodine-129 in these wells is 7.64, 
2.58, and 15.2 pCi/L, respectively. The iodine-129 
source is u p d e n t  of the 216-U-12 crib. 

2.8.3.7 Waste Management Area U RCRA 
Parameters 

This waste management area has remained in 
detection level monitoring since RCRA interim status 

monitoring began in 1989. Total organic halides 
exceeded the critical mean value but have ‘an upgra- 
dient source. Recalculation of the critical mean for 
specific conductance (Appendix A) lowered the value 
from 533 @/cm to 273 @/cm. The August 1999 spe- 
cific conductance for downgradient well 299-W19-41 
e x u d e d  this new critical mean. DOE not&ed Ecology 
of this exceedance and an assessment plan is being 
Prepared. 

Groundwater flow directions at Waste Manage- 
ment Area U have been highly variable over the life 

Waste MaMgement Area U contains 
singfe-shell Mlks and is a RCRAsite. Spe- 
cificconductance exceededits CritiCaImean 
&moneweIlinAugwt1999. 

of the facility because of changmg effluent discharge 
patterns within the 200 West Area. The flow direc- 
tion, when the RCRA monitoring network was estab- 
lished, was towad the nor the as^ Prior to establishment 
of the Hanford Site, groundwater in the vicinity of 
Waste Management Area U is believed to have flowed 
fromwest to east, and it wasexpxtedthat groundwater 
flow in this area would eventually move to that direc- 
tion. However, groundwater flow directions have been 
altered over the past several years as a result of the 
200-ZP- 1 Operable Unit pump-and-treat operation 
located immediately to the north of the waste manage- 
ment area. The present flow direction is generally 
toward the east in most of the waste management area 
but has a northeasterly component in the northern 
part of the waste management area (see Plate 2). This 
northeasterly component is a result extraction well 
299-W15-37. The waste management area is outside 
of the capture zone of this well, but near enough to 
experience deflection of groundwater flow trajectories. 
Locally flow directions may diverge from the regional 
pattern because variable cementation within the 
Ringold aquifer may result in preferred groundwater 
flow paths. 

I 

Total organic halides have exceeded the compari- 
son value in a number of samples at Waste Manage- 
ment Area U because of the carbon tetrachloride plume 
originating at cribs associated with the Plutonium Fin- 
ishing Plant Large effluent ddmrges to the 216-U-14 
ditch in the early 1990s, coupled with changes in 
groundwater flow patterns caused by the 200-ZP-1 
pump-and-treat operation, have resulted in concentra- 
tions in downgradient wells exceeding the comparison 
value calculated from the upgradient well. Carbon 
tetrachloride is not a significant tank component, and 
the total organic halides exceedances are not related 
to the waste management area. 

Technetium-99 is consistently present in down- 
gradient wells at levels less that the drinking water 
standard of 900 pCi/L. A number of instances where 
gross beta values exceed the maximum contaminant 
level are a result of technetium-99. 
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u 
The original RCRA groundwater monitoring net- 

work established at Waste Management Area U con- 
sisted of two upgradient and three downgradient wells 
(see Table A.13). One pre-RCRA well (299-W19-12) 
is used for indication only to fill a gap between RCRA 
wells 299-W19-41 and 299-W19-42. Three of the 
RCRA wells were constructed with 4.6-meter screened 
intervals and two with 10.7-meter screened intervals. 
Two of the three wells with the shorter screened inter- 
vals have gone dry and the third will not be able to be 
used within a year. The two that have gone dry have 
been replaced with new wells. 

Well 299-W19-41 was constructed to replace 
downgradient well 299-W19-32 and well 299-W19-42 
was constructed to replace downgradient well 299-W19- 
31. Both wells were constructed with 10.7-meter 
screened intervals to allow for future declines in water- 
table elevation. 

Well 299-W18-25 will be dry in the near future, 
leaving one upgradient well for the waste management 
area. There are no plans to replace 299-W18-25. 
Time will tell whether one upgradient well is sufficient 
to capture the variability of upgradient groundwater. 
Well 299-W19-12 is an older, non-RCRA compliant 
well that consistently yields anomalous, high pH dues,  
probably as a result of construction materials. 

W 

2.8.3.8 Groundwater Remediation at 
200-UP-1 Operable Unit 

The goal of the 200-UP-1 pump-&-treat system 
is to reduce contamination in the highest concentra- 
tion area of the plumes, reduce human health risks 
through mass removal, hydraulically contain the con- 
taminant plume, and provide information to support a 
final remedy decision. The most notable success in 
fiscal year 1999 was the reduction of technetium-99 to 

below the 9,OOO-pCi/L remediation goal in all but two 
wells. Uranium concentrations remained above the 
480-pg/L remediation goal in almost all wells, even 
after treatment of 425.6 million liters and 5 years of 
operation. 

h, 

Groundmter in the U Plant area is . 

pumped and treated to preuent contamina- 
tion from spreading. The highest cmnrra- 
tion portions of the t42chnetium-99 and 
uranium plumes haw shrunk since 1995. 

Interim Remedial Action Obiectives 

The pump-and-treat system for this operable unit 
is located on the northern side of the 216-U-17 crib 
(see Figure A.11). The interim action objectives 
(ROD 1997) are the following: 

reduce contamination in the areas of highest con- 
centration of technetium-99 and uranium to below 
10 times (480 m&) the cleanup level under the 
Model Toxics Control Act (WAC-173-340) for 
uranium, and 10 times (9,000 pC&) the drink- 
ing water standard for technetium-99 

reduce potential adverse human health risks 
through reduction of contaminant mass 

prevent further movement of these contaminants 
from the highest concentration area 

provide information that will lead to the devel- 
opment and implementation of a final remedy 
that will be protective of human health and the 
environment. 

For more detailed information about operations 
during fiscal year 1999, refer to DOEN-99-79. 

History of Operations 

A separate pump-and-treat remediation system 
operated in 1985 near the 216-U-1 and 216-U-2 cribs 
to reduce elevated uranium concentrations. For a dis- 
cussion of this operation, refer to WHC-EP-0133. 

The current system was constructed to contain the 
highest concentration portion of the technetium-99 
and uranium plume. Early operations consisted of a 
treatability test conducted from March 1994 to Sep- 
tember 1995. Phase I pump-and-treat operations 
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began September 1995 and consisted of one extrac- 
tion well and one injection well. This system operated 
until February 7, 1997. Groundwater was treated 
onsite using an ionexchange medium, with treated 
water injected upgradient from the extraction well. 

On February 25,1997, an interim action record of 
decision was issued (ROD 1997) that initiated Phase 11 

‘ for the ~OO-UP-I Operable Unit pump-and-treat opera- 
tions. The selected remedy consisted of pumping the 
highest concentration zone of the technetium-99 and 

- uranium groundwater plumes, using the same extrac- 
tion well and axqxmng the contaminated ground- 
water to the Effiuent Treatment Facility in the 200 East 
Area. Since March 1997, contaminated groundwater 
was pumped from the extraction well, trahsported in 
an 1 1-kilometer pipeline to the Effluent Treatment 
Facility in the 200 East Area for treatment, and sent 
to the State-Approved Land Dwposal Site north of 
the 200 West Area for disposal. secondary contami- 
nants (carbon tetrachloride and nitrate) are also present 
and are being removed. 

Contaminant Remowl 

Approximately 93.5 million liters of contaminated 
groundwater were treated at the Effluent Treatment 
Facility in fiscal year 1999. The average extraction 
flow rate was 182 liters per minute. 

Table 2.8-5 details the volumes of treated water 
and the carbon tetrachloride, nitrate, technetium-99, 
and uranium removed by quarter since inception of 
operations (March 1994). Table 2.8-6 shows the con- 
taminant trends. 

Carbon tetrachloride concentrations decrease while 
groundwater is tmqmted along the Il-kilometer pipe- 
line between extraction wells in the 200 West Area 
and the Effluent Treatment Facility in the 200 East 
Area because of outgassing and lm of volatiles. Given 
the volume of pumped groundwater in fiscal year 1999 
(93.5 million liters), the estimated amount of mass 
lost to the atmosphere was 9.3 kilograms. This loss is 
in addition to the mass removed during treatment. 

Ovcmll Effectiveness 

As of July 1999, the high concentration portions 
ofthe technetium-99 and uranium plumes were hydrau- 
lically contained. However, they were not remediated 
to the levels required by the interim action objectives 
(ROD 1997). Significant progress was made in reduc- 
ing the size and concentrations of the technetium-99 
plume. Less progress has been made in remediating 
the uranium plume because of its tendency to sorb to 
the soil. 

The following conclusions were drawn from these 
plume maps and from information contained in DOJZ/ 
RL-99-79. 

Technetium-99 
The extent of the plume with high mncentrations 

oftechnetium-99 was reduced incomparison to the 
o r i d  baseline area (Figures 2.8-35 and 2.8-36). 
Note that the July 1999 900 pC& plume covers 
about the same area as the June 1995 plume of 
9,OOO pCi/L. 

Technetium-99 concentrations are below the 
9,ooO-pCi/L remediation criterion, with the excep- 
tion of only two monitoring wells (299-W19-26 
and 299-W19-29) (see Figure 2.8-35). 

A localized technetium-99 “hot-spot,’’ originating 

upgradient of the targeted plume area, appears to 

be moving downgradient from well 299-W19-28 
through wells 299-W19-29 and 299-W19-36. 

Technetium-99 concentrations increased signif- 
icantly in well 299-W19-36 from 1,470 $i/L in 
1998 to 8,230 pCi/L in 1999. It is likely that 
technetium-99 will exceed the remediation action 
objective of 9,000 $i/L during the next sched- 
uled sampling. This well is the former injection 
well that was shut down in early 1997. 

Urmrium 

The extent of the plume with high concentra- 
tions of uranium (more than 480 pg/L) appears 

t, to be slightly smaller than the June 1995 baseline 
plume (Figures 2.8-37 and 2.8-38). 
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Continued low uranium concentrations (-200 
m&) in the monitoring well directly downgradient 
of the extraction well (299-W 19-40) indicate that 
the high concentration portions of the plumes are 
contained, thereby preventing downgradient 
migration. 

Uranium concentrations in four monitoring wells 
and the extraction well have remained above the 
480-Clgn remediation objective. The much slower 
response to remediation compared to technetium 
is due to ukium’s tendency to sorb to soil, making 
it more difficult to extract. 

Uranium concentrations increased in wells 
299-W19-29 and 299-W19-36. The increase in 
concentrations is attributed to recovery associated 
with termination of injection well operations. 
Prior to shutdown of the injection well, contami- 
nants were diluted from injection of treated water. 

WOter-Levcl Impact and Cupture-Zone Andy& 

Water levels declined -0.56 meter in fiscal year 
1999, as the overall 200 West Area water table 
decreased. Two of the monitoring wells in the 200- 
UP-1 Operable Unit (299-W19-24 and 299-W19-28) 
went dry during fiscal year 1999 because of declining 
water levels. In addition, wells 299-W19-23,299-W19- 
26, and 299-W19-38 were switched to a bailer-sarnplmg 
method because groundwater r e m  could not be sus- 
tained using pumps. It is expected that similar modifi- 
cations will be made to other monitoring wells in 
ffical year 2000, as water levels continue to decliie. 

Groundwater modeling indicates that the targeted 
plume is captured under the current well configuration 
(Figure 2.8-39). It is estimated that one pore volume 
has been extracted from the original high concentra- 
tion portion of the plume based on the original base- 
line plume map (DOEN-99-79) (Figure 2.8-40). 

,, 

2.8.4 REDOXPlant I 

The REDOX Plant was used for separating pluto- 
nium from irradiated fuel from 1951 through 1967. 

Groundwater plumes, originating in the vicinity of the 
REDOX Plant and its associated waste storage and dis- 
posal facilities, include chromium, iodine-129, nitrate, 
technetium-99, trichloroethylene, tritium, and uranium, 
at levels above the maximum contaminant levels/ 
drinking water standards. Strontium-90 was not 
detected at levels above the interim drinking water 
standard in this area in fiscal year 1999. Two facilities 
in this vicinity, Waste Management Area S-SX and 
216-S-10 pond and ditch, have RCRA monitoring 
requirements. Other facilities appear to have produced 
the major part of the groundwater contamination, 
although high concentrations of technetium-99 and 
other contaminants are attributed to leaking tanks or 
associated piping in Waste Management Area S-SX. 

Groundwater monitoring is conducted near 
the REDOX Plant: 

b triennially to annually to describe the 
nature and extent of contamination 

b semiannually to detect the possible impact 
of one RCRA waste management area 

b quarterly to assess contamination from 
one RCRA waste management area. 

2.8.4.1 Groundwater Flow 

The groundwater flow in the Southern portion of 
the 200 West Area is principally to the east, with a 
slight southeastern component (see Plate 2). The 
southeastem trend is more apparent in the area of the 
decommissioned U Pond. Flow directions in this area 
have shifted more to the east as the impact of past 
liquid disposal activities have declined. This shift to 
the east will continue as these influences continue to 
abate. 

Flow beneath RCRA sites is discussed in Sec- 
tions 2.8.4.8 and 2.8.4.9. 
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2.8d.2 Tritium 

A tritium plume extends eastward from the vicin- 
ity of the REDOX Plant in the southern part of the 
200 West Area (see Plate 3). The eastern part of the 
plume curves to the north, but the tritium concentra- 
tions in the northern part ofthis plume are declining, 
as illustrated by the tritium trend plot for well 699-3845 
(Figure 2.8-41). 

The tritium plume from the 200 West Area e x d  
to US Ecology's low-level radioactive waste disposal 
facility. The maximum tritium concentration (4,565 
tq 4,907 pCi/L) detected in groundwater at that facil- 
ity in fiscal year 1998 was in well 699-35-59 (US Ecol- 
ogy well no. 13). Tritium concentrations in that well, 
located on the western (upgradient) side of the facil- 
ity, continued to increase over the past several years. 
These data were provided by US Ecology and are not 
included on the diskette included with this report or 
shown & Plate 3. 

Movement of thii tritiup~ plume is expected to be 
slow because of the low-permeability sediment in the 
area and the dissipation of the groundwater mound 
beneath the 200 West Area since the reduction of 
effluent discharge. 

Tritium was found above the interim drinking 
water standard upgradient of the REDOX Plant near 
the 2163-25 crib and Waste Management Area S-SX. 
The source of tritium in wells in this area is attributed 
to the past-practice disposal sites (e.g., 2163-4, 
216-S-21,216-S-25). Tritium concentrations in well 
299-W23-9, located near the 216-S-25 crib, have risen 
in recent years but have not reached the levels seen in 
the late 1980s. The tritium pulse seen since 1995 in 
well 299-W22-46 may be the downgradient expression 
ofd-ie 

2.8.4.3 Codine- 129 

from the 2164-25 crib (Figure 2.842). 

An iodine-129 plume from the 200 West Area 
extends into the 600 Area to the east and coincides 
with the tritium plume originating near the REDOX 
Plant (see Figure 2.8-32). Thii iodine-129 plume and 

the iodine-129 contamination originating farther north 
near U Plant appear to coalesce downgradient and 

. become indistmgwhable at the current level of moni- 
toring detail. The maximum iodine-129 concentration 
detected in this plume in fiscal year 1999 was 38 pCi/L 
in well 699-35-70. However, well 299-W22-9, which 
previously has had the maximum iodine-129 concen- 
trations, could not be sampled due to declining water 
levels. ' 

2.8.4.4 Technetium-99 

Technetium-99 was above the drinking water 
standard in two small plumes located near Waste Man- 
agement Area S-SX (Figure 2.8-43). In addition, 
groundwater samples from a borehole drilled in early 
fiscal year 2000 just inside the southwestern comer of 
Waste Management Area SX, showed technetium-99 
concentrations of 48,000 pCi/L, currently the highest 
on the Hanford Site. This borehole was subsequently 
completed as a groundwater monitoring well (well 
299-W23-19). Evidence from recent years suggests 
that multiple sources of technetium-99 in the Waste 
Management Area S-SX tank farm are contributing to 

groundwater contamination (PNNL11810). It should 
be noted that past data suggest that the 216-S-13 crib 
may have contributed to the technetium-99 detected 
further downgradient of Waste Management Area 
S-SX. Well 299-W22-21, located next to the 2164-13 
crib, could no longer be sampled in fiscal year 1999. 
Therefore, there is a scarcity of wells to track the 
migration of technetium-99 downgradient of Waste 
Management Area-S-SX. Technetium-99 in the 
vicinity of Waste Management Area S-SX is discussed 
in Section 2.8.4.8. 

L) 

2.8.4.5 Nitrate 

Nitrate was detected in fiscal year 1999 above the 
maximum contaminant level in two small plumes in 
the vicinity of the REDOX Plant. The first plume is 
'located near the 216-S-20 crib, which received labora- 
tory waste from the 222-S Buildmg (see Figure 2.8-31). 
Lower concentrations of nitrate are also associated 
with the tritium and iodine-129 plumes extending to 
the east of the REDOX Plant. 

L/ 
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Nitrate was detected above the maximum con- 
taminant level in well 299-W23-9 near the 216-S-25 
crib and extends past Waste Management Area S-SX 
(see Figure 2.8-31). It also appears that a low concen- 
tration of nitrate is associated with the technetium-99 
plumes in this vicinity. 

2.8.4.6 Chromium 

Chromium continues to be detected at levels above 
the maximum contaminant level in well 299-W26-7, 
the upgradient well for the 216-S-10 pond and ditch 
(Figure 2.8-44). Chromium concentrations in this 
well have decreased to 175 pg/L in fiscal year 1999 
from 576 Clgn in fiscal year 1998. The source of the 
chromium contamination has not been determined, 
but it is possibly related to the 216-S-10 pond or to 

earlier disposal to upgradient facilities (termed the 
“REDOX swamp” in some early reports). 

There may be a relationship between the chro- 
mium observed in well 299-W26-7 and chromium 
detected farther downgradient, south of the 200 East 
Area (discussed in Section 2.11.5). 

2.8.4.7 Trichloroethylene 

A small trichloroethylene plume, with concentra- 
tions just above the maximum contaminant level, has 
been found in past years to the east of the REDOX 
Plant. Trichloroethylene was not detected at levels 
above the maximum contaminant level in this vicin- 
ity in fiscal year 1999. The 21643-20 crib is a likely 
source of the uichlmthylene plume. 

2.8.4.8 Waste Management Area S-SX RCRA 
Assessment Summary 

Waste Management Area S-SX continued to be 
monitored under a RCRA assessment program in fis- 
cal year 1999. A new groundwater quality assessment 
plan for continued investigations at this waste manage- 
ment area was prepad during the year (PNNL-1 
to cover ongoing groundwater chsracterization efforts 
being conducted concurrently with the RCRA facility 
investigation corrective measures study (HNF-5085, 

Rev. 0). Results of the continued groundwater assess- 
ment findings are scheduled for release as a topical 
report in September 2000. The wells and analytes for 
this area are listed in Appendix A. 

RCRA Waste Mamgment Area S-SX 
contahs singk-shell tanks dratmay huw con- 
taminated gramdwater uith technetium-99. 
Four new wells were drilled in fiscal year 
1999 to help characterize the contaminant 
pzume . 

Groundwater Flow 

Flow rate estimates, using travel times for tritium 
between upgradient and downgradient wells in the 
vicinity of Waste Management Area S-SX, suggest 
groundwater flow rates of 25 to 50 meters per year or 
0.07 to 0.14 meter per day (PNNL-12114). Contours 
of water-table elevation suggest a general southeast- 
erly flow direction (see Plate 2). Calculated Darcy 
flow rates (see Table A.2) from 0.0023 to 0.43 meter 
per day bracket the travel time-based estimates above. 
The water table is gradually declining at the rate of 
-0.6 meter per year, which may result in a future shift 
to a more easterly flow direction and decreased flow 
rates as the gradient declines. 

Assuming the contaminant-based flow rate esti- 
mates noted above are the most representative, the 
average arrival time from an imaginary north-south 
centerline through the waste management area to the 
nearest downgradient RCRA monitoring wells is -3 
to 6 years at 25 meters per year or 1.5 to 3 years at 
50 meters per year. At 50 meters per year, it would 
take over 20 years for a contaminant plume to migrate 
from within Waste Management Area S-SX to the 
nearest downgradient 200 West Area fence line loca- 
tion and much longer to reach the Columbia River. 

Groundwater Contamination 

The general distributions of contaminant plumes 
in the vicinity of Waste Management Area S-SX are 
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discussed earlier in this section. Contaminants have 
tendedtomipte totheeast-southeast asalsosuggested 
by the water-table contours for this area (see Plate 2). 
In addition to estimates of the extent of groundwater 
contaminaton based on the somewhat limited number 
of near-field monitoring wells in the area, additional 
information concerning both areal and vertical extent 
of contamination is emerging from the new wells 
installed in late 1999. 

Theconstituentsofinterestforthiswastemanage- 
ment area have been identified previously based on 
process knowledge and results of in-tank sampling and 
analysis. The radioactive constituents with greatest 
concentrations in the t a n k s  are cesium-137 and 
strontium-90. The more mobile components of the 
waste that have been iden&ed in grouruIwater beneath 
this waste management area include technetium-99 as 
pertechnetate, chromate, nitrate, and tritium. While 
upgradient sources exist because of past-practice dis- 
charges to adjacent cribs, tank h waste input canbe 
distinguished from upgmhent sources by isotopic and 
chemical ratios (PNNL12114; HNF-4936, Rev. 0). 
For example, upgradient ratios of technetium-99 to 
nitrate are very low compared to occurrences in down- 
gradient wells (-0.01 versus -0.1 to 0.2, respectively). 

The occurrence of nitrate, chromium, and 
tedmetium-99 in groundwater at the SX Tank Farm is 
consistent with the high percentage of these mobile 
constituents in the water extracts from contaminated 
soil samples near tanks SX-108 and -109 (see Tables 
3.2-2 and 3.2-3). While a direct link between the 
above tank source and groundwater m o t  be made at 
this time, the high percentage of water extractable 

potentialformnsportofthis type ofwaste duough the 
vadose zone to groundwater. In contrast, cesium-137 

a very low percentage of this radionuclide in the water 
leach fraction (Table 3.2-3) of contaminated sediment 
from borehole 41-09-39. 

nitlate, technetium-99, and chromium suggests there is 

is not detected in groundwater. This is lxm&xent with 

Technetium-99, Nitrate, C h d w r n ,  a d  
Tritium. Concentration trends for three primary 
mobile constit&ents of concern (chromium, nitrate 

and technetium-99) have undergone changes during 
the past year (Figure 2.8-45). Technetium-99 levels 
in well 299-W22-46, southeast of the SX Tank Farm, 
declined slightly, with a fiscal year 1999 average of 
3,600 pCi/L (Figure 2.8-46). Chromium has declined 
more rapidly than technetium-99 in well 299-W2246 
and no longer appears to be co-variant with nitrate 
and technetium-99. This pattern may be a result of 
overlapping plumes from two different sources that 
converge in the vicinity of well 299-W22-46. The 
tedmetium-99/nitrate ratios for samples from the new 
wells as discussed above also suggest multiple sources. 
Another notable change is the rising concentrations 
of chromium, nitrate, and technetium-99 in downgra- 
dient well 299-W22-45 at the SX Tank Farm (see Fig- 
ure 2.8-45). Based on the location of this well, and 
inferred flow directions, this new groundwater occur- 

rence represents a different vadose zone source, possi- 
bly originating in the northeastern area of the SX 
Tank Farm. The well is located downgradient from 
diversion boxes and valve pits that have been sources 
of surface spills in the past. Single-shell tanks are less 
likely sources in this area than the ancillary waste sys- 
tems because of flow direction considerations (see Fig- 
ure AS). Technetium-99 concentrations in new well 
299-W23-19, located on the southeastern side of tank 
SX-115, were UP to 48,ooO $i/L in screening samples. 

Cesium-137 and Si~ontium-90. Except for non- 
RCRA well 299-W23-7, located inside and along the 
eastern side of SX Tank Farm, cesium-137 and 
strontium-90 were not detected in the monitoring well 
network for Waste Management Area S-SX during 
fiscal year 1999. Evaluation of historical and recent 
groundwater data (HNF-4936, Rev. 0) showed that 
results for these two constituents of interest were at br 
below the routine detection limits (-10 pCi/L for 
cesium-137 and -1 $i/L for strontium-90) and were 
within the 95% confidence limits for field trip blank 
results. &?a special study reduced the cesium-137 
detection limit. For example, samples from the two 
wells with the highest technetium-99 concentrations 
(299eW23-19, the SX-115 well, and new well 
299-W22-50) were less than 0.02 to 0.047 pCi/L, 
respectively). 

- 

LJ 
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A maximum cesium-137 concentcation of 49 pCi/L 
in non-RCRA well 299-W23-7 has been previously 
reported and discussed (PNNL-12114). However, this 
occurrence is primarily particulate and is thought to 
be an artifact of past well installation and maintenance 
methods (HNF-4936, Rev. 0). Older gamma logs for 
this well indicate the presence of surface soil contami- 
nation at the wellhead. Thus, contaminated soil may 
have fallen into the well during construction or during 
subsequent maintenance activities. Also, water can 
no longer be pumped from this well. It is now on the 
priority list for decommissioning because it could pro- 
vide a conduit for downward migration of contaminants. 

&ha. Elevated gross alpha (120 pCi/L) was 
detected during the year in the same well (299-W23-7) 
that has exhibited elevated cesium-137 prior to the 
well going dry. Previous investigation of elevated 
gross alpha in this well (PNNL-12114) included an 
analysis of uranium and selected alpha emitters that 
were reported as non-detections (americium-241, 
plutonium-238 and 239). Uranium accounted for most, 
if not all, the alpha emitters present. As with the 
cesium-137 in this well, the source is likely a result of 
contamination during well maintenance or other tank 
farm activities in the past. Additional characteriza- 
tion will be performed during decommissioning of this 
well. A more complete isotopic analysis of the alpha 
emitters (e.g., all the uranium isotopes as well as tran- 
suranics) may be useful in understanding the origin of 
the contamination. 

Anomalous &tal Occuwmes. High concen- 
trations of chromium and iron occurred during the 
year in well 299-W23-15, located immediately south 
of the southwestem comer of the SX Tank Farm. This 
well has previously (1992-1994) exhibited moderately 
elevated chromiw'and iron. During fiscal year 1999, 
iron concentrations (filtered) peaked at over 900 clgn 
on May 13,1999, and total chromium of 42 pg/L was 
measured on August 9,1999. Sample splits for the 
August 9,1999 sampling were analyzed by the standard 
method (inductively coupled plasma emission spectros- 

copy metals analysis using both filtered and unfiltered 'c 

samples) and by a hexavalent specific method (unfil- 
tered sample). Results are shown in Table 2.8-7. 

Table 2.8-7 indicates that most of the iron was 
particulate in the August 9,1999, sample. This sug- 
gests the previous high iron concentration of over 
900 pg/L for a filtered sample involved filter failure 
(i.e., a submicron colloidal phase of iron passed through 
the 0.45-micron membrane filter). 

The elevated aluminum for the unfiltered Sam- 
ples, but not for the filtered samples (see Table 2.8-7), 
suggests the presence of an aluminosilicate mineral 
phase. For example, the routine practice of acidifica- 
tion of unfiltered samples for metals analysis results in 
partial dissolution and release of aluminum and silicon 
from clay minerals such as bentonite or related mineral 
phases. Table 2.8-7 also indicates that a large fraction 
(over 60%) of the total chromium was present as 
hexavalent chromium. In this case, a particulate or 
submicron colloidal phase cannot explain the elevated 
chromium result because the hexavalent chromium 
method is specific for dissolved chromate. Further 
investigation is needed to understand this anomalous 
occurrence. 

Monitoring N e t w v d c  

Four new wells were drilled in calendar year 1999 
u, assess both areal and vertical distribution of contami- 

nants near the waste management area. One well was 
drilled for the RCRA facility investigation remedial 
measures study  (HNF-5085, Rev. 0) as a vadose char- 
acterization borehole near tank SX- 115. This well was 
then deepened and completed as a groundwater moni- 
toring well (299-W23-19). The other three wells were 
installed downgradient from S and SX tank farms in 
accordance with the RCRA groundwater assessment 
plan for Waste Management Area S-SX (PNNL- 
121 14). Groundwater samples were collected from 
selected depths during drilling. Depths sampled 
included the very top of the aquifer (0 to 0.5 meter) 
and at 6 meters in all three RCRA compliant wells. 
In addition, samples were collected from 12,30,60,90 
(top of Ringold mud) and 120 meters (below the lower 

' 
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mud unit) in new well 299-W22-50, installed at the 
southeastern corner of SX Tank Farm. Groundwater 
samples from the latter well were collected for both tank 
.waste constituents and volatile organic compounds. 

Speda2samplmgmfisdyear1999 
indicated- * cOIlcentTatiOllSme 
h i h t  at tk very top of tk aquifer. 

New well 299-W23-19 (located on the southwest- 
em side of tank SX-115) was initially completed with 
a tempomy 1.5-meter screen at the top of the aquifer. 
After discovery of high concentrations of technetium- 
99 (up to 48,000 $&), the well was completed with 
a longer permanent well screen. This will allow fur- 
ther characterization of the nature of the groundwater 
contamination at this location. Initial measurements 
at the water table in this well resulted in concentra- 
tions oftechnetium-99 and nitrate (31,000 $i/L) that 
were -25% higher than concentrations obtained when 
the well was pumped at -1 meter below the static 
water level. The observation of higher concentrations 
near the water table is consistent with a well located 
very near the source where contaminants initially 
enter the aquifer from the vadose zone. Thus samphg 
from wells located very near vadose zone contamina- 
tion must allow for the potential occurrence of higher 
concentrations at or near the water table where the 
vadose zone contaminants are transported down to 
groundwater under unsaturated flow conditions. 

Installation of one new downgradient well (299- 
W22-48) improved spatial coverage at the S Tank 
Farm. Only  very low nitrate (-20 m a )  and 
technetium-99 (less than 50 pCi/L) concentrations 
were detected at this location. In addition, there were 
no Merences in concentrations between the top of 
the aquifer and at 6 meters below the water table. 
Previously observed Occurrences of elevated nitrate 
and technetium-99 in an older upgradient well 
(299-W23-1), located near tak S-107, indicated that 
contamination from within S Tank Farm reached 

groundwater upgradient of new well 299-W22-48 
sometime in the past. For example, a technetium-99 
transient increase in well 299-W23-1 occurred in 
1985 and again in 1997. 

Groundwater Monitoring for N 1999 
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New well 299-W22-48 was also cored to near the 
water table. The core samples will be used to clarify 
con taminant sorption mechanisms and moisture move- 
ment through the vadose zone in the vicinity of single- 
shell tank firms. The information acquired will also 
help to better define the stratigraphy in the S Tank 
Farm portion of this waste management area. One 
important finding during the coring was the discovery 
of a section of clastic dike at 52 meters below ground 
surface. Clastic dikes have been suggested as one type 
of preferential pathway for transport of moisture and 
contaminants to groundwater beneath Waste Man- 
agement Area S-SX. 

New well 299-W23-49, located midway and down- 
gradient of SX Tank Farm, was installed as a replace- 
ment for well 299-w22-39 that is going dry. samples 
of the very top of the aquifer, at 6 meters, and devel- 
opment water pumped from the 4.6 meters of screened 
interval, all indicated low nitrate (10 m a )  and very 
low technetium-99 (less than 50 $&). Thus, there 
was no indication of a very shallow plume of contami- 
nants at the top of the aquifer or more deeply distrib- 
uted contarnination (below 6 meters). A field screening 
method for technetium-99 (and cesium-137) was suc- 
d y  demonstrated for the first time at the Hanfod 
Site. During this RCRA drrlling, the scteening method 
was used to determine if there was an indication of 
increasing tank waste contamination with depth. The 
drilling plans included a provision to extend the bore- 
hole another 15 meters if there was an indication of 
increasing concentrations with depth. 

6.i 

New well 299-W22-50 is located at the far south- 
eastern comer of the SX Tank Farm and -15 meters 
north of well 299-W22-46. This well is a multipurpme 
well intended to 

ci 
replace the existing well when it goes dry in 2 to 

3 Years 
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li 
conduct a two-well test to reduce the uncertainty 
in hydraulic conductivity 

evaluate depth distribution of contaminants. 

The vadose zone portion was also cored to improve 
understanding of the fine structure stratigraphy in this 
area and to obtain sample media for laboratory tests 
(sorption tests, moisture content, porosity, hydraulic 
conductivity). Field screening results for samples col- 
lected during drilling indicated elevated nitrate 
(52 m a )  and technetium-99 (-12,000 pCi/L) at the 
top of the aquifer that declined rapidly with depth. The 
concentrations of technetium-99 and nitrate were four 
to five times lower at 6 meters below the static water 
level in the well than at the top (0 to 0.5 meter). The 
technetium-99-to-nitrate ratio (200 pCi/mg) based on 
field screening measurements suggests this newly dis- 
covered groundwater contamination is from a different 
tank fann source than the source responsible for ground- 
water contamination observed at either the new well 
near tank SX-115 or at nearby well 299-W22-46. For 
example, the teclmetium-gg/nitrate ratios for the latter 
are both -100 pCi/mg. The ratio for the new occur- 

rence at 299-W22-50 appears to more closely match 
the water leachate results (2 10 pCi/mg) for contami- 
nated soil beneath tank SX-108. The RCRA well 
observations suggest there are at least two different tank 
farm source areas or types that account for groundwater 
contamination downgradient from the southern end 
of this waste management area. 

2.8.4.9 2164-10 Pond and Difch RCRA 
Parameters 

b*, 

The inactive 216-5-10 pond and ditch was moni- 
tored semiannually under RCRA interim status indi- 
cator evaluation (see Tables A.l and A.15). None of 
the indicator parameter concentrations in downgra- 
dient monitoring wells exceeded critical mean values 
during fiscal year 1999 (see Table A3). However, a 
site-specific constituent, chromium, continued to 
exceed the 100 pg/L maximum contaminant level in 

upgradient well 299-W26-7 (175 pg/L in the Decem- 
ber 1998 and 216 in June 1999) (see Figure 2.8-44). 
Because the upgradient well is located immediately 
adjacent to the 21643-10 pond (see Figure A.7), the 
elevated h m i u m  could be from an upgradient source 
or from the pond. A new monitoring plan will be pre- 
pared to reclassify this well as a downgradient well and 
replace it with a new upgradient well in calendar year 
2000. Further description of the chromium plume is 
presented in Section 2.8.4.6. 

~~ 

RCRA monitoring Ut the 2 I 6-S- I 0 
pond and ditch provides no evidence of 
groundwuter contamination fim this fhl- 
ity . Declining wum levels have left this site 

without adequate well coverage. 

The water table continued to decline in the 
200 West Area during fiscal year 1999. This continu- 
ing decline reduced the 216-S-10 monitoring network 
from one upgradient and three downgradient wells to 
just one upgradient well (299-W26-7) and one down- 
gradient well (299-W26-12). Downgradient wells 
299-W26-9 and 299-W26-10 went dry during the first 
half of the year. RCRA interim status monitoring 
requirements specfi that a minimum of one upgradlent 
and three downgradient monitoring wells are needed 
to monitor the site. As a result, two additional wells 
are needed to bring the monitoring network back into 
compliance with RCRA regulations. If well 299-W26-7 
is designated as a downgradient well, one upgradient 
and one downgradient well needs to be constructed. 
Ecology recommended that only one of the wells be 
drilled, the replacement for 299-W26-10, and approved 
this direction in the form of Tri-Party Agreement 
milestone M-24-00K.(a) New well 299-W26-13 was 
installed in December 1999 at a location directly down- 
gradient of the 216-S-10 pond. Two new wells have 
been proposed to DOE and Ecology to be installed in 

. 

(a) Letter from Dib Goswami, Washington State Department of Ecology, to M. J. Furman, U.S. Depamnent of Energy, Richland, 
Washington, dated April 12,1999, "Site-Wide Resource Conservation and Recovery Act Well Installation for Milestone M-24-00." 
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calendar year 2000 as part of a revised groundwater 
monitoring network. Background values for the facility 
have been recalculated based on just one u p g d e n t  
well (299-W26-7). Based on regional groundwater 
elevations, the groundwater flow direction continues 
east-southeast to easterly. New wells will be located 
appropriately to maximize the downgradient coverage 
of the 216-S-10 pond and ditch. 

Groundwater flow rates have not changed signifi- 
cantly since last year and are presented in Table A.2. 

Sample results that exceeded drdung  water stan- 
dards and maximum contaminant levels this year are 
presented in Table A.3. Besides chromium, only carbon 
tetrachloride and nickel exceeded maximum contami- 
nant levels. Carbon ternchloride has been detected 
above or near the drinking water standard across the 
area. This is due primarily to the spreading of the 
regional plume acfoss 200 West (see Section 2.8.1.2). 
The 2164-10 pond is not the source ofthis constituent. 

2.8.5 State-Approved Land Disposal Site 

The State-Approved Land Disposal Site (also 
known as the 616-A crib) is located -500 meters 
north of the northern boundary of 200 West Area (see 

Plate 1). The site receives, clean, treated water that 
occasionally contains high levels of tritium (up to 

-10 million pCi/L.) from the 200 Areas EfFluent Treat- 
ment Facility. Operation of the site began in Decem- 
ber 1995. By the end of September 1999, -304 curies 
of tritium and over 270 million liters of effluent had 
been discharged. However, recent discharges have 
not contained appreciable tritium; only -10 curies of 
tritium have been sent to the site since February 1998. 

77leState-ApprdLandDisposa2 
Site u used to dispose treated water that 

occaionully conrains iritim. Tritium i s  
detected in the wells closest to the site at 

Zevelsabovethedrinkingwaterstrmdmd. 

A new state waste discharge permit is being 
planned for the facility, to take effect in mid-2ooO. The 
groundwater analytical d t u e n t  list wil l  be adjusted 
to reflect effluent character and improved understand- 
ing of the groundwater system near the facility. Wells 
and analytes for this facility are listed in Appendix A. 

2.8.5.1 Groundwater Flow 

Effluent ddmrges have created a limited ground- 
water mound in the immediate vicinity of the State- 
Approved Land Disposal Site. This is reflected in the 
hydrograph of well 699-48-77A in Figure 2.8-47. The 
local mounding effect is superimposed on the general 
decline of groundwater levels in the 200 West Area 
and vicinity, as reflected in the hydrographs of wells 
699-48-77D and C, and in well 699-48-77A prior to 
April 1997. This general decline is a response to the 
discontinuation of effluent disposal activities in the 
200 West Area in the late 1980s. 

LJ The hydraulic gradient beneath the site in March 
1999 was calculated to range from 0.04 between prox- 
imal wells 699-48-77A and D near the facility to 
-0.0018 between the facility and the 200 West Area. 
Average linear groundwater flow velocity is estimated 
to be between 0.03 and 5.8 meters per day (see 
Table A.2). The higher velocity would occuf near the 
infiltration area of the site and would move generally 
outward (“radially)() from the slight groundwater mound 
at that location. The lower flow rate would apply to 
areas removed from the vicinity of the mound. 

2.8.5.2 Extent of Contamination 

Tritium is monitored in 2 1 wells near the facility 
on a semiannual to annual basis, and additional con- 
stituents are measured in three nearby wells (699-48- 
77A, C, and D) and one background well, 299-W8-1, 
on a quarterly schedule (see Figure A.13). Water levels 
are measured annually at the time of sample collection 
in these wells and monthly in the three nearby wells. 

During fiscal year 1999, groundwater monitoring 
wells immediately surrounding the State-Approved 
Land Disposal Site continued to show the effects of 
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effluent containing high levels of tritium that were 
discharged to the facility over the last few years. Con- 
centrations of tritium in groundwater are generally 
less than in fiscal year 1998, reflecting the reduced 
concentrations in the effluent over the past -2 years 
(PNNL-13058). The highest tritium level observed in 
groundwater at the State-Approved Land Dsposal Site 
during fiscal year 1999 (730,000 pCi/L) was measured 
ina sample from well 699-48-77D in October 1998. 
Figure 2.8048 illustrates the trends in tritium concen- 

,mations in the wells since monitoring began at the facil- 
ity. Wells 699-48-77A, C, and D are the only wells 
affected thus far by tritium from disposal to the area. 

Monitoring for additional constituents in ground- 
water also occurs quarterly in the three nearby wells. 
Approximately 6 months following the startup of 
operation, analyses began to reveal elevated levels of 
tritium and other constituents and indicators in well 
699-48-77A, the nearby well farthest from the State- 
Approved Land Disposal Site (see Figure 2.8-48). 
Further research indicated that the clean water dis- 
charged to the site was dissolving soluble components 
of the soil in the vadose zone, such as gypsum, result- 
ing in elevated concentrations of sulfate, chloride, 
'calcium, and sodium, and abrupt rises in conductivity 
and total dissolved  lids (PNNL-11633; F'NNL-11665). 

Figure 2.8-49 illustrates the trend for sulfate in the 
nearby wells and the background well. This event 
also revealed that the focus of infiltration of effluent 
was displaced to the south (nearer well 699-48-77A), 
most likely by the same geologic feature (a caliche 
horizon) that is responsible for the elevated dissolved 
solids. The rise of sulfate in well 699-48-77D occurred 
without a corresponding rise in tritium, thus indicat- 
ing that this well was affected by dissolved soil salts 
from a test discharge released several months prior to 
operation. Tritium-bearing effluent did not affect well 
699-48-77D until -1.5 years after well 699-48-77A 
detected tritium. This apparent paradox is the result 
of the limited volume of the test discharge, the loca- 
tion of the infiltration point of effluent, and ambient 
groundwater flow. 

Predictions of hydraulic head by a groundwater 
numerical model prepared in 1997 (PNNL-11665) 
compare favorably with current conditions. The same 
model apparently slightly overestimates the extent of 
the tritium plume in groundwater near the facility. 
The probable reason for the overestimation is that the 
quantity of tritium disposed to the facility thus far is 
-50% of the projected quantity through 1999, as 
assumed by the model. 

. I  
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Table 2.8-1. Volume of Groundwater Treated and Mass of Carbon Tetrachloride 
Removed Since Startup of Operations at 200-ZP-1 

Reporting Period 

August 1994 -July 1996 
August 1996 - September 1996 
October 1996 - December 1996 

April 1997 -June 1997 
July 1997 - September 1997 
October 1997 - December 1997 

April 1998 -June 1998 
July 1998 - September 1998 
October 1998 - December 1998 

January 1997 * M d  1997 

January 1998 - March 1998 

Jan- 1999 - March 1999 
April 1999 -June 1999 
July 1999 - September 1999 
Total 

Liters Treated 

26,676,000 
33,232,327 
44,583,715 
69,869,604 
41,877,094 
62,469,305 
81,629,000 
72,791,000 
90,842,900 
90,899,200 
83,552,570 
77,079,156 
90,657.196 

954,816,553 
88,657,4a6 

Mass of Carbon Tettachlotide 
Removed (kg) 

75.85 
60.96 

143.54 
237.2 
140.8 
228.8 
245.7 
279.5 
348.9 * 

338.1 
315.57 
310.2 
337.8 
323.7 

3,386.5 

Table 2.8-2. Average Carbon Tetrachloride Concentrations for Each of the Extraction Wells and the Influent 
Tank at 200-ZP-1 During Fiscal Year 1999 

FY 1997 FY 1998 FY 1999 FY 1999 
Mean Mean Mean Mean Flow FY 1999 FY 1999 

Mi. Value Max. Value Concentration Concennation Concentration Rate” Overall . 
Well Name(’) (Id-) (ClglL) (Id-) (clsn) (Id-) (Urnin) Change 

299-W15-33 5,300 7,100 5.058 6,000 6,218 57.0 Higher 
299-W15-34 3,800 5.700 2,900 3,770 4.700 82.8 Higher 
299-W15-35 3.100 4,400 3,351 3,660 3,858 3 10.0 Higher 
299-W15-32 4,300 5.900 7,120 6,560 5,023 27.0 Lower 
299-W 15-36 l J00  2,100 2,820 2,040 1,697 94.6 Lower 
299-W15-37 210 720 280 235 358 57.8 Higher 
Influent Tank 3,300 4,400 3,270 3530 3,788 -- Higher 

(a) Wells listed from north to south. 
(b) Some discrrpancies in discharge rate at the different measurement locations were observed. W s e  are still beiig resolved. Flow rates 

may actually be higher by -10% to 20%. 
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Table 2.8-3. Results from Discrete Level Groundwater Sampling During Drilling of Well 299-W10-24(*) 

Depth Below 
Surface (m) 

70.9(b) 
75.2(c) 
87.5 
99.1 

116.7 
122.5 
131.4(d) 

Depth Below 
Water Table (m) 

0.3 
4.6 

16.9 
30.8 
46.3 
52.2 

. 61.0 

Carbon Tetra- 
chloride (&) 

Not analyzed 
Not analyzed 

490 
1,600 

760 
360 
220 

Technetium-99 
(PCilL) 

13,000 
2,090 

358 
374 
212 
126 
96 

Tritium 
(PCVl-1 

7,380 
20,600 
29,600 
26,700 
19,500 
12,700 
9,220 

Nitrate 
( m a )  

120 
456 
53 1 
443 
349 
301 
282 

(a) Sampled October 9 through October 16,1998. 
(b) Sampled with Kabis Sampler in well 299-W11-27 on August 13, 1998. 
(c) Sampled in well 299-W10-24 after completion on December 15, 1998. 
(d) Collected below Rmgold lower mud unit. 

Table 2.84. Results of Discrete Level Sampling During Drilling of Well 299-W14-14") 

Depth Below 
Surface (m) 

70.Sb) 
80.8 
96.3 

106.1 
122.5 
134.7") 

Depth Below 
Water Table (m) 

4.3 
14.5 
30.1 
39.8 
56.9 
68.5 

Carbon Tetra- 
chloride (&) 

140 
180 
380 
920 
380 
590 

Technetium-99 
(PCi/L) 

110 
556 
81 
32 
29 
33 

Tritium 
(Pci/L) 

4,230 
893 

5,380 
9,010 
7,180 
8,460 

Nitrate 

120 
226 
41 
33 
43 
40 

(m&) 

(a) Samples taken October 24 through November 9, 1998. 
(b) Sample taken from screened intekal after well completion on December 10, 1998. 
(c) Collected below Rmgold lower mud unit. 
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Table 2.8-5. Quantity of Treated Groundwater and Contaminant Mass Removed Since Initiation of 

200-UP-1 Pump-and-Treat Operations 

Reprting Period 

March 1994 - November 1994'' 
December 1994 - August 1995 
September 1995 - November 1995 
December 1995 - March 1996 
April 1996 -June 1996 

October 1996 - December 1996 
January 1997 - February 19976) 
February - March 30,1997 
March 31 - September 30,1997 

. July 1996 - September 1996 

October 1 - Dee& 31,1997 
J Z I ~ U ~ I Y  1 -March 31,1998 
April 1 -June 30,1998 

October 1 - &cember31,1998 
April 1 -June 30,1999 
July 1 - September 30,1999 
Total(c' 

July 1 - September 30,1998 

Jan- 1 -March 31,1999 

Liters 
Treated 

3,898,550 
11,391,491 
17,198.57 1 
3131 1,340 
22,459,108 
22,370,327 
20,300.000 
2,667,600 

Shut down 
32,414,481 
20,390,054 
19,791,765 
33,538,750 
26,346,466 
22,174,396 
23,720,542 
24,369,400 
23,206,922 
357,180,798 

Mass 
Technetium-99 
Removed (g) 

3.41 
7.79 
3.95 
9.05 
5.40 
4.01 
333 
0.83 
NA 
5.6 
33 1 
2.08 
3.58 
157 
1.49 
1.89 
2.29 
2.14 
61.74 

Mass Total 
UaniUm 

Removed (9) 

4,422 
9,83 1 
3,895 
9,105 
6,845 
5,134 
5,607 
963 
NA 

11,000 
6,300 
4,900 
8,680 
3,750 
4,910 
4,450 
5,400 
5,940 

101,132 

Mass Carbon 
Tetrachloride 
Removed (g) 

Not reported 
992 
630 

1,609 
1,569 
2,790 
2,980 

73 
NA 
888 
572 
460 
907 
296 
341 
601 
600 
460 

15,768 

Mass 
Nitrate 

Removed (kg) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
2,260 
1330 
1,070 
2,150 
900 
979 

1,050 
1,400 
1,430 
12,770 

' 6 - i  
(a) Data from the a-eatability test as r e p o d  in DOE/RL 95-02, Rev. 0. 

. (b) Estimated values based on 189 liters per m u t e  flow, running 24 hours per day, at 97.5% efficiency. 
(c) Fiscal year 1998 total was reported incomctly as 338,413,037 liters and should have been reported as 264,078,503 liters. 
NA = Not applicable. 

Table 2.8-6. Summary of contaminant Trends in the Extraction Well at 200-UP-1 

Average Average 
Contaminant FY 1997 FY 1998 FY 1999 

Technetium-99 >3,000 Si 2,050 pCi/L 1,400 pCi/L 
Uranium 275 pglL 265 pg/L 210 pg/L 
carbon tetrachloride 18 pglL 24 ClglL 18 Clgn 
Nitrate 75 m& 63 m& 48 m& 

\ 
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Table 2.8-7. Comparison of Filtered and Unfiltered Metal Results on August 9,1999 
for Well 299-W23-15 

Chromium Iron Aluminum 
Method Ad!L  m -.bfdLL 

Filtered ( 1 0 )  16 25 27 U 
13 1 46 

Unfiltered (ICP) 41 1,700 727 
42 1,500 627 

Unfiltered (hexavalent-chromium) 25 NA NA 
25 NA NA 

ICP = Inductively coupled plasma emission spectroscopy. 
U 
NA = Notapplicable. 

= Result is a non-detection; the value shown is the vendor assigned method detection limit. 
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Figure 2.8-4. Carbon Tetrachloride in Wells 299-W11-14 and 299-W11-7, Northwestern 200 West Area 
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4 .-i- 

Figure 2.8-6. Carbon Tetrachloride Concentrations in the Middle Unconfined Aquifer, 200 West Area, 
Compared to Concentration Contours at the T i  of the Unconfined Aquifer (DOE/RL99-79) 
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Figure 2.8-7. Carbon Tetrachloride Concentrations in the Lower Unconfined Aquifer, 200 West Area, 
Compared to Concentration Contom at'the Top of the U n c o h e d  Aquifer (DOE/RL-99-79) 
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Figure 2.8-9. Average Trichloroethylene Concentrations in 200 West Area, Top of Unconfined Aquifer 
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Figure 2.8-26. Technetium-99 in Well 299-W15-4, South of TX-TY Tank Farms 
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2.9 200 East Area 

J. W.LindbergD.B. Bmnett, J . P . M c M ,  
R. B. Mercer, S. M. Narbutovskih, 
M. D. Sweeney, B. A. WiUunas 

. For the purpose of describing groundwater con- 
tamination, the 2 0  East Area is divided into two parts: 

0 the B Plant area in the northwestern and northern 
parts of the 200 East Area 

the Plutonium-Uranium Extraction (PUREX) 
Plant area in the southeast and eastern parts of 
the 200 East Area. 

The vast majority of the 200 East Area ground- 
water contamination has its source in these two areas. 

The discussion in this section is divided into two 
parts representing these two areas within the overall 
200 East Area. Within each section, the general 
groundwater flow, major contaminants, and specific 
Resource colzservabbn and Rewoery Act of 1976 (RCRA) 
facility monitoring are discussed. The major ground- 
water contaminants of the 200 East Area are tritium, 
iodine-129, technetium-99, uranium, strontium-90, 
plutonium, and nitrate. 

LJ 

2.9.1 B Plant 

This section describes the area associated with 
facilities surrounding B Plant and extends north to the 
perimeter fence. B Plant was used to recover plutonium 
from irradiated fuel using the bismuth phosphate proc- 
ess from 1945-1956. Contamination in the B Plant 
area is the result of waste disposal to the soil column 
at a variety of locations. The sources of waste actively 
monitored for contamination include the 216-B-5 
injection well, the Waste Management Area B-BX-BY, 
216-B-63 ditch, and Low-Level Burial Grounds Waste 
Management Areas 1 and 2. Throughout the active 
life of B Plant, the waste that was disposed to these 
facilities included effluent from process streams, chem- 
icals, cooling water, and condensate. Due to similarity 
in the chemical makeup of some of these waste streams, 

it is difficult to assign specific groundwater contami- 
nants to individual receiving sites. Certainly there are 
instances where generally high contaminant concen- 
trations can be assigned to waste facilities (e.g., tank 
farms versus low-level burial grounds). The broadly 
distributed groundwater plumes throughout the eastern 
Central Plateau, however, are the result of disposal to 
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unspecified waste units within the B Plant area and 
adjacent PURM complex (Section 2.9.2). 

Groundwater monitoring is conducted near 
B Plant: 

F triennially to annually to describe the 
nature and extent of contamination 

b semiannually to monitor trends in variable 
constituents/wells 

F semiannually to detect possible impact of 
three RCRA waste management areas 

b quarterly to assess contamination from 
one RCRA waste management area. 

2.9.1.1 Groundwater Flow 

The difference in water-table elevation across the 
B Plant area and the northwestern part of the 200 East 
Area is very small, making it difficult to determine 
groundwater flow direction and rate from water-table 
maps. Much of what is known about flow direction 
can be derived from plume maps and multiple trend 
plots of water levels at wells. In general, groundwater 
elevations in the unconfined aquifer continue to 
decline throughout the B Plant area, a result of the 
subsiding groundwater mound at 21643-3 pond (see 
Section 2.9.2.11). 

In the past, groundwater flow in the B Plant area 

was to the northwest, which was responsible for the 
contaminant plumes such as tritium and technetium-99 
that extend northwest toward the gap between Gable 
Butte and Gable Mountain. Parr of the reason ground- 
water flow was to the northwest was the large volume 
of wastewater discharged at 21643-3 pond. However, 
after discharges at 216-B-3 pond ceased (Section 
2.9.2.11), its influence on groundwater flow in the 
B Plant area decreased. More recently, groundwater 
flow has changed from a northwestern flow to a westem 

Lid 
flow (see Section 2.9.1.10 and Table A.2) or south- 
western flow (see Section 2.9.1.9). 

2.9.1.2 Tritium 

Tritium contamination is widespread throughout 
the northwestern part of the 200 East Area and extends 
north through the gap between Gable Mountain and 
Gable Butte and southeast toward the PUREX Plant 
(see Plate 3). Tritium contamination from B Plant has 
declined greatly because of natural decay. The peak 
concentrations are receding to the southeast 

Although tritium concentrations in the B Plant 
area have declined since 1990, two wells in the 
B Plant vicinity continue to have tritium exceeding 
the dnnlang water standard (Plate 3 and Figure 2.9-1). 
Well 299-E28-2 had a reported concentration of 
23,000 pCi/L in April 1999. During April 1998, the 
reported value was 34,000 pCi/L. The tritium con- 
centration in well 299-E28-24 was 30,700 pCi/L. This 
well was not sampled for tritium in fiscal year 1998. 
The last time this well was sampled (in September 
1993), the reported tritium value was 57,000 pCi/L. 

Lj 

Another pulse of tritium at levels above the interim 
drinking water standard can be found between Gable 
Mountain and Gable Butte (see Plate 3). Monitoring 
well 699-61-62 indicated a maximum average concen- 
tration for fiscal year 1999 of 42,000 pCi/L and 
54,000 pCi/L for fiscal year 1998. Like tritium con- 
centrations farther south by B Plant, tritium concen- 
trations between Gable Mountain and Gable Butte 
have declined with time. Peak concentrations do not 
appear to be moving. Sources of the tritium have not 
been defined, but are presumed to be B Plant facilities. 

2.9.1.3 lodine- 1 29 

. 

Contamination from iodine-129 is present through- 
out the B Plant area. Like the tritium plume, the 
iodine-129 plume extends to the northwest through 
the Gable Mountain-Gable Butte gap and southeast ' 
toward thepuRM Plant (Figure 2.9-2). Twenty-one 
wells had concentrations of iodine-129 above the 
drinking water standard (1.0 pCi/L) during fiscal year I." 
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1999. Four of the wells have iodine-129 values that 
are increasing. The remaining 17 wells had concen- 
trations that declined or remained unchanged from 
fiscal year 1998 reported values. Iodine-129 concen- 
trations range up to 6.5 pCi/L in well 299-E33-42. 

Several wells between Gable Mountain and Gable 
Butte are sampled for iodine-129 to define the north- 
em plume and to track the movement of this plume 
out of the 200 Areas (see Figure 2.9-2). The most 
recent results for these wells were below detection 
limits, but concentrations have been at or above the 
drinking water standard occasionally in the past 
(Figure 2.9-3). 

2.9.1 A khnetium-99 

A plume of technetium-99 (interim dtrnking water 
standard 900 pCi/L) extends from the area of Waste 
Management Area B-BX-BY to beyond the 200 East 
Area boundary to the northwest (Figure 2.9-4). The 
plume has two parts. The larger part of the plume is 
to the north and possibly represents early releases of 
technetium-99 from the BY cribs. Detection of 
technetium-99 at levels lower than the interim drink- 
ing water standard (900 pCi/L) north of the Gable 
Mountain-Gable Butte gap indicates that technetium- 
99 has moved north, into, and through the gap. The 
southern portion of the plume lies mostly within the 
boundary of the 200 East Area. This portion of the 
plume may be associated with west-southwest ground- 
water flow and movement of more recent BY cribs 
contamination. For a more detailed discussion, see 
Section 2.9.1.9). 

Overall, technetium-99 in the B Plant area is 
increasing in concentration. In the area of Waste 
Management Area EBX-BY, 17 wells exceeded the 
interim drinking water standard for technetium-99 in 
fiscal year 1999. Fourteen of t h e  wells show a si&- 
cant increase in concentration. The umcentration of 
technetium-99 ranges to more than 5,000 pCi/L within 
the BY cribs area. 

2.9.1.5 Uranium 

Uranium contamination in the B Plant area is 
limited to three isolated areas (refer to Plate 1 for 
locations): 

wells monitoring Waste Management Area 
B-BX-BY 

wells near the 216-B-5 injection well 

wells at the 216-B-62 crib (299-E28-21 and 
299-E28- 18). 

Although the trend is decreasing slightly since 
1998, many wells in all three of these areas exceeded 
the 20-pg/L proposed drinking water standard during 
fiscal year 1999. Section 2.9.1.9 discusses uranium 
contamination at Waste Management Area B-BX-BY 
in more detail. 

2.9.1.6 Strontium-90 and Cesium-137 

200 East Area 

2.191 

Several wells in the vicinity of B Plant have txends 
indicating historical concentrations of strontium-90, 
but the highest levels are near the 216-B-5 injection 
well. Four wells (299-E28-2,299-E28-23,299-E28-24, 
and 299-E28-25) had concentrations of strontium-90 
above the interim drinking water standard (8.0 pCi/L) 
in fiscal year 1999. Two wells (299-E28-23 and 299- 
E28-25) are the only ones exceeding the derived con- 
centration guide (1,OOO <&). The samples were a 
mixture of filtered and unfiltered groundwater but 
the data do not show any significant difference in 
concentration. 

Strontium-90 values that exceed the drinking 
water standard in the B Plant area range in concentra- 
tion from 32 to 10,OOO pC&. The highest concentra- 
tion (l0,OOO pCi/L) was reparted from well 299-E28-23, 
which is near the 21643-5 injection well. Ofthe four 
wells exceeding the drinking water standard, well 299- 
E28-23 is the only well that shows a steady increase in 
levels of strontium-90 since 1990. Well 299-E28-2 
had rising strontium-90 concentrations until early 
1999, when it dropped suddenly. Concentrations in 
wells 299-E28-24 and 299-E28-25 have declined since 
1990. 



Groundwater Monitoring for FY I999 

During fiscal year 1999, ofthe four wells with am- 
centrations of stmntium-90 greater than the drhking 
water standard (8 pCi/L), only one well (299428-23) 
had concentrations of cesium-137 greater than the 
dnnkmg water standard (200 pCi/L). The concentra- 
tion of~&um-137 at well 299-E28-23 during Decer;lber 
1998 was 1,840 pC& None ofthe wells had concen- 
trations exceeding the derived concentration guide 
(3,000 pCi/L). The trends for cesium-137 for dl four 
of the wells have been relatively stable since 1994. 

Cesium-137, srrontiuum-90, and ura- 
nium me present inground- nem tk 
former 216-B-5 injection wll. Plutonium 
is also p r m ,  but leuek me declining. 

2.9.1.7 Plutonium 

Plutonium-239 and -240 concentrations continue 
to be detected in unfiltered groundwater samples taken 
near the 216-B-5 injection well. The plutonium con- 
centration in well 299-E28-23 was 65.8 pCi/L, the 
maximum level for the B Plant area, in fiscal year 1999. 
The concentration has been rising in this well since 
1994 but showed no increase in concentration dur- 
ing fiscal year 1999. Wells 299-E28-24 and -25 also 
had concentrations above background. However, 
plutonium-239 and -240 concentrations in these wells 
have deciined since 1994. Plutonim-239 and -240 
adsorb well onto soil particles and, therefore, do not 
migrate far from the discharge source (i.e., the 216-E5 
injection well). 

2.9.1.8 Nfirate 

A nitrate plume originating in the 200 East Area 
extends beyond the boundary fence line, extending 
northwest to the Columbia River (Figure 2.9-5). The 
plume has two parts: (1) a westem plume that extends 
from B Plant to the northwest, which appears to be a 
portion of a larger plume extendmg from the PURM 
Plant, and (2) an eastern portion of the plume extend- 
ing from the BY cribs toward the northwest. The two 

portions of the plume join northwest of the 200 East 
Area and extend northwest to the Columbia River. 

Significant concentrations of nitrate can be found 
throughout the 200 East Area, but those exceedurg the 
drinking water standard in the vicinity of B Plant 
extend northwest from the BY cribs and Waste Man- 
agement Area B-BX-BY. Twenty-six wells reported 
nitrate results above the drinking water standard in 
fiscal year 1999, and fourteen increased in concentra- 
tion. The highest nitrate concentration was found in 
well 299-E33-16 near the 216-B-8 crib. Groundwater 
samples from this well had a yearly average of 490 mglL 
for fiscal year 1999, nearly double the nitrate umcm- 
tration since fiscal year 1997. Nitrate groundwater 
contamination surrounding Waste Management Area 
B-BX-BY and the BY cribs is discussed further in 
Section 2.9.1.9. 

2.9.1.9 Waste Management Area B-BX-BY 
Assessment Summary 

Waste Management Area B-BX-BY includes 
underground single-shell tank farms B, BX, and BY 
located in the eastern part of the 200 East Area. In 
fiscal year 1991, a system of RCRAampliant wells was 
installed around this area to monitor the quality of the 
groundwater (WHGSD-EN-AP-012, WHC-SD-EN- 
AP-012, Rev. 1). In 1996, the waste management 
area was placed in a groundwater quality assessment 
program as required (WHCSD-EN-AP-002), based 
on specific conductance values that were elevated 
above the critical mean (365.7 pS/cm) in downgra- 
dient well 299433-32 (see Figure A.15). The moni- 
toring frequency was increased from semiannually to 
quarterly. 

During 1997, nitrate and technetium-99 concen- 
trations were above the drink& water standards of 
45 mg/L and 900 pCi/L, respectively, in well 299-E33- 
41, between the B and BXTank Farms. It was con- - 

cluded that waste from the waste management area 
had, most likely, entered the groundwater and was 
detected in this well (PNNL- 1 1826). b 
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Although concentrations of nitrate and 
technetium-99 were rising in the groundwater along 
the western side of the waste management area, the 
source could not be identified. A further determina- 
tion is being conducted to identify the rate and extent 
of groundwater contamination at Waste Management 
Area B-BX-BY. 

RCRA Waste Management Area 
B-BX-BYconm'ns single-shell tanks that 
may have contamiMtedgroundwater with 
technetirn-99 and nitrate. The hydraulic 
gradient is very f i t ,  and the direction of 

groundwater flow is not known with 
certainty. 

Gtuundwcrter Flow 

The hydraulic gradient is nearly flat across the 
200 East Area (Plate 2), making it difficult to deter- 
mine upgradient versus downgradient locations from 
water-level measurements at wells. Part of this diffi- 
culty is related to surveying errors that create potential 
errors in water levels. In 1998, the Hanford Ground- 
water Monitoring Project changed the datum to 
which water levels are referenced (PNNL-12086, Sec- 
tion 3.3.2.1) to the North American Vertical Datum 
of 1988 (NAVD88). Previously, it had been the 
National Geodetic Vertical Datum of 1929 (NGVD29). 
Converting older survey data to elevations based on a 
NAVD88 datum can contribute to vertical errors as 
much as -1 centimeter. Another source of error is 
introduced by specific surveys used to calculate verti- 
cal elevation. Even greater error than introduced by 
datum converting i s  introduced by using survey data 
from separate surveys. The overall result is that dis- 
crepancies between the data (datums) used have 
resulted in ambiguity in groundwater levels measured 
at wells. 

However, a general flow direction can be estimated 
from water levels. Figure 2.9-6 shows hydrographs for 
11 wells that are used to monitor the water table at 

Waste Management Area B-BX-BY and nearby Low- 
Level Waste Management Areas 1 and 2. Mbst of the 
water elevations reference a survey commonly referred 
to as NGVD29-2. This survey was used in prefer- 
ence to multiple surveys based on NAVD88. 

In addition, as part of the RCRA assessment work, 
vertical plumbness was measured in several wells that 
appeared to complicate the interpretation of local flow. 
Well 299-E33-39 was surveyed in fiscal year 1999 
because data from that well consistently displayed 
anomalously low water elevations. Based on devia- 
tions from vertical, determined with a downhole gyro- 
scope, a 12-centimeter correction was added to the 
water levels in this well. 

The data from selected wells shown in Figure 2.9-6 
depict general, local, water-level trend. Spurious and 
outlying data were removed from the individual well 
trends to facilitate interwell comparisons. The upgra- 
dient water elevations are in wells to the north, indi- 
cating a southwest flow direction. Although there are 
data from a few wells in this area that do not agree 
with this trend, the majority of wells investigated 
appear to mirror this general southwestern flow. This 
direction is consistent with recent interpretations of 
plume movement and with in situ flowmeter results 
(BHI-00442). 

As canbe seen in the hydrographs, it couldbe mis- 
leading to determine the direction of groundwater flow 
by using water-table elevations at several wells col- 
lected over a very small time interval. Consequently, 
it may not be appropriate to provide a three-point 
solution. However, based on observations of recent 
con taminant movement and on wells that consistently 
appear to be at the same relative elevations, an esti- 
mated flow direction lies between 200 and 250 degrees 
azimuth. 

The average linear flow rate is calculated to be 
0.9 meter per day (see Table A.2). This equates to 
324 meters of effective groundwater movement per 
year. If discrete, highly permeable, flow channels are 
considered as the prime avenues of contaminant trans- 
port, then a flow rate of 0.9 meter per day may be low. 
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This relatively high flow velocity has implications 
that relate to the optimal sampling frequency at which 
the groundwater is monitored. Because the waste 
management area is less than 305 meters across, con- 
tamination related to lealung tank waste might move 
through the area in less than 1 year. Given the rapid 
movement of contaminate events seen in the past at 
well 299-E3341 and Waste Management Area S-SX, 
semiannual or even quarterly sampling may not be 
sufficient to clearly identify and differentiate tank- 
related waste from background contamination left 
from discharges to the surrounding cribs, trenches, 
and reverse wells (PNNL-11810, PNNL-11826). As 
part of the RCRA Waste Management Area B-BX-BY 
assessment, a study is being conducted to determine 
the best sampfing frequency for monitoring this area. 

A discussion of the state of contamination sur- 
rounding Waste Management Area B-BX-BY is pre- 
sented in this section, including historic constituent 
trends that depict &e temporal and spatial distribution 
of contaminants. Several distinct groups of contami- 
nants are recognized, based on spatial relationships 
and on identifying ratios of co-contaminan ts. 

Although the primary inorganic cOIlStituents in 
tank waste at Waste Management Area B-BX-BY 
include aluminum, cesium-137, cyanide, nitrate, 
strontium-90, sulfate, technetium-99, uranium, and 
other heavy metals, most tank constituents are not 
mobile. The main tank constituents known to be 
mobile and used for traclung tank-related waste are 
nitrate and associated anions, technetium-99 (as TcO-J, 
and uranium. Groundwater samples are also analyzed 
for cobalt-60, which can be mobile in the presence of 
the cyanide anion. 

Arsessmentm-toringat waste Man- 
agement Area B-BX-BY suggests there are 
three distinctpIumes. 

The following discussion centers on thaw constit- 
uents used to track contamination moving through 
the waste management area and to identify groups of 
contamination that, most likely, have. different source 
histories. Rather than discuss each contaminant spe- 
cies separately, it is more comct ive  to discuss groups 
of constituents that appear centered on three different 
wells. The h t  group is centered on well 299-E33-7, 
where the primary constituents are cobalt-60, cyanide, 
nitrate, technetium-99, and tritium. The second group 
is centered on well 299433-16 that has high nitrate, 
elevated technetium-99, and slightly elevated chro- 
mium. The third set of contaminants is located at 
well 299-E33-44, just east of the BY Tank Farm. This 
group has elevated nitrate, nitrite technetium-99, and 
uranium. The nature of contamination observed at 
each of these locations is described below. The loca- 
tion map is found in Appendix A (Figure A.15). 

Well 299-E33-7. The highest recent values of 
technetium-99 (7,030 pCi/L) are obseked in the north- 
ernarea of the BY cribs at well 299433-7. The drink- 
ing water standard is 900 pCi/L. Technetium-99, 
however, has risen in wells farther south in the BY 
cribs and dong the western side of the waste manage- 
ment area (Figure 2.9.7). The elevated nitrate appar- 
ently migrated with the technetium-99 and was also 

found in wells at the northeastern m e r  of Low-Level 
Waste Management Area 1 (Figure 2.9-8). Nitrate 
concentrations in all the wells noted in Figures 2.9-7 
and 2.9-8 are above the 45 m& maximum contami- 
nant level. The July 1999 concentration of nitrate in 
well 299-E33-7 was 337 mg/L. Analyses of groundwater 
from wells at Waste Management Area Low-Level 
Burial Grounds 1 indicate that technetium-99 is also 

rising at the northwest comer ofthe 200 East Area and 
contamination appears to be moving in a southwest- 
ward direction, recently impacting well 299433-35 
(Figure 2.9-9). High values of tritium (maximum of 
10,500 pC i i  at well 299-E33-7) are consistent with 
the elevated technetium-99. 

With the recent data collected for the RCRA 
assessment, it appears that nitrate and technetium-99 
have been r i s i i  since the early 1990s. This observation 
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tal/ 
is consistent with the recent analysis ofthe groundwater 
flow direction from the northeast to the southwest. 
This plume movement implies that the source is the 
original BY crib plume moving back through the area 
with the lowering of the water table farther to the east. 
Nitrate, along with chloride, sulfate, and associated 

detected at well 299-E33-41 and elevated nitrate, 
technetium-99, and uranium found in wells 299433.13 
and -38. The relationship between the technetium-99 
and uranium in well 299-E33-41 is shown in Fig- 
ure 2.9-1 1. Similar increases in chloride and sulfate 
correlated with the high frequency technetium-99 

cations, is the apparent cause of the elevated specific 
conductance value first observed in well 299rE33-32 
in 1996. 

Cobalt-60 and cyanide are also detected in the 
groundwater underneath the BY cribs in wells 299- 
E33-7, -38 and -5. The highest values were found in 
June 1998 at well 299-E33-7 (66 pCi/L for cobalt-60 
and 347 pg/L for cyanide). The drinking water stan- 

dards for cobalt-60 is 100 pCi/L and for cyanide is 
200 pg/L.. Cyanide and, possibly, cobalt-60 were also 
found southeast of the BY cribs in samples from well 
299433-13. Contamination observed in well 299- 

pulses. The associated uranium traveled through the 
locd area at a retarded flow rate, with respect to the 
more mobile anions, but repeated the same high fre- 
quency pattern. These events are discussed in detail 
in PNNL-11826 and PNNL-11793. 

Initial groundwater samples from well 299Z33-44, 
collected in October 1999, revealed that technetium- 
99 and nitrate are above the drinking water standard 
(4,480 pCib and 95 m a ,  respectively). The highest 
levels of uranium in the area were found here . The 
maximum concentration was found in April 1999 
(350 pg/L). Unlike the technetium-99 and nitrate 

E33-13 recently assumed a character similar to that at 
well 299-E33-7. Cyanide and cobalt-60 were not found 
in other we& in the area. consequently, it is not yet 

observed to the north, the groundwater in this well 
has neither cyanide nor cobalt-60 in detectable quan- 
tities. Also, relatively high levels of nitrite (400 to 

clear whether these constituents are moving with the 
nitrate, technetium-99, and tritium or are entering 
the groundwater from the vadose zone. 

WeU 299-E33*16. The main characteristic of 
contamination detected in the groundwater at this 
well is an extremely high nitrate concentration, close 
to 500 mg/L (Figure 2.9-10). Associated with the 
nitrate is technetium-99 above the dnnkmg water stan- 
dard, at -2,000 pCi/L in June 1999 (see Figure 2.9-10). 
Also, chromium is elevated at 53.5 pg/L but below the 
100-p& maximum contaminant level. Nitrate, ele- 
vated above the maximum contaminant level, was also 
detected at surrounding wells 299-E33-15, -17, and 
-20. However, the elevated technetium-99 and chro- 
mium are not found in the groundwater a t  these wells, 
suggesting that the contamination _ _  at well 299433-16 
isloCalized. ’ 

WeU 299433.44. This well was constructed in 
1998 to sample groundwater between high levels of 
technetium-99 (12,000 pCi/L in August 1997) and 
uranium (maximum of 81 pg/L in November 1998) 

600 pg/L) were found in the groundwater samples 
from this well. A check for coliform proved to be 
negative. Efforts are currently under way to sample 
well 299433-9 inside the BY Tank Farm to ascertain 
if this contamination suite is local to well 299-E33-44 
or if there is a small plume located under Waste Man- 
agement Area B-BX-BY. 

contmninrmt Ratios. One diagnostic tool for iden- 
tifying different contaminant plumes in the ground- 
water surrounding Waste Management Area B-BX-BY 
is the ratio of nitrate to technetium-99. Tank-related 
sources are expected to have low ratios because of the 
large concentrations of technetium-99 with respect to 
nitrate estimates in tank wastes (HNF-SD-WM-TI- 
740). For example, the ratio of nitrate (in m&) to 
technetium-99 (in pCi/L) for the pulses of contamina- 
tion shown in Figure 2.9-11 are approximately four. 
Ratios based on current estimates of tank waste are 
typically below four. These ratios are low compared to 
background values, which are in the thousands. 
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Nitrate to technetium-99 ratios for data collected 
during the second quarter of 1999 are mapped in Fig- 
ure 2.9-12. For contamination associated with well 
299-E33-7, ratim generally range from 40 to 50. Ratios 
within this range cover the BY cribs, the western side 
ofthewastemanagementarea,andextendstothewest 

at wells 299-E33-26, -34, and -35. With nitrate and 
technetium-99 increasing in wells 299-E33-28, -32, 
and -43, the region chsplaying this signature is expected 
to inclTz3.92. 

During the time of northward movement, prior to 
the early 199Os, the highest concentrations of nitrate 
and technetium-99 were found in well 699-50-53A, 
located north-northeast of the study area. The nitrate 
to technetium49 ratio from this well during the early 
1990s was 42, for a technetium-99 value of 17,000 $i/L 
and 716 mg/L of nitrate. This ratio is very similar to 
that of the contamination currently moving through 
the northern part of this waste management area. 

The nitrate to technetium-99 ratio at well 299- 
E33-16 is above 200 because of high nitrate levels 
with low technetium-99 values (less than half that 
observed at wells 299-E33-7 or -44). As can be seen 
in Figure 2.9-12, none of the sur rounh wells have a 
similar ratio. Wells immediately to the north, east, 
and south have high nitrate values but do not have 
technetium-99 above the drinking water standard, 
resulting in much higher ratios. The contamination 
detected in this well appears to have a limited spatial 
extent. It may be that at least part of the aquifer at 
this site is locally isolated by structure on the basalt. 
The relief on the top of the basalt can be as much as 
4 3  meters, which is similar to the aquifer thickness at 
this well. Ifthe basalt surface is locally depressed, then 
the contamma tion found in the groundwater may be 
residual from liquid waste discharged to the 21643-8 
crib. 

Finally, the ratios at wells 299-E33~44 and -41 
(-25) are noticeably lower than those wells in the sur- 
roundmg area. The nitrate and technetium-99 levels 
at well 299-E3341 are significantly low, both currently 
below the drinking water standard. If a groundwater 

sample can be collected from well 299433.9, located 
west of well 299433-44 but within the tank farm 
boundaries, further conclusions may be possible con- 
cerning the source of this groundwater contamination 
at well 299433-44. 

Cornfation with Possible SouKes 

I 

The contamination discharged to the ground at 
the BY cribs appears to be migrating from the north in 
a southwesterly direction, impacting the groundwater 
undertheBY dbsandthenorthwestempartofWaste 
Management Area B-BX-BY. This plume, consisting 
of nitrate, tehetium-99, and tritium, is monitored as 
it moves through the BY and BX tank farms into the 
northeastern comer of Low-Level Waste Manage- 
ment Area 1. It is unclear whether the cobalt-60 and 
cyanide associated with the original plume are moving 
through the area. Although these contaminants are 
detected in the groundwater under the BY cribs, as of 
May 1999 they have not been detected farther to the 
west or south, except in well 299433-26. 6.i 

The elevated chromium, nitrate, and technetium- 
99 that are detected in the groundwater at well 299- 
E33-16 appear to be local. This region of the 
groundwater has only recently been monitored, when 
assessment level monitoring began. Consequently, it 
is not known how long the nitrate and technetium-99 
have been above the drinking water standard. If the 
local aquifer is hydraulically isolated from the BY crib 
plume, it may be difficult to determine trends or changes 
in the groundwater chemistry at well 299-E33-16. 

, 

The origins of the contamination at well 299-E33- 
44 are, as yet, not understood. The lower nitrate to 
technetium-99 ratio and the high uranium values may 
indi&e the contamination is from tank waste. It may 
be possible to determine the source of the contamina- 
tion after groundwater samples from well 299-E33-9 
are analyzed. 

2.9.1.10 2 16-8-63 Trench RCRA Parameters 
Gmundwater monitoring continues to pmvide evi- 

dence that no dangerous non-radioactive constituents 
b 
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from the site have entend groundwater from this trench 

(see Appendix A). RCRA interim status indicator 
parameters are pH, specific conductance, total organic 
carbon, and total organic halides (40 CFR 265.92b][3]). 
Included in the analysis list for this trench are a gamma 
scan, alkalinity, gross beta, and turbidity. Analytical 

(Table A.2). However, in recent years, the direction 
of groundwater flow in the northwestern part of the 
200 East Area is changing from a northwestern flow to 

a more southern or southwestern flow. See Section 
2.9.1.9 for a detailed discussion of groundwater flow 
direction and flow rates at Waste Management Area 

results have revealed no contamination that could be B-BX-BY. 
attributed to this facility. Groundwater analysis con- 
tinued to indicate an increase in concentrations of 
calcium, magnesium, sodium, and sulfate in several 
. wells. However, the concentration of these constitu- 
ents did not exceed maximum contaminant levels. 
The reason(s) for these increases are unknown, but 
they probably indicate the addition of relatively clean 
wastewater to the groundwater system possibly from 
21643-3 pond. The rate of change in concentration, 
however, has slowed and may indicate that ground- 
water chemistry is stabilizing beneath the facility. 

The upgradient/downgradient comparison value 
for specific conductance was consistently exceeded in 
well 299433-34 in fiscal year 1999. Nitrate at levels 
well above the 45 mg/L maximum contaminant level 
was the major contributor to this exceedance (see Fig- 
ure 2.9-5). Nitrate levels in nearby wells 299432-10 
and 299-E33-28 also exceeded the maximum contami- 
nant level. The source of the nitrate contamination is 
assumed to be from the cribs to the east of Low-Level 
Waste Management Area 1. Elevated nitrate is also 
present in wells on the southern and western sides of 
this area. Values exceeded the maximum contaminant 
level in wells 299-E28-26,299-E32-2,299-E32-3, and 
299-E32-6. These high levels were associated with 
the nitrate plume originating from southeast of Low- 
Level Waste Management Area 1 (see Section 2.9.1.8). 

RCRA monitoring at the 216-B-63 
crib indicates the site has not ContamiMted u 
groundwater. 

' 2.9. I .  1 1 200 East Low-Level Burial Grounds Low-Led Was* Management Area 2 

The two low-level burial grounds in east area, 
Low-Level Waste Management Area 1 and Low-Level 
Waste Management Area 2, are monitored under 
interim status detection monitoring. 

Low-led Waste Management Area I 

The groundwater monitoring network for Low- 
Level Waste Management Area 1 continues to meet 
all RCRA requirements. Sampling is done semiannu- 
ally at 16 monitoring wells for the constituents listed 
in Table A.39. Water levels are continuing to decline 
in the 200 East Area, but none of the monitoring wells 
in Low-ixveI waste Management  rea 1 are ixpxted 
to go dry within the next 10 years. Based on contami- 
nant plume movement in previous years, groundwater 
flow direction was interpreted to be toward the north- 
west with flow rates less than 0.5 meter per day 

contaminaton indicator parameters were sampled 
semiannually (see Table A.4 1 ) in compliance with 
RCRA interim status regulations at this facility. 
Groundwater flows to the west at 0.06 to 0.8 meter 
per day (see Table A.2). The groundwater monitoring 
network continues to provide adequate coverage. How- 
ever, if the decline in water levels in the area contin- 
ues at the current rate additional wells are expected to 
go dry in -3 years. Additional wells may be required 
in some instances, but many of the monitoring wells 

. 

Lau-leuel waste mdnagement areas I 
and 2 are monitored as RCRA sites. Vutu 
fiom fical year I999 indicated they have 
not contuminated groundwater. 
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in this network are at or near the top of basalt. Alter- 
native methods to monitor this waste management area 
may be necessary to determine contaminant releases. 

There is no evidence of groundwater contamina- 
tion from Low-Level Waste Management Area 2. The 
+ent/downgdientcomunnparisonvalueforspecific 
conductance is consistently exceeded in upgradient 
well 299434-7. The major causes of increased con- 
ductivity are sulfate, nitrate, and calcium. Nitrate 
exceeded the 45 mg/L maximum contaminant level in 
this well. There are no apparent sources of sulfate or 
nimte in Low-Level Waste Management Area 2 near 
well 299-E34-7. The source of these constituents is 
unknown. 

The quadruplicate averages for total organic car- 
bon at well 299-E27-10 and for total organic halogen 
at well 2994343 exceeded the established upgradient/ 

downgradient comparison values in the January 1999 
sampling events. Both of these exceedances were 
attributed to suspicious values reported by the labora- 
tory. The values for both constituents returned to 
normal ranges in samples collected in April 1999. 

2.9.2 PUREX Plant 

Numerous disposal facilities received waste from 
PUREX Plant operations. In particular, numerous 
cribs to the south and east of the PUREX building 
impacted groundwater quality over a large area of the 
site. The most extensive and si&cant contaminants 
are iodine-129, nitrate, and tritium. Three cribs 
(216-A-10,216-A-36B, and 216-A-37-1) are at least 
partially responsible for the significant contamination 
and were monitored in accordance with RCRA in fis- 
cal year 1999. Monitoring results indicate that the 
impact to groundwater originates from other facilities 
as well. These other facilities are located generally 
northeast andeast ofthe plant, that arebeing addressed 
under the CERCLA/RCM past-practice process. The 
216-A-29 ditch, B Pond, and high-level waste tanks 
in waste management areas A-AX and C also are moni- 
tored in accordance with RCRA. However, to date 
there is no evidence to indicate that these sites have 
contaminated groundwater. 

Groundwater monitoring is conducted near 
PUREX Plant: 

b triennially to annually to describe the 
nature and extent of contamination 

b semiannually to monitor trends in variable 
constituents/wells 

b semiannually to detect possible impact of 
five RCRA waste management areas 

b quarterly to assess contamination from 
one RCRA waste management area 

b quarterly or semiannually to detect possible 
impact of the Treated Effluent Disposal 
Facility. 

2.9.2.1 Groundwater Flow 

In the 200 East Area, groundwater flows primarily 
in two general directions: to the northwest through 
Gable Gap (located between Gable Mountain and 
Gable Butte) and to the southeast and east toward the 
Columbia River (see Plate 2). These flow directions 
are based on contaminant-plume maps and water- 
elevation data. However, the location of the divide 
between flow to the northwest and flow to the south- 
east is not discernible because the water table in the 
200 East Area is nearly flat, which is primarily the 
result of a zone of high transmissivity in this region. 

. 

- 
Groundwater flow rate and direction beneath the 

individual waste facilities vary and are discussed in the 
following sections on RCRA monitoring. 

2.9.2.2 Tritium 

The highest tritium concentrations in the 200 East 
Area continued to be found in wells near cribs that 
received effluent from the PURM Plant (see Plate 3). 
Activities of more than 2 million pCi/L (the derived 
concentration guide) were detected only in well 

ci 
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299-E17-9 next to the 216-A-36B crib (Figure 2.9-13). 
The maximum concentration detected in this well in 
fiscal year 1999 was 3.87 million pCi/L in October 
1998, which was also the maximum tritium conen- . 
tration detected in any well on the W o r d  Site dur- 
ing fiscal year 1999. Tritium concentrations that 
exceeded the 2O,OOO-pCi/L interim drinking water 
standard continued to be found in many wells affected 
by cribs near the PUREX Plant. 

Prior to fiscal year 1998, tritium levels measured 
in well 699-37-47A, near the southeastern comer of 
the-200 East Area and completed in 1996, remained 
below 20,000 pCi/L. The April 1998, October 1998, 
and April 1999 levels were 35,000,36,000, and 
3 1,000 pCi/L, respectively. The rise in tritium in this 
well is probably due to the reduction in wastewater 
volume discharged in the vicinity of 216-B-3 pond. 
Well 699-37-47A is very near the mixing area of 
groundwater from the northwest that has higher trit- 
ium concentration and groundwater from the 216-B-3 
pond area that has lower tritium levels. As the influ- 
ence of wastewater volumes in the 216-B-3 pond area 
continues to shrink, the mixing area for groundwater 
from the two sources (near well 699-37-47A) becomes 
more dominated by groundwater from the northwest 
that has higher tritium concentrations. 

The movement of the widespread tritium plume 
(see Plate 3), extending from the southeastem portion 
of the 200 East Area to the Columbia River, was con- 
sistent with patterns noted in fiscal year 1998 (see 
Section 5.10.3.2 of PNNL-12086). Separate tritium 
pulses Bssociated with the two periods ofpuRM Plant 
operations contributed to the plume. The first pulse, 
which resulted from discharges from 1956 to 1972, 
can be detected near the Columbia River (e.g., well 
699-40-1, Figure 2.9-14). Elevated tritium concentra- 
tions measured immediately downgradient from the 
200 East Area represent the second pulse associated 
with the &tart of operations between 1983 and 1988. 
The area immediately downgradient of the cribs, where 
concentrations are greater than 200,000 pCi/L, is 
naturally attenuating as a result of radioactive decay 
and dispersion combined with the decreasing source 

that resulted from the termination of operations. Fig- 
ure 2.9-15 clearly shows the arrival of the plume in 
early 1987 at well 699-24-33, near the Central Lana,  
long after the passage of the plume from the earlier 
operation. The tritium concentrations in this well 
during the passage of the first pulse were at least three 
times the maximum concentrations in the second pulse. 
Thus, the second pulse is expected to have a signifi- 
cantly lower impact than the first pulse downgradient 
toward the Columbia River. The overall decline in 
concentrations throughout this plume indicates that 
the greatest impact expected at the Columbia River 
have already occurred. 

Waste facilities associated with the 
PUREX Plant contamimted groundwater 
with tritium, iodine-129, and nitrate. The 
tritium plume h r&d the Columbia 
River at levels above the drinking water 
standard, but Concentrations are generally 
declining. 

The zone of lower tritium concentrations near 
Energy Northwest (see Plate 3) may be due to discharges 
(over 75 liters per minute) of dnnlung water filter back- 
wash water, various wash-water systems, and storm 
runoff that dilute the plume. Another possibility is 
that the zone of lower tritium concentration corre- 
sponds to a zone of lower hydraulic conductivity in 
the unconfined aquifer. At that site, the water table is 
within the upper portion of the Ringold Formation 
that locally may have a greater degree of cementation. 

2.9.2.3 lodine-129 

The highest iodine-129 (interim drinking water 
standard of 1 .O pCi/L) concentrations observed in the 
200 East Area in M y e a r  1999 were near the PURM 
.Plant cribs (see Figures 2.1-5 and 2.9-2). The maxi- 
mum concentration of iodine-129 detected in fiscal 
year 1999 was 12.5 pCi/L in well 299-E17-14 during 
October 1998. This well monitors the 216-A-36B 
crib. Concentrations of idine-129 in groundwater near 
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the PURM cri& are generally dec@ slowly or are 
stable, as shown for well 299-E17-9 (Figure 2.9-16). 
The iodine-129 plume extends southeast into the 
600 Area and appears to coincide with the tritium and 
nitrate plumes (see Plate 3 and Figure 2.14). Iodine- 
129 is measured in wells at the Old Hanford Townsite, 
the area of the 200 Ams plume with the highest trit- 
ium concentrations near the Columbia River. These 
wells show no clear increasing or decreasing trends in 
iodine-129, and have never been detected above the 
drinking water standard (see Figure 2.9-3). Recent 
results have been below detection limits (note that 
open symbols in Figure 2.9-3 indicate the result was 
less than analytical error and thus was undetected). 

2.9.2.4 N h t e  

High nitrate amcentrations continued to be found 
near liquid waste disposal facilities that received efflu- 
ent from PUREX Plant operations. The maximum 
nitrate concentration detected near the PUREX Plant 
in fiscal year 1999 was 191 mg/L in well 299-E17-9, 
which is adjacent to the 216-A-36B crib. The extent 
of the nitrate plume that emanates from the 200 East 
Area (see Figures 2.14) is nearly identical to that of 

, the tritium plume. However, the area with nitrate 
greater than 45 mg/L (the maximum contaminant 
level) is considerably more restricted than the area 
with tritium above the interim dnnlung water standad 
(20,000 pCi/L). Nitrate at levels abdve the maximum 
contaminant level north of the 400 Area, within the 
area impacted by PURM operations, is attributable to 
400 Area +al (discussed in Section 2.10.2). 

2.9.2.5 Strontium-90 

A single well (299-E17-14) near cribs south ofthe 
PURM Plant had a concentration above the interim 
drinking water standard (8.0 pCi/L) for strontium-90 
(a beta emitter) in fiscal year 1999. The maximum 
strontium-90 concentration detected in fiscal year 
1999 was 17.2 pCi/L from well 299-E17-14 next to the 
216-A-36B crib during Apnll999. The impact is very 
localized because of the lower mobility of smntium- 
90 compared to iodine-129, nitrate, and tritium. This 
result is consistent, in part, with a gross beta (interim 

drinking water standard of50 pCi/L) concentration of 
68.6 pCi/L in the same well. Strontium-90 was detected 
at four other wells near the 216-A-10 and 216-A-36B 
cribs duringfiscal year 1999. The ummtrations have 
been stable since 1994. 

~ 

The 68.6 pCi/L result for gross beta at well 299- 
E17-14 during fiscal year 1999 is more than can be 
accounted for from the 17.2 pCi/L result for strontium- 
90 in the same well. The higher result for gross beta is 
probably due to technetium-99 (also a beta-emitter). 
The last technetium-99 result from well 299-E17.14 
was 209 pCi/L (fiscal year 1994). Tehetium-99 is 
no longer routinely sampled at well 299-E17-14 because 
previous results were significantly less than the dnnking 
water standard (900 &in), and the gross beta analy- 
sis could be used as a screening tool for technetium-99 
and other beta-emitters. 

2.9.2.6 Manganese 

Manganese concentrations decreased in fiscal year 
1999 in two wells (299-E25-17 and 299-E25-19) south 
of the 216-A-37-1 crib after a fiscal year 1998 peak. 
The concentration increased in early fiscal year 1998 
to levels not reached since 1993 and continued to rise 
throughout the remainder of the year (Figure 2.9-17). 
The concentration continued to increase to a maxi- 
mum of 64 pg/L (at well 299-E25-19) in October 1998 
and then began to decrease. M e r  January 1999, the 
concentration of manganese remained below the sec- 
ondary maximum contaminant level (50 pg/L) in both 
wells. The source of the increased levels of manga- 
nese is unknown but presumed to be the 216-A-37-1 
crib. 

. 

2.9.2.7 PUREX Cribs RCRA Parameters 

The PUREX cribs (216-A-10,216-A-36B, and 
216-A-37-1 cribs) are monitored in interim status to 
assess groundwater quality (see Appendix A). Ground- 
water flow for the two western cribs (216-A-10 and 
216-A-36B) is toward the southeast at -0.003 to 
0.48 meter per day. For the eastern crib (216-A-37-1), 
groundwater flow is southwest at -0.018 to 0.18 meter 
per day. The PUREX cribs are located in a region 
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where several groundwater plumes contain constituents 
that exceed drinking water standards. The similarities 
in effluent constituents disposed to these cribs, as well 
as to the 216-A-45 crib, make determining the contri- 
bution of the PUREX cribs very difficult. However, 
during fiscal year 1999, the following constituents 
exceeded drinking water standards in at least one well 
in the near-field well network: 

Aquifer properties were determined from the strati- 
graphic interpretations, current water elevations, pre- 
vious aquifer tests, and regional groundwater table 
provided in F'NNL-12086. 

Groundwater Flow 

The water table is extremely flat acms the 200 East 
Area. In areas with flat water tables, the choice of 
surveys may affect the relative position of the water 
elevation in a well with respect to other network wells. 
A switch in the relative water elevations of wells used 
to determine direction would change the interpreta- 

gross beta (one well only, 299-E17-14) 

iodine- 129 

nitrate 

manganese (secondary maximum contaminant tion of the flow direction. 
level) 

strontium-90 (one well only, 299-E17-14) 
When the groundwater project switched from 

using the NGVD29 vertical control datum to the 
tritium. NAVD88 datum, the hydrographs gave a more realis- 

. Three of the nibs associated with the 
P u R M [  Plant are monitored together as a 
RCRA waste management area. They con- 
tributed to the contaminant plume that 
extends toward the southeast. 

The far-field monitoring well network of the 
PURM cribs is integrated with the well network for 
the 200-PO-1 Operable Unit and the site surveillance 
well network downgradient of the 200 East Area. 
These well networks monitor an approximate area of 
the Hanford Site covered by the tritium plume (above 
2,000 pC&) from the 200 East Area. Besides the trit- 
ium plume, this area also contains the iodine-129 and 
nitrate plumes. The data from RCRA monitoring of 
the mJRM eribs are integrated into the assessment of 
the overall extent of contamination for these constit- 
uents (Sections 2.9.2.2 through 2.9.2.6). 

2.9.2.8 Waste Management Area A-AX 
RCRA Parameters 

This section provides information on the cunent 
nature of the unconfined uppermost aquifer in the 
immediate region of Waste Management Area A-AX. 

tic estimate of flow direction. In one of the five wells 
used to monitor the water table, a comparison between 
hydrographs referenced to NGVD29 versus NAVD88 
indicate a survey error on the same scale as the water 
level difference across the Waste Management Area 
A-AX site. This well was eliminated from interpreta- 
tion of flow direction because it is not known which 
survey may be in error. 

RCRA Waste Management Area 

ing dam from fical year I999 did not indi- 
ate any impact to groundwater. Because 
ofdrangesmfEowdir~,theweunet- 
wark.may need revising. 

A-AX contains Singte-shell tanks. Monitor- 

Although well 299-E24-19 is used to monitor the 
groundwater quality, water-table elevations for this 
well appear abnormally low on a hydrograph. This 
well may be slightly out of plumb, explaining the 
abnormal trough in the water-table surface there. The 
hydrograph for the four remaining wells is shown in 
Figure 2.9-18 (for well locations, see Figure A.14). As 
can be seen, the flow direction appears to be toward 
the east. However, given the uncertainties in water 
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elevations, it is probably not possible to use water 
elevations alone to determine local flow at this site. 

The original groundwater monitoring network, 
which is still in use today, was designed for a narrowly 
focused southwestern groundwater flow direction. The 
consequences of having a potentially eastern flow 
in the RCRA compliance network is under investiga- 
tion. The monitoring plan for this site is b e i i  revised. 
Recommendations are made to resolve the dwxpanq  
between the flow directions based on water levels and 
that based on plume movement. If the flow is found 
to be other than to the southwest, a new well network 
will be designed. Depending on which hydraulic con- 
ductivity value is used, the effective flow rate at Waste 
Management Area A-AX is estimated to be between 
0.52 to 0.66 meter per day (see Table A.2 for specific 
values used in these calculations). This equates to 
189 to 245 meters of groundwater movement per year. 

Gmvndwoter Chemistry 

This section provides information on the results 

of RCRA groundwater monitoring at Waste Manage- 
ment Area A-AX for fiscal year 1999. Information on 
recently occurring and past contaminant issues is pro- 
vided. Routine, interim detection groundwater sam- 

pling began at Waste Management Area A-AX in 
fiscal year 1992. Indicator parameters have not been 
exceeded at this site during this time. Specific con- 
ductance values generally range from 220 to 300 fi/cm, 
reflectingchangesinchloride,nimte,andsulfatecon- 
centrations. Calcium and sodium are the principal 
balancing cations. Figure 2.9-19 shows trend plots for 
nitrate, sulfate, and technetium-99, comparing contami- 
nant levels between the five RCRA gmundwam moni- 
toring wells. The specific conductance changes that 
occurred at Waste Management Area A-Ax are domi- 
nated by sulfate. For most of the wells, sulfate values 
range from 23 to30 6, which is close to the Hanford 
Site background values reported in WHC-EP-0595 
(-14 to 60 m a ) .  Nitrate values range from -4 to 
8 mg/L, which falls within the ranges of background 
values of 3 to 12 mg/L for the Hanford Site (WHC- 
EP-0595). The maximum contaminant levels for 
nitrate and sulfate are 45 and 250 m a ,  respectively. 
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Sulfate concentrations above background values 
were identified in two wells, 299-E25-40 and 299- 
E25-41, where values reach -70 m& Speculation 
on the source of the elevated sulfate is probably not 
useful until the flow direction can be determined with 
more confidence. 

Nitrate concentrations in well 299-E24-20 are 
-38 m a ,  which is above the maximum background 
value of 12 m& (Figure 2.9-20). This well is located 
south of the 244-AR vault. Nitrate values rose from 
6 mg/L in February 1996 to 38 mg/L in February 1998. 
Although there is no elevated technetium-99 associated 
with this increase in nitrate, there is a distinct correla- 
tion with tritium. Values rose from 4,180 pCi/L of 
tritium in February 1996 to -7,200 pCi/L in February 
1998. Most tritium values at the waste management 
area range from 2,800 to 4,000 pCi/L. The drinking 
water standards for tritium and nitrate are 20,000 pCi/L 
and 45 m a ,  respectively. Without more complete 
knowledge of the local groundwater flow direction, it 
is not possible to speculate on the source of this iso- 
lated, elevated nitrate. 

L j  

Chromium, nickel, and .manganese are detected 
in well 299-E24-19 (Figure 2.9-21). Chromium has 
sporadically exceeded the 100 pg/L maximum contami- 
nant level since fiscal year 1991. Values range from 
140 pg/L in early fiscal year 1994 to 2,820 pg/L in 
October 1998. The concentration dropped to 707 pgh. 
in’December 1998. Nickel and manganese also 
exceeded the 100 pg/L and 50 pg/L drinking water stan-  

dards, respectively. In October 1998, the maximum 
concentrations of 883 pgh. for nickel and 141 pg/L for 
manganese were detected. Historically, iron only 
slightly correlates with chromium except for the recent 
October 1998 maximum. 

Nitrate concentrations in well 299-E24-19 also 
increased in October 1998 from 3,320 to 7,171 pg/L. 
This is the first occurrence in this well of any non- 
metal constituents correlating with changes in chro- 
mium. Because there are no other correlations with 
other constituents at this well except the metals, 
nickel and manganese, and no other local occurrences 

L j  



200 East Area 

’tsd 
of chromium have been documented in other wells, 
the elevated metals are, most likely, due to corrosion 
of the screen. Further sampling is required to address 
the signGcance of the slightly elevated nitrate. 

,, 

Technetium-99 declined to low levels (36 pCi/L 
in December 1998) in well 299-E25-46 after an &crease 
to 374 pCi/L in August 1977 (Figure 2.9-22). The 
increase in technetium-99 concentrations correlates 
with a rise innitrate values during the same time period. 
Until issues relating to the direction of groundwater 
flow are resolved, no further speculation on contami- 
nant source is useful. 

The dnnking water standard of 1 pCi/L is exceeded 

for iodine-129 in all monitoring wells at Waste 
Management Area A-AX. This area sits within a 
large, regional, iodine-129 plume that extends to the 
southeast. The source is apparently associated with 
the PUREX cribs (PNNL12086). 

2.9.2.9 Waste Management Area C RCRA 
Parameters 

This section provides information on the current 
nature of the unconfined, uppermost aquifer in the 
immediate region of Waste Management Area C. 
Aquifer properties were determined from the strati- 
graphic and lithologic interpretations, current water 
elevations, previous aquifer test results, and from the 

regional groundwater map provided in PNNL-12086. 

RCRA Waste Management Area C 

fiom Fcal year I999 did not indicate any 
impact togroundwuter. 

~atains single-shell tnnks. Moniton’ng dnta 

Grvundwoter Flow 

The water table is extremely flat a m  the 200 East 
Area. In areas with flat water tables, the choice ofsur- 
veys may actually affect the relative position of the 
water elevation in a well with respect to other network 
wells. A switch in the relative water elevations of wells 
could affect the interpretation of the flow direction. 

bi 

Figure 2.9-23 shows hydrographs for four of the 
five RCRA network wells that are used to monitor the 
water table at Waste Management Area C. The data 
from well 299-E27-15 is historically inconsistent with 
data from the other wells in the Waste Management 
Area C network and is, most likely, deviated from ver- 
tical. A gyroscopic survey may alleviate the problems 
with water-level data from the bell. 

I 

The data from the other four wells are plotted on 
Figure 2.9-23. Well 299-E27-7 is historically the upgra- 
dient well and 299-E27-13 is the downgradient well. 
Well 299-E27-12 appears to be slightly elevated with 
respect to well 299-E27-13. Thus, the direction of 
groundwater flow at Waste Management Area C 
appears to be toward the southwest. The flow is con- 
sistent with the regional water-table map (see Plate 2). 

The original groundwater monitoring network, 
which is still in use today, was designed for a localized 
western flow direction (WHGSD-EN-AP-012, Rev. 1). 
A new groundwater monitoring plan is being prepared 
that will propose an approach to better determine flow 
direction. 

Depding on which hydraulic conductivity value 
is used, the effective flow rate at Waste Management 
Area C is estimated to be between 0.7 to 1.4 meter 
per day (see Table A.2 for specific values used in these 
calculations). This equates to 267 to 534 meters of 
groundwater movement per year. 
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Currently in RCRA network wells, the open in- 
tervals within the aquifer range from 3.2 to 2.4 meters. 
In well 299-E27-7, the open interval is 14.3 meters. 
The rate of water-table decline has increased from 
9.1 centimeters per year in June 1997 to -30.5 centi- 
meters per year in March 1999. If this current rate 
continues, well 299437-13, one of the downgradient 
wells with less than 3 meters of water, may become 
unusable in 6 or 7 years. 

Gmundwater Contamination 

Critical mean values of the indicator parameters 
(pH, conductivity, total organic carbon, and total 



organic halides) were not exceeded during fiscal year 
1999. As sluicing operations were conducted at tank 
C-106, thii site was temporarily placed on monthly 
monitoring to assist in detecting effects of waste 
retrieval operations on groundwater quality. 

All wells showed concentrations of iodine-129 
above the 1-pCi/L interim drinking water standard. 
The single-shell tank resides within the regional 
iodine-129 plume that extends throughout this area. 
Although tritium continues to be elevated in upgrad- 
ient well 299-E27-7 at 2,520 pCi/L in February 1999, 
values acfoss the waste management area remain well 
below the 20,000-pCi/L drinking water standards. 

Nitrate rose in well 299-E27-14 from 11 mg/L in 
July 1998 to 30 mg/L in October 1998. (Figure 2.9-24). 
If the flow direction to the south-southwest is correct, 
then well 299-E27-14 may be downgradient from 
Waste Management Area C. Consequently, this rise 

in nitrate may be associated with tank farm concen- 
trations. Both the specific conductance and nitrate, 
however, are below the critical mean set for this RCRA 
site, and the drinking water standard for nitrate of 
45 m& As can be seen in Figure 2.9-24, both upgra- 
dient and downgradient wells experienced a slight but 
steady increase in nitmte levels. A comparkm is made 
between chloride, nitmte, and sodium for well 299427- 
14 in Figure 2.9-25. Both chloride and sodium can be 
seen to track with the nitrate. However, neither the 
sulfate nor the calcium show similar trends. 

Along with an increase of nitrate at well 299437- 
14isa- . inCreaseintedmetium-99shown 
in Figure 2.9-26. Technetium-99 contamination rose 
from 184 pCi/L in February 1998 to 672 pCi/L in Sep- 
tember 1998. The July 1999 value was 460 pCi/L. 
Although elevated with respect to the surrounding 
area, values are still below the drinking water SMndard 
of 900 pCi/L. Similar to the increases in nitrate, the 
technetium-99 levels are steadily increasing in all the 
surrounding wells. The September 1999 value for well 
299-E27-15 is 98 sib. Figure 2.9-27 shows the 
direct correlation between nitrate and technetium-99 
in well 299427-14. As can be seen, the nitrate and 
technetium-99 concentrations are highly correlated. 

With the uncertainty in the current direction of 
groundwater flow, it is not possible to determine the 
source of increasing contamination observed at Waste 
Management Area C. However, it is important to 
note that, unlike the other single-shell tanks in the 
200 East Area, Waste Management Area C is not sur- 
rounded with pastepractice liquidkffluent disposal 
facilities. Consequently, with no nearby sources and 
no known local plumes that might be moving through 
the area, it becomes even more important that the flow 
direction be determined by a direct, in situ method. 
Because waste retrieval operations have ceased, the 
area will be monitored every other month during fiscal 
year 2000 and will be returned to semiannual moni- 
toring beginning in fiscal year 2001. 

2.9.2.10 2 16-A-29 Ditch RCRA Parameters 

The direction of groundwater flow beneath the 
ditch is west-southwest, based on nitrate and tritium 
plume maps (see Figures 2.142.9-5, and Plate 3) and 
on water-level elevations in the monitoring wells. 
The tritium plume map (see Plate 3) shows that the 
flow direction swings to the southeast as groundwater 
flows to the southeastern comer of the 200 East Area. 
The calculated gradient is -0.OOO5 for the entire 
length of the ditch and yielded a flow rate of -0.03 to 

-0.09 meter per day (see Table A.2). 

LdJ 

RCRA monitoring at tk 21 6-A-29 
ditch in fid year 1999 indicated the site 
has not contaminatedgroundeuater. 

The water table beneath the ditch has steadily 
declined since discharges to the B Pond system were 
terminated. Figure 2.9-28 shows the water levels are 
continuing to decline in web monitoring the head and 
dtschatge ends of the ditch. The in water-table 
elevation resulted in a flartened water table at both the 
head and discharge ends of the ditch. d 

L j  
Indicator parameters were not exceeded during 

fiscal year 1999. Water-level measurements were taken 
during routine sampling throughout the year. Although 
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groundwater levels continue to decline regionally, 
there is sac ien t  water in network wells for ground- 
water monitoring purposes. 

The 21 6-B-3 pond is a RCRA site that 

formerly created a h g e  recharge mound, 
affecting groundwater frow in a broad area. 
T h i s m o u n d h a s r e c e n d y ~ .  Ground- 
water monitoring in fical year 1999 shaved 
no evidence of contamination. 

In the past, sulfate was elevated at 216-A-29 ditch 
network wells, but reduced dramatically as sulfate bear- 
ing wastewater was reduced from 216-A-29 ditch 
effluent. In the last few years, two wells (299-E25-35 
and 299-E25-48) (Figure 2.9-29) have shown a slight 
increase in sulfate concentration but they remain less 
than 70 m a .  Background is -10 mg/L. 

aquifer. During fiscal year 1999, the monitoring well 
network was revised to accommodate changes in 

2.9.2.1 1 21 6-8-3 Pond Parameters 

The 216-B-3 pond system consisted of a main 
pond, three expansion ponds (3A, 3B, and 3C), and 
portions of several ditches leading to the main pond 
(see Figure A.17). In 1994, the main pond and adjoin- 
ing ditches were decommissioned and filled, and three 
expansion ponds were clean closed under RCRA regu- 
lations. Currently, only the main pond and an adjoin- 
ing segment of the 216-B-3-3 ditch are subject to 
RCRA groundwater monitoring requirements. ti 

groundwater flow direction and additional insights on 
the potential for contaminant transport. One new 
well was installed to increase coverage at the south- 
western edge of the facility. The monitoring well net- 
work for fiscal year 1999 is given in Table A.31; the 
location of the new well is shown in Figure A. 17. As 
indicated in Figure A. 17, the well network was more 
extensive in the past when the expansion ponds were 
part of the regulated unit and before constraints on 
groundwater flow were recognized as discussed below 
(PNNL-12261, PNNL-11986). 

The B Pond system was placed into assessment Groundwafer Flow 

u 

monitoring status in 1990 because of elevated total 
organic carbon and total organic halides in two wells 
(699-43-41E and 699-43-41F). Since 1990, these two 
indicaton have been below limits of quantitation. The 
only contaminants consistently detected in groundwater 
that could be attributed to B Pond operations were 
nitrate (maximum 22.5 m a )  and tritium (maximum 
232,000 pCi/L. In January 1998, a detection-level 
program was restored. 

Groundwater monitoring is based on two types of 
potential contamination: 

contamination potentially entrained in the 
gxoundwater that has moved away from the point of 
infilmtion 

potential contamination entering groundwater 
from the vadose zone. 

The configuration of the monitoring well network 
is based on these assumed modes of contaminant occur- 
rence and on monitoring discrete depths within the 

Groundwater flow around B Pond has historically 
been described as radial, away from the center of a 
groundwater mound that formed beneath the facility 
(see Plate 2). In recent years, this mound has become 
less defined, primarily because of the discontinuation 
of discharges. The direction of groundwater flow near 
B Pond altered in response to the changes in hydraulic 
head. Also, recent hydrogeologic investigations 
(PNNL-12261) have indicated that actual flow to the 
south and southeast of B Pond is very limited because 
of the relatively impermeable character of the sedi- 
ment in these areas (see Section 2.9.3). In_ fiscal year 
1999, a range of groundwater flow velocity was esti- 
mated at 0.01 to 19.2 meters per day (see Table A.2) 
was detected. The higher end of this range (and 
hydraulic conductivity range) would apply to the lim- 
ited portion of the permeable Hanford formation that 
hosts the uppermast aquifer. As head drops, and the 
water table declines into the less permeable Ringold 
Formation, the higher groundwater flow estimates 
may decrease. 
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Water levels in B Pond wells have dropped since 
the mid-l980s, as d+es to the facility decreased 
and then ended in 1994 (the clean closed 3C expan- 
sion pond continued to receive reduced amounts of 
clean water until August 1997). Figure 2.9-30 is a 
hydrograph of four wells in the E Pond monitoring 
network that illustrates the nature of water-level drop 

The monitoring netevork fix B Pond 
was revised m j h d  yem 1999 to +a 
recent changes inflow patterns. 

in most B Pond wells. During a period from 1996 to 
1997, several wells in the network experienced a pre- 
cipitous drop in water levels that has slackened some- 
what since about late 1997. Calculations of rates of 
water-level decline during fiscal year 1999 indicate 
that rates of decline have slowed in most wells in the 
current network. Based on these calculations, the 

estimated service lives of the wells range from 2.4 and 
5.2 years in wells 299-E26-11 and 6994345, respec- 
tively, to >lo0 years in well 69940-39. Most of the 
remaining wells have expected lives of 20 to 40 years. 
Wells such as 6994345 (see Figure 2.9-30) have shown 
a more steady decline over time, perhaps because they 
are completed in less permeable portions of the aquifer 
or farther from the effluent source, thus dampening 
the hydraulic response to changes in ddarges.  

Gmundwufer Qwfjty 

The B P o d  site-specific contaminants and con- 
tamination indicator parameters are given in Table 
A.3 1. The site-specific contaminants, radionuclide 
indicators gtoss alpha and gross beta, are monitod. 
Thesearemonitoredbecauseoftheknownorpotential 
radionudides sent to B Pond in the past. Specific con- 
ductance, though also a general indicator parameter of 
contamination, is given special site-specific importance 
because ofthe anionic components of the known waste 

d+ed to B Pond. 

Groundwater samples from the B Pond network 
were collected semiannually during fiscal year 1999, 

mostly in January and June. No critical means of con- 
tamination indicator parameters were exceeded during 
fiscal year 1999. 

- 

Well 69942-39B produced the highest gross alpha 
and gross beta results during fisca;i'year 1999,3.78 and 
13.1 pCi/J-, respectively. Most gross alpha results are 
less than 4.0 pCi/L, and most gross beta results are less 
than 10 pCi/L. No trends are apparent in any of the 
downgradient B Pond wells for these indicators, but 
gross beta shows a slight upward trend in upgradient 
well 299-E32-4. The highest result thus far in this 
well is 15.4 pCi/L in December 1998. 

Historically, concentrations of some metals have 
exceededprimary or s e c o n d a r y ~ w a t e r  standards, 
but are mostly thought to be a result of well construc- 
tion or natural groundwater conditions. These metals 
included chromium, iron, and manganese. Although 
unfiltered samples of these metals exceeded the drink- 
ing water standards, this was in particulate form and 
an artifact of the sampling process. The elevated levels 
were not found in filtered samples. 

LJ 
Tritium concentrations in groundwater at the 

B Pond remain above the drinking water standard, but 
continue to decrease. Nitrate was present historically 
in concentrations above site-wide background esti- 
mates, but below drinking water standards.. These 
constituents are tracked in selected B Pond wells for 
deillance monitoring and are sampled on a triennial 
basis. Well 69941-40 (not in the current B Pond net- 
work) has historically produced the highest tritium 
results in the B Pond area, with a maximum of 
232,000 pCi/L in 1988, and a March 1998 result of 
-100,OOO pCii. Well 69942-39B produced a tritium 
result of -60,OOO pC$ in the most recent (April 1998) 
analysis for this radionuclide. Trends for tritium con- 
centrations in all B Pond wells continue generally 
downward. Nitrate is sampled annually, according to 
the recent revision of the network and constituent 
list, and is scheduled for sampling as of thii writing. 
Historical results for nitrate, as recent as 1997, indi- 
cate a continuing decline in nitrate concentrations at 
B Pond. 
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The groundwater monitoring plan and network will 
likely be revised in fiscal year 2000, primarily because 
of the dynamic hydrologic circumstances at the facil- 
ity and new information on hydrostratigraphy in the 
immediate vicinity of the B Pond (PNNL-12261). 

2.9.2.12 Liquid Effluent Retention Facility 

The Liquid Effluent Retention Facility is moni- 
tored in a final status detection evaluation program 
and is included in the Hanford Site RCRA Permit. 
Until the final status monitoring plan is approved by 
the regulators, the site will continue to operate under 
the existing interim status groundwater monitoring 
plan (WHC-SD-EN-AP-024). The RCRA indicator 
parameters are pH, specific conductance, total organic 
carbon, and total organic halides (40 CFR 265.92[b1[3]). 
Included in the analysis list for this facility are &din-  
ity, gamma scan, gross beta, and turbidity (see Table 
A.37). No indicator parameters (and other param- 
eters) were exceeded in fiscal year 1999. 

RCRA monitoring at the Liquid Effu- 
ent Retention Facility shows no evidence of 
groundwater contamiMtionfiom the site. 

The quifm beneath the site is very thin, 
and alternative approaches to monitoring me 
being investigated. 

The direction of groundwater flow beneath the 
facility is generally to the southwest, based on the 
regional water-table contours (see Plate 2). However, 
using only water-level data from wells monitoring the 
facility, the local flow direction is generally to the west. 
The gradient is 0.002 to 0.005 and reflects the effects 
of the B Pond groundwater mound to the east. The 
flow rate is estimated to range from 0.04 to 6.0 meters 
per day (see Table A.2). 

Groundwater monitoring shows no evidence that 
dangerous, non-radioactive constituents from the Liq- 
uid Effluent Retention Facility entered the ground- 
water. The critical mean for specific conductance was 

exceeded in January 1999 and triggered a codhat ion 

sampling in February. The wells affected by the exceed- 
ance included 299-E26-9 and 2994226-10. Results of 
an assessment indicated that a return to ~tud back- 
ground conditions was the source of the elevated 
specific conductance. A regional dilution of ground- 
water had occurred due to long-term discharges to the 
216-B-3 Pond. The effect of this dilution has only 
recently abated and several regional wells east of the 
200 East Area fence line have shown increasing specific 
conductance. Specific conductance background levels 
for the facility were re-calculated based on recent data. 

The current network is composed of three wells, 
one of which is upgradient. The network was t e m p  
rarily out of compliance when, in June 1999, well 299- 
E26-9 was declared dry. The well still has -0.5 meter 
of water in the casing, but retrieving a representative 
sample is not possible. The Washington State Depart- 
ment of Ecology (Ecology) was notified on July 1,1999, 
of the loss of a downgradient well. After negotiations 
between DOE and Ecology, the state of Washington 
issued a variance letter on September 22,1999, giving 
DOE time (18 months) to design and implement a new 
monitoring network. The eighteen month timeframe 
discussed in the September letter may be preempted 
by the loss of another downgradient well. Well 299- 
E35-2 has less than 1 meter of water. In less than 1 year, 
it may not be possible to sample the groundwater from 
this well. 

2.9.2.13 200 dreas Treated Effluent Disposal 
Facility 
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The 200 Areas Treated Effluent Disposal Facility 
is a non-RCRA waste d@ site built to provide an 
infiltration bed for treated liquid effluent from the 
generating facilities in the 200 Areas. The facility is 
located -600 meters east of the 216-B-3C expansion 
pond (see Figure A.17). In operation since June 1995, 
the facility allows infiltration of steam condensate and 
other clean water to the soil column. The facility is 
regulated by State Waste I>lscharge Permit ST-4502 
(WAC 173-216). Groundwater sampling and analysis 
in the three monitoring wells at the facility are also gov- 
emed by ST-4502. The constituent list and frequency 
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of sampling are specified in the permit and are pro- 
vided in Table A.43. Currently, all three Treated 
Effluent Disposal Facility wells are sampled quarterly 
and semiannually. 

Groundwater monitoring at the Treated Effluent 
Dqosal Facility began -2.5 years prior to the con- 
struction of the infiltration basii. The three moni- 
toring wells (69940-36,699-41-35, and upgradient 
well 699-42-37) were completed in 1992 and were 
sampled as ari unofficial portion of the B Pond ground- 
water monitoring network until Apd 1995. At that 
time, sampling and analysis of wells at the Treated 
Effluent Dtsposal Facility was conducted aculrding to 
provisions of the state waste ddxirge permit. 

lnfilrratianfiom the Treated EjjZuent 
Disposal Facility flows alongthe top ofa 

reach the uppnnmtaquijirbeneath &e 
site. 

day-rich layer ofseminentnnd does not 

Groundwater in the uppermost aquifer beneath 
the Treated Effluent Disposal Facility occurs under 
confined conditions within Ringold unit A gravels. 
The Ringold lower mud unit forms an effective aquitard 
between the vadose zone ( W o r d  formation) and the 
uppermost aquifer. Thus, effluent discharged to the 
Treated Effluent Dqxxal Facility does not reach the 
uppermost aquifer in the area but is diverted l a t d y  
by the lower mud unit. This condition was m@ 
during construction of the wells at the facility. Con- 
sultation with regulators determined that these wells 
would be monitored to confirm that effluent was not 
talung a direct route to groundwater. Ongoing collec- 
tion and analysis of hydrologic and hydmgeachemical 
data corroborate this assumption (PNNL-11986). 

The potentiometric surface in the vicinity of the 
Treated Effluent Dqxxal Facility (Figure 2.9-31) is 
influenced by the decaying effects of a hydraulic m d  
created by the nearby B Pond. The hydrographs of 

Figure 2.9-32 illustrate the decline in hydraulic head 
in Treated Effluent Disposal Facility wells as a result 
of the subsiding mound. Although the rate of decline 
in the hydraulic head increased in,mxnt years, linear 
calculations between fiscal years 1998 and 1999 indi- 
cate that the wells still have from -55 years (69942-37) 
to -100 years (69940-36 and 699-41-35) of service 
life before going dry. 

The average linear groundwater flow rate is 
0.004 meter per day (see Table A.2). Contouring of 
head values in the vicinity of the facility (see Fig- 
ure 2.9-31) indicate that flow direction is south- 
southwest. 

Recent work on the hydrostratigraphy and ground- 
water geochemistry in the vicinity of the Treated 
Effluent Disposal Facility indicates that groundwater 
flow in the uppermost aquifer is extremely slow and 
+lays a unique geochemical composition and greater 
age compared with other portions of the uppermost 
aquifer on the W o r d  Site (PNNL- 1 1986; PNNL- 
12261). This uppermost aquifer is probably the -old 
Formation confined aquifer (see Section 2.9.3). Low- 
level tritium analyses have indicated a maximum con- 
centration of8.69 pCi/L of tritium in the three wells 
monitoring this facility. This level of tritium is anom- 
alously low compared with both the expected values 
in the uppermost aquifer and Columbia River. These 
studies also indicate that the lower mud unit effec- . 
tively bl& any infiltration of effluent to the upper- 
most aquifer in the vicinity of the facility. No permit 
enforcement limits in groundwater were exceeded in 
the facility’s wells during fiscal year 1999. 

6.I 

Future groundwater monitoring at the Treated 
Effluent 13lsposal Facility will need to incorporate the 
constraints of the unique hydrogeologic circumstances 
beneath the facility. Currently, the state waste dis- 
charge permit (WAC 173-216) and groundwater moni- 
toring plan for the facility are being revised to account 
for new knowledge of the hydrogeologic and hydro- 
geochemical setting of the facility. The new permit is 
scheduled to take effect in April 2000. iJ 

E 2.208 



200 Easf Area 

2.9.2.14 Water Quality at Shoreline 
Monitoring Locations 

unconfined aquifer. Interpretations prior to 1999 do 
not differentiate these aquifers and do not attempt to 

Seven aquifer sampling tubes are located near the 
Old Hanford Townsite. The sampling tubes are poly- 
ethylene tubes that were installed in the aquifer at loca- 
tions near the low water shoreline. One of the seeps 
was sampled in fall 1998. The sample had concentra- 
tions of 2,800 pCi/L tritium, 3.9 pCi/L gross beta con- 
centration, and no detectable gross alpha. The sample 
was not analyzed for iodine-129. The specific conduc- 

* tance of the sample was 262 pS/cm, a value that may 
indicate a mixture of groundwater and river water 
from bank storage. 

A seep in the riverbank near the Old Hanford 
Townsite also was sampled in fall 1998. The seep is 

separate the groundwater results (i.e., plume mapping 
and potentiometer surfaces) for the separate aquifers. 

The Ringold confined aquifer is known to be in 
communication with the unconfined aquifer in the 
200 East Area, where they are adjacent to the uncon- 
formity created by erosion and subsequent deposition 
of the W o r d  formation (PNNL-12261). 

Currently, there is not a specific monitoring net- 
work designed to monitor conditions within the 
h o l d  confined aquifer. Most of the wells that moni- 
tor the Ringold confined aquifer are located east and 
south of 200 East Area. Therefore, this section focuses 
on that region. 

located - 1 mile downstream of the aquifer sampling 
tube. The seep sample had concentrations of 2.9.3.1 Groundwater Flow 
120,000 pCi/L tritium and 36 mg/L nitrate. These 
values are about the same as concentrations in ground- 
water in the vicinity. Gross alpha and gross beta con- 
centrations were 3.22 and 23.3 pCi/L, respectively. 
The concentration of iodine-129 was 0.22 pCi/L, and 
the concentration of technetium-99 was 105 pCiL 
Specific conductance measured 394 pS/cm. This rela- 
tively high value indicates the sample was primarily 
groundwater, not river water draining back from bank 
storage. 

2.9.3 Confined Aquifer in the Lower 
Ringold Formation 

PNNL-10886 subdivided the Ringold Formation 
into 6 hydrogeologic units (units 4 through 9). The 
Ringold Formation confined aquifer consists of the 
lowermost hydrogeologic unit (unit 9)' which consists 
of fluvial A d  and gravel overlying the upper basalt 
flow. It is confined by hydrogeologic unit 8, also 
referred to as the lower mud sequence, which is the 
thickest and most laterally continuous mud unit 
beneath the Hanford Site. The base of the aquifer is 
the dense interior of the upper basalt flow. Previous 
studies have often included portions of the Ringold 
confined aquifer when describing and mapping the 

The groundwater project has constructed a pre- 
liminary potentiometric surface for a portion of the con- 
h e d  aquifer in the Rugold Formation (Figure 2.9-33). 
This map is incomplete and subject to uncertainty 
because only a few wells are monitored within this 
aquifer. 

Groundwater in the Ringold Formation confined 
aquifer flows generally west to east in the vicinity of 
the 200 West Area and west to east along the south- 
ern bundary of the aquifer. These flow patterns indi- ' 
cate that recharge occurs west of the 200 West Area 
(Cold Creek Valley) as well as from the Dry Creek 
Valley. In the central portion of the aquifer, ground- 
water flow is to the northeast. In addition, a ground- 
water mound is present northeast of B Pond as a 
remnant of past wastewater discharges to this facility. 
This mound causes groundwater to flow southwest 
beneath B Pond. A stagnation point is believed to 
exist to the south of B Pond, where the groundwater 
flow divides between flowing t o d  the 200 East Area 
and flowing toward the east. Therefore, groundwater 
flow converges on the 200 East Area where the con- 
fining mud unit (unit 8) is absent and flow discharges 
to the unconfined aquifer. 
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There appears to be an upward gradient between 
the confined and d e d  aquifers near the 200 East 
Area in a region where the confining unit (unit 8) is 
absent (Figure 2.9-34). Well 299-E25-28 is completed 
within hydrogeologic unit 9 of the Ringold Formation 
(below the water table), and well 29943-34  is com- 
pleted across the water table within the overlying 
Hanford formation (unit 1). This figure shows that 
hydraulic heads are apparently higher in well 299-E25- 
28. This supports the concept of groundwater dis-. 
chargmg from the confined aquifer in the vicinity of 
the 200 East  rea may &e the overlying uncon- 
fined aquifer. 

Ld 
of groundwater flow described in Section 2.9.3.1. 
Because groundwater flow in the unconfined aquifer is 
isolated from flow in the Ringold confined aquifer 
(except within the erosional unwnformity), the ground- 
water chemistry must be evaluated for each aquifer 
independently. 

Tritium has been detected in the Ringold con- 
fined aquifer near the 200 East Area. Figure 2.9-35 
illustrates major ion chemistry using Stiff diagrams 
(Stiff 1951) and as0 includes tritium concentrations. 
The figure illustrates that groundwater chemistry cor- 
relates with groundwater flow paths in the unconfined 
aquifer and in the Ringold confined aquifer (unit 9). 

A confined uquijb in the laver R i d  
Formation contains a "mound" in urvuer 
levels. Tritium contamination has been 
detected in this aquifer near its juncture with 
the unumfined aquifer. 

The contours on Figure 2.9-33 are similar to the 
potentiometric surface for the upper basaltanfined 
aquifer (Section 2.14). Hydraulic head and flow pat- 
terns in the central portion of the Hanford Site are 
very similar in both aquifers. Hydraulic heads differ in 
the western portion of the aquifers (-3 to 4 meters of 
head difference in the northern part of the 200 West 
Area) where a downward hydraulic gradient exists. 
Hydraulic heads are also expected to diverge to the 
east and an upward hydraulic gradient is expected in 
the vicinity of the Columbia River. 

2.9.3.2 Contaminant Distribution 

Most of the available chemical data from the 
Ringold confined aquifer are from wells on the 
200 Areas plateau. This is believed to be the only area 
where contamination can migrate from the uncon- 
h e d  aquifer into the confined aquifer. 

The primary factors contributing to the observed 
groundwater chemistry are the hydrostratigraphy and 
groundwater flow patterns. The ion chemistry and 
tritium concentrations corroborate the interpretation 

The major ion chemistry of groundwater in the 
Ringold confined aquifer, adjacent to the aquifer junc- 
ture, is of the calcium-bicarbonate type and has ele- 
vated tritium activities similar to groundwater in the 
unconfined aquifer (see Figure 2.9-35). South and 
east of B Pond toward the May Junction Fault, ground- 
water in the Ringola confined aquifer has lower tritium 
concentrations and is of the sodium-bicarbonate type. 
Tritium concentrations and other chemical data indi- 
cate that groundwater in the Ringold confined aquifer 
near the fault has not been displaced or diluted by 
wastewater associated with 200 East Area operations. ' 

Tritium was present in discharges to B Pond, which 
is located directly above the erosional juncture that 
allows communication between the unconfined and 
confined aquifers. During active dqosal, groundwater 
mounding increased the driving head and forced 
groundwater and any associated contamination into 
the confined aquifer. The groundwater moved later- 
ally within the conhed aquifer and the potentiometric 
head increased to equilibrium with the overlying 
recharge mound. D q m d  to B Pond ceased in 1994, 
and since that time, water levels and tritium concen- 
trations in the unconfined aquifer have decreased sig- 
nificantly. This reduced head has created an upward 
gradient between the confined and unconfined aqui- 
fers. Horizontal flow is toward the southwest so the 

are expected to move toward the unco&ed aquifer. 
high concentrations of tritium in the confined aquifer (J 
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Figure 2.9-13. Tritium in Well 299-E17-9 at 216-A-36B Crib 
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Figure 2.9-16. Iodine-129 in Well 299-E17-9 at 216-A-36B Crib 



ti 
70 

60 

50 

d 
9 40 
i 
f 
30 

z 

20 

10 

- 
4- 299-E2519 ?! 
- - - - - -  Secondary MCL I '  

...I. 

0 

Jan47 Jan-88 Jan-89 Jaw90 Jan-91 Jaw92 Jan-93 Jaw94 Jaw95 Jan-96 Jan-97 Jan-98 Jaw99 Jan-OO 

Collection Date 
h4AC20149 

Figure 2.9-17. Manganese at 216-A-37-1 Crib 

Date 
MAW88 

Figure 2.9-18. Hydrographs of Wells at Waste Management Area A-AX Using NAVD88 

2.222 e 



200 East Area 

600 - 

500 - 

2 

kd 
70 

0 

I 
I 

60 

20 

I O  

0 

I I 

1 D 

Jan-91 Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan40 
Collection Date 

MAC20117 

90 

80 

70 

J 6 0  

d 
Y! a 40 

a 
E.50 

u) 

30 

20 

10 

0 
Ja 

* 

-91 Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 
Collection Date 

MAC20118 

1 400 

$ 
9 300 I- 

X 
‘ \  ‘$ 

I ! 200 -I I 

Jan-91 Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 An-98 Jan-99 Jan40 
Collection Date MAC20119 

+- 299-E24-19 -- 299X24-20 4- 299X25-40 +- 299-E2541 +- 299-E25-46 h3i 
Figure 2.9-19. Nitrate, Sulfate, and Technetium-99 in Wells at Waste Management Area A-AX 

e 2.223 



-4-20 pFiiz 
A 

I 

A 1  
A 

m s  

Jan-91 Jan-92 Jan-93 Jan44 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan40 

Collection Date 
uAc20116 

70 

60 

50 

40 8 

20 

10 

0 

Figure 2.9-20. Tritium and Nitrate in Well 299-E24-20 at Waste Management Area A-AX 

+ - Chromium 
-%- Manganese 

i- iron 

-+- Nickel 

0 

0 

294E24-19 
0 

biJ 

, 

Jan-90 Jaw91 Jan-92 Jan-93 Jan-94 Jan-95 Jan46 Jan-97 Jan-98 Jan-99 Jan& 

Calledion Date 
MAC20121 

Figure 2.9-21. Chromium, Iron, Manganese, and Nickel in Well 299-E24-19 at Waste , Management Area A-AX 

2224 



200 East Area 

400 

350 

300 

6 250 

.- 5 200 - e 
r 0 e 150 

100 

50 

0 

h-d 

W 

14 
299-E25-46 

- 12 

- 10 

Jan-91 Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan40 

Collection Date 

Figure 2.9-22. Technetium-99 and Nitrate in Well 299-E25-46 at Waste Management Area A-AX 

MAC20120 

124.0 

123.9 

123.8 

123.7 
h 

!3 123.6 a 123.5 z. 
E 123.4 
e 
.= 123.3 

iil 123.2 
Q 
% 123.1 a 
L 4 123.0 

122.9 
z 

0 

: - 

122.8 

122.7 

122.6 
Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan40 

Date MAC201 03 
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2.10 400 Area 

E.  C. T h t m  

The 400 Area on the Hanford Site is the location 
of the Fast Flux Test Facility, a liquid sodium-cooled 
reactor. The reactor is on standby, pending a decision 
to restart it for the production of medical isotopes. 
Assessment efforts associated with the Comprehensive 
Environmemd Responrre, C-h, andZiaMity Act 
of 1980 300-FF-2 Operable Unit will extend to include 
groundwater contamination in the 400 Area. Primary 
groundwater monitoring activities in the 400 Area 
include monitoring of the 4608 B/C ponds (also called 
the 400 Area process ponds) for compliance with a 
waste discharge permit and monitoring of the 400 Area 
water supply, which is provided by wells completed in 
the unconfined aquifer system. Monitoring is also 
conducted to provide information needed to describe 
the nature and extent of site-wide contamination. 

2.10.1 Groundwater Flow 
kd 

The Hanford Site water-table map (see Plate 2) 
shows the groundwater-level contours for the 400 Area. 
The water-table map indicates that flow is generally 
from west to east across the 400 Area. The water table 
is located near the contact of the W o r d  and -Id 
formations, which is -49 meters below ground surface 

Groundwater monitoring is conducted in the 
400 Area: 

b triennially to annually to describe the 
nature and extent of contamination 

b quarterly to detect possible impacts of 
400 Area process ponds 

> 

b monthly to monitor tritium trends in drink- 
ing water wells. 

400 Ama 
Pmcess Ponds 

%nitlry 8 
Sewage lagoon 

om_h.rt-09034 Anuary 28.2OOO 1lW AM 

(WHGEP-0587). Hanford formation sediment domi- 
nates groundwater flow in the 400 Area because of its 
relatively high permeability compared to that of sedi- 
ment in the Ringold Formation. 

2.10.2 Nitrate and Nitrite 

Nitrate is the only significant contaminant attrib- 
utable to 400 Area operatiom and has been detected 
at elevated levels in one of the wells (699-2-7) down- 
d e n t  to the process ponds. Elevated nitrate concen- 
trations up to 92 mg/L (45-m& maximum contaminant 
level) were found in well 699-2-7 during fiscal year 
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1999 and are attributed to the sanitary sewage lagoon 
immediately west and upgradient of the process ponds 
(Figures 2.10-1 and 2.10-2). Groundwater samples 
associated with this well are also frequently elevated 
with respect to nitrite (Figure 2.10-3), which may 
have been generated by reduction of nitrate to nitrite 
as part of deni&cation. All nitrite values are below 
the 33-mg/L maximum contaminant level, however. 
Dqcsal to the lagoon has been discontinued, and the 

7le 400 Area lies within the contami- 
nant plume from the 200 Arm. Nitrate is 
the d y  Mntaminant with asource m the 
400 Area. 

lagoon has been backfilled. Thus, groundwater con- 
tamination from this source is expected to diminish 
with time. Nitrate and nitrite concentrations in 
samples obtained from the new downgradient well 
699-2-6A have not been significantly elevated rela- 
tive to the upgradient well 699-8-17. 

2.10.3 Tritium 

Elevated levels of tritium (Figure 2.104) associ- 
ated with the groundwater plume from the vicinity of 
the Plutonium-Uranium Extraction Plant in the 
200 East Area were identified in 400 Area wells as 

Lid 
in previous years. This source of groundwater contami- 
nation is relevant to the water-supply wells, which 
provide drinking water and emergency supply water 
for the 400 Area. The tritium concentrations in wells 
499-SO-7,499-SO-8, and 499-Sl-8J are compared in 
Figure 2.10-5 to that of the 400 Area drinking water 
supply. Tritium was found at levels at or above the 
20,000-pCi/L interim drinking water standard in most 
samples from well 499-SO-7 during fiscal year 1999. 
Samples collected from well 499-SO08 also exceeded 
the interim drinking water standard during the latter 
part of fiscal year 1999. All samples collected from 
well 499-Sl-8J in fiscal year 1999 were below the 
interim drinking water standard. The lower concen- 
trations of tritium north of the 400 Area are probably 
related to dxharge at the process ponds. 

Tritium remained below the 20,000-pCi/L interim 
drinking water standard and the 4-mremlyr dose 
equivalent in the drinking water supply, sampled at a 
tap for all sampling events in fiscal year 1999 (see Fig- 
ure 2.10-5). Nitrate remained below the maximum 
contaminant level in fiscal year 1999 for the water- 
supply wells. Data from fiscal year 1999 and earlier 
from 400 Area and surrounding wells indicates no 
other constituents are present at levels above their 
maximum contaminant levels or interim drinking 
water standards. 

61 
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2.11 600Area 

3. W. findberg, P. E. Dresel 

Thii section discusses groundwater contamina- 
tion in the 600 Area including the following specific 
facilities: Nonradioactive Dangerous Waste Landfill, 
Solid Waste Landfill, Gable Mountain Pond, 618-10 
burial ground, and 316-4 crib. Additional constituent 
information is provided for the Central plateau, west- 
em 600 Area, and 200-PO-1 Operable Unit. 

b, 

2.1 1 .l Nonradioactive Dangerous Waste 
Landfill 

The Nonradioactive Dangerous Waste Landfill is 
a Resource Conservation and Recovery Act of 1976 
(RCRA) treatment, storage, and disposal facility regu- 
lated under an interim status, indicator parameters' 
program. The Nonradioactive Dangerous Waste Land- 
fill and the adjacent Solid Waste Landfill make up 
what is known as the Central Landfill. 

Groundwater monitoring is conducted in the 
600 Area: 

b triennially to annually to describe the 
nature and extent of contamination 

b annually in "guard wells" to ensure that 
no unexpected contaminants migrate 
beyond the 200 Areas or into the 
Columbia River 

b semiannually to detect possible impacts 
of the Nonradioactive Dangerous Waste 
landfill RCRA Site 

b quarterly to detect possible impacts of the 
Solid Waste landfill. 

. m - s . u I o I . m C * p .  

2.1 1.1.1 Groundwater Flow 

No new data concerning groundwater flow at the 
Central Landfill became available during fiscal year 

1999. 

Groundwater flow directions and flow rates at the 
Central Landfill are difficult to determine from water- 
table maps because of the extremely low hydraulic gra- 
dient. The best indicators of flow direction are the 
major plumes &iodine-129, nitrate, and tritium. These 
plumes flow to the southeast (-125 degrees east of 
north, Section 17.0 in DoE/Rl.-91-03) in the vicinity 
of the Central Landfill. The flow rate estimated by the 
decrease in nitrate and tritium concentrations across 
the site is -6 meters per day. For more information on 
groundwater flow rate and flow direction, see Table A.2. 
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Water-level data from two well pairs, sampling 

the top of the unmnfined aquifer and the top of the 
Ringold Formation, indicate that the vertical gradient 
within the upper portion of the aquifer is negligible. 
The well pairs are 699-25-33A and 699-25-34A and 
699-26-35A and 699-26-35C. 

2.1 1.1 3 Resource Conservation and 
Recovery Act of 1976 Parameters 

Solid Waste Landfill (PNL-7147) and also is the prin- 
cipal vadose zone vapor contaminant around the chemi- 
cal disposal trenches at the Nonradioactive Dangerous 
Waste Landfill (Section 5.2 of DOEIRL93-88). It is 
possible that both of these sourres potentially contrib- 
U t e  to the contamination. 

Tritium and nitrate were detected in all Nonradio- 
active Dangerous Waste Landfill network wells. Con- 
centrations increase from the southmern wells, lowest 
concentrations, to the northeast where concentrations 
are highest. The Nonradioactive Dangerous Waste 
Landfill is on the edge ofthe major tritium and nitrate 
plumes emanating from the 200 East Area (see Plate 3 
and Figures 2.1-3 and 2.1-4). Both tritium and nitrate 
concentrations in the Nonradioactive Dangerous Waste 
Landfill network wells are decreasing with time. 

Monitoring of the Nonradioactive Dangerous 
Waste Landfill focuses on the RCRA interim status 

indicator parameters (pH, specific conductance, total 

~ t e d  hydrocarbons are monitored because they may 
representgroundwatercontaminatianoriginatingfrom 
the Nonradioactive Dangerous Waste Landfill. Trit- 
ium and nitrate are present in groundwater and have 

organic carbon, and totd organic halides). Chl~ri- 

2.1 1.2 Solid Waste Landfill sources in the 200 East Area (see Section 2.9.2). The 
groundwater quality parameters (chloride, iron, man- 

Lt 

ganese, phenols, sodium, and sulfate) are monitored 
but are either not detected or not found in mncentra- 
tions above background. 

The Solid Waste Landfill is regulated by the 
Washington State Department of Ecology under 
WAC 173-304, Washington Solid Waste Regulations. 
WAC 173-304 parameters and site-specific parameters 
(including alkalinity, chlotinated hydrocarbons, gross 
alpha, grass beta, and tritium) are analyzed on ground- 
water samples collected quarterly. Groundwater flow 
was described in Section 2.11.1. 

The Nomadioactiw Dangerous Waste 
LundfiR, a RCRA site, showed no evidenoe 
of s i g n i h t  contamination under interim 
status monitoring. 

The Solid Waste Lana11 has had little negative 
impact on Hanford Site groundwater, except minor 
chlorinated hydrocarbon contamination below drink- 
ing water standards but above WAC 173-200 levels, 
which are lower and applicable to the Solid Waste 
Landfill. Downgradient wells show higher specific 

The values for RCRA indicator parameters did 
not exceed their critical means in fiscal year 1999. 

Six chlorinated hydrocarbons were detected in 
Nonradioactive Dangerous Waste Landfill network 
wells during fiscal year 1999 but none at mncentra- 
tions exceeding the maximum contaminant levels. 
They include 1,l dichloroethane, 1 ,Zdichloroethane, 
l,l,l-trichloroethylene, carbon tetrachloride, tetrachlo- 
roethylene, and trichloroethylene. The source of the 
chlorinated hydmdxms could be either from the Solid 
Waste Landfill (to the south) or the Nonradioactive 
Dangerous Waste Landfdl. For example, tetrachlom- 
ethylene is present in vadose zone vapor beneath the 

The Solid Waste Landf;n is regulated 
Mder the Wash Adminisndw code. 
The hndj3.f has had lit& negative effect on 
groundwater quality. Lau levels of hydro- 
carbons me detected in groundwater near 
this site and the ud)acent Nonradiwctiw 
Dangerous Waste h n d f l .  

’ 
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conductance, lower pH, and higher sulfate than upgra- 
dient wells. This is apparently a result of high concen- 
trations of carbon dioxide in the vadose zone resulting 
from the degradation of sewage material beneath the 
Solid Waste Landfill (Section 5.3 of DOE/RL-93-88). 

2.1 1.2.1 WAC 173-304 Parameters 

Each WAC 173-304 parameter is discussed sepa- 
rately below. See Table A.48 for a complete list of all 
results for required constituents at the Solid Waste 
Landfill during fiscal year 1999. 

Temperature - Average values for replicate tem- 
perature determinations measured during sam- 
pling in downgradient wells ranged from 17.3 to 
19.9 degrees Celsius. All measurements were. below 
the background threshold value of 21 degrees 
Celsius. See Table A.49 lor a total list of fiscal 
year 1999 background threshold values for WAC 
173-304-required parameters. 

Specific Conductance - Due to l a b t o r y  errors, 
many of the field measurements through May 
1999 were determined to be unreliable. However, 
each time replicate field samples were collected, 
an additional sample was collected and analyzed 
in the laboratory as a backup. Therefore, labora- 
tory derived data are used for specific conductance 
for three quarters of the data collected during 
fiscal year 1999. 

Specific conductance measurements on samples 
from all ofthe Solid Waste Landfill downgr&ent 
wells exceeded the background thkjhold value 
of 550 pS/cm. The range was from 576 to 
826 @/cm. Monitoring wells 699-22-35 an 
699-23-34B also exceeded the 700 @/cm stan- 
dard (WAC 246-290-310) in fiscal year 1999 as 
they have in previous years. The August 1999 
result for specific conductance also exce 
700 $/cm standard in well 699-24-34C 

Constituent pH - Average values for replicate 
pH measurements in downgradient wells ranged 
from 6.6 to 7.4. None of the pH measurements 
exceeded the background threshold range of 6.2 
to 8.46. 

0 

0 

0 

0 

e 

0 

0 
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Total organic carbon - The average of replicates 
for total organic carbon concentrations in down- 
gradient wells ranged from below the method 
detection level, less than 220 to 965 pg/L. None 
of the reported values exceeded the 1,140 pg/L 
background threshold value. 

Chloride - Chloride concentrations in down- 
gradient wells ranged from 5,190 to 7,430 pg/L. 
The 9,045 pg/L background threshold value was 
not exceeded. 

Nitrate - Nitrate concentrations in the down- 
gradient wells ranged from 11 to 22 m a .  Neither 
the 33.8 mg/L background threshold value nor 
the 45 mg/L maximum contaminant level were 
exceeded in any downgradient well. The source 
of nitrate at the Solid Waste Landfill is from 
upgradient sources in the 200 East Area. 

Nitrite and ammonium -Nitrite and ammonium 

concentrations in all downgradient wells were 
less than the method detection levels, 70 pg/L for 
nitrite and 37 pg/L for ammonium. 

Sulfate - Reported sulfate concentrations in 
downgradient wells ranged from 39 to 56 m a .  
Three samples from well 699-22-35 and four 
samples from well 699-23-34B exceeded the 
background threshold value of 51.5 m a .  None 
of the samples exceeded the 250 mg/L standard 
(WAC 173-200). 

Filtered iron - Reported values for filtered iron 
ranged from 3 1.2 to 1 1 7.0 pg/L in downgradient 
wells. None of the reported values exceeded the 
160.0 pg/L background threshold value. 

Filtered zinc - Reported values for filtered zinc 
ranged from 3.9 to 36.2 pg/L in downgradient 
wells. Only the reported value of 36.2 pg/L in 
well 699-24-34C in December 1998 exceeded 
the 34.0 &L background threshold value. 

Filtered manganese - Reported values for fil- 
tered manganese in downgradient wells ranged 
from less than 3 to 9.2 pgL. None of the reported 
values in downgradient wells exceeded the 
11 .O pg/L background threshold value. 



Chemical oxygen demand - Values for chemical 
oxygen demand in downgradient wells were 
reported to be less than 3,820 pg/L, the method 
detection limit, except for those samples collected 
in May 1999. The May 1999 values were all above 
the 5,000 pg/L background threshold values, but 
are suspect due to laboratory errors. r 

Coliform bacteria (most probable number) - 
The reported values for coliform bacteria were all 
non-detections (i.e., 0.0 colonies per 100 millili- 
ters), and, therefore, the background threshold 
value of 16 colonies per 100 milliliters was not 
exceeded in any downgradient wells. 

. 

- 

Groundwater Monitoring for FY I999 

2.1 1.2.2 Sie-Specifx Parameters 

Site-specific parameters at the Solid Waste Land- 
fill include chlorinated hydrocarbons, gross alpha, 
gross beta, and tritium. Elevated concentrations of 
chlorinated hydmcarbons continue to be detected at 
the Solid Waste Landfill during fiscal year 1999. 
Several exceeded the groundwater criteria set forth in 
WAC 173-200. The range of reported concentrations 
of chlorinated hydrocarbons is given in Table 2.1 1- 1. 

. Chlorinated hydrocarbons were detected in all of 
the Solid Waste Landfill monitoring wells, including 
the upgradient wells. The chlorinated hydrocarbons 
detected were 

carbon tetrachloride 
1,ldichloroethane 
1 ,4-&ddoroben~ene 
trichloroethylene 
chloroform 
1 ,2-dichloroethane 
tetrachloroethylene 
1,l ,I-trichloroethane. 

Of those detected, only chloroform and 1.4- 
dichlorobenzene did not equal or exceed the WAC 
173-200 concentfation limits. 

The mast likely cause of the widespread chlori- 
nated hydrocarbon contamination at the Solid Waste 
Landfill, including upgradient wells and the adjacent 

Nonradioactive Dangerous Waste Landfill, is the dis- 
solution ofvadose zone vapors into groundwater. How- 
ever, the source of the vapors is uncertain. The most 
probable source is chlorinated hydrocarbons dissolved 
in liquid sewage waste that was discharged to trenches 
at the site. 

Gross alpha and gross beta were detected in most 
of the upgradient and do&gradient wells at the Solid 
Waste Landfill. However, neither exceeded the 
interim drinking water standards, 15 pCi/L for gross 
alpha and 50 pCi/L for gross beta. The range of 
reported gross alpha values was 2.27 to 7.95 pCi/L. 
The range for gross beta was 9.9 to 17.1 pCi/L. 

Tritium, which has a source in the 200 East Area 
(see Section 2.9.2.2), is highest in concentration in 
the northeast and lowest to the southwest, correspond- 
ing to position on the edge of the major plume 
emanating from the 200 East Area. Although the 
overall levels are decreasing gradually with time, five 
Solid Waste Lana11 monitoring wells have tritium 
levels that remain greater than the 20,000 pCi/L 
interim dnnlung water standard. The maximum con- 
centration level reported during fiscal year 1998 was 
91,400 pCi/L. During fiscal year 1999, the maximum 
reported was 73,700 pci/L. 

LJ 

2.1 1.3 Gable Mountain Pond 

Gable Mountain Pond is located in the area 
between the 200 East Area and Gable Mountain. 
Beneath the southern portion of the pond, basalt bed- 
rock is above the water table. Beneath the northern 
portion of the pond, the groundwater flow direction is 
probably to the west based on the water-table map 
(see Plate 2)1 

Strontium-90 concentrations reversed a rising 
trend over the last few years in several wells near Gable 

Thefonner G& Mountain Pond am- 
taminated groundwarm with strontium-90. 

* Levelsdectinedmfiscalyear1999. 
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Mounmin Pond. No wells sampled in fiscal year 1999 
had concentrations greater than the derived concen- 
tration guide (Figure 2.11-l), though concentrations 
were greater than the derived concentration guide in 
fiscal year 1998. Ekamples of the trends are shown for 
wells 699-5347B and 699-5348A in Figure 2.1 1-2. 
The maximum annual average strontium-90 concen- 
tration detected in the pond area in fiscal year 1999 
was 948 pCJL in well 699-5347B. The interim drink- 
ing water standard is 8.0 pCi/L. Strontium-90 in the 
Gable Mountain Pond area apparently resulted from 
the discharge of waste to that pond during its early 
use. Wells completed above the basalt in the vicinity 
of this pond are becoming difficult to sample because 
of declining water levels. 

Nitrate continued to be detected in wells moni- 
toring Gable Mountain Pond at levels above the maxi- 
mum contaminant level in fiscal year 1999. Well 
699-53-48B contained 402 mg/L of nitrate, which was 
the maximum detected in Gable Mountain Pond vicin- 
ity. This sample also contained 4.3 mg/L nitrite (as 
NO;), slightly above the maximum contaminant level. 
Nitrite, however, was not detected in nearby well 
699-5348A suggesting that the presence of nitrite may 
be affected by highly localized reducing conditions. 

W 

2.1 1 A 6 18- 10 Burial Ground and 
316-4 Crib 

This burial ground and adjacent crib are southeast 
of the 400 Area, adjacent to Route 4s. Based on water- 
table contours, groundwater flow is to the east (see 
Plate 2). This site was investigated as part of a Com- 
prehensive En*& Response, Compensation, and 
jXddi~y Act qf 2980 (CERCL.A) limited field investiga- 
tion for the 300-FF-2 Operable Unit (DOE/RL96-42). 
In fiscal year 1995, high levels of uranium, 768 pg/L 
unfiltered, were detected in well 699-S6- 
is adjacent to both the burial ground and crib. The 
presence of hydrocarbon contamination was detected 
also in well 699-S6-E4A and included 

104 mg/L total petroleum hydrocarbon 

-770 to 1,800 pg/L alkane and assorted decanes 

-3,200 pg/L. unknown volatile organics. 

'6, 

Subsequently, tributyl phosphate was detected in 
well 699-S6-E4A. The CERCLA investigation 
included re-configuration of well 699-S6-E4A and sam- 
p h g  of two cone penetrometer borings near this well. 
The conclusions in DOEN-96-42 were that uranium 
and hydrocarbon groundwater contamination are prob- 
ably localized in the area of well 699-S6-E4A, and the 
source of such contamination is primarily the crib, with 
possibly some contribution from the burial ground. 

Uranium in well 699-S6-E4A appears to have 
leveled off at a fiscal year 1999 average value of 92 clg/L 
(Figure 2.11-3). This uranium is highly depleted in 
umium-234 and uranium-235. The uranium isotopic 
composition for this well is compared to ~ t u r a l  abun- 
dance and to an average of 24 samples from 200 Area 
wells in Table 2.11-2. Although details of the disposal 
to the burial ground and crib have not been researched, 
the waste is known to have come from 300 Area 
operations and depleted uranium is known to have 
been used there. The presence of a low concentration 
of uranium-236 suggests that a component of the ura- 
nium has been irradiated in a reactor. 

Tributyl phosphate concentmtions reported in well 
699-S6-E4A have been highly erratic (Figure 2.11-4). 
The reasons for the erratic concentrations have not 
been established but may be related to the petroleum 
hydrocarbons detected in the past. 

During fiscal year 1996, well 699-S6-E4C (previ- 
ously completed in multiple wnes) was re-configured 
to provide two deep, depth-discrete, monitoring inter- 
vals within the Hanford/Ringold aquifer system that, in 
conjunction with shallow monitoring wells 699-S6-E4B 
and 699-S6-E4D, provided information on the verti- 
cal distribution of contaminants at this location. The 
two monitored intervals are piezometers 699-S6-E4CT 
at 26 meters below the water table and 699-S6-E4CS 
at 50 meters below the water table. Tritium concen- 
trations at the water table in fiscal year 1999 were 
23,600 pCi/L in well 699-S6-E4D. Tritium concen- 
trations in piezometer 699-S6-E4CT declined from 
27,800 pCi/L shortly after reconfiguration in fiscal 
year 1996 to 6,691 pCi/L in fiscal year 1999. Tritium 
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Lid 
values for piezometer 699-S6-E4CS were still lower at 
421 pC$. in fiscal year 1999. This suggests that the 
earlier value resulted from intercommunication down 
the well bore prior to reconfiguration. Continued 
monitoring, as the well effect dissipates, is needed to 
determine the tritium value at these depths. However, 
preliminary results indicate that the highest con-- 
trations of tritium are near the water table and con- 
centrations decrease with depth. 

2.1 1.5 618-1 1 Burial Ground 

In January 1999, a sample from well 699-13-3A, 
located along the eastern (downgradient) fence line of 
the 618-11 burial ground, contained 1.86 million pCi/L 
of tritium (see Plate 3). This value is far higher than 
data found from the surrounding wells. The value was 
confirmed by re-analysis. A January 2000 sample con- 
tained 8.1 million pCi/L of tritium. This is the high- 
est concentration of tritium detected onsite in recent 
years.. The January 1999 sample collected from this 
well was the first sample to find tritium. A special 
investigation of the groundwater at the 618-11 burial 
g r o d  isbeing undertaken in M y e a r  Zoo0 to defhe 
the source of the high tritium results. 

This burial ground is located west of the Energy 
Northwest reactor complex in the eastern 600 Area. 
The burial ground was active from 1962 to 1967 and 
received a variety of low and high activity waste from 
the 300 Area. The Waste Information Data System 
description of thii site identified contaminants of con- 
cern (i.e., uranium, cesium, strontium, curium, cobalt- 
60, zirconium, and plutonium). Other contaminants 

aluminum-lithium, carbon tetrachloride, hydrogen gas, 
and sodium-potassium eutectic. 

that might be encountered include thorium, beryllium, 

Well 699-13-3A was drilled and first sampled in 
1995. Radionuclides analyzed at least once in this 
well include tritium, uranium, cesium-137, cobalt-60, 
europium-152, europium-154, and europium-155. No 
radionuclides have been detected at levels above drink- 
ing water standards except for the tritium discussed 
above. Gross alpha measurements have all been less 

than 9 pCi/L. Gross beta measurements are all less 
than 30 pCi/L. but have shown a slight increasing 
trend (Figure 2.11-5). No organic chemical Constitu- 
ents have been detected. No other constituents have 
been detected at levels above primary maximum con- 
taminant IweL Numinum, iron, and manganese have 
been detected at levels above secondary maximum 
contaminant levels in unfiltered samples. Only alumi- 
num was above the secondary maximum contaminant 
level in fiscal year 1999. Manganese was detected in 
filtered samples at levels above the secondary maxi- 
mum contaminant level in fiscal year 1996 (64.5 to 
69.3 pg/L). 

2.1 1.6 Central Plateau 

Chromium is frequently detected in filtered sam- 

ples south of the 200 East Area. In recent years, con- 
centrations in well 699-32-62 have been above the 
maximum contaminant level, but this well was not 
sampled in fiscal year 1999. The sources and extent of 
this contamination are uncertain. Early disposal to 
the vicinity of the 216-S-10 pond and ditch is one 
possible source. The extent of chromium &ntamina- 
tion to the south is particularly poorly defined. See 
PNNL-13080 for further details. 

i 

2.1 1.7 Western 600 Area 

The western 600 Area is the area of the Hanford 
Site west of the 200 West Area and south of the 
Columbia River. This area includes the portion of the 
Hanford Site near the southwestern part of the site 
along Rattlesnake Ridge. 

Nitrate was detected in wells in the western part 
of the site, but the levels remained lower than the 
maximum contaminant level in fixal year 1999 with 
the exception of well 699-17-70 (54 m&), located 
6 kilometers south-southeast of the 200 West Area 
(Figure 2.11-6). Nitrate upgradient of the 200 West 
Area and in well 699-1 7-70 north of the Rattlesnake 
Hills appears to have a source off the Hanford Site, 
possibly related to agricultural activity. An extension 
of Yakima Ridge, south of the 200 West Area, forms a 
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partial hydraulic barrier for the unconfined aquifer 
system, and hydraulic head is considerably higher to 

the south of the ridge (see Plate 2). For this reason 
and the lack of other Hanford Site contaminants, such 
as tritium, nitrate in well 699-17-70, south ofthe ridge, 
is not believed to result from Hanford Site activities. 

2.1 1.8 200-PO-1 Operable Unit 

The 200-PO-1 Operable Unit encompasses the 
area bounded by the 2,000 pCi/L isopleth of the major 
Hanford Site tritium plume originating from the 

200 East Area and extending eastward and southeast- 
ward to the Columbia River (see Plate 3). This area 
also contains the far-field well network of the PUREX 
cribs RCR4 facility (see Section 2.9.2.7). The purpose 
of the 200-PO-1 Operable Unit and PUREX cribs well 
networks is to monitor the extent and concentration 
of the three major plumes of groundwater contamina- 
tion extending east and southeastward from the 
200 East Area. The three major plumes are iodine-129 
(see Figure 2.1-6), nitrate (see Figure 2.1-4), and trit- 
ium (see Plate 3). They are described with their source 
area in Section 2.9.2. 
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lhble 2.11-1. Ranges of Chlorinated Hydrocarbon Concentrations (&) in Groundwater at the Solid Waste 

Landfill, December 1998 to August 1999 

Constituent 

Carbon tetrachloride 

morofm 

1 ,I-Dichloroethane 

1,2-Dichloroethane 

1,4-Dichl~beruene 

cis- 1.2-Didoroethylene 

uans-l,2-Dichloroethylene 

Tetrachloroethylene 

Total organic halides 

Trichloroethylene 

l,l,l-Tri&tharie 

1,1,2-Trichloroethane 

Constituent 

Carbon tetrachloride 

Chloroform 

1.1 -Dichlomethane 

1,2-Dichloroethane 

1,4-Dichloroberuene 

cis- 1,2-Dichlomethylene 

nans-1,2-Dichloroethylene 

Tetrachloroethylene 

Total organic halides 

Trichloroethylene 

1.1.1-Trichlomethane 

1,1,2-Trichloroethane 

Limit (&) 

WAC 03 

WAC 7.0 

WAC 1.0 

WAC 05 

WAC 4.0 

M U  70 

M U  100 

WAC 0.8 

NA 

WAC 3.0 

WAC 0.2 

M U  5.0 

Limit (&) 

WAC 03 

WAC 7.0 

WAC 1.0 

WAC 0.5 

WAC 4.0 

M U  70 

M U  100 

WAC 0.8 

NA 

WAC 3.0 

WAC 0.2 

M U  5.0 

699-22-35 699-23-34A 

<0.02 - 02 
0.6 - 0.8 

2.0 - 3.0 
<0.02 - <022 

<0.2 - <0.45 

<0.03 - 0.4 

2.0 - 4.0 

<0.02 - e0.22 

~0.03 - <0.17 

<0.02 - <037 

<0.03 - <033 

1 

2.7 - 115 

0.8 

5.0 - 7.0 

<0.04 - <0.27 

699-24-348 

<0.02 - <0.45 

<0.03 - 0 3  

4 . 0  - 2.0 

<0.02 * <0.22 

<0.03 - 0.4 

<0.02 - e037 

<0.03 - <033 

2.0 - 9.0 

4.1 - 6.95 

0.7 - 2.0 

2.0 - 8.0 

< O D 4  - <0.27 

0.2 - 1.0 

<0.02 * <037 

<0.03 - <033 

2.0 - 10.0 

3.05 - 8.7 

0.7 - 3.0 

4.0 - 13.0 
<O.W - <0.27 

699-24-34C 

<0.02 - 0.2 

c0.03 - 03 
<1.0 - 2.0 

<0.02 - e0.22 

<0.03 - C0.17 

e0.02 - <037 

~0.03 - <033 

1.0 - 9.0 

2.65 - 12.7 

0.7 - 2.0 
2-0 7.0 

<O.W - e0.27 

699-23-34B 699-24-33 699-24-34A 

<0.02 - 0.5 <0.02 - <0.45 <0.02 - e0.45 

e0.03 - 1.0 20.03 - 0 3  <0.03 - 0.2 

2.0 - 5.0 1.0 - 2.0 0.6 - 2.0- 

4.22 - 1.0 <0.02 - <0.22 <0.02 - C0.22 

~0.03 - <0.17 <0.03 - <0.17 <0.03 - <0.17 

1.0 - 7.0 2.0 - 11.0 2.0 * 9.0 

6.7 - 163 3.5 - 7.9 <238 - 8.85 

0.6 - 2.0 1.0 - 3.0 0.7 - 2.0 

4.0 - 16.0 3.0 - 9.0 3.0 - 10.0 
~0.04 - <0.27 <O.W - Co.27 <0-04 * <0-27 

69-24-35 699-25-34C 699-26-35A 

<0.02 - <0.45 <0.02 - 0.4 CO.2 * O S  

<0.03 - ~0.29 <0.03 - 0.6 <0.03 - 1.0 

<0.18 - 0.3 

<0.02 - <0.22 co.02 - <0.22 <0.22 - 1.0 
<0.03 - <0.17 ~0.03 - <0.17 <0.03 * <0.17 

<0.02 - <037 <0.02 - <037 <0.02 <037 

0.4 - 1.0 0.4 - 0.8 

(a) WAC = Washington Administrative code. 
M U  = Maximumumtaminantlevel. 
NA = Notapplicable. 

Values in bold type equal or exceed WAC 173-200-40. 
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Table 2.1 1-2. Uranium Isotopic Composition in Well 699-S6-E4A 

Well Name 

699-S6-E4A 

699-S6-E4A 
Natural abundance 
Average 200 Area 

U.234 U-235 U-236 U-238 TotalU 

1/25/99 12:27 0.003272 0.516064 0.001344 98.33263 98.853 
Sample Date Sample Time (Id-) ~ (W) ~ (Pi&) ___ (clg/L) ~ (W) 

U.234 U-235 U-236 U-238 
Abundance Abundance Abundance Abundance 
(Id-) (W) (W) (ML)  

3.37E-05 5.29E-03 1.37E-05 9.95E-01 
5.50E-05 7.2OE-03 O.OOE+OO 9.93E-01 
6.30E-05 7.01E-03 4.44E-05 9.93E-01 
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- Strontium-SO, pCilL 
(Dashed Where Inferred) 

0 Well Monitored in FY 1999 
Well Refix 699- Omitted 

0 1W 300 450 6OOmt.m - 
0 500 lo00 1500h.t 

Figure 2.1 1-1. Average Strontium-90 Concentrations at Gable Mountain Pond, Top of Unconfined Aquifer 
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Figure 2.11-2. Strontium-90 in Wells 699-53-47B and 699-53-48A Near Gable Mountain Pond 
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Figure 2.1 1-3. Uranium in Well 69946-E4A Near 618-10 Burial Ground 
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Figure 2.114. Tributyl Phosphate in Well 699-S6-E4A Near 618-10 Burial Ground 
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Figure 2.11-5. Gross Beta Concentrations in Well 699-13-3A Near 618-11 Burial Ground 
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Figure 2.1 1-6. Average Nitrate Concentrations in Western 600 Area, Top of Unconfined Aquifer 
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2.12 300 Area 

J. W. Lindberg 

Uranium is the major contaminant of concern in 
the 300 Area. Tritium contamination from the 
200 East Area impacted the 300 Area at levels less than 
the interim drinking water standard (see Section 2.13). 
The 10,000-pCi/L isopleth line trends through the 
300 Area and shows little change since fixal year 1998. 
Tritium contamination and how it affects the 300 Area 
is discussed in Sections 2.9.2.2 and 2.13.2. Additional 
constituents detected during fiscal year 1999 include 
cis- 1,2dichloroethylene, nitrate, strontium-90, tetra- 
chloroethylene, and trichloroethylene. 

2.1 2.1 Groundwater Flow 

The primary influence on changes in groundwater 
elevation in the 300 Area is the fluctuation in Colum- 
bia River stage. Changes in river-stage elevation can 

be correlated to changes in water-level elevations at 
wells as far as -360 meters from the river (PNL-8580). 
During fiscal year 1999, river-stage fluctuations were 

* typical for an average year, and the water-table eleva- 
tions and corresponding configuration of the water- 
table map for March 1999 (see Plate 2) were similar to 
March water-table maps of previous years. This con- 
figuration indicates a slight increase in river stage 

LJ 

Groundwater monitoring is conducted in the 
300 Area: 

b annually to describe the nature and extent 
of contamination 

b annually to monitor attenuation of con- 
taminants in the groundwater operable 
unit 

b semiannually to monitor attenuation of 
contaminants at one RCRA site. 

un_k.tt-99032 January 28,2000 239 PM 

over average. As an example, the March 1999 water- 
table map appears very similar to the March 31,1992, 
water-table map (see Figure G-6 in DOE/RL-93-21, 
Rev. 0). 

Water-table contours in the vicinity of the 
300 Area are somewhat concentric indicating that the 
300 Area is a low point, or "sink," in the local uncon- 
fined aquifer. Groundwater enters the 300 Area from 
the northwest, west, and southwest, flows through the 
300 Area, and then into the Columbia River. In the 
immediate vicinity of the 316-5 process trenches, the 
flow direction was southward during March 1999 based 
on the water-table contours. Flow rate there was 0.35 
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to 105 meters per day (see Table A.2) based on the 
March 1999 gradient. The southward flow direction 
is a response to the slight increase in river stage. Aver- 
age river stage would produce a more southeastward 
flow direction in the vicinity of the 316-5 process 
trenches. 

2.12.2 Uranium 

?he uranium distribution in the 300 Area is shown 
in Figure 2.12- 1. The highest uranium concentrations 
are found in the northern part of the 300 Area, down- 
gradient from the 316-5 process trenches and near the 
316-1 process pond. Because the 316-1 process pond 
is downgradient of the process trenches, it is difficult 
to determine the relative contribution of each facility 
to the contamination. However, the maximum ura- 
nium concentration (20-pglL proposed drinking water 
standard) detected in the 300 Area was 322 pg/L in 
well 399-2-2 in the August 1999 sample. The line of 
wells from well 399-1-17A through well 399-1-7 to 
well 399-2-2 has the highest levels of uranium in the 
300 Area (and this alignment is along the average 
groundwater flow direction from the 3 16-5 process 
trenches). This alignment suggests that the major 
source of the uranium contamination is the 316-5 
process trenches. 

Groundwater Monibring 4 r  FY 1 W 9  
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Ground- m the 300 Area is con- 
t a m i n a t e d  with urrmiumfim the process 
nenchesandponds. Levelrhaveflwcauued 
since the 1980s, but have &dined overall. 

Figure 2.12-2 shows the historical trend for ura- 
nium in well 399-1-17A, which is the well closest to 
the inflow portion of the 316-5 process trenches. Ura- 
nium concentrations dropped dramatically in 1991 as 
a result df the expedited response action, which 
removed much of the contaminated sediment in the 
trenches. However, uranium concentrations began to 
rise sharply again when the process trench discharges 
ceased in December 1994. In fiscal years 1996 and 
1997, the rise continued, though not at the rapid rate 

L: 
it did in fiscal year 1995. The average uranium levels 
in fiscal year 1998 were lower than fiscal year 1997, 
and the levels in fiscal year 1999 were about the same 
or slightly less that fiscal year 1998. 

Presumably, the amount of uranium found in the 
unconfined aquifer at the process trenches was diluted 
by the large quantities of process wastewater prior to 
January 1995. Because wastewater is no longer dis- 
charged to the trenches, the increase'in uranium 

continues to contribute to groundwater contamination 
by the soil column at the 316-5 process trenches. The 
lack of dilution by large quantities d process wastewater 
caused the uranium in the grounctwater to continue to 
rise during fiscal years 1996 and 1997 and remain 
elevated during fiscal years 1998 and 1999. The total 
uranium contribution by the soil column at the 
trenches during fiscal year 1999 may actually be the 
same, or even lower, than it was prior to January 1995. 

reported in groundwater samples indicates that uranium 

Figure 2.12-2 also shows a yearly cycle for uranium 
concentration. The peak each year is in the spring 
with the lowest concentration each year in the fall or 
early winter. This yearly cyde or yearly fluctuation is 
caused by high Columbia River stages, which mobilize 
more uranium in spring and less during low flow stages 
in fall or early winter. 

L 

. 

In previous years, another zone of elevated uranium 
in 300 Area g r o d t e r  ~ a 5  found the 324 Build- 
ing, immediately west of well 399-3-11. However, in 
recent years, the elevated zone of uranium has moved 
downgradient (southeast) (see Figure 2.12-1). In fiscal 
year 1996 the reported concentration of uranium in 
well 399-3-11 was 130 clgn (Figure 2.12-3). In fiscal 
years 1996 and 1997, the reported d u m  concenm- 
tions in well 399-3-11, decreased from 130 to 32 W. 
At the same time, well 399-4-9, downgmhent from well 
399-3-11, showed a corresponding increase in uranium 
concentration over the same years (74 to 130 pg/L) (see 
Figure 2.12-3). In fiscal year 1999, the reported con- 
centration of uranium at well 399-3-1 1 was 44.4 jg/L, 
while the reported concentration at the downgradient 
well 3994-9 c o n ~ u e d  to rise to 163 pgL Apparently, 
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L, 
the uranium high near the 324 Building has moved 
with the groundwater flow to a downgradient position 
along the Columbia River near well 399-4-9. However, 
there still appears to be a limited source of uranium 
near the 324 Building. It is also possible that the ura- 
nium near the 324 Building is actually not from the 
324 Building but may be a pulse of uranium from far- 
ther north (e.g., from the 316-5 process trenches) 
moving downgradient. 

2.12.3 Strontium-90 

Strontium-90 (8-pCi/L interim drinking water 
standard) continues to be detected at well 399-3-11 
near the 324 Building. However, the more recently 
measured concentrations are not as high as those 
recorded in December 1995 sampling (8.7 pCi/L). 
Since December 1995, strontium concentration has 
varied between 3 and 8 pC& During fiscal year 1999, 
the recorded value was 4.0 pCi/L. Groundwater sam- 
ples from well 399-3-11 are collected with a bailer and 
are not filtered. Thus it is possible that much of the 
strontium-90 is sorbed to sedimept in the sample. 
Although there may have been a release of strontium- 
90 in the vicinity of the 324 Building, the reported 
concentration of 8.7 pCi/L in December 1995 was the 
only result greater than the interim drinking water 
standard since 1986. 

2.12.4 Chlorinated Hydrocarbons 

Trichloroethylene was detected at 24 wells in the 
300 Area in fiscal year 1999. However, only two had 
reparted umcentratiom at or above the drinking water 
standard of 5.0 pg/L. The two wells are 399-1-16B 
and 399-4-1. Well 399-1-16B is downgradient of the 
316-5 process trenches and monitors the lower portion 
of the unconfined aquifer. The plume downgradient 
of the 3 16-5 process trenches is decreasing in umcen- 
tration as shown in Figure 2.12-4. .In fiscal year 1998, 
the high ummtration at well 399-1-16B was 8.0 
During fiscal year 1999, the concentration of trichlo- 
roethylene at well 399-1-16B decreased from 6.0 pg/L 
in January and February to 4.0 pg/L later in July through 
September. 

u 

Well 3994-1 is in the southern part of the 
300 Area. The source of the trichloroethylene at well 
399-4-1 may be the extreme distal portion of the plume 
from off the Hanford Site to the southwest (Fig- 
ure 2.12-5 and Section 2.13.4), or more likely, it may 
be a part of the plume from the 3 16-5 process trenches. 
Well 399-4-1 is downgradient of the process trenches 
because of the south and southwestern component to 
the groundwater flow direction when the Columbia 
River stage is high. The plume from the process 
trenches is the most likely source because the trend of 
trichloroethylene in well 399-4-1 has been generally 
decreasing since 1986, a time before the offsite plume 
approached the 300 Area (Figure 2.12-6). During fis- 
cal year 1999, the reported values of trichloroethylene 
in well 399-4-1 were 5.0 pg/L in January 1999 and 
2.0 Clgn in August 1999. 

Ttichbruethylene and other drlotinated 
hydrocarh me detected in tk 300 Area. 
Levels are declining by natural processes. 

A plume of cis- 1,2-dichloroethylene was detected 
at six 300 Area wells, but the reported concentrations 
exceeded the 70 pg/L drinking water standard in only 
one well, 399-1-16B. Like trichloroethylene, the 
source ofcis-1,2-dichloroethylene is the 316-5 process 
trenches. The concentration was at its maximum dur- 
ing fiscal years 1997 and 1998 and decreased slightly 
during fiscal year 1999 (Figure 2.12-7). During fiscal 
year 1999, the ummtration at well 399-1-16B ranged 
from 120 to 180 pg/L with the higher reported values 
at the beginning of the year. 
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A plume of tetrachloroethylene was detected in 
the 300 Area during fiscal year 1998. Its source is in 
the vicinity of the 316-5 process trenches and extends 
southeast to the Columbia River. The plume contin- 
ued during fiscal year 1999 (Figure 2.12-8). but the 
concentration within the plume decreased dramati- 
cally (Figure 2.12-9). The maximum reported value at 
well 399-1-17A, immediately downgradient of the 
process trenches, was 38 pg/L in fiscal year 1998. The 
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maximum value at the same well in fiscal year 1999 
was 4.0 rJ9n. The plume maximum during fiscal year 
1999 was 7.0 pg/L at well 399-1-16A, but the yearly 
average was only 1.8 p&. 

2.12.5 Niirate 

Nitrate (above background levels, WHGEP-0595, 
Table A-1-2) is detected in all wells sampled in the 
300 Area (Figure 2.12-10). However, only two ofthose 
wells reported nitrate concentrations greater than the 
45 mg/L drinking water standards. The wells that 
reported concentrations greater than the drinking 
water standard were 399-5-1 and 699-S27-E14 (in the 
southwestem and irouthem portions of the 300 Area). 
The source of the nitrate is probably offsite industry 
and agriculture (Section 2.13). 

2.12.6 3 16-5 Process Trenches RCRA 
Parumeters 

The 316-5 process trenches have been monitored 
by a Resource Conservation and Recovery Act of 1976 
(RCRA) final status umective-action network since 
December 1996. Corrective action is in conjunction 

. with the Comprehnrrioe Environmental Response, Com- 
pensation, and Liabihry Act of 1980 (see Section 2.12.7). 
The purpose of groundwater monitoring is to examine 
the trend of the constituents of conem to determine 
if they are decreasing in concentration as expected. 
Eight wells are monitored for uranium and volatile 
organics (including as a minimum trichloroethylene 
and cis-l,2dichlmthylene). During fiscal year 1999, 
uranium remained above the interim dmking water 
standard of 20 pg/L in the three downgradient wells 
that monitor the upper portion of the unconfined 
aquifer, near the water table. Those three wells are 

~~ ~ 

"'he 316-5process trenches are a RCRA 
site monitored under a corrective~action pro- 
gram. The corrective action is deferred m 
the CERCLA OperaMe units and mdw 
Marralanaucationofthecontmninants. 

399- 1- lOA, 399- 1 - 16A, and 399-1 -1 7A. Cis- 1,2- 
dichloroethylene and trichloroethylene were both 
found to be above the drinking water standard in well 
399-1-16B. Tetrachloroethylene was above the 5 pg/L 
drtnkurg water standard at 7 pgJ., in well 399-1-16A in 
December 1998, but dropped in concentration to below 
the detection level starting in June 1998. Uranium, as 
well as cis-1,2-dichloroethylene and trichloroethylene, 
appear to be decreasing slightly in concentration when 
their trends are compared over several years. For more 
information about uranium and the volatile organics, 
see Sections 2.12.2 and 2.12.4. 

2.12.7 300-FF-1 and 300-FF-5 Operable 
Units 

The interim record of decision for the 300-FF-1 
and 300-FF-5 Operable'Units was approved in July 
1996 (ROD 1996b). The selected remedy for the 
300-FF-5 Operable Unit is an interim action that 
involves emplacing security measures to prevent expo- 
sures to residual contamination; imposing restriction 
on the use of the groundwater until such time as health- 
based criteria are met for uranium, trichloroethylene, 
and cis-l,2dichloroethylene; and allowing contami- 
nants in the groundwater to naturally diminish over 
time. 

In fiscal year 1997, remediation of 300-FF-1 Oper- 
able Unit started by digging out the conmminated soil 
at the 316-5 process trenches. By the end of fiscal year 
1999, the contaminated soil from the 316-5 process 
trencha had been completely removed and replaced 
with clean soil. Also, by the end of fiscal year 1999, 
the contaminated soil had been completely removed 
from the 316-2 north process pond and was partially 
removed at the 316-1 south process pond. 

An operation and maintenance plan for the 
300-FF-5 Operable Unit was released in September 
1996 (DOE/RL-95-73). Its purpose was to complete 
the tasks necessary to vedy the effectiveness of the 
selected alternative. The groundwater monitoring 
network includes the eight wells of the RCRA 3 16-5 
process trenches network plus nine other wells in the 
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300 Area. The constituents of concern are the same 
as for the RCRA 3 16-5 process trenches network. 
During fiscal year 1999, the 300-FF-5 Operable Unit 
network, like the 316-5 process trenches network, 
showed that the constituents ofumcem are still above 
drinking water standards near the process trenches, 
but are decreasing with time. For more information, 
see Sections 2.12.2 and 2.12.4. 

2.12.8 Water Quality’at Shoreline 
Mon’hring Locations 

A seep in the riverbank at the 300 Area is &pled 
annually in the fall. The most recently available 

results are from fall 1998. Specific conductance . 
measured 362 @/cm. This relatively high value indi- 
cates the sample was primarily groundwater, not river 
water draining back from bank storage. Uranium-234 
was detected at 30.9 pCJt, uranium-235 at 0.57 pCJt, 
and uranium-238 at 26.2 pCi/L.. Gross alpha and gross 
beta concentrations were 55.6 and 21 pCi/L, respec- 
tively. The sample contained 9,590 pCiL tritium. 
These results are consistent with contaminants 
detected in groundwater in the 300 Area. 
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Figure 2.12-1. Average Uranium Concentrations at 300 Area, Top of Unconfined Aquifer 
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Figure 2.12-8. Average Tetrachloroethylene Concentrations in the 300 Area, Top of Unconfined Aquifer 
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2.1 3 Richland North Area 

D. R. Newcomer 

The Richland North Area is located in the south- 
em part ofthe Hanford Site. The Richland North Area 
is not formally defined, but includes the former 1100 
and 3000 Areas, that part of the 600 Area adjacent to 
the 300 Area, and parts of nearby Richland between 
the Yakima and Columbia Rivers. Ownership of the 
1100 Area was transferred from the U.S. Department 
of Energy (DOE) to the Port of Benton in 1998. Own- 
ership of the 3000 Area was transferred from DOE to 
the Port of Benton in 1996. 

2.1 3.1 Groundwater Flow 

Figure 2.13-1 shows the March 1999 water-table 
elevations (also see Plate 2) and illustrates water-level- 
elevation trends for selected areas of the Richland 
North Area. Groundwater in the Richland North 
Area generally flows eastward from the Yakima River 
and dkharges to the Columbia River. In the north- 
em part of the Richland North Area, groundwater flows 

the 300 Area before discharging to the Columbia River. 
. northeast and converges with groundwater entering 

Recharge from the Yakima River has a regional 
effect on groundwater flow and is the primary source 
of groundwater in the Richland North Area. A 
higher elevation in Yakima River stage than the water 
table implies that Yakima River watp infiltrates and 
recharges the unconfined aquifer. Leakage from canals 
and ditches originating from the Yakima River during 
the summer months is also a source of groundwater 
recharge. 

The city of Richland's North Well Field, in the 
south-central portion of the Richland North Area, is 
the primary local influ- on changes in groundwater 
elevation in this area. The groundwater mound in 
this area continued to be maintained with at least a 
2:l ratio of recharge to discharge at the well field dur- 
ing fml year 1999. Groundwater levels in much of 

Richland 
North 
Area 

L-3 

the area near the well field generally rose between 
June 1998 and March 1999. The maximum rise was 
-0.5 meter and the effect is illustrated in wells imme- 
diately west (699-W-El4) and north (699S37-El4) 
of the well field (see Figure 2.13-1). This rise in the 
water table is the result of variations in net recharge at 
the well field and recharge pond system during different 
times of the year. In June, groundwater is'withdrawn 
for supplying the municipal water-supply system, but 
in March water is not withdrawn for municipal use. 

Irrigation of agricultural fields in the area between 
the Yakima River and the former 1100 Area has 
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Groundwater monitoring is conducted in the 
Richland North Area: 

b triennially to annually to describe the 
nature and extent of contamination 

F annually to detect the impact of contami- 
nation from off the Hanford Site 

b annually or more frequently to ensure the 
safety of the city of Richland's North Well 
Field. 

affected seasonal groundwater levels in the Richland 
North Area. Agricultural irrigation supplied primarily 
by the Columbia River recharges the unconfined aqui- 
fer between the Yakima and Columbia Rivers. This 
seasonal effect is illustrated from the hydrograph ofwell 
699-S43-E7A (see Figure 2.13-1) and more recently 
by water-level fluctuations in well SPC-GM-2 near 
Siemens Power Corporation (Figure 2.13-2). Increas- 
ing water levels have been observed to the north of 
imgation fields along the southern boundary of the 
W o r d  Site (Figure 2.13-3). 

2.13.2 Tritium . 

The southward migration of the tritium plume d 
the increasing tritium concentrations in the 300 Area 
continues to raise concern over the potential impact to 
the city of Richland's North Well Field recharge ponds 
(Figure 2.13-4). Figure 2.13-4 shows that tritium con- 
centrations decrease from greater than 10,OOO pCi/L 
to less than 100 pCi/L across the 300 Area. The 
2,OOO-pCi/L contour line changed little since fiscal 
year 1998. South of the 300 Area, the average detect- 
able tritium concentration ranged between 27 and 
516 pCi/L (see Plate 3). Several factors limit sign& 
cant migration into the Richland North Area: 

Groundwater generally flows from west to east 
between the Yakima River and the Columbm River. 

Artificial recharge from agricultural irrigation 
west of the Richland North Area contributes to 
eastward flow. 

Flow is directed outward from the groundwater 
mound at the City of Richland's North Well 
Field recharge ponds. 

These facton produce converging flow lines in the 
300 Area and discharge to the Columbia River (see 
Figure 2.13-1 and Plate 2). However, modeling efforts 
have indicated that groundwater flow would still be 
predominantly west to east without recharge at the 
north well field recharge ponds. Thus, there is no 
indication that the tritium plume is migrating south. 
ward and might impact the well field. 

In late fiscal year 1999, sampling was conducted 
in the Richland North Area in response to tritium 
concentrations in groundwater and plant tissue that 
were higher than trends projected for the area. Rich- 
land North Area wells were sampled, and several drive 
points were installed along the Columbia River shore- 
line. The results indicated that the tritium trends had 
stabilized or decreased from the elevated levels at most 
of the sample locations. Wells showing elevated trends 
will continue to be sampled in fiscal year 2000. The 
highest tritium level detected was 516 pCa, which is 
far below the 20,000 pCi/L drinking water standard, in 
a well west of the north well field recharge ponds. 

6.i 

The mea near Ricuand's North Well 
Field is monitored closely to derea the pos- 
SiMe impact ofthe nitium plume fim dte 
200 Areas. lnfical year 1999, tritium 
lewls increased slighdy m some moniwring 
wells. Although levels me fm below tk 
drmkmg water stundurd, fre4Uent monitor- 

ingwiU continue. 

bi 
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2.13.3 Niirate 

The nitrate distribution in groundwater was shown 

in Figure 2.12-10. Nitrate contamination that is found 
in the Richland North Area is likely a result of indus- 
trial and agricultural uses off the Hanford Site. In fis- 
cal year 1999, the nitrate plume continued to expand 
in size, and concentrations continued to increase in a 
number of wells. The nitrate plume has generally 
migrated east toward the Columbia River. 

. Nitrate contamination migrates to the 
Richland North Area fiom indusrrial and 

agnculturd activities off the Hanford Site. 

Concentrations increased in fical year 1999. 

Concentrations above the 45-m& maximum con- 
taminant level are found both upgradient and down- 
gradient of Siemens Power Corporation. Nitrate data 
for Siemens Power Corporation wells are reported in 
EMF-1865, Addenda 15 and 18. The highest nitrate 
concentrations in the Richland North Area continued 
to occur northeast (downgradient) of Siemens Power 
Corporation. The maximum average concentration 
was - 170 m& immediately downgradlent of the Horn 
Rapids Landfill. In fiscal year 1999, nitrate levels 
increased in wells upgradient of Siemens Power Cor- 
poration and are likely a result of agriculture to the 
west and southwest. 

The largest increases in nitrate levels during fiscal 
year 1999 occurred in an area northwest of the North 
Richland well field and recharge ponds. These changes 
are illustrated by the trend plots in Figure 2.13-5. The 

these increased nitrate levels is 
agriculture circles to the west. The shape of the plume 
indicates that the eastward migration of nitrate is 
being diverted around the groundwater mound that is 
in the vicinity of the recharge ponds (see Plate 2 of 
water-table map). Nitrate levels in wells at the well 
field continued to be lower than ambient groundwater 
as a result of recharge from infiltration of river water 
at the recharge ponds. 

2.13.4 Trichloroethylene 

Trichloroethylene contamination occurs on the 
Hanford Site beneath the Horn Rapids Landfill and 
off the site in Siemens Power Corporation wells (see 
Figure 2.12-6). The distribution of trichloroethylene 
supports the tritium discussion with respect to north- 
d flow mund the city of Richland's North Well 
Field recharge ponds. The plume has an elongated 
configuration similar to previous years. However, con- 
centrations have decreased in much of the plume area 
near the Horn Rapids Landfill. In fiscal year 1999, 
trichloroethylene concentrations ranged from less 
than detection to 6 pg/L. The highest concentrations 
were found immediately downgradient of the Horn 
Rapids Landfill and only two wells (699233 1 -ElOA 
and 69933 1 -ElOC) showed concentrations higher 
than the 5-pg/L maximum contaminant level. Con- 
centrations were less than this level in the point of 
compliance wells downgradient of the Horn Rapids 
Landfill. Trichloroethylene concentrations decreased 
by more than an order of magnitude in this area since 
monitoring began in 1990 (Figure 2.13-6). The 
decreased concentrations in the majority of wells 
downgradient of the Horn Rapids Landfill suggests 
that some elements of natural attenuation (e.g., vola- 
tilization through passive pumping) may be reducing 
the plume mass. For a discussion of trichloroethylene 
in the 300 Area, see Section 2.12.4. 

Trichloroethylene concentrations continued to 
be less than 5 pg/L in all Siemens Power Corporation 
wells in fiscal year 1999 (EMF-1865, Addenda 15 and 
18). The past use of solvent in insdhg and maintain- 
ing precess lagoon linen at Siemens Power corporation 
is the only potential source of trichloroethylene iden- 
tified in the Richland North Area (DOEN-92-67, 
Draft B). 
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Trichlorethylene contamination m the 
Richfud North Area has sources off the 
Hanford Site. Concentrations are nancrdy 
declining. 



Vinyl chloride and 1,l dichloroethylene concen- . 
trations, breakdown products of trichloroethylene, 
continued to be close to or less than their respec- 
tive minimum detection limits in fiscal year 1999. 

2.135 Gross Alpha and Uranium 

Elevated levels of gross alpha and uranium occur 
downgradient of Siemens Power Corporation near the 
Horn Rapids Landfill. Gross alpha levels generally 
decreased in most of the Siemens Power Corporation 

* wells between fiscal years 1998 and 1999 (EMF-1865, 
Addenda 15 and 18). Well SPC-GM-8 exhibited the 
highest gross alpha levels, with an average of 77 pCi/L 
during fiscal year 1999. Most of the downgradient 
Siemens Power Corporation wells showed average 
gross alpha levels that were above the lS-pCi/L maxi- 
mum contaminant level. Because Siemens Power 
Corporation manufactures nuclear fuel pellets and 
assemblies for commercial nuclear power plants, it is 
probable that the gross alpha levels can be largely amib- 
uted to uranium. *gross alpha is attributed to uranium 
with natural isotopic abundances, then 77 pCi/L gross 
alpha is equivalent to 111 pg/L uranium, which is above 
the 20 ClglL proposed maximum contaminant level for 

* d u m .  Samples collected from the Siemens Power 
Gnporation wells in fiscal year 1999 were not analyzed 
for uranium. 

Uranium concentrations ranged up to an average 
of 11.5 pg/L, with the highest concentrations immedi- 
ately downgradient ofthe Horn Rapids Landfill in wells 

Uranium concentrations have been increasing in wells 
-ent of the landfill since approximately 1995. 
Gross alpha activities, which mimic trends in the ura- 
nium concentrations, also increased in these wells 
since approximately 1995. Gross alpha activities in 
these wells ranged up to an average of 13.9 pC& 

699-S3O-E1OA, 69933O-ElOB, and 699-S31-E1OBs 

2.13.6 Other Constituents 

Ammonia, fluoride, and gross beta are found at 
low levels in wells near Siemens Power Corporatiox 

Ammonia - Concentrations of ammonia in the 
Siemens Power Corporation wells generally 
remained steady in fiscal year 1999 (EMF-1865, 
Addenda 15 and 18). The highest average con- 
centration detected was 12.5 m& in well SPC- 
GM- 10. Ammonia is typically absorbed 'by 
plants or soil microorganisms or is taken up as an 
exchangeable ion on soil particled (Hausenbuiller 
1972). However, ammonia is usually less stable 
than nitrate in a biological system like the soil 
and is rapidly converted to Ntrate by nitrification. 
The fact that ammonia is found in the ground- 
water suggests that relatively high concentrations 
reached the soil column. 

Fluoride - Three downgradient Siemens Power 
Corporation wells (SPGGM-5, SPC-GM-8, and 
SPCGM-10) had fluoride concentrations above 
the 4-m& maximum contaminant level in fiscal 
year 1999 (EMF-1865, Addenda 15 and 18). The 
highest average concentration was 5.0 mg/L in 
well SPC-GM-10. Average fluoride concentra- 
tions in onsite wells for this area were all less than 
1 m&. 

Gross Beta - Gross beta levels exhibited similar . 

trends to the gross alpha levels in most of the 
Siemens Power Corporation wells (EMF-1865, 
Addenda 15 and 18). The highest average gross 
beta measurement in fiscalyear 1999 was 50 pCi/L 
in well SPC-GM-8. The highest average onsite 
gross beta measurement in this area was 23.8 $6 
Low levels of technetium-99, detected near the 
Horn Rapids Landfill, may be related to the gross 
beta measurements. 
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2.14 Upper Basalt-Confined Aquifer 

D. B. Barnett, J. P. McDonald 

The upper basalt-confined aquifer system, which 
extends well beyond the limits of the Hanford Site, 
lies within sedimentary interbeds and hydraulically con- 
ductive portions of basalt flows immediately below the 
Hanford/Ringold aquifer system. Monitoring the upper 
basalt-confined aquifer system is important because of 
the potential for contamination to migrate off the 
Hanford Site. The most recent and comprehensive 
investigation of the upper basalt-confined aquifer sys- 

tem is presented in PNL-10817, which examines the 
hydraulic, hydrochemical, and isotopic characteristics 
of this groundwater system. Approximately 40 wells 
are located within the upper basalt-confined aquifer 
system and are used to monitor water levels or water 
quality (PNNL13021). Water levels in several of these 
wells are measured at least annually, but samples for 
chemical or radiological analyses are taken on a trien- 
nial basis. The frequency of sampling was higher in 
the past, but recent work (PNL-10817) has indicated 
a relatively low probability that contamination could 
migrate off the site. Thus, sample frequency has been 
progressively reduced since 1995. 

LJ 

2.14.1 Groundwater Flow 

Groundwater occurs within basalt fractures and 
joints, interflow contacts, and intercalated sedimen- 
tary interbeds within the upper Saddle Mountains 
Basalt. The *thickest and most widespread sedimen- 
tary unit in the upper basaltmdned aquifer system is 
the Rattlesnake Ridge Interbed. Groundwater is con- 
fined by the dense, low-permeability, interior portions 
of basalt flows and in some places by Ringold Formation 
silt and clay units overlying the basalt. The ground- 
water project measures water levels annually in this 
aquifer system, and these data are used to prepare a 
potentiometric surface map. Beginning in fiscal year 
1999, annual water level measurements are taken dur- 
ing March, instead of June, as in previous years. 

Groundwater m the basalt-confined 
aquifer flows from west to east and dis- 
charges to the Columbia River. The water- 
level map has changed little in the past 
7 years. 

In 1993, hydraulic head distribution and flow 
dynamics of the upper basalt-confined aquifer system 
were evaluated and reported in PNL-8869, which 
identified the following prominent hydrologic features 
(Figure 2.14-1): 

a broad recharge mound extending northeastward 
from Yakima Ridge toward the 200 West Area 

a small recharge mound (now subsiding) immedi- 
ately east of the 200 East Area in the vicinity of 
B Pond 

a subsurface hydrogeologic barrier (i.e., an impedi- 
ment to groundwater flow), believed to be related 
to faulting, near the mouth of Cold Creek Valley 

a region of low hydraulic head (potential dis- 
charge) in the Umtanum Ridge-Gable Mountain 
structural area 

- 

a region of high hydraulic head to the north and . 
east ofthe Columbia River associated with artificial 
recharge attributed to agricultural activities. 

Recharge to the upper basaltanfined aquifer sys- 
tem is believed to result from precipitation and surface 
water infiltration where the basalt and interbeds are 
exposed at ground surface. Recharge also may occur 
through the Hanford/Ringold aquifer system, where a 
downward hydraulic gradient exists between the 
Ringold Formation confined and upper basaltanhed 
aquifers. Hydraulic commdcation with overlying 
and underlying aquifers is believed to cause the region 
of low hydraulic head found in the Umtanum Ridge- 
Gable Mountain structural area (these relationships 
are given in more detail in PNL-8869). Water-table 
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and potentiometric surface- maps of the upper basalt- 
confined aquifer system (see Figure 2.14-1), the uncon- 
fined aquifer (see Figure 2.1-1 and Plate 2), and the 

indicate that a downward hydraulic gradient from the 
Word/Ringold aquifer system to the upper basalt- 
confined aquifer occurs in the western portion of the 
W o r d  Site, in the vicinity of the B Pond recharge 
mound, as well as in the regions north and east of the 
Columbia River (PNL-6313, F”L-8869, PNL-10082, 

EP-0142-4, WHC-EP-0394-3). In the vicinity of 
B Pond, however, head decline within the H a d 0 4  
Ringold aquifer system may soon lead to a reversal of 
the vertical hydraulic gradient. In other areas of the 
Hanford Site, the hydraulic gradient is upward from 
the upper basalt-confined aquifer to the W o r d /  
Ringold aquifer system. 

Ringola For_matian confined aquifer ( ~ e e  Figure 2.9-33) 

P”L11470, -12067, WHGEP4142-3, WHG 

Figure 2.14-1, constructed by manual contouring, 
presents a regional approximation of the potentiomet- 
ric surface for the upper basalt-confined aquifer system 
based on water-level measurements taken during March 
1999. Measurements in the Rattlesnake Ridge Inter- 
bed (23 wells), the Levey Interbed (2 wells), and the 
Elephant Mountain Interflow zone (1 well) were pri- 
marily used to construct this map. A d d i t i d  meas- 
urements in the upper Saddle Mountains Basalt 
(12 we&) were used for general contouring. The moni- 
toring well network used for hydraulic head monitor- 
ing is presented in PNNL-13021. 

With some exceptions, the major potentiometric 
map features shown in Figure 2.14-1 are nearly the same 
as those for 1993 (PNL-8869). The potentiometric 
map indicates that, south ofthe Umtanum Ridge-Gable 
Mountain structural area, groundwater generally flows 
from west to east across the site toward the Columbia 
River, which represents a regional dscharge area for 
groundwater flow systems. In the region northeast of 
Gable Mountain, potentiometric contom, based on 
scant water-level data, suggest that groundwater flows 
southwest and discharges primarily to underlying con- 
fined aquifer systems in the Umtanum Ridge-Gable 
Mountain structural area (PNL-8869). This region of 

increased hydraulic head is associated with recharge 
from agr icu ld  activities north andeast of the Colum- 
bia River and is reinforced by observations from wells 
completed in deeper, confined aquifer systems. There- 
fore, the Columbia River does not represent a major 
discharge area for upper basalt-confined groundwater 
in the northern portion of the Hanford Site. 

In the vicinity of the 200 East Area, the potentio- 
metric surface in Figure 2.14-1 is similar to the poten- 
tiometric surface for the Ringold Formation confined 
aquifer (compare with Figure 2.9-33). It is known that 
the basalt in this are-a was significantly eroded by late 
Pleistocene catastrophic flooding (RHO-BWI-LD-5), 
which facilitates aquifer intercommunication in this 
area and probably explains the similarity. In the vicin- 
ity of the 200 East Area and to the immediate north, 
the vertical hydraulic gradient between the upper 
basalt-confined aquifer system and the overlying 
Hanford/Rmgold aquifer system is upward (compare 
the water-level elevations on Figure 2.14-1 with those 
on Plate 2). Therefore, it is likely the upper basalt- 
confined aquifer system discharges to the overlying 
Hanford/Ringold aquifer system in this region. 

- 

i d  

Water levels in the central and western portion of 
the Hanford Site declined over the 9-month period 
from June 1998 to March 1999, whereas water levels 
in the eastern portion of the site increased during this 
period. Water levels in the 200 East Area and to the 
immediate north and east (near B Pond) continue to 
show a decline; falling in the range of0.13 to 033 meter 
over the 9-month period (0.17 to 035 meter per year). 
Water levels near the 200 West Area also continue to 
show a decline with a range of 0.11 to 0.18 meter 
(0.15 to 0.24 meter per year). These declines are a ,  
response to curtailed effluent disposal activities in the 
200 Areas and are consistent with water-level declines 
in the overlying Hanford/Ringold aquifer system. 

I 

The center of the groundwater mound associated 
with B Pond has migrated to the northeast since peri- 
odic monitoring of the upper basalt-conhed aquifer 
system began in 1991. Figure 2.14-2 shows a trend 
plot of hydraulic head at wells 699-42-4oc (located at 
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B Pond and formerly the approximate center of the 
groundwater mound) and 699-5 1-36B (the current 
approximate center of the groundwater mound). This 
figure shows that water levels beneath B Pond peaked 
higher and earlier and are now declining more rapidly 
than the water level at 699-51-36B. This more rapid 
decline beneath B Pond is related to the apparent 
shift in the groundwater mound. Comparison of heads 
between well 699-42-40C and adjacent wells com- 
pleted in the unconfined aquifer indicate that the ver- 
tical head gradient between this aquifer and the upper 
basalt-cohed aquifer system has diminished in recent 
years and is now virtually nil. This is in contrast to 
historical conditions that indicated a pronounced down- 
ward gradient between these two aquifers, presumably 
due to the effects of the B Pond mound. 

approximately the last 10 years, results of sampling 
and analyses from these sites indicated that of the 
wells monitored, there were very few areas of concern 
that warranted continued annual monitoring. Conse- 
quently, the number of wells sampled annually has 
been progressively reduced since 1995. Most wells 
have been reduced to a triennial sampling frequency. 
Figure 2.14-3 shows the locations of wells used for 
monitoring upper basalt-confined aquifer groundwater 
chemistry. Only one well, 699-42-E9B, was sampled 
during fxal year 1999. Hence, this section will briefly 
review some of the more prominent historical concerns 
of groundwater quality in the upper basalt-confined 
system. 

The greatest measured increase in water levels for 
the upper basaltadined aquifer system was 1.11 meters 
in well 199-H4-2, which is near the Columbia River 
in the 100 H Area. For other wells in the eastern por- 
tion of the Hanford Site, the increase in water levels 
ranged from 0.05 to 0.26 meter over the %month 
period from June 1998 to March 1999. Between March 
1991 and March 1993, water levels were measured 
quarterly in a selected set of upper basalt-confined 
aquifer system wells (PNL-8869). These data showed 
a trend of rising water levels for the eastern portion of 
the Hanford Site, at a rate of 0.2 to 0.4 meter per year. 
PNL-8869 also demonstrated that river stage fluctua- 
tions are most likely superimposed on this trend, at 
least for wells adjacent to the Columbia River. The 
rising water levels are attributed to large-scale imga- 
tion activities in areas off the site and east of the 
Columbia River. The increase in water levels in the 
eastern portion of the site from June 1998 to March 
1999 is consistent with this long-term trend. 

2.14.2 Groundwater Quality 

Theupperbasaltdedaquifersystemis&ected 
far less by Hanford Site contamination than the uncon- 
fined system. Prior to 1995, several Hanford Site wells 
in the confined aquifer were sampled annually for radio- 
nuclides and hazardous waste constituents. Over 

W 

Radionudides have been detected in the 
upper baralt-confined aquifer, generally at 
low levels. Confined-aquifer wells are 
sampled infiequmdy bemuse groundwater 
chemistry does not change rapidly in these 
wells. 

Geochemical studies indicate that the major ionic 
composition of groundwater in the upper basalt- 
codned system is dominantly magnesium and calcium 
bicarbonate in the western portions of the Hanford Site, 
becoming more sodium bicarbonate dominant in the 

eastern portions as residence time increases from west to 
east (WHCEP-0595; PNNL-10817). Total dissolved 
solids content is considerably less (mostly less than 
250 m a )  than in the HanfordlRingold aquifer on the 
Hanford Site. Tritium activities are naturally low in 
the upper basalt-codined aquifer (averaging less than 
3.2 pCi/L) compared with surface water (e.g., Columbia 
River) and uncmfhed aquifer groundwater, except in 
areas of intercommunication with the Hanford/Rmgold 
aquifer or areas affected by deep drilling operations 
that used surface water. Well 699-42-4OC, near B Pond, 
is probably located in such an area of intercommuni- 
cation (RHO-RE-ST-12P), and has produced tritium 
activities as high as 8,000 pCi/L as recently as 1996. 
Activities have decreased to -6,500 pCi/L in subse- 
quent measurements (latest in fiscal year 1998). 
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Some wells near the northern border of the 
200 East Area have historically produced elevated 
results for radionuclides and nonradiogenic constituents 
The most notable of these, well 299433-12, has been 
monitored since the mid 1950s and has produced 
elevated results for cobalt-60, cyanide, technetium-99, 
and tritium. The most recent results for th& constit- 
uents in this well, from August 1998 are: 21.8 pCi/L 
cobalt-60,30 clgncyanide, 1,810 $i/L technetium-99, 
and 630 pCi/L tritium. During the 195Os, this well 
produced cobalt-60 results as high as 450,000 pCi/L, 
though the accuracy of these results may be question- 
able (PNL-10817). The fiscal year 1998 results were 
generally on trend with declining or unchanging 

* concentrations of all four of these constituents in this 
welL Slightly elevated levels of Ntrate, gross beta, and 
tritium have occurred in other wells in this general 
vicinity, but no significant trends have been observed 
that would warrant more frequent sampling efforts 
( ~ e e  PNNL-12086). 

Well 699-42-EgB is located on the eastern shore 
of the Columbia River, just inside the Hanford Site 
boundary. Since sample collection from this well began 
in 1991, pH values have risen steadily from -8.5 in 

Ld 
1992 to 9.52 in fiscal year 1999. The reason for this 
trend is unknown. Tritium concentration declined 
from 73.1 pCi/L in fiscal year 1998 to 26.9 pCi/L in 
fiscal year 1999. Cobalt40 was repotted at a maximum 
of 7.73 pCi/L in 1993, but results of the last 4 years 
have been below detection. A result of 933 pCi/L of 
cesium-137 was reported in 1993, but since 1996 this 
radionuclide has been reported below detection (mini- 
mum detectable concentration -0.56 pCi/L in fiscal 
year 1999). counting errors are a high percentage of 
the results for cobalt-60 and cesium-137 in the 1999 
samples from well 699-42-EgB. 

, 

Because of the prolonged travel times for ground- 
water, the limited degree of contamination observed 
in wells, and the hydraulic head distribution in the 
upper basalt-confined aquifer, there is probably little 
risk of contamination from this aquifer affecting sur- 
face waters or near-surface aquifers. The area where 
groundwater from the upper basalt-confined aquifer 
may discharge is essentially limited to the southeast 
portion of the Hanford Site and along the southern 
contiguous reaches of the Columbia River where an 
upward hydraulic potential exists. 

ti 
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Figure 2.1401. Potentiometric Map of Upper Basalt-Confined Aquifer System, March 1999 
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D. G. Hdon 

3.0 Vadose Zone 

Radioactive and hazardous wastes in the soil col- 
umn from past intentional liquid waste disposals, 
unplanned leaks, solid waste burial grounds, and under- 
ground tanks at the Hanford Site are potential sources 
of continuing and future vadose zone and groundwater 
Contamination. Subsurface source characterization 
and vadose zone monitoring, soil-vapor monitoring, 
sediment sampling and characterization, and vadose 
zone remediation were conducted in fiscal year 1999 
to better understand and alleviate the spread of sub- 
surface contamination. This chapter summarizes 
major findings from these efforts, focused primarily on 
vadose zone soil contamination k i a t e d  with reace 
tor opektions, past single-shell tank leaks, and liquid 
disposal to ground as a result of spent fuel processing. 

An overview of the major soil columri sources of 
groundwater contamination is provided in PNNL- 
13080. This section discusses vadose zone contamina- 
tion that could impact groundwater in the future. Much 
of the evidence for continuing impact on groundwater 
from vadose zone contamination is discussed in Sec- 
tion 2.0. An overall evaluation depends, to a large 
degree, on a synthesis of vadose zone and groundwater 
monitoring and characterization data to present a com- 
prehensive picture of contaminant fate and transport. 
Significant fiscal year 1999 vadose zone results are 
summarized here but the bulk of the data synthesis on 
impact to groundwater is presented and discussed in 
Section 2.0. 
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3.1 100Areas 

The Hanford Site 100 Areas are located in the 
northern part of the site along the Columbia River. 
Eight nuclear reactors were located in the 100 Areas. 
They operated from the mid 1940s until 1987 and 
were used for production of defense related nuclear 
material. Considerable vadose zone contamination is 
associated with those past-practice activities. Current 
decontamination and remediation activities focus on 
sites in the 100 Area because they are located near the 
Columbia River. 

This section describes the si&cant vadose zone 
related activities that occurred in the 100 Areas in 
fiscal year 1999. These activities include soil samplrng 
and analysis to support remediation of the 11642-1 
process effluent trench and the 1301-N and 1325-N 
cribs and trenches, sampling and analysis to select a 
waste site for initial deployment of technology for 
in situ reduction of hexavalent chromium, and labora- 
tory studies to measure the distribution coefficient and 
leachability ofdupmium in sediment to support future 
remedial action goals and plans. This section does not 
discuss excavation done to remediate contaminated 
sites. Those efforts are described in the appropriate 
parts of Section 2.0. 

3.1.1 Soil Remediation at 1 16-C-1 Trench 

D. Q. Horton 

The 116-C-1 process effluent trench was remedi- 
ated in 1991, and a test pit was dug to groundwater in 
early 1998 by Bechtel Hanford, Inc. Analysis of data 
from the pit became available in 1999 (CW-98-00006, 
Rev. 0). This section summarizes the results of those 
analyses. For a full description of the work, see CVP- 
98-00006, Rev. 0. 

The 116-C-1 trench is located within the 
100-BG1 Operable Unit in the 100 B/C Area of the 
Hanford Site (see Plate 1). The trench is 167 meters 
long, 32 meters wide, and 5 meters deep. The 116-C1 

site is an unlined trench that was used to dispose of 
700 million liters of contaminated cooling water from 
the 100 B/C Area retention basins after ruptured fuel 
elements were detected in the reactors. The 116-C-1 
trench continued to receive contaminated cooling 
water until reactor operations ceased in 1968. An 
additional 40 billion liters of high-temperature reactor 
cooling water was discharged to the trench during a 
150-day infiltration test in 1967. That water contained 
700 ppb chromium as the major contaminant. The 
infiltration4ikely influenced the distribution of con- 
taminants beneath the site. 

The most mob& contaminants at the 
1 164-1 trench have been flushed through 
the vadose zone to groundwater as a result 

ofinfitration testingin 1967. 

The contaminants of concern at the 116-C-1 
trench include americium-241; cobalt-60; cesium-137; 
europium-152, -154, and -155; nickel-63; plutonium- 
238, -239/240; strontium-90; uranium-238; total chro- 
mium; hexavalent chromium; mercury; and lead. 

I The remedial actions taken at the 116-C-1 trench 
included (1) excavating the site to the extent required 
to meet specified soil cleanup levels, (2) disposing of 
contaminated excavation materials at the Environ- 
mental Restoration Disposal Facility at the 200 Areas, 
and (3) baddillling the site with clean soil to adjacent 
grade elevations and support subsequent revegetation. 
As part of the remediation activities, a Characteriza- 
tion test pit was excavated to groundwater. 

The vadose zone beneath the 116-C-1 site con- 
sists of the Hanford formation and is predominantly 
sand and gravel with various amounts of silt and cobble- 
size material. The groundwater is -12.8 meters below 
the surface. 
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The test pit was 38 by 38 meters square and was 

located in the southwestern third of the trench. The 
test pit was centered at an area of elevated activity 
near the trench inlet pipe. The material was removed 
in 1.5-meter lifts using a backhoe. Soil samples were 
taken from each quadrant ofthe test pit and COmpoGited 
for each of the e i g h t h .  Figure 3.1-1 shows a cfoss 
section of the 116-G1 trench with the locations of 
the test pit and samples. 

Figure 3.1-2 shows the distribution of the constit- 
uents’of concern with respect to depth beneath the 
trench. The results w m  obtained using US. h v h n -  
mental F’rotection Agency approved methods on the 
bulk sample. The figure shows that most remaining 
Contaminaton in the vadose zone is within -5 meters 
of the base of the remedial action excavation. More 
mobile contaminants, such as strontium-90, however, 
are slightly deeper in the soil column. The most 
mobile contaminants, such as hexavalent chromium, 
that was present at -700 pg/L in the cooling water, 
have been flushed through the vadose zone to ground- 
water as a result of the infiltration test done on the 
trench after disposal of contaminated cooling water. 
See Section 2.2 for discussions of groundwater under 
the100CArea. 

The maximum concentration of total chromium 
is -10 times higher than background values. It is pos- 
sible that some of the hexavalent chromium was 
reduced in the vadose zone to form the distribution of 
total chromium seen in Figure 3.1-2. Alternatively, 
some trivalent chromium may have been dtsposed to 
the trench. 

As part of the remedial action, the RESRAD com- 
puter code (ANL 1997) was used to model the impact 
of residual contaminants of concern on the vadose 
zone, groundwater, and Columbia River. A rural resi- 
dential exposure scenario was used, though future land 
use ofthe 100 Area is not yet defined (W-98-00006, 
Rev. 0). The model predicted a maximum dose zate of 
8.2 mrem/yr at the present, decreasing to 0.066 auem/yr 
in 1,OOO years from direct exposure to the soil. The 

\ 

total excess cancer risk from direct expasure to radio- 
nuclides was calculated to be the largest, 7.7 x lo5, at 
the present and decreasing to 1.8 x lo-’ in 1,OOO years. 

All concentrations of the non-radionuclide con- 
taminants of concern (total chromium, hexavalent 
chromium, lead, and mercury) were below remedial 
action goals, or cleanup levels, for direct exposure to the 
soil. The excess cancer risk from hexavalent chromium 
in the overburden and the excavated zone was well 
below the individual and cumulative risk limits. 

The estimated radionuclide dose via the ground- 
water and/or the Columbia River was well below the 
4-mrem/yr dose rate limit. Also, the remaining con- 
centrations of total chromium, hexavalent chromium, 
lead, and mercury in the soil were either less than 
100 times the maximum contamination level, less 
than background concentration, or modeled with 
RESRAD to be less than remedial action goals. 

Ld Remediation of the 116-C1 trench meets cleanup 
standards and the site is reclassified as closed in accorc 
dance with the Tri-Party Agreement (Ecology et al. 
1989). A more complete description of the project 
and the xesults can be found in CVP-98-00006, Rev. 0. 

3.1.2 Soil Sampling and Analysis at 
1301 -N and 1325-N Trenches 

D. s. Horton 

Bechtel Hanford, Inc. collected and analyzed four 
subsurface soil samples from test pits excavated in each 
of the 1301-N and 1325-N trenches in 1998. They 
also collected and analyzed four samples of surface soil 
from each of the 1301-N trench and the 1325-N crib. 
Plate 1 shows the locations of the facilities. Fig- 
ures 3.1-3 and 3.104 show the sample locations. The 
purpose of the activity was to facilitate the remedial 
action design and disposal process of contaminated 
soil that will be excavated from the site. This section 
summarizes the sampling activities and the analytical 
results. A much more complete description can be 
found in BHI-01271, Rev. 0. 

- 

I 
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The 1301-N and 1325-N cribs and trenches 
received radioactive liquid waste containing activa- 
tion and fission products as well as small quantities of 
corrosive liquids and laboratory chemicals generated 
by various N Reactor operations. Overflow from the 
cribs was discharged to the trenches. As the liquid 
waste percolated through the vadose zone soil beneath 
the trenches, radioactive and hazardous materials were 
sorbed onto the soil. Different contaminants would 
have migrated to different depths based on adsorption 
characteristics of individual constituents. 

Previous investigations had shown that soil con- 
tamination was highest near the surface of the facil- 
ities and decreased dramatically with depth. The 
contaminants of concern were cesium- 13 7, chromium, 
cobalt-60, europium-154 and -155, mercury, nitrate, 
plutonium-239/240, strontium-90, and tritium at both 
1301-N and 1325-N. 

Samples fim test pits m the 1301 -N 
and 1325-N tr& show that radionu- 
clide concentrations drop sharply in the 
upper 0.6 meter of the surface or the base 
of the backfill. 

kid 

Four samples of soil were obtained from the surface 
of the 1301-N trench and four from the surface of the 
1325-N crib. The samples were collected in sample 
bottles that were attached to a tel&i painter pole. 
The sample bottles were lowered through hatchways 
in the covers of the crib and trench. The upper 50 to 
75 millimeters of soil were scraped into the sample 
bottle and removed from the facility through the access 
Po** 

The samples from 1301-N trench were sandy silt 
with between 5% and 50% organic debris. The sam- 
ples from the 1325-N crib ranged from semi-dry to 
slightly moist silt to coarse sand and silt. One sample 
contained -50% pebbles; a second sample contained 
some animal hair and pieces of wood; and a third 
sample contained a piece of clay. 

LJ 

Figure 3.1-5 shows the results of the analyses of 
radionuclide concentrations in the surface samples 
from the 1301-N trench. Radionuclide ummtrations 

are plotted according to their distance down the trench 
from the crib. Also shown on the figure are the aver- 
age values of process sample data collected between 
1980 and 1985 for comparison. All older data were 
decay corrected to January 1999. One value for 
plutonium-239/240, collected in 1982 at 147 meters 
from the crib, is not included in the calculated aver- 
age because it was considered unrepresentative. 

The 1999 data show that, within a factor of 10, 
concentrations of radionuclides are fairly constant along 

the length of the trench. There is a slight increase in 
the concentrations of all constituents in the 1999 
samples obtained -150 meters from the crib and this 
is mirrored for some radionuclides at 112 meters dis- 
tance in the older data set. The exact locations of the 
older data are not known with certainty because each 
set of data included only nine locations, yet there are 
10 access ports in the trench. BHI-0127 1, Rev. 0 
assumed that ports 1 through 9 (the closest to the crib) 
were historically sampled. However, if it were assumed 
that ports 2 through 10 were sampled, the older data 
would be shifted one location farther from the crib. 
This would improve the match between the 1999 and 
the historical 150-meter sample for several isotopes. 

Figure 3.1-6 shows the results of the analyses of 
radionuclide concentrations in the surface samples 
from the 1325-N crib. Radionuclide concentrations 
are plotted according to their position within the crib. 
Also shown on the figure are the average values of 
process sample data collected between 1985 and 1987 
for comparison. The older data were decay corrected 
to January 1999. The 1999 data show that, withii a 
factor of IO, concentration levels are fairly constant 
across the crib. Also, the 1999 values are within a 
factor of 10 of the average 1985 to 1987 process data. 

~ 

A hydraulic excavator was used to dig one test pit 
in each trench. The excavator bucket was used to 
collect three discrete grab samples of soil at selected 
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depths. Also, one composite soil sample was taken at 
eachtrenchbycombiningandhomogenizingaportion 
of each grab sample. 

The samples from the 1301-N trench were col- 
lected from depths of0 to 03 meters, 03 to 0.6 meters, 
and 0.6 to 1.5 meters. The samples were from the 
W o r d  formation and were moist, sandy gravel to 

gravel. The gravel content increased with depth. 
Samples from the 1325-N trench were obtained from 
depths of 0.61 to 1 meters, 1 to 1.4 meters, and 1.4 to 
1.8 meters. A 0.61-meter layer ofbaddill was removed 
before collecting the shallowest sample. The Hanfod 
formation sediment was poorly sorted sandy gravel to 
gravel, and the gravel content increased with depth in 
the 1325-N trench pit. 

Field instruments were used to map the soil in 
each excavation bucket to locate the highest alpha 
and beta-gamma concentration. Samples were col- 
lected from the areas of highest concentration, placed 
in a clean stainless steel bowl, homogenized, and then 
transferred to sample bottles for transport to the 
laboratory. 

Figure 3.1 -7 shows the results of analysis of the 
radionuclides in samples from the pits in both trenches. 

The average depth of each excavation bucket is used 
as the sample depth. The data from 0 meter for the 
1301-N trench in Figure 3.1-7 are the average values 
of the surface samples taken from that trench. Also, 
the top of the first sample from the 1325-N trench is 
placed at a depth of 0.6 meter because 0 meter was the 
top of the gravel bacldill, which was removed. The 
data on Figure 3.1-7 show that the concentration of 
most radionuclides drop off rapidly with depth by a 
factor of 10 to 100 within the first 0.6 meter of the 
mnface at the 1301-N trench or the base of gravel back- 
fill at the 1325-N trench. However, the concentration 
of most isotopes below 0.6 meter remains substantial. 
See Section 2.4 for discussion of groundwater beneath 
the 1301-N and 1325-N facilities. 

Ld 
3.1 3 In S i  Gaseous Redudion Approach 

E. C. Thonrton, K. J. co#rtreu, J, M. Faumte, 
T* J @ l m e ,  K. B. Ohen, R. Schaua 

This section sumznarizes the fiscal year 1999 activ- 
ities to identdy a waste site for initial deployment of 
the in situ gaseous reduction approach to remediation 
of hexavalent chromium. A full account of the activ- 
ities can be found in PNNL-13107. 

In situ gaseous reduction is a technology currently 
being developed by the U.S. Department of Energy 
(DOE j for the remediation of sod -te sites contam- 

inated with hexavalent chromium. The chemical 
reaction of primary interest is the reduction of hexa- 
valent chromium to trivalent chromium, with subse- 
quent precipitation as a non-toxic solid product. The 
technique involves injection of a dilute hydrogen sul- 
fide gas mixture into the vadose zone at a hexavalent 

In ficd year 1999, investigators i 
searched for suitable locations to test an 
innovative method of removing chromium 
fiom the vadose zone. The best site for ini- 
tialure of the methoduKlsfound to be the 
183-DR facility m &e 100 D Area. 

chromium waste site through a central borehole (Fig- 
ure 3.1-8). The gas mixture is then drawn through 
the waste site by vacuum applied at extraction bore- 
holes located at the site boundary. Monitoring the 
breakthrough of hydrogen sulfide at the extraction 
welIs provides a basis to assess treatment progress. 

Field testing of the in situ gaseous reduction 
approach was demonstrated at White Sands Missile 
Range in 1998 by injecting 200 mg/L hydrogen sulfide 
into chromate-contaminated soil. Final findings indi- 
cate that 70% of the hexavalent chromium present at the 
site was reduced to trivalent chromium during the test 
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The primary objective of the Hanford Site 1999 
study was to select one or two waste sites for an initial 
deployment of the in situ gaseous reduction technology. 
Six sites were selected for screening. The selected 
sites were suspected to contain small but highly con- 
taminated vadose zone plumes. As such, the chance 
of detecting a vadose plume was less than that for a 
larger plume such as those associated with retention 
basins or cribs. 

The selected sites were the 100 C plutonium crib, 
the 183-DR head house and filter plant, an area near 
the 108-D Building, the 190-D complex, the 183-H 
solar evaporation basins, and the 183-KE and 183-KW 
chromate transfer stations. The soil samples collected 
at the 100 C plutonium crib were obtained from an 
excavation pit. Subsurface samples collected at the 
other sites were obtained by Geoprobem and cone 
penetrometer. In addition, surface samples were col- 
lected for analysis at several of the above sites. 

One hundred eighty-three soil samples were col- 
lected and analyzed in the laboratory for hexavalent 
chromium by colorimetry. Also, 70 samples were col- 
lected from 7 new boreholes drilled in the 100 D Area 
to support in situ reduction/oxidation (redox). These 
samples were also analyzed for hexavalent chromium. 
This section summarizes the results of those analyses. 
A detailed description of the work will be finalized 
and published in fiscal year 2000 (PNNL-13207). 

3.1.3.1 Summary of Characterization 
Activities 

L i 4  

. Characterization data collected during this study 
is summarized below. 

100 D Well Cufthgs 

Bechtel Hanford, Inc. drilled 12 new groundwater 
monitoring wells at 100 D Area in fiscal year 1999. 

. Pacific Northwest National Laboratory (PNNL) par- 
ticipated in this effort by analyzing vadose zone sam- 
ples (cuttings) from seven of these wells for hexavalent 
chromium. The objective of this effort was to obtain 
information regarding sources of hexavalent chromium 

contamination associated with the plume west of the 
DR Reactor. The wells chosen for sediment analyses 
were 199-D4-20 and 199-D5-38 through 199-D5-43 
(Figure 3.1-9). The samples ranged from depths of 1.5 
to 24 meters (top of the unconfined aquifer). 

All sample analytical results were non-detections 
(less than 0.4 m&g hexavalent chromium). These 
negative results may be related, in part, to the loca- 
tions of the wells. The wells were not drilled near the 
vadose zone source, which appears to be in the vicinity 
of the 183-DR facility (see Figure 3.1-9). However, it 
also appears that hexavalent chromium may be reduced 
during the drillkg process. Reduction may be brought 
about by iron released during abrasion of the drill bit 
or by exposure of fresh ferrous iron-bearing surfaces of 
basalt cobbles fractured during drilling. It is concluded 
that future efforts to characterize the distribution of 
hexavalent chromium in the vadose zone by drilling 
should be undertaken by collecting unaltered core 
(e.g., split spoon) samples. 

100 C Plutonium Crib 

The 100 C plutonium crib (1 16-C-2A on Plate 1) 
in the 100 C Area is being remediated, primarily by 
excavation. Following recent excavation of surface 
material at this site, sediment samples were collected 
from the pit for analysis of hexavalent chromium. All 
samples were below the limits of detection for hexa- 
valent chromium for the analytical method used. Thus, 
this site is eliminated from the list of candidate test 
sites for deployment of the in situ gaseous reduction 
technology. 

183-DR Head House and Filter Plan? 

The location of the 183-DR facility is shown in 
Figure 3.1-9. This facility appears to be the source of 
hexavalent chromium present in the plume west of 
the site. This facility was originally used to remove 
suspended solid material from the cooling water and 
to add hexavalent chromium as a corrosion inhibitor 
before passing the water into the DR Reactor. 
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A series of GeopmbelM holes were driven in the 
vicinity of the former head house and filter plant by 

ment samples for analysis of hexavalent chromium. 
The locations of these holes are shown in Figure 3.1-10. 
The GeoprobeM had difficulty obtaining samples at 
depths greater than -4.6 meters, which appears to be 
the top of an open-framework gravel. However, some 
samples were collected down to 7.2 meters. Essen- 
tially no hexavalent chromium was detected in any of 

CH2M M o d ,  hc.  and F'NNL staff to obtain sedi- 

these samples. 

A cone penetrometer, operated by Applied Re- 
seardl Associates, Inc, was used to obtain sediment 
samples at a depth of 3.9 meters near the center of the 
site (see Figure 3.1-10). Possible hexavalent chromium 
umtamlna * tion was found at less than or at 0.5 mglkg 
in these samples. 

Groundwater monitoring data strongly suggest 
that the 183-DR facility was responsible for the hexa- 
valent chromium groundwater plume present in this 
area. However, it appears that hexavalent chromium 
has migrated too deeply in the vadose m e  at this site 
to be reached by GeoprobelM or cone penetrometer. 
Vadose zone boreholes should be drilled and sediment 
samples analyzed to determine the vertical distribu- 
tion of hexavalent chromium contamination at the 
183-DR site. 

108-D Sik  

This facility is located north of D Reactor (see 

Figure 3.1-9). It appears that the 108-D facility may 
have been the source of the hexavalent chromium 
groundwater plume located north of the reactor and 
may origmally have been a chromate transfer station. 
Access to this site is difficult because of the presence 
o f d e r g r o d  radionuclide contamination. However, 
a GeoprobeM sampling location was set up a short 
distance to the west of a fence surrounding the area of 
subsurface radioactivity. Hexavalent chromium was 
detected at low concentrations (less than or at 1 mglkg) 
in samples collected by GeoprobeM at the site. 

It is concluded that the 108-D site is not suitable 
for a demonstration of the in situ gaseous reduction 
technology because of underground radionuclide con- 
tamination, which would increase the costs and com- 
plexity of conducting a demonstration, and because of 
the low levels of hexavalent chromium contamination 
observed. 

190-D Cernplex 

This facility is located west of D Reactor. Hexa- 
valent chromium was added to cooling water at this 
facility before entering the reactor, and fairly wide- 
spread contamination is present in the area. Hexa- 
valent chromium staining of soil and concrete debris 
is visible in surface materials, commonly reaching 
levels of several hundred to greater than 1,OOO mg/kg. 

' 

The locations of ten GeoprobeM and two cone 
penetrometer holes at this site are shown in Fig- 
ure3.1-11. Thehighestvalueofhexavalmtchromium 
obtained was 6 3  m&g from a sample collected from 
depths of 3 to 3.6 meters at location GPD26. This is 
the same location where a value of 6.96 m a g  was 
reported by E3echtel Hanford, Inc. (BHI-01185, Rev. 0) 
from a sample collected at a depth of4 meters. Samples 
from two cone penetrometer holes, which were drilled 
to a depth of 9.7 meters, suggest that the depth of 
contamination does not exceed 6.1 meters. 

LJ 

It is concluded that sigmficant levels of hexavalent 
chromium contamination exist in the soil at the 190-D 
site. However, the contamination appears to be local- 

remediation probably is not a viable option at this site. 
ized and restricted to shallow depths. Thus, in situ \ 

183-H Solar Evaporution Basins 

The 183-H solar evaporation basins were a former 
waste storage facility in the 100 H Area. The basins 

in the area. A total of four Geoprobe" and four cone 
penetrometer holes (Figure 3.1-12) wefe driven at this 
site and sediment samples were collected and analyzed 

areassociatedwith~taminatedsoilandgroundwater 

b; 
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for hexavalent chromium. Levels of hexavalent chro- 
mium in all samples were at or below the limits of 
detection (less than or at 0.4 mg/kg). 

183-KE and 183-KW Chrpmak Tmnskr Stations 

The 183-KE and 183-KW chromate transfer sta- 
tions are located in the 100 K Area. They are sites 
where hexavalent chromium stock solutions were 
unloaded from railm near the head house of the water 
treatment basins. As at 183-DR and 19O-D, hexavalent 
chromium was added to reactor cooling water as a cor- 
rosion inhibitor. Surface soil stained by hexavalent 
chromium is particularly noticeable at 183-KW, where 
an area containing -400 m&g hexavalent chromium 
has been identified. Chromium contamination of 
groundwater at 183-KE also has been monitored in 
the past several years. 

Geoprobem sampling was undertaken at both 
183-KE and 183-KW. Samples collected to a depth of 
-2.3 meters at 183-KE did not contain detectable 
hexavalent chromium. Deeper sampling could not be 
achieved because of gravel or cobble beds. It is prob- 
able that hexavalent chromium contamination exists 
at depth in light of existing groundwater contamina- 
tion but is apparently deeper than 3 meters. A field 
demonstration would be difficult to undertake at this 
site because the facility is still being used and access is 
limited because of utilities. 

Hexavalent chromium was detected in sedimen 
samples obtained from several Geoprobe 
183-KW. Geoprobem hole GPKW2 (Figure 3.1-13) 
had especially high concentrations, up to 420 m& 
at depth of 2.6 meters. Significant hexavalent chro- 
mium concentrations were also detected in 
collected from hole GPKW3, which was driven in the 
area of surface soil contaminated with hexavalent 
chromium. A concentration of 11 m&g was measured 
in a sample collected at depths of 0.6 to 1.3 meters. 
Hexavalent chromium concentrations decreased to 
3 m a g  between 1.3 to 1.8 meters. Two cone pene- 
trometer holes were also driven at 183-KW, but analysis 

holes at 

of samples iridibted that hexavalent chromium con- 
centrations are relatively low (less than or at 2 m&). 

The 183-KW site was originally considered to be 
a potential test site for in situ gaseous remediation be- 
cause of the presence of elevated levels of hexavalent 
chromium in the soil and because the site has been 
identified for remediation. However, Geoprobem and 
cone penetrometer refusal was commonly encountered 
at -3 meters, due to a gravel or cobble layer, so that 
no samples could be collected below that depth. In 
addition, contamination appears to be sporadic and 
may be largely found on the surface. Finally, site utili- 
ties limit access to the site. 

3.1.3.2 Conclusions and Recommendations 

The 190-D site has significant concentrations of 
hexavalent chromium in the soil (as high as 7 mglkg). 
However, contamination is limited to depths shallower 
than 6 meters and is in localized areas. Significant 
concentrations of hexavalent chromium also occur in 
sediment at the 183-KW site, but the distribution 
appears to be sporadic. At the 183-KW site, the use 
of the Geoprobem and cone penetrometer was limited 
to shallow sampling activities because of refusal at 
depths of 3 meters. 

The 183-DR site is judged to be the best site avail- 
able for undertaking an initial deployment of the in 

situ gaseous reduction technology at the Hanford Site. 
Geoprobem and cone penetrometer sampling at this 
site were severely hampered by the presence of concrete 
and construction debris and fill. Nevertheless, recent 
groundwater monitoring data strongly indicate that a 
deep vadose zone source of hexavalent chromium 
exists at 183-DR, and several sediment samples were 
obtained that appear to have low concentrations of 
hexavalent chromium. It is recommended that sev- 
eral vadose zone boreholes be drilled to groundwater 
at 183-DR. Sediment and groundwater samples should 
be collected and anal+ to verify that this site is the 
source for the groundwater plume. 
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3.1 A Bench Scale Distribution Coefficient 
and leach Siudies on Hexavalent Chmmium 
in C o n t a m i d  Vadose Zone Sediment 
from 100 D Area 

R. J. Serne and D. s. Horttm 

Important decisions affecting the cost and extent 
of remedial actions in the 100 Areas are currently based 
on the predictions of the very conservative computer 
model RESRAD. To date, the RESRAD code has 
used only the distribution coefficient (Kd), and not 
leachability, to evaluate impact to groundwater. Kd is 
a measure of the relative concentration of contami- 
nant sorbed on the sediment to that dissolved in solu- 
tion; the smaller the Kd, the more umtaminant is in 
solution (groundwater). The modeling results indicate a 
potential impact to groundwater from contaminated 
vadose sediment at the 100 D Area, assuming a hexa- 
valent chromium Kd value of zero. 

Scientists perfunned laboratory tests 
in 1999 to study factors that affect the way 
chromium moves dwough the vadose zone. 
Prelmunmy r e d s  suggest that refatidy 
inrduMe forms of* may be present. 

Use of the distribution coefficient assumes that 
hexavalent chromium is adsorbed on exchange sites of 
minerals in the sediment. Alternatively, hexavalent 
chromium, in 100 D Area contaminated sediment, 
may be present as an insoluble precipitate. Batch and 
flow-through leach tests are appropriate to evaluate 
this alternative. The results of leach tests combine 
the effects ofdesorption and dissolution. Currently, 
results of leach tests for hexavalent chromium in sedi- 
ment are not as readily available in the l i teram as 
are Kd d t s ,  and chromium leach tests have not been 
performed on Hanford Site sediment. 

The rate of hexavalent chromium movement 
through the vadose zone to groundwater will depend 
on which mechanism, desorption or dissolution, releases 

hexavalent chromium to pore water. Therefore, experi- 
ments were done in 1999 to measure both the leach 
rate and Kd of hexavalent chromium using sediment 
samples from the 100 D Area. The RESRAD computer. 
model can evaluate hexavalent chromium impact on 
groundwater using leachability parameters, which rep- 
resent combined dissolution and desorption effects. 
Implementing the results of the 1999 experiments will 
provide a more accurate picture of actual potential 
impact to groundwater and support future remedial 
action cleanup goals and planning. 

3.1.4.1 Samples and Mefhods 

The 116.D-7 retention basii site, located north of 
the 100-DR-1 Operable Unit, was selected as the field 
area to obtain samples for Kd and leachability tests. 
Both contaminated and uncontaminated samples were 
obtained for use in the bench-scale testing. The primary 
objectives of the bench-scale tests were to estimate 
Kd and leach rates for hexavalent chromium specific 
to the W o r d  formation sediment in the 100 Areas. L! 

Batch adsorption tests were run using 50 grams of 
oven dry W o r d  formation sediment and 200 millili- 
ters of Hanford Site groundwater spiked with hexa- 
valent chromium. Three different spike\levels, 0.1, 
1 .O, and 10 mg/L of hexavalent chromium (as sodium 
dichromate) were used. Triplicate container blanks, 
consisting of spiked groundwater without sediment, 
were analyzed to account for hexavalent chromium 
stability in groundwater and cont+er adsorption of 
hexavalent chromium. Triplicate sediment blanks, 
consisting of uncontaminated Hanford formation sedi- 
ment and deionized water, were analyzed to determine 
whether native chromium was leached from the sedi- 
ment. Tests were run in triplicate for contact times of 
4 and 14 days. 

. 

In addition, one leach test was performed using 
contaminated W o r d  formation sediment from the 
100 D Area. The test was done by padung a vertical 
column with a measured amount (weight and volume) 
of sediment and allowing a source of water to flow 
through the column at a constant rate for 43 days. i 
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Hexavalent chromium was measured by colorime- 
try in solutions from the batch tests and by both color- 
imetry and inductive coupled plasma/mass spectrometry 
in column leach tests. 

3.1.4.2 Results 

The results of the Kd batch experiments are shown 
in Tables 3.1-1 and 3.1-2. The conclusion from the 
tests is that there is no significant hexavalent chromium 
adsorption onto the W o r d  formation sediment. The 
average Kd for hexavalent chromium from the most 
dilute concentration tests after both 4 and 14 days of 
contact is 0.2 f 0.1 mL/g. The Kd was found to be 0 at 
higher hexavalent chromium concentrations. The 
very low Kd measured from the smallest hexavalent 
chromium concentrations may well be an artifact of 
(1) the use of batch tests for very low sorbing con- . 
stituents combined with (2) testing very near the de- 
tection limit for the analytical method used. 

The results of the column leach test are shown in 
Figure 3.1-14. The results show that typical Hanford 
Site groundwater does not readily leach chromium 
bound to the Hanford formation sediment. After 
43 days, less than 1% of the chromium present in the 
sediment was removed by - 12 pore volumes of solu- 
tion. The 12 pore volumes represent the total amount 
of water that would flush through the vadose zone for 
a scenario with 15 centimeters of rainfall and 0.76 meter 
of irrigation per year. 

A direct mass balance measurement of the hexa- 
valent chromium in the sediment before leaching and 
after 43 days of leaching showed no measurable loss of 
hexavalent chromium from the sediment; within the 
analytical error both the pre- and post-leached sedi- 
ment samples gave the same result. This corroborates 
the leachate solution analyses that found less than 1% 
of the hexavalent chromium was removed from the 
sediment. 

Additional batch water leach tests, using con- 
taminated sediment, showed that less than 1% of the 

tfs, 

hexavalent chromium was leached after 16 hours of 
vigorous shaking. The exact amount removed varied 
from 0.04% to 0.71% depending on which analytical 
technique was used to measure chromium. 

3.1.4.3 Conclusion 

The findings of this study suggest that there is 
very little soluble chromium in the vadose zone sedi- 
ments of the 100 D Area. This is contrary to the 
existence of high chromium concentrations in ground- 
water from some 100 D locations. The apparent incon- 
gruity may be an artifact of sampling (i.e., samples 
were collected outside areas of chromium contamina- 
tion) or may represent some, as yet, unidentified 
geochemical process. 

All solutions generated by mixing the contami- 
nated sediment with uncontaminated Hanford Site 
groundwater resulted in hexavalent chromium concen- 
trations between 0.002 to 0.05 mgRn Also, the column 
effluents reached a steady state chromium concentra- 
tion of either 0.003 or ~0.01 mg/L depending on the 
analytical technique. These data suggest that a hexa- 
valent chromium-bearing precipitate that is very 
insoluble in Hanford Site groundwater may be present 
in the sediment. Alternatively, the chromium in the 
sediment may be trivalent chromium that slowly oxi- 
dizes when leached with water. Therefore, the result- 
ing leachate would contain very small concentrations 
of oxidized chromium as hexavalent chromium. 

If hexavalent chromium in solution is controlled 
by slow oxidation of sediment containing trivalent 
chromium, then more kinetic testing is needed. More 
kinetic testing would allow extrapolation of the short- 
term laboratory leach data to the longer time spans to 
reflect natural dissolution of chromium from Hanford 
formation sediment in the 100 Areas. More column 
leach tests need to be performed using contaminated 
sediment with higher hexavalent chromium levels and 
at several flow rates slower than those used for the 
irrigation scenario in this work. 
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Table 3.1-1. Average 4-Day Contact Time Kd and Standard Deviation for Hexavalent Chromium 
(CrM]) and Total Chromium Adsorption 

Cr(W Standard Standard 
Concentration K, for &(VI) Deviation K, for Total Cr Deviation 

(mgn) (mug) (mug) .  (mug) (mug) 

0.1 0.3 0.1 0.0 0.3 
1 .o 0.0 0.0 0.2 03 

10.0 0.0 0.05 0.3 0.3 

Table 3.1-2. Average 14-Day Contact Tune K, and Stan& Deviation for Hexavalent Chromium 
(CrW]) and Total Chromium Adsorption 

CdW Standard c Standard 
Concentration Kd for cr(vI) Deviation & for Total Cr Deviation 
(4) (mug) (mJ-/g) (mug) (mug) 

0.1 0.2 0.1 0.0 0.1 
1 .o 0.0 0.0 0.1 0.1 
10.0 0.0 0.0 -0.2 0.1 

i 
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Figure 3.1-l. Cross Section of the 116-C-l Trench Showing Location of the Test Pit and Distribution of Samples (adapted from CVP-98-OOCO6, Rev. 0) 
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3.2 200Areas 

The Hanford Site 200 Areas are located in the 
central part of the site. Weapons grade plutonium was 
extracted from irradiated fuel at fhese locations. These 
areas are the location of the most significant vadose 
zone contamination at the Hanford Site. 

This section presents the results of the character- 
ization, monitoring, and remediation activities accom- 
plished in the 200 Areas in fiscal year 1999. 

3.2.1 200 Areas Characterization 
Activities 

Several vadose zone characterization activities 
were undertaken at the 200 Areas in fiscal year 1999. 
At the SX Tank Farm, samples were collected and 
characterized from the decommissioning of one bore- 
hole drilled to characterize deep vadose zone contami- 
nation and from a second, new borehole adjacent to' 
tank SX-115. Also, in SX Tank Farm, preliminary 
temperature and neutron capture borehole logging was 
accomplished. During 1999, baseline spectral gamma- 
ray logging at two single-shell tank farms (T and B) 
was completed and logging of the highest count rate 
zones at the tank farm was initiated. 

Additional characterization activities were begun 
in 1999 at Gable Mountain Pond, 216-B-3 pond, 216- 
S-10 pond, and 216-B2-2 ditch, where test pits were 
dug and sampled and/or boreholes drilled and sadpled. 
The results of these activities will be presented in cal- 
endar year 2OOO. 

3.2.1.1 Decommissioning of Bo 
4109-39 at the SX Tank Farm 

. Hotton, D. A. 

Borehole 41-09-39is located adjacent to single- 
shell tank SX-109 in the SXTank Farm in the Mind 
Site's 200 West Area. This borehole was originally 
constructed in 1996 by driving a closed end casing to 
a depth of 40 meters. The primary purpose of the 

borehole was to determine the presence of cesium-137 
at depths of 24 to 40 meters below ground surface. The 
borehole was then deepened in 1997 by milling out 
the end of the initial 18-centimeter casing and extend- 
ing the bore using the percussion drilling method, 
while collecting near continuous soil samples. The 
borehole was temporarily finished as a monitoring 
well to allow collection of groundwater samples and 
ultimately for injecting sodium-bromide as a tracer to 
assess groundwater movement beneath the tank farm. 

In fical year 1999, sediment samples 
w e  COllectedM a b o r a  in the SX Tank 
Fann. Resultsjimadepth of 18 to 25 meters 

under Wng tanks in the past 35 years. 
~hawd tk h i h t  levels ofcesium-137fartld 

In fiscal year 1999, the borehole was decommis- 
sioned to eliminate it as a potential pathway for con- 
taminants to readily reach the groundwater. As part 
of the decommissioning effort, samples of the previ- 
ously unsampled portion of the hole were collected 
and submitted for chemical and radiological analysis. 
After complete removal of the inner lo-centimeter- 
diameter casing, the outer 18-centimeter casing was 
hydraulicallijacked out of the ground in stages. Side- 
wall samples were collected below the casing at pre- 
scribed depths. After complete removal of both casings, 
the borehole was filled with bentonite and grout. 

Based on drilling records and geophysical logs, 16 
sampling horizons were selected. These horizons were 
sampled using side-wall sampling techniques, with 
three aliquots of soil collected from each horizon. 
Details on the sampling and analysis data qualitative 
objective p'ocess and the sampling and analysis plans 
are found in HNF-4380, Rev. 1. Discussions of ground- 
water beneath the SX Tank Farm are in Section 2.8. 
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Either two or three aliquots of fifteen of the six- 
teen selected horizons were successflluy sampled. One 
of the aliquots obtained at 19.8 to 20.1 meters was ten 
times more radioactive than the other two aliquots 
from this depth, so the highly radioactive aliquot was 
kept separate. All aliquots from each depth interval, 
except those from 19.8 to 20.1 meters, were mixed 
together to form one composite sample for each depth. 

Analytical results show that the sediment has very 
high concentrations of cesium-137 and represents the 
most radioactive materials obtained from under leak- 
ing tanks in the past 35 years. Table 3.2-1 lists the 
descriptive lithology and the results of measurements 
made directly on the sediment. There appears to be 
some correlation between the particle size of the sedi- 
ment and the cesium-137 content between depths of 
183 and 33.2 meters; the finer grained the sediment, 
the higher the cesium- 13 7 concentration. The region 
between depths of 183 and 253 meters has the highest 
concentration ofcesium-137. A smaller region with 
high cesium-137 concentration exists between depths 
of 31.1 and 33.2 meters. 

Several of the samples obtained from borehole 
41-09-39 contained insuffcient pore water to obtain a 
sample large enough for chemical analyses. A water 
extract, using 1 part water to 1 part dry sediment, Was 
done on those samples to obtain sufficient leachate for 
analysis. The water extract gives an indication of. 

fairly mobile. Table 3.2-2 lists the analytical results of 
water extracts from the sediment. 

which uxltaminants are readily leached and, thedore, 

The data in Table 3.2-2 show large amounts of 
water leachable chromium (presumably hexavalent 
chromium, chromate), nitrate, sodium and 
technetium-99 in the sediment Some selenium and 
cesium-137 were also leached from some samples in 
concentrations greater than background concentra- 

Rev. 0 for background values.) Data for other anions 
(chloride, nitrite, sulfate, and phosphate) and other 
cations (arsenic, barium, cadmium, lead, molybdenum, 
silver, and uranium) are available from Pacific North- 
west National Laboratory. Analyses of other major 

tions. (See DoE/RL-92-24, Rw. 3 and DOE/RL-96-12, 

cations (aluminum, calcium, iron, magnesium, manga- 
nese, and potassium) will be available in fiscal year 
2000. The pH of the'water extract is elevated slightly 
above natural pH values of 8.0 to 8.5 for samples from 
18.6 to 253 meters below ground surface. The original 
tank liquor had pH values above 14 and free hydrox- 
ide concentrations perhaps as large as 1 M or higher. 
The water extract pH values show that the sediment 
has substantially buffered the pH of leaked fluids. 

Analytical results of a strong acid (8 M nitric acid) 
leach of the sediment samples are shown in Table 3.2-3. 
These results approximate the total amount of umtami- 
nant in the sediment that would be environmentally 
available per U.S. Environmental Protection Agency 
suggestions in SW-846. The data in Table 3.2-3 show 
that greater than background levels of chromium, 
molybdenum, selenium, and technetium-99 are leached 
from the sediment Concentrations ofamericium-241, 
neptunium-237, plutonium-239, and strontium-90 do 
not appear to be present in the sediment at levels above 
1 pCi/g. Analytical results for aluminum, arsenic, 
barium, cadmium, copper, iron, lead, manganese, sili- 
con, silver, and strontium will be documented in fiscal 
year 2000. Except for aluminum and iron, preliminary 
results for these metals show no concentration versus 
depth trends to suggest there is a major source of con- 
tamination in the vadose zone. Concentrations of 
aluminum and iron may be slightly elevated in samples 
from shallower depths where cesium-137, chromium, 
nitrate, and sodium are definitely present. 

6.) 

Table 3.2-4 shows the percent of cesium-137 that 
was leached from the sediment by the water extract. 
compared to the total cesium-137 present in the sedi- 
ment. The table also shows the percentages of chro- 
mium and technetium-99 that were leached by water 
compared to the amounts leached by the strong acid 
extract. The latter is an approximation of the total 
technetium-99 and chromium in the sediment. 

Very little cesium-137 was leached by the water 
extract, indicating that most cesium-137 in the sedi- 
ment from borehole 41-09-39 is not soluble and is 
bound to the sediment. Conversely, significant per- 
centages of the chromium and technetium-99 were 

LJ 
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leached by the water extract. These data can be used 
to estimate in situ distribution coefficients (K,) for 
each chemical in each sediment sample. The calcu- 
lated K 3  are shown in Table 3.2-5. 

The Kds in Table 3.2-5 are based on analysis of 
one aliquot of sediment from each depth being used 
for the water leach test and a second aliquot used for 
the acid leach test. In Table 3.2-5, any inhomogene- 
ities in contaminant distribution that may have existed 
in the sediment are magnified due to the way that K 8  
are calculated. Note, however, that none of the acid 
leached samples contained less mass than the water 
extracted samples for the two mobile contaminants, 
technetium-99 and chromium. This suggests that 
gross inhomogeneities were absent in the samples.. 
The reason for the large variation in cesium-137 Kd 
values is unknown and will require further work. 

The apparent large in situ Kd values for technetium- 
99, and perhaps chromium, in selected samples merit 
additional testing or more detailed investigations on 
the molecular scale to determine whether the sediment 
contains adsorbed or co-precipitated technetium-99 
and chromium. The chromium Kd values for some of 
the samples that did not contain elevated total chro- 
mium concentrations represent native trivalent chro- 
mium in the sediment. The Kd values for the samples 
from 7.6 meters, 13.4 meters, 17.1 meters, and the 
38.8 meters, in Table 3.2-5 may represent immobile 
native trivalent chromium. Large in situ Kd values 
for chromium in samples from other depths are unex- 
plained at  this time. More detailed geochemistry 
studies on borehole 41-09-39 sediment will be done 
in fiscal year 2000, and a final report of all results will 
be issued. 

3.2.1.2 New Vadose Zone Borehole at 
Single-Shell Tank SX-115 ' 

D. A. Myers 

c_i 

The River Protection Project's Vadose Zone Proj- 
ect completed a characterization borehole (299-W23- 
19) in the SX Tank Farm adjacent to tank SX-115. 
This tank was selected for investigation because it is 
the source of the largest measured leak in the SX Tank 

u 

Farm. This tank had a measured loss of 189,000 liters 
during a sodium nitrate retrieval effort in the mid- 
1960s; this volume contained a significant amount of 
technetium-99. Groundwater monitoring wells to the 
southeast of the tank were some of the first to show 
increased technetium-99 concentrations at this Resource 
Conservation and Recovery Act of 1976 (RCRA) site. 
The borehole was sited near the tank adjacent to a 
zone of high gamma flux reported in BNWL-CC-701. 
The borehole was advanced using the reverse air-rotary 
method in a drive and drill mode. Near-continuous 
samples were collected through the' Hanford formation 
by driving a split-spoon sampler ahead of a casing string. 
After samples were retrieved, the borehole was reamed 
out using reverse air rotary methods and the casing 

' 

A new vadose monitoring borehole was 
ins& in the SX Tank Farm m ftscal year 
1999. Analytical results @om sediment 

samples will be available in 2000. The 
borehole was turned into a groundwater 
monitorLngCueU after high cxmcenwalicms of 
technetium-99 were detected in a ground- 
water sample. 

advanced to the next sample location. All air-lifted 
cuttings were treated as if contaminated and all efflu- 
ent air was passed through high-efficiency particulate 
air (HEPA) tilters before being discharged to the atma- 
phere. No contamination was detected by field instru- 
ments during drilling. Action levels were exceeded 
due to the presence of naturally occurring potassium, 
uranium, and thorium isotopes in the fine-grained 
sediment associated with the Palouse soil and Plio- 
Pleistocene Unit The well was drilled into the ground- 
water to allow sampling for the RCRA monitoring 
program. Analysis of the groundwater samples revealed 
technetium-99 concentrations up to 48,000 pCi/L, 
the highest levels found to date on the Hanford Site. 
Because of this finding, the well is to be completed as 
a RCRA assessment well rather than decommissioned 
as originally planned. Analysis of the sediment will 
be done in fiscal year 2000. 
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3.2.1.3 Temperature and Other Geophysical 
Logging at Single-Shell Tank Farms 

D. A. Myers 

Geophysical logging beyond the baseline logging 
program conducted by MACTECERS and reported 
in Section 3.2.1.4 was conducted in both the 41-09-39 
borehole and in the 299-W23-19 borehole. This spe- 
cial logging consisted of moisture, temperature, and 
neutron capture gamma spectroscopy logs. Moisture 
distribution was logged using a neutron moisture probe 
to assess the distribution ofwater throughout the vadose 
zone in both boreholes. Water in the vadose zone 
provides ;he mobilizing force to transport contami- 
nants to the groundwater. Temperature logs were 
obtained in single-cased portions of both boreholes, 
and borehole wall temperatures were logged in 41-09-39 
as the borehole was decommissioned. Temperatures 
were taken using a side-looking infrared instrument 
so that the temperatures represent the casing or 
borehole wall conditim and not the air inside the 
casing. The results of the temperature log of 41-09-39 
are presented in Figure 3.2-1. The t e m m  distri- 
bution corresponds to an increase in gamma activity as 
seen on the gross gamma-ray log and to the distribution 
of radionuclides as determined by laboratory measure- 
ments (see Section 3.2.1.1). 

Other geophysical logs were run in both bore- 
holes, including spectral gamma, using a high-purity 
germanium (“Ge)  tool and a neutron capture spec- 
troscopy log. This latter log is generated by exciting 
formation elements with neutrons from a californium 
source and measuring gamma-ray energies emitted 
following excitation. These spectra are then analyzed 
to provide a distribution of specific elements. The 
tool was developed for Idaho National Engineering 
and Environmental Laboratory and is calibrated for 
chlorine only; providing only a relative abundance of 
other elements. 

Figure 3.2-2 shows the neutron-gamma capture 
spectroscopy log from borehole SX-115. An attempt 
was made to use the tool to assess sediment dragdown 

during ddmg operations by salting the borehole with 
gadolinium sand. The sand was added to the bore at 
-49 meters and then the bore was deepened normally. 
Unfortunately, the sand was added too rapidly and it 
bridged in the casing, so that the results t.epresent some 
dragdown as well as some smearing inside the casing. 
Figure 3.2-2 shows the gadolinium distribution in the 
borehole as indicated by the neutron-gamma log. The 
hydrogen log in Figure 3.2-2 shows very fine changes 
in what is interpreted to be water content in the Han- 
ford formation, as well as a major change in water um- 
tent as the borehole passed through the Plio-Pleistocene 
Unit into the Ringold Formation. The high calcLm 
content at a depth of -47 meters reflects the calcium- 
rich Plio-Pleistocene caliche layer. The response on 
the 1778 keV log in Figure 3.2-2 is due to both alumi- 
num and silicon. 

f 
c 

3.2.1.4 Baseline Spectral Gamma-Ray 
Cogging at B and T Tank Farms 

R. s. Mccain 

Baseline vadose zone characterization in single- 
shell d farms has been conducted by the US. Depart- 
ment of Energy (DOE), Grand Junction office and its 
subcontractor, MACTEC-ERS, since 1995. By the 
end of fiscal year 1999, tank summary data reports had 
been issued for all 133 single-shell mnks with capaci- 
ties of 2 million liters or greater (100 series tanks), 
and tank farm summary reports had been issued for 11 
of 12 &le-shell tank farms. Results of the Tank Farms 
Vadose Zone Characterization Program are posted on 
the Internet at: http://www.doegjpo.com/progratns/ 
M m . h a n l .  

Baseline characterization measurements were com- 
pleted at boreholes in the B and the T tank farms in 
fiscal year 1999. A down hole, spectral gamma-ray 
logging system was used for the characterization. Tank 
summary data reports were published for each 100 series 

tank in both farms and a comprehensive report was 
published for the T Tank Farm (GJO-HAN-27). A 
similar report is in pripration for B Tank Farm. b 
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Also during fiscal year 1999, a high rate logging 
system was developed and deployed to quantify high 
levels of radionuclides in zones where the spectral 
gamma logging system detector saturated. High rate 
logging operations will be completed in fiscal year 
2000. This will complete the baseline vadose zone 
characterization logging for single-shell tank farms. 

Specimf Gamma-Logging Methods and Pmedures 

A description of the system used by the DOE, 
Grand Junction Office and MACTEC-ERS during 
spectral gamma-ray logging of the single-shell tank 
farms is presented in PNNL-13080. The spectral 
gamma logging system data were collected in accor- 
dance with procedures documented in MAC-VZCP 
1.7.10-1, Rev 2 and analyzed in accordaflce with MAG 
VZCP 1.7.9, Rev 1. Details on other aspects of the 
project are provided in MAC-VZCP-1.7.2, Rev. 1; 
MAGVZCP-1.73, Rev. 1; MAGVZCP-1.7.4, Rev. 1; 
and P-GJPO-1779, Rev. 1. 

S p d  gamma-ray logging of all single- 
sheUtankswithu;lgaCitiesgr~than2miL 
hbn liters wns completed m fical year 1999. 
Results of the 1995 to 1999 logghg are a 
baseline for fume logging in the tank f i .  

The spec& gamma-ray logging system was initially 
calibrated at the DOE, Grand Junction Office Bore- 
hole Calibration Facility (GJPO-"-1). Continu- 
ing calibration measurements were made at the H a n f o r d  
Site calibration facilities, and the most recent calibra- 
tion (October 1998) is documented in GJO-"-26. 

The tank farm vadose zone monitoring networks 
consist of steel-cased boreholes (also known as drywells) 
arranged around the perimeter of each tank. Most 
of the single-shell tank monitoring networks were 
installed in the late 1960s and early to mid-1970s. 
The borehole depths range from -23 to 46 meters 
below ground surface. Most are -30 meters deep. 

Borehole diameters are typically 15.2 to 20.3 centime- 
ters, although holes as small as 10.2 centimeters or as 
large as 30.5 centimeters exist. 

Borehole designations within the tank farm are 
xx-yy-zz, where xx refers to the numerical tank farm 
designation, yy refers to the tank number (06 is tank 
106), and zz refers to the clock position of the bore- 
hole relative to the tank, where 12 o'clock is north. 
A borehole with the designation 50-06-05 is at the 
5 o'clock position of tank T-106. A borehole with the 
designation 50-00-06 is in the T Tank Farm, is not 
directly associated with any tank, and is at the approx- 
imate 6 o'clock position on the tank farm perimeter. 

All depths in the discussion of results are relative 
to the top of the borehole casings. 

Spedmf Gamma-Ray Logging R e d b  ar 5 rank Farm 

By the end of fiscal year 1999, all tank summary 
data reports were completed for the twelve 100 series 
tanks in the B Tank Farm. These reports are pub- 
lished as GJ-HAN-112 through GJ-HAN-114 and 

data reports were not prepared for the four 200 series 
tanks because there are few boreholes in the vicinity 
of those tanks. The tank farm report for B Tank Farm 
is in preparation and will be published by March 2OOO. 
Figure 3.2-3 shows the layout of tanks and boreholes for 
B Tank Farm. Tanks that are assumed to have leaked 
are indicated by shading. Borehole depths range 
from 18.3 to 48.5 meters; most are -30.5 meters deep. 

Spectral gamma-ray baseline logging in the B Tank 
Farm identified eium-137, cobalt-60, europium-152, 
and europium-154. In the following discussions both 
europium-152 and -154 generally will be consid- 
ered as europium-154 because this isotope occurs at 
greater activity levels and is more widespread than 
europium-152. The two isotopes are chemically identi- 
cal and would be expected to have the same migration 
characteristics. Copies of all logs can be found in the 

GJ-"-125 through GJ-"133. Tank ~ ~ m f n a r ~  
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individual tank summary data reports, and log data will 
be posted on the internet at the DOE, Grand Junction 
web site. 

Cesium-137 was found at ground surface and at 
shallow depths over much of the B Tank Farm, appar- 
ently as the result of surface spills and pipeline leaks. 
Cesium-137 associated with previous leaks from tanks 

tered at depths between 17.4 and 26.5 meters. 
B-110, B-111, B-107, B-105, and E101 was encoun- 

Cobalt-60 was identified in boreholes associated 
with tanks B-101, E105 and €3-110. Europium-154 
was detected in the area between tanks B-107 and 
E104 and appears to be associated with a leak from 
tank B-107. Minor amounts of europium-154 were 
also detected in boreholes at tanks E101 and El 10. 

Anomalously high gross gamma counts, which 
could not be attributed to a specific isotope, were 
detected at depths of 21 to 25 meters in 3 boreholes to 
the northeast of tank B-110 (boreholes 20-10-02, 
20-07-11, and 20-08-07). Examination of spectra 
within thii depth interval shows an anomalously large 
amount of incoherent gamma energy in the Compton 
continuum. This suggests the presence of one or more 
beta-emitting radionuclides, such as strontium-90, in 
the vicinity of the boreholes. This zone extends at 
least 25 meters northeast of tank E110 because it is 
encountered in borehole 20-08-07. An extensive 
zone of detector saturation was encountered from 7.6 
to 30.5 meters in borehole 20-10-12, located immedi- 
ately north of tank El 10. The tfiidc interval of very 
high activity suggests this borehole is very close to the 
source of the contamination. Review of drilling 
records and historical gross gamma data indicates that 
the borehole encountered contamination beginning at 
-7.6 meters when it was drilled in July 1973, indicat- 
ing that the leak pre-dates the borehole. The leak 
may have been from the cascade line between tanks 
B-110andElll orfromtankB-110. Strontium-90 
(inferred from the gamma-ray spectra) from this leak 
extends to depths of at least 25 meters and laterally at 
least 25 meters to the northeast. 

Spectral Gamma-Ray Logging Results at 1 rank 
Farm 

Borehole geophysical data suggest that a leak also 
may have occurred on the southern side of tank B-106 
prior to 1972. A contaminant zone at 14.3 to 
17.1 meters in borehole 20-60-06 was observed when 
the borehole was drilled.  his zone may be as much as 
5 meters thick, based on samples obtained during drill- 
ing. Originally, the leak was attributed to tank B-105; 
however, it appears more likely that the contamina- 
tion originated from tank E106 based on subsurface 
contaminant distribution). Although, the possibility 
of a cascade line leak cannot be completely  led out, 
the presence ofcmtaminationbeghmbg 2 to 3 meters 
below the base of the tank excavation is very sugges- 
tive of a leak from tank B-106. 

During fiscal year 1999, tank summary data 
reports were completed for ten of the twelve 100 series 
tanks in the T Tank Farm. These are published as 
GJ-"-115 through GJ-HAN-124. Tank su& 
data reports for the remaining two tanks (T-107 and 
T-110) were completed in 1995 (GJPO-"-1 and 

pared for the four 200 series tanks because there are 
few boreholes near those tanks. The tank farm report 
for T Tank Farm was completed in fiscal year 1999 
and published as GJO-"-27. Figure 3.24 shows 
the layout of tanks and boreholes for the tank farm. 
Tanks that are assumed to have leaked are indicated 
by shading. Borehole depths range from 26.5 to 
76.8 meters; most are -30.5 meters deep. 

GJ-"-2). Tank sumfnar~ data reports  ere not pre- 

Two factors affect evaluation of both historical 
gross gamma data and spectral gamma-ray data for the 
T Tank Farm. First, the existing 15.2-centimeter cas- 
ing in most boreholes was perforated near the bottom 
and top, and a 10.2-centimeter casing was installed 
with grout between the two casings. This was done in 
the 1970s to minimize the movement of near-surface 
contamination along the outside of the borehole cas- 
ings. The retrofitted annular seals resulted in si&- 
cant attenuation of gamma rays reaching the detector J 
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so that the spectral gamma logging system had to 
double the count time from 100 to 200 seconds per 
measurement during 1999 logging. Observed count 
rates could be corrected for the effects of two casing 
thicknesses, but the attenuation associated with an 
unknown thickness of grout cannot be accounted for 
in the analysis. For this reason, most reported concen- 
trations from the T Tank Farm probably are less than 
actual concentrations and, therefore, are considered as 
apparent concentrations. Also, the attenuation asso- 
ciated with the double-cased intervals precludes the 
use of shape factor analysis to identify the location of 
contamination with respect to the borehole. 

The second factor affecting the evaluation of the 
logs is the periodic flooding of the T ~ a n k  F-. The 
farm is located in a natural depression that tends to 
pond surface runoff so that surface flooding occurs as a 
result of rapid snowmelt and/or excess precipitation. 
Infiltration of this water may have carried contamina- 
tion down the outside of borehole casings or may have 
drained and deposited contamination on the inside of 
some boreholes. 

td 

Baseline spectral gamma logging in the T Tank 
Farm identified cesium-137, cobalt-60, europium-154, 
and europium-152. As for the B Tank Farm, europium 
will be discussed in terms of europium-154 because 
this isotope occurs at greater concentrations and is 
more widespread than europium-152. Limited and 
relatively isolated occurrences of antimony-125, 
niobium-94, tin-126, uranium-235, and uranium-238 
were detected around several boreholes. Copies of all 
logs can be found in the individual tank summary data 
reports, and log data are posted on the internet at the 
DOE, Grand Junction Office web site. 

Near-surface and shallow subsurface cesium-137 
contamination was detected primarily in the central 
portion of the T Tank Farm. This contamination 
resulted most l iely from surface spills or leaks from 
piping systems that were related to routine tank farm 
operations. The highest near-surface cesium-137 con- 
centration was - 105 pCi/g and was detected in the 
backfill material between tanks T-104 and T-107. Lid 

r 

The thickest, near-surface distribution of cesium-137 
(-8 meters) was also detected in this region around 
boreholes 50-04-03 and 50-04-07 (Figure 3.2-5), sug- 
gesting a relatively large spill or that several spills or 
leaks may have occurred in this area. Small, near- 
surface cesium-137 concentrations detected at 
-6 meters in boreholes 50-06-03,50-06-04,50-06-18, 
and 50-06-05 may be the result of a transfer-line leak 
near the southeastern side of tank T-106. 

A vertically continuous cesium- 13 7 zone, with 
concentrations between 1,OOO and 10,OOO pCi/g, was 
detected near the southeastern side of tank T-101 near 
borehole 50-01-04 (see Figure 3.2-5). The zone extends 
from 6 meters to the bottom of the logged interval at 
37.3 meters. This zone is probably the result of a leak 
through a spare fill line that occurred in 1969 when 
the tank was overfilled. The horizontal extent of this 
zone is poorly defined, as it was only detected in one 
borehole. Available data suggest the lateral extent is 
less than -8 meters because it is not encountered in 
adjacent boreholes, but the vertical extent is unknown 
because the zone extends below the bottom of the 
borehole (37.3 meters). 
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Cobalt-60, up to -10 pCi/g, and europium-154, 
up to -12 pCi/g, were identified near the southern side 
of tank T-101 in borehole 50-01-06 (see Figure 3.2-5). 
Previous investigations suggested that the contamina- 
tion originated from the vicinity of borehole 50-01-04 . 
and that the probable source was a leak from the spare 
fill lines on tank T-101. Evaluation of historical gross 
gamma data suggests that the cobalt-60 may have 
migrated laterally in a southwesterly direction from 
borehole 5061-06 to boreholes 50-04-10 and 50-04-08 
between 1973 and 1976. The baseline logging effort 
identified cobalt-60 at concentrations up to -1 pCi/g 
in the latter two boreholes. However, this does not 
preclude that the contamination detected in bore- 
holes 50-04-08 and 50-04-10 originated from the 
T-106 leak. It is also possible that the observed con- 
tamination originated from both sources. 

Cesium-137, up to -300 pCi/g, was detected near 
the western side of tank T-101. This contamination 



was present in 1973 when the borehole was drilled 
and may have resulted from a leak in the cascade line 
connecting tanks T-101 and T-102. 

Cesium-137 and cobalt-60 were detected near the 
soukeastern side of tank T-102 around borehole 
50-02-05 (see Figure 3.2-5). This contamination was 

present when the borehole was drilled in 1974 and 
probably resulted from a leak in the spare fill lines. 
Tank T-102 is not designated as an assumed leaker, 
but a leak from the spare fill lines is possible because 
leaks are known to have occurred at the other two 
mnks m the cascade series as a result or overfilling. 

cobalt-60 and europium-154 were detected along 
the southeastern and southern sides of tank T-103 

50-03-06. This contamination is attributed to a leak 
from the spare fill line on the southeast side of the 
tank. Evaluation of spectral gamma logging system 
data and historical gross gamma data suggest that con- 
tamination has migrated downward and laterally to 
the south, and that it has intermingled with the con- 
taminant plume from the T-106 tank leak. 

around boreholes 50-03-04,50-02-08,50-03-05, and 

A broad plume of contamination was detected 
below -10 meters in all of the boreholes on the east- 
em, western, and southern sides of tank T-106. This 
contamination is the result of a major leak from tank 
T-106 that occurred in 1973. The primary constitu- 
ents are cesium-137, cobalt-60, europium-154, and 
europium-152 with lesser amounts ofantimony-125, 
tin-126, d u m - 2 3 5 ,  and uranium-238. Figure 3.24 
shows representative logs fiqm the area. 

Zones ofextremely high gamma radiation flux were 
encountered around most of the boreholes that inter- 
sected this plume. The intense gamma flux caused 
saturation of the specual gamma logging system detec- 
tor in the core of the plume, yielding little useful data. 
High-rate logging of these boreholes is scheduled for 
fiscal year 2OOO. The rate ofdetrease in gammaactivity 
observed on historical gross gamma logs indicate that 
cesium-137 is the predominant remaining gamma- 
emitting radionuclide. This is consistent with total 
activity reported in RHO-ST-14 that indicated the leak 

ki 
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contained -40,000 curies of cesium-137,14,OOO curies 
of strontium-90, and 270,000 curies of radionuclides 
with half-lives of less than 3 years (99% of which was 
attributed to ~therii~m-106). The highest gross gamma 
count rates were measured on the southeastem side of 
tank T-106 in boreholes 50-06-05 and 50-06-17 
between 10 and 12.8 meters. This suggests that the 
leak probably originated at or near the bottom of the 
tank in this area. (The bottom of tank T-106 is at 
12.2 meters.) Substantial mntamination was encoun- 
tered to the total depth logged in all but one borehole 
(50-06-18) in the area. Therefore, the maximum depth 
of contamination is not known. Spectral gamma log- 
ging system data f?qm nearby borehole 50-06-05 (see 

Figure 3.2-6) indicate that cesium-137 has migrated to 
a depth of at least 36.3 meters. Freeman-Pollard 
(BHI-OOO61) reported the leading edge of the plume 
(as indicated by cobalt-60) to be at 36.8 meters with 
small amounts of the most mobile radionuclides 
(technetium-99) reaching 44.2 meters in borehole 
50-06-18, also called borehole 299-W10-196 LI 
(BHI-00061). 

3.2.2 200 Areas Monitoring Activities 

Vadose zone monitoring in fiscal year 1999 
included spectral gamma-ray logging at specific reten- 
tion facilities in the 200 East Area, which are some of 
the most significant remaining potential sources of 
groundwater contamination. A b ,  remediation and 
monitoring of carbon tetrachloride in the 200 West 
Area continued during 1999. An additional 832 kilo- 
grams of carbon tetrachloride were removed from the 
vadose zone in fiscal year 1999. 

3.2.2.1 Carbon ktrachloride Monitoring and 
Remediation 

V. J. Rohy, D. G. Horton 

Soil-vapor extraction is being used to remove car- 
bon tetrachloride from the vadose zone in the 200 West 
Area. The U.S. Environmental Protection Agency 
and the Washington State Department of Ecology 
authorized DOE to initiate this remediation in 1992 as 
a Comprehensive En- Response,comperwhbn~ 



200 Areas 

W 
andLiabifiryACtof1980 (cERcLA)expeditedresponse 
action. The primary focus in the following discussion 
is on fiscal year 1999 activities associated with the 
carbon tetrachloride removal. For descriptions of past 
work, see BHI-00720, Rev. 3 and Section 4.5 in 
P " L -  12086. 

The 14.2 m3/min soil-vapor extraction system 
operated from March 29 through June 28,1999, at the 
216-2-9 well field and from June 30 through Septem- 
ber 30,1999, at the combined 216-2-lA/-12/-18 well 
field. (See PNNL-13080 for location maps of the well 
fields.) The system was shut down for the winter 
(October 1,1998, through March 28,1999). The 283 
and 42.5 m3/min soil-vapor extraction systems were 
maintained in standby mode during fish1 year 1999. 

Remediation of carbon tecradrloride in 
the 200 West Area vadose zone continued 
in fical year 1999. Over 76 ,OOO kilograms 
of carbon ten- have been removed 
by soil-vapor extraction since the system 

began operating in 1 992. 

To track the effectiveness of the remediation 
effort, soil-vapor concentrations of carbon tetrachloride 
were monitored at the inlet to the soil-vapor extrac- 
tion system and at individual on-line extraction wells 
during the 6-month operating period. To assess the 
impact of non-operation of the soil-vapor extraction 
system, soil-vapor concentrations of carbon tetrachlo- 
ride were monitored at off-line wells aAd probes dur- 
ing the entire fiscal year. 

MoniforinS at the Soil-Vapor Extmction System 

Soil-vapor extraction to remove carbon tetrachlo- 
ride from the vadose zone resumed March 29,1999, at 
the 216-2-9 well field. Initial on-line wells were 
selected close to the 216-2-9 trench. As extraction 
continued, wells farther away from the crib were 
brought on-line. Each selection of on-line wells 
included wells open near the groundwater and wells 

open near the less-permeable Plio-Pleistocene zone, 
where the highest carbon tetrachloride concentrations 
have consistently been detected. Initial carbon tetra- 
chloride concentrations measured at the soil-vapor 
extraction inlet were -90 ppmv (Figure 3.2-7). After 
3 months of extraction, concentrations had decreased 
to -30 ppmv. The daily mass-removal rate increased 
significantly twice during the 3 months of extraction 
as a result of adjustments in the mix of on-line wells 
and the flow rate (see Figure 3.2-7). 

Soil-vapor extraction resumed June 30,1999, at 
the 216-2-1A/-12/-18 well field. Extraction wells 
open near the Plio-Pleistocene Unit were selected 
within the 216-Z1A tile field to optimize mass removal 
of contaminant. Initial carbon tetrachloride concen- 
trations measured at the soil-vapor extraction inlet 
were -40 ppmv. After 3 months of extraction, con- 
centrations had decreased to -25 ppmv. The daily 
mass-removal rate increased significantly twice during 
the 3 months of extraction as a result of adjustments 
in the mix of on-line wells and the flow rate (see 
Figure 3.2-7). 

During 185 days of soil-vapor extraction in fiscal 
year 1999,832 kilograms of carbon tetrachloride were 
removed from the vadose zone. Of this tod ,  447 kilo- 
grams were removed from the 216-29 well field during 
93 days of operation and 385 kilograms were removed 
from the 216-2-lpil-12/-18 well field during 92 days of 
operation. 

As of September 1999, -76,500 kilograms of car- 
bon tetrachloride had been removed from &e vadose 
zone since extraction operations started in 1992 (see 

Table 3.2-6). Since initiation, the extraction systems 
are estimated to have removed 7% of the residual mass 
at the 216-2-1A/-12/-18 well field apd 22% of the 
mass at the 216-2-9 well field. This estimate assumes 
that all of the mass that has not been lost to the atmos- 
phere (21% of the original inventory), dissolved in 
groundwater (2% of the original inventory), or biode- 
graded (1% of the original inventory) is still available 
in the vadose zone as residual mass (BHI-00720, Rev. 3; 

. 

WHC-SD-EN-TI-101). 
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Monitoring at Off-Line Wells and Probes 

During October 1998 through March 1999, soil- 
vapor concentrations of carbon tetrachloride were 
monitored near the groundwater and near the ground 
surface to assess whether non-operation of the soil- 
vapor extraction system was dowing carbon tetrachlo- 
ride to migrate out of the vadose zone. The maximum 
concentration detected near the ground surface 
(between 2 and 10 meters below ground surface) was 
8 ppmv. Near the groundwater, at depths ranging 
from 58 to 64 meters below ground surface, the maxi- 
mum concentration was 29 ppmv. 

Soil-vapor mcentrations were also monitored 
near &e Plio-Pleistocene Unit to provide an indication 
ofumcentratim that could be expected during restart 
of the soil-vapor extraction system. The maximum 
concentration detected near the Plio-Pleistocene Unit 
(between 25 and 41 meters below ground surface) was 
561 ppmv in well 299-W15-217 (35 meters deep) at 
the 216-29 site. During fiscal year 1997 and fiscal 
year 1998 monitoring, the highest carbon tetrachlo- 
ride concentrations were also detected in this well. 
These results, after 6 to 9 months of non-aperation of 
the soil-vapor extraction system, are similar to those 
obtained during the 8-month rebound study conducted 
in fiscal year 1997 (BHI-01105) and during the 
6 months of non-operation during the winter of fiscal 
year 1998 (BHI-00720, Rev. 3). 

During April through June 1999, soil-vapor moni- 
toring was continued at the 216-2-1A/-12/-18 well 
field, while the soil-vapor extraction system was oper- 
ated at the 216-2-9 site. Gncentratiom detected dur- 
ing these additional 3 months of rebound were similar 
to those observed during the previous 6 months. Near 
the Plio-Pleistocene Unit, maximum Concentrations 
ranged from 0 to 492 ppmv. The highest concentra- 
tion was detected in well 299-W18-1581. (37 meters 
deep) in the 216-Z-1A tile field, the well at which the 
highest concentration was detected during the fiscal 
year 1998 monitoring. These results were obtained 
after 9 months of rebound and are similar to those 
obtained d& the 8-month rebound study cqnducted 
in fiscal year 1997 (BHI-01105). 

During July through September 1999, soil-vapor 
monitoring was resumed at the 216-2-9 site while the 
soil-vapor extraction system was operated at the 
216-Z-€A/-121-18 site. The highest concentration 
detected near the ground surface was 4 ppmv and &e 
highest concentration detected near the groundwater 
was 24 ppmv. The maximum concentration detected 
was 267 ppmv at the Plio-Pliestocene Unit in well 
299-W15-217. These results were obtained after only 
3 months of rebound. 

Because carbon tetrachloride concentrations did 
not increase significantly at the near-surface probes 
monitored in fiscal year 1999, temporarily suspending 
operation of the soil-vapor extraction system for 6 to 
9 months appears to have caused minimal detectable 
vertical transport of carbon tetrachloride through the 
soil surface to the atmosphere. Because carbon tetra- 
chloride concentrations did not increase significantly 
near the water table during this time, temporarily sus- 

pending operation of the soil-vapor extraction system 
appears to have had no negative impact on groundwa- 
ter quality. 

Lb 

Carbon Tetrachloride Migration 

Three major pathways through the vadose zone to 
groundwater are possible: 

sinking and lateral spreading of a heavier-than- 
air vapor phase down to the top of the aquifer 

transport of an organic liquid phase, or dense, 
non-aqueous-phase liquid, down through the 
vadose zone over time, which eventually reaches 
the water column, dissolves, and settles through 
the saturated zone to an unknown depth 

transport of carbon tetrachloride dissolved in the 
aqueous phase eitherzhrough disposal of aqueous 
wake or by contact between infiltrating recharge 
and carbon tetrachloride soil vapor and/or residual, 
dense, non-aqueous-phase liquid (WHC-SD-EN- 

. 

TI-248). 

3 A schematic repmentation, or conceptual model, 
of the subsurface behavior of carbon tetrachloride 
beneath the 216-2-9 trench is shown in Figure 3.2-8. 
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A numerical model was developed (BHI-00459) 

to simulate the primary transport pn>cesses shown in 
Figure 3.2-8, using local stratigraphy and published 
input parameters for the source term and soil proper- 
ties. Results of initial simulations suggested that over 
two-thirds of the discharged carbon tetrachloride 
would be retained in the soil column and that a dense, 
non-aqueous-phase liquid would continue to drain 
slowly through the vadose zone and be transported 
into the underlying aquifer for years into the future. 
. The initial modeling results indicated that the dense, 

non-aqueous-phase liquid dissolved in the groundwater 
and the depth of penetration was dependent on the 
groundwater flow rate. Additional modeling is needed 
to assess the influence of effective porosity and ground- 
water velocity. Nevertheless, the modeling results 
support the conceptualization of the liquid-phase 
transport illustrated in Figure 3.2-8. The vapor-phase 
results were less definitive but suggested that vapor- 
phase transport is secondary to dense, non-aqueous- 
phase liquid as a groundwater contamination pathway 
in the vicinity of the disposal site. 

L d  

Field measurements of carbon tetrachloride vapor 
concentrations are not completely consistent with the 

’ numerical modeling results. If a major fraction of the 
carbon tetrachloride originally discharged to the 
216-2-9 trench were still present in the soil column as 
a non-aqueous phase, a relatively high soil-vapor con- 
centration would be expected. For example, a pure, 
non-aqueous, carbon tetrachloride, liquid phase in the 
soil-pore space should result in a maximum soil-vapr 
concentration of 120,000 ppmv at 20°C (DOE/RL- 
91-32, Draft B). As a rule of thumb for soil saturated 
with an organic contaminant, standard soil-vapor 
extraction will produce a vapor stream containing 
one-tenth to one-half the expected concentration 
(EPA 5 10-R-93-001). Therefore, vapor-extraction 
concentrations >l2,000 ppmv of carbon tetrachloride 
would indicate that the soil near the extraction well is 
saturated with non-aqueous-phase liquid. 

During initial extraction operations at the 
2 16-Z;9 well field, soil-vapor carbon tetrachloride 
cOncentratioIlS extracted from wells open above the 

Lid 

Plio-Pleistocene Unit were >12,000 ppmv, suggesting 
the presence of a non-aqueous phase. Soil vapor 
extracted from wells open below the Plio-Pleistocene 
were an order of magnitude lower and would not sug- 
gest the presence of a non-aqueous-phase liquid. How- 
ever, the depths and locations of the extraction wells 
below the Plio-Pleistocene may not have been optimal 
to detect the presence of a non-uniformly distributed 
contaminant, and the presence of a non-aqueous- 
phase liquid cannot be ruled out. 

During the soil-vapor monitoring of rebound con- 
centrations conducted in fiscal year 1997 through 1999, 
the carbon tetrachloride vapor concentrations moni- 
tored deep within the vadose zone at the 216-2-9 
trench did not exceed 60 ppmv. These low vapor 
concentrations do not indicate the presence of a non- 
aqueous-phase liquid remaining in the vadose zone 
below the Plio-Pleistocene Unit; however, these meas- 
urements were not taken directly under the 216-2-9 
trench or at depth-discrete, narrow zones above the 
water table. Although carbon tetrachloride volatiliz- 
ing from a residual non-aqueous-phase liquid source 

may have been diluted by the time the vapor reached 
the sampling locations, the data suggest that soil- 
vapor extraction may have removed much of the 
remaining deep, vadose zone, non-aqueous-phase, 
liquid source in the area of the 216-2-9 trench and 
that the continuing groundwater source may now be 
within the aquifer (BHI-01105). 

. 

The apparent discrepancy between the numerical 
modeling results and the field measurements may be a 
result of 

0 non-uniform dtscharge, migration, and distribution 
of the non-aqueous-phase carbon tetrachloride 

non-optimal locations for monitoring 

non-equilibrium partitioning of carbon tetrachlo- 
ride within the vadose zone 

discharge of carbon tetrachloride organic liquid 
mixtures rather than pure phase liquids 

vadose zone geologic heterogeneities and geostruc- 
tural dips. 
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Vertical and areal distribution of dissolved carbon 
tetrachloride discussed in Section 2.8.1.2 is consistent 
with a dense, non-aqueous-phase, liquid transport 
mechanism. If the numerical model predictions are 
CoTZect, for example, slowly dissolving carbon tetra- 
chloride distributed with depth in the aquifer should 
continue to emanate from the point of origin over 
time, with the highest concentrations at the source, 
and should result in dissolved carbon tetrachloride 
distributed with depth in the aquifer (BHI-00459). If 
vapor-phase transport was a primary pathway, the top 
of the aquifer should have the highest concentrations 
and should decline rapidly with depth over a 1- to 
2-meter interval. 

The carbon tetrachloride plume map and vertical 
profiles discussed in Section 2.8.1.2 suggest there is a 
continuing source of groundwater contamination that 
phuces somewhat uniform carbon tetrachloride con- 
centrations with depth in the aquifer. A dense, non- 
aqueous-phase liquid that drained from the vadose 
zone into the aquifer and is slowly dissolving could 
produce such apattem. One alternative explanation for 
the depthdistribution pattem is h t  a secondary source 

of water passing near or through an area containing a 

tetrachloride could absorb this slightly soluble chlori- 
nated hydrocarbon and carry it into the aquifer under 
saturated flow conditions. This would theoxetically 
drive the ulntaminated water deep into the aquifer. 

dense, m-atpeo~phase liquid and soil-vap~r carbon 

The continuing presence, 35 years after termina- 
tion of dtsposal operations, of relatively high, dissolved, 
carbon tetrachloride concentrations in groundwater in 
the immediate vicinity of the 216-2-9 trench suggests 

that a dense, non-aqueous-phase liquid is slowly dis- 
solving within the aquifer. Although this liquid phase 
may be slowly Qaining from the vadose zone to ground- 
water, the soil-vapor concentrations monitored deep 
within the vadose zone during fiscal year 1997 through 
1999 suggest that soil-vapor extraction remediation 
may have removed much of the vadose zone source 
and that the continuing groundwater source resides 
within the aquifer. Carbon tetrachloride concentrations 
in the soil vapor and underlying groundwater do not 
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appear to be in equilibrium, and the expected direc- 
tion of carbon tetrachloride migration is from the 
groundwater to the vadose zone (BHI-01105). 

Carbon tetrachloride rebound concentrations 
indicate that, in many areas much of the readily acces- 
sible mass has been removed during soil-vapor extrac- 
tion operations and that the supply of additional carbon 
tetrachloride is limited by desorption and/or ,diffusion 
from contaminant sources (e.g., lower-permeability 
zones such as the lower Hanfod formation silt, Plio- 
Pleistocene Unit). Under these umditions, the removal 
rate of the additional carbon tetrachloride using soil- 
vapor extraction is controlled by the desorption and 
diffusion rates of the contaminant. 

3.2.2.2 Rapid Scan Gross Gamma-Ray 
Logging at Single-Shell Thnk C-106 

D. B. Horton, S. E. Kos 

LJ Waste removal operations (sluicing) at single- 
shell tank (2-106 were initiated in November 1998. 
Waste Management Federal Services, Inc., Northwest 
Operations collected sodium iodide gross gamma log- 
ging data at tank C106 on a monthly basis from Feb- 
ruary to September 1999 in support of the operations. 
Six boreholes were logged. Figure 3.2-9 shows the 
locations of the boreholes logged. The logs did not 
show any contribution to vadose zone contamination 
resulting from the sluicing operations during the months 
that log data were collected. Figures 3.2-10 and 3.2-11 
show typical data from boreholes 30-06-02 and 30-0643. 
The small variation among the gross gamma logs is 
due to the presence of radon gas and to statistical pre- 
cision of the logging system. Levels of radon, from the 
decay of naturally occurring uranium in the sediment, 

Waste from a singk-shell tu& in the 
C TankFannwassluicedtoremaueradionu- 
dides and reduce m-tank temperature during 
j hd  yem 1999. Geophysical loggmg indi- 

t., cated no additional vadose zone amtamim- 
tim resulted fiom sluicing activities. 



increase inside the borehole casings during periods of 
low barometric pressure. This increase of radon causes 
a larger grw gamma count rate during periods of low 
atmospheric pressure than during periods of high 
atmospheric pressure. 

limits were imposed at normal cribs and trenches. The 
relatively small volumes of liquid discharged to spe- 
cific retention facilities was probably insufficient to 
flush contaminants through the vadose zone to ground- 
water such that the discharged contaminants remain 
in the soil column. Thus, these sites represent poten- 
tial sources for future contamination of groundwater 
at the 

The only borehole to show any significant devia- 
tions during the period from February to September is 
borehole 30-06-03 (see Figure 3.2-11). A thin zone at 

site. 

a depth of -1 to 2 meters s h o ~  large month-to-month 
variations in gross gamma count rate. There is no pat- 
tern, such as continual increase or decrease in count 
rate, to the variations, and a reason for the variations 
is not known. In February, water from a n  undeter- 
mined source was standing in the bottom of borehole 
30-06-03 at -26 meters. The monthly logging moni- 
tored the decrease in the water level until the water 
dropped below the bottom of the borehole in Septem- 
ber 1999. The variation in gross gamma count rate 
near the bottom of the plot in Figure 3.2-1 1 is due to 
the decreasing water level. The variation in count rate 
at the 1- to 2-meter zone and the water in the bottom 
of the borehole are probably not related. 

3.2.2.3 Spectral Gamma-Ray and Neutron 
Moisture Monitoring of 200 Easi Area Specific 
Retention Facilities 

Geophysical monitoring of the vadose 
zone beneath 25 inactive waste sites m the 
200 East Area showed movement of 
cesium-137 and cobalt-60 beneath two 
facilities. Given the rate ofmovement and 
the half-lives of these contaminants, they 
are expected to decay before reaching 
groundwater. 

Monitoring consisted of spectral gamma-ray and 
neutron moisture logging of 28 wells and boreholes. 
The work was done by the 
toring Project within the Pacific Northwest National 
Laboratory in conjunction with Three Rivers Scien- 
tific and Waste Management Federal services, InC.9 
Northwest Operations. The 1999 monitoring was 
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designed to address the question ‘‘What is the configu. 
ration of subsurface contamination beneath the facili- 
ties and has the contaminant distribution changed 
since it was last measured?” The results of previous 
borehole logging, where available, provided the base- 
line data to help answer this question. 

The Hanford Groundwater Monitoring h j e c t  
monitored 25 inactive liquid waste disposal facilities 
in the 200 East Area of the Hanford Site in 1999. 
The monitored facilities consisted of 6 cribs and 19 
specific retention facilities. Specific retention facili- 
tiawere chmnfOrmOnitOring because th.y amOng 

the highest priority sites as determined by an evalua- 
tion of past-practice, liquid waste CGspOsal facilities 
(PNNL-11958, Rev. 2). Specific retention facilities 
were liquid waste disposal sites designed to use the 
moisture retention capability of the soil to retain con- 

taminants. Ideally, liquid d q x d  to specific retention 
facilities was to be limited to 6% to 10% of the soil 
volume between the facility and the groundwater so 

This section briefly discusses the monitoring 
activities. A more detailed discussion can be found in 
F’NNL-13077. 

Facility Descript;ons and Pr&ous Monitoring 

The facilities monitored in fiscal year 1999 can be 
placed into three groups based on geographic location 
iind the type ofefnuent received. The three groups are 

Plutonium-Uranium Extraction (PURM) facilities 
t ?  
W that the liquid would be retained in the soil and not 

reach the groundwater (WHC-MR-0227). No such 
BC controlled area facilities 

BXtrenches. 
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Table 3.2-7 lists the facilities that were monitored 
in each group. Figure 3.2-12 shows a map of the gen- 
eral locations of the monitored facilities. 

The PURM facilities include the 216-A-2, -4, 
and -7 specific retention cribs and the 216-A-18 spe- 
cific retention trench. The 216-A-2 and -4 cribs are 
located 80 meters south of the 202-A (PURM) Build- 
ing and are -46 meters apart. The 216-A-2 crib was 
active between January 1956 and January 1963 when 
it received 230,000 liters of low salt, neutralbasic 

- waste (RHO-CD-673). 

The 216-A4 crib was active from December 1955 
to December 1958 when it received 6.2 million liters 
of low salt, neutral/basic waste. Based on the volume 
of effluent disposed to the crib and on estimates of the 
pore volume in the sediment beneath the crib (DOE/ 
RL.-92-04), the 216-A-4 crib does not appear to have 
been operated as a specific retention facility. 

The 216-A-7 crib is located inside the 200 East 
Area perimeter fence extension, 100 meters east of the 
A Tank Farm. The 216-A-7 crib was active between 
November 1955 and November 1966, when it received 
326,000 liters of low salt neu-asic waste. Based 
on the volume of effluent dtsposed to the crib and on 
estimates of the pore volume in the sediment beneath 
the crib (DOE/EU-92-04), the 216-A-7 crib does not 
appear to have been operated as a wific retention 
facility. 

The 216-A-18 trench is located 150 meters east 
of AZ Tank Farm outside of the 200 East perimeter 
fence. The specific retention trench was active from 
November 1955 to January 1956, when it received 
488,000 liters of depleted uranium waste from a cold 
start-up run at 202-A Building (DOE/RL-92-04). 

The BC controlled area is located south of the 
200 East Area (see Figure 3.2-12) and includes the 
216-B-14 through -19 cribs and the 216-B-23, -25 
through -27, -30 through -33, -52, and -53A trenches. 
T h e  216-B-14 through -19 cribs operated between 
January 1956 and December 1957 and each received 

between 3.4 to 8.7 million liters of effluent. A a m -  
plete operating history for each crib is given in DOE/ 
RL-92-05 The cribs received high salt, neutralbasic, 
scavenged tributyl phosphate waste. DOE/RL-92-05 
and RHO-CD-673 state that the BC controlled area 
cribs were deactivated after specific retention capacity 
was reached. However, comparing the volumedefined 
by the crib dimensions and the thickness of the vadose 
zone with the volume of disposed effluent indicates 
that the specific retention capability of the cribs was 
exceeded. 

The BC controlled area 216-B-23, -25 through 
-27, -30 through -33, -52, and -53A trenches are 
located south of the 200 East Area. Each trench was 
active for 1 to 3 months between October 1956 and 
January 1958, except the 216-B-58 trench that was 
active from November 1965 to June 1967. A com- 
plete operating history for each trench is given in 
DOW-92-05  The 216-E23 through -33 and -52 
trenches received high-salt, neutral/basic scavenged 
tributyl phosphate waste; the 216-B-53A trench 
received neutralbasic waste from the Plutonium 
Recycle Test Reactor in the 300 Area. Detailed inven- 
tories for the EC contfoued area facilities can be found 
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in DOE/RL-92-05. 

The BX specific retention trenches (216-B-35, 
-37, -38, -41, and -42) are located -60 meters west of 
the BX Tank Farm. The trenches operated for 1 to 
2 months each between February 1954 and February 
1955. A complete operating history for each trench is 
given in DOW-92-05. The 216-E37 trench received 
first cycle bottoms from the 242-B waste evaporator; 
the 216-B-42 trench received high-salt, neutral/basic 
scavenged tributyl phosphate Supernatant waste from 
the 2 2 1 4  B u i l b  and all other BX trenches received 
high-salt, neutral/basic, first cycle supernatant waste 
from the 221-B Building. 

Methods 

High-resolution gamma spectroscopy instnunen- 

i j  
tation and a neutron moisture tool were used to log 
the boreholes. Details concerning the logging methods, 
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data analysis, and data interpretation can be found in 
PNNL-13080 and PNNL-13077. The data collection 
and log analysis procedures are described in WMNW- 
CM-004. 

Four of the wells logged in 1999 were previously 
logged with the high-resolution spectral gamma log- 
ging instrument. Time-lapse comparison of spectral 
log data was done for those boreholes. Interpretations 
of contaminant redistribution were based on changes 
among the data sets. 

Historical gross gamma logs were compared with 
the gross gamma logs collected by the spectral instru- 
ment in 1999. The older logs were obtained with 
instruments that were operated only in the gross gamma 
mode. The detectors were typically scintillator crystal 
detectors, which have poor energy resolution compared 
to the high-purity germanium detectors used in the 
1999 logging. 

Differences in the detector composition and size 
result in different efficiencies for the gross gamma 
response. As a result, the comparison of older grm 
gamma log results with the 1999 gross gamma response 
was done qualitatively by plotting each log on a differ. 
ent scale in.the same plot. Also, because the scaling 
factors are not known, no decay corrections were 
attempted for any comparisons of older gross gamma 
logs with 1999 gross gamma logs. However, changes 
in the depth distribution of contaminants can some- 
times be evaluated using the gross gamma time-lapse 
comparison performed. 

All depths referred to in the fqllowing discussions 
are relative to ground surface. 

Resuhs 

This section contains brief descriptions of the 
spectral gamma-ray and neutron moisture logging 
results. A more detailed discussion is found in PNNL- 
13077. The complete data set can also be found in 
PNNL-13077 or on file at Pacific Northwest National 
Laboratory. 

200 Areas 

PUREX Facilities. The isotopes cesium-137, 
cobaft-60, europium-154, uranium-235, and uranium- 
238 were identified on the spectral gamma logs from 
boreholes monitoring the PUREX specific retention 
facilities. No previous spectral gamma logs are avail- 
able for comparison to the 1999 logs, but several older 
gross gamma logs exist. One gross gamma log obtained 
in 1976 was digitized for comparison with the 1999 
log (borehole 299-E24-53 at the 216-A-2 crib). The 
presence of several manmade, gamma-emitting radio- 
nuclides made the comparison very difficult, but the 
two logs showed the same general character suggesting 
no vertical movement of radionuclides (Figure 3.2-13). 
Lateral movement cannot be ruled out by the com- 
parison. Qualitative, visual (not digitized) comparisons 
ofthe other 1999 gross gamma logs with historical gross 
gamma logs, from the monitored PUREX facilities, 
suggest that no vertical movement of radionuclides 
has occurred since the previous logging events. Most 
differences between historical logs and the 1999 logs 
can be explained by decay of relatively short-lived 
radionuclides. 

BC conh.oued Area Cribs and Trenches. The 
isotopes antimony-125, cesium-137, cobalt-60, and 
europium-154 were identified on the spectral gamma 
logs from boreholes monitoring the BC controlled area 
cribs and trenches. Three of the wells in this area had 
been previously logged in 1992 with a spectral gamma 
tool. The 1992 logs were compared with the 1999 logs. 
In two of the three wells with both 1992 and 1999 
logs, zones were identified where cesium-137 concen- 
tration has increased since 1992. Cesium concentra- 
tion increased by -20% between 20 and 27 meters in 
well 299-E13-1, at the 216-B-14 crib, and by -32% at 
-25 meters in well 299-E13-5 (Figure 3.2-14), at the 
216-B-18 crib. The movement of cesium437 in well 
299-E134 is interpreted to be lateral because there is 
no change in cesium-137 concentration-above and 
below the m e  of increase. The in- in cesium-137 
concentration in well 299-E13-1 could result from 
vertical movement but more information is needed to 
make a definite interpretation. 
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There is an apparent increase in cesium-137 
concentration between 7.3 and 8.5 meters in well 
299-E13-3 at the 216-El6 aib, but the increase may 
be the result of differences in the depths at which the 
1992 and 1999 measurements were taken. Well 
299-E13-1 also showed a small increase in cobalt-60 
concentration between depths of 58 and 61 meters. 
All three wells with 1992 data showed a decrease in 
antimony-125 concentration that can be explained by 
natural decay. 

Historical gross gamma logs from two wells, 
299-E13-2 and 299-El34 were digitized to allow com- 
parison with 1999 gross gamma logs (Figures 3.2-15 
and 3.2-16). Merences between the 1976 and 1999 
logs can be explained by natural decay of relatively 
short-lived radionuclides; the comparison, however, is 
qualitative. Similarly, most of the differences between 
the 1999 logs and the other historical logs in ARH- 
ST-156 reflect the decay of relatively deeper, short- 
lived isotopes and the much slower decay of the 
shallower and longer-lived isotopes. 

BX Specific Rctentum ' Trenches. Theisotopes 
antimony-125, cesium-137, and cobalt-60 were identi- 
fied on the spectral gamma logs from boreholes at the 
BX specific retention trenches. The antimony-125 
and cobalt-60 were identified only at or near detection 
limits by the summing technique described in Appen- 
dix A of PNNL-13077. 

A 1984 gross gamma log from borehole 299-E33- 
289 was digitized and compared to the 1999 gross 
gamma results. The different instrument efficiencies 
allow only qualitative comparison. The depth ptofile 
of the contaminants match very well (Figure 3.2-17), 
but possible depth control errors in the 1984 data make 
any conclusion regarding vertical changes in contami- 
nant distribution inumclwive. However, it is believed 
that no vertical migration of contaminants has occurred 
in the borehole since 1984. 

One borehole at the BX trenches, 299433-290 at 
the 216-B-38 trench, was previously logged with a 
specaal gamma tool in 1992. Cesium-137 was the only 

manmade radioisotope noted in both the 1992 and 
1999 logs (Figure 3.2-18). Comparison of the 1992 
and 1999 gross gamma logs indicated that a change in 
the distribution ot cesium-137 was highly unlikely. 
Most of the qualitative differences between the 1999 
logs and the historical logs from the BX trenches in 
ARH-ST-156 reflect the decay of short-lived isotopes, 
primarily ruthenium-106. 

Summary 

Only four of the boreholes logged in 1999 had 
previous spectral gamma logs for comparison. Two of 
those logs showed that changes in the subsurface dis- 
tribution'of manmade radioisotopes had occurred 
since 1992. Although the changes are not great, they 
do point to continued movement of contaminants in 
the vadose zone. The logs obtained in 1999 create a 
larger baseline for comparison with hture logs. 

None of the facilities monitored in 1999 have 
been used for at least 30 years and some for 40 years. 
Thus, the driving force for the changes is not known 
for certain but must be either natural recharge, residual 
moisture from facility operations, or moisture from 
adjacent facilities. There are several facilities, includ- 
ing cribs and tank farms near the BX trenches, that 
may conttibute moisture to the subsurface under the 
trenches. There are no nearby liquid waste disposal 
facilities near the cribs and trenches in the Bc con- 
trolled area, so the driving force there must be residual 
moisture from past operations or natural recharge. 

The radionuclides that were observed to have 
moved since 1992 are cesium-137 and cobalt-60. Given 
the amount of movement and the half-lives of the iso- 
topes, it is expected that they will decay to insignifi- 
cant amounts before reaching groundwater. Although 
not seen to have moved in 1999, the same is expected 
for all of the other detected isotopes except those of 
uranium. 

Unfortunately, gamma-ray logging cannot detect 
many of the contaminants of interest such as tech- 
netium-99, nitrate, and iodine-129, all of which can 
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be highly mobile in the vadose zone and, for the ra- 
dionuclides, have long half-lives. The time series of 
gross gamma logs given in ARH-ST-156 for many of 
the specific retention facilities show large decreases in 
gamma intensity between the late 1950s and 1976. 
The maximum intensity is generally between a depth 
of 10 and 20 meters. The rapid decay is probably due 
to ruthenium-106 (half-life 1.02 years), and the 
ruthenium-106 probably reached a maximum depth of 
10 to 20 meters with the original slug of water d q o d  
in the short time (generally -1 month) the facilities 

operated. Depending on the chemical characteristics 
of the waste stream, the mobility of iodine-129 and 
technetium-99, as gauged by experimentally deter- 
mined K2, is either near that of or greater than that of 
ruthenium-106. Thus, the minimum depth that 
iodine-1 29, nitrate, and technetium-99 probably 
reached during facility operation is indicated by the 
depth of rapid ruthenium- 106 decay. Subsequent 
movement of the long-lived and mobile constituents 
cannot be measured with the available geophysical 
logging tools. 
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Table 3.2-1. Composition of Sediment from Borehole 4199-39 in SX Tank Farm 

Direct Measures on Dry Sed iment 

Depth 
(mbgs)'" 

1.6-7.9 
13.4-13.7 
17.1-17.4 
18.6-18.9 
19.8-20.1 
19.8-20.1 
2 1.0-2 13 
22.6-22.9 
24.0-24.4 
25.0-253 
27.4 
29.0-293 
31.1-31.4 
32.9-33.2 
34.1 
38.8 

LithOlW 

Ven, fine- to dium-grained sand 
Mdium-grained sand 
Very fine-grained sandy, clayey silt 

Sity, very fine- to medium-grained sand 
Fine- to medium-grained sand 
Fine-grained sand 
Fine- to coarse-grained sand 
Fine- to medium-grained sand 
silty. clayey 
Fine- to medium-grained sand 
Fine-grained sand 
Fine-grained sandy silt 
Clayey silt 
Very fine- to &-grained sand/& 
Very fine- to midium-grained sand 
Very fine- to fine-grained silty sand 

(a) bgs = Below ground surface. 

Moisture Total 
Content carbon 
-- (a%) 

8.12 0.16 
857 0.13 

16.27 0.18 
12.84 0.25 
4.71 0.27 
5.29 0.19 
436 0.23 
5.17 0.25 

10.71 ,030 
8.41 031 

10.25 0.27 
8.12 0.28 

10.40 030 
12.01 0.45 
8.17 0.27 

12.66 0.44 

oganic 
Carbon 
(wt. 96) 

0.06 
0.03 
0.03 
0.14 
0.13 
0.08 
0.07 
0.08 
0.06 
0.03 
0.04 
0.05 
0.12 
0.28 
0.04 
0.08 

Europium-152 
( p c i g )  

e0.217 
<0.103 
< 1.03 
4 .73  
<39.2 
4 5 3  

<0.148 
<65.4 
4 4 5  
<2660 
<os5 
4.03  
4 1 7  
<7.19 

<0.0965 
<0.123 

Cobalt40 
( p c i g )  

0.66 + 0.27 
<0.0262 
<0.229 
4.79 
40.1 
e41 

<0.0349 
47.1 
<25.6 
4240 
<0.041 
<0.263 
<28.2 
<2.2 

<0.0202 
e0.0271 

Table 3.2-2. Water Leachable Chemicals in Sediment from Borehole 41-09-39 in SX Tank Farm 

1:l Water Extracts 

Depth 
(m bgs)(*) 

7.6-7.9 
13.4-13.7 
17.1-17.4 
18.6-18.9 
19.8-20.1 
19.8-20.1 
21.0-213 
22.6-22.9 
24.0-24.4 
25.0-253 
27.4 
29.0-29.3 
31.1-31.4 
32.9-33.2 
34.1 
38.8 

pH 
8.4 
8.5 
83 
8.6 
9.2 
9.8 
9.2 
9.6 
9.6 
8.70 
833 
7.9 
8.0 
8.1 
8.1 
7.9 

specific 

(CISkm) 
Conductance 

188 
226 
287 
355 
899 
504 
752 
719 

1,722 
8,293 

41,820 
41,010 
41,910 
56,480 
42,770 
16550 

(a) bgs - Belowgroundsurface. 
(b) ND - Notdetected. 

13 
13 
13 
13 
29 
18 
33 
44 

371 
2,838 

28,036 
32.770 
31,656 
42,488 
32,822 
12.813 

32 
44 
44 
90 

131 
232 
201 
201 
432 

2,343 
12515 
11,899 
12581 
19,095 
12,600 
1,889 

3.44 

0 
1 
1 
1 
4 
8 
6 
8 

18 
393 

2,749 
7,076 
6,140 

11,897 
8560 

334 

N.DAb) 
N.D. 

6.9 
9.6 
245 

3,974 
75 

261 
267 

38,150 
221 . 

747 
9,665 
1,636 

6 3  
6 3  

5.OE-04 
2.9E-03 
3.4E-03 
8.1E-03 
3-4E-01 
3.4E-01 
5.1E+00 
4.1E+00 

75E+02 
7.1E+02 
2.68+02 
53E+02 
4.8E+02 
1.8E+02 
1.1E-02 

7.2E-01 

Selenium 
soil) 

<5.00E-03 
<5.05E-03 
4.00E-03 
4.00E-03 
4.00E-03 

4.00E-03 
4.00E-03 

8.6E-02 
1.4E-01 
2.2E-01 
23E-01 

4.OOE-03 

4.00E-03 

3.9E-01 
2.9E-01 
3.1E-02 
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Table 3.2-3. Acid Extractable Chemicals from Sediments from Borehole 41-09-39 in SX Tank Farm 

Depth 
(m bgs)(a) 

7.6-7.9 
13.4-13.7 
17.1-17.4 
18.6-18.9 
19.8-20.1 
19.8-20.1 
21.0-21.3 
22.6-22.9 
24.0-24.4 
25.0-25.3 
27.4 
29.0-29.3 
3 1.1-3 1.4 
32.9-33.2 
34.1 
38.8 

Technetium-99 
( P W )  

ICPFIS'b) 

49.95 
c5.94 

28 
11 
26 

(13 f 4) 
c25.3 
c35.3 
2,400 

1,088 f 336 
3,241 
7,618 
12,979 
13,766 
9,840 
405 

Technetium-99 
(pCi/g) Radiolog- 

ical Analysis(c) 

-47 
-5 

292 
-18 
-12 

O f  22 
96 
12 

3,006 
1,160 f 280 

3,586 
7,468 
13,036 
13,877 
9,906 
405 

Acid Extract 
Uranium-238 

Wild Chromium 

0.14 6.5 
. 0.23 6.0 

0.20 24.1 
0.21 130.3 
0.13 80.3 
0.13 69.5 
0.15 42.3 
0.15 122.0 
0.15 597.4 
0.21 1,458.6 
0.15 1,277.8 
0.16 710.7 
0.21 1,169.6 
0.19 783.9 
0.12 298.5 
0.16 15.8 

ICP/MS'b' --@did- 
Molybdenum 

7.89E-02 
4.01E-01 
6.01E-01 
2.00E-01 
1.03E+00 
3.99E-01 
9.72E-01 
1.50E+00 
1.08E+O 1 
1.28E+01 
5.23E+00 

* 1.71E+00 
4.39E+00 
2.29E+00 

2.26E+00 
4.39E-01 

Selenium 
APidiL 
9.73E-02 
1.23E-01 
9.39E-02 
6.85E-02 
1.21E-01 
7.91E-02 
1.09E-01 
7.83E-02 
8.29E-02 
1.66E-01 
1.14E-01 
1.6 1E-01 
1.56E-01 
2.59E-01 
2.16E-01 
5.1OE-02 

(a) bgs = Below ground surface. 
(b) ICP = Inductively coupled plasma emission spectroscopy. 
(c) Rad = Radiological analysis. 

Table 3.24. Estimates of Mobility of Cesium, Technetium, and Chromium in Samples from Borehole 41-09-39, 
Based on the Percent of the Constituent Leached by Water 

% Cesium-137 Leached 
by Water Versus Total 

Cesium in the Sediment 
Depth 

(m bgs)") 

7.6-7.9 NA 
13.4-13.7 NA 
17.1-17.4 0.03 
18.6-18.9 0.01 
19.8-20.1 0.04 
19.8-20.1 0.10 
21.0-21.3 0.79 
22.6-22.9 0.01 
24.0-24.4 0.01 
25.0-25.3 0.22 
27.4 0.50 
29.0-29.3 1.95 
3 1.1 3 1.4 0.60 
32.9-33.2 0.48 
34.1 0.42 
38.8 0.15 

(a) bgs = Below ground surface. 

% Technetium-99 Leached 
by Water Versus Total 

Acid Extractable Technetium 

>81 
>16 
1.8 
6.5 

15.8 
60.1 
>22 
>22 
0.8 

36.1 
84.8 
92.9 
473 
86.4 
87.0 
82.4 

3.45 

% Chromium Leached 
by Water Versus Total 

Acid Extractable Chromium 

0.01 
0.05 
0.0 1 
0.01 
0.43 
0.50 

11.97 
3.35 
0.12 

51.09 
55.71 
36.63 
45.14 
61.34 
58.73 
0.07 
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hd 
nble 3.2-5. Calculated In Situ Distribution coefficients (KJ for Samples from 

Borehole 41-09-39 in SX Tank Farm 

Depth 
(m bgs)(') 

7.6-7.9 
13.4-13.7 
17.1-17.4 
18.6-18.9 
19.8-20.1 
19.8-20.1 
21 .O-21.3 
22.6-22.9 
24.0-24.4 
25.0-25.3 
27.4 
29.0-29.3 
31.1-31.4 
32.9-33.2 
34.1 
38.8 

cesium 
In Situ K, 
h!LkL 
NW) 
NW) 
3,772 

13,017 
2,554 
1,030 

127 
8,989 
9.589 

461 
199 
51 

168 
206 
237 

53,262 

(a) bgs = Below ground surface. 
(b) ND- Notdetected. 

Technetium 
In Situ K, 
0 

-c 130 
5.17 

54.97 
14.44 
5.33 
0.66 
3.58 
3.58 

131.22 
1.77 
0.18 
0.08 
1.11 
0.16 
0.15 
0.2 1 

Chromium 
In Situ K, 

13,059 
2,090 
7,047 

15,994 
234 
201 
7.4 

28.8 
832 
1 .o 
0.8 
1.7 
1.2 
0.6 
-0.7 

1,377 

0 

Table 3.2-6. Carbon Tetrachloride inventory in Primary Disposal Sites 

Mass Removed Using 
Estimated Mass Estimated Mass Lost to Soil-Vapor Extraction 

Atmosphere 1955 to 1990(b) (kg) Well Field 

216-Z-1A 270,000 56,700 . 23,508") 
216-29 130,000 to 480,000 27,300 to 100,800 52,954 
216-2-18 170,OOO 35,700 
Total 570,000 to 920,000 119,700 to 196,800 76,462 

(a) Based on DOEJRL-91-32, Draft B. 

Discharged 1955 to 1973(.) (kg) 1991 to 1999(c) (kg) 

(b) Based on WHC-SD-EN-TI-101. 
. (c) Based on BHI-00720, Rev. 3. 

(d) Includes mass removed from 216-2-18 site; qorted as a combined value because the well fields o v e r b .  
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Table 3.2-7. Liquid Disposal Facilities and Associated Boreholes and Wells Monitored 
with Spectral Gamma-Ray and Neutron Moisture Tools, Fiscal Year 1999 

Well or 
Facility Borehole Facility 

PUREX Facilities(*) 

216-A-2 crib 299-E24-53 216-A-7 crib . 
216-A-4 crib 299-E24-54 216-A-18 trench 

216-B-14 crib 
216-B-15 crib 
216-B-16 crib 

216-B-17 crib 
216-B-18 crib 
216-B-19 crib 
216-B-23 trench 
216-B-25 trench 

BC Controlled Area Facilities 

299-E13-1 
299-E13-2 
299-E13-2 
299-E13-21 
299-E13-4 
299-E13-5 
299.E13-6 
299-E13-55 
299-E13-56 

216-B-26 trench 
216-B-27 trench 
216-B-30 trench 

216-B-31 trench 
216-B-32 trench 
216-B-33 trench 
216-B-52 trench 
216-B-53A trench 

BX Trenches 

216-B-35 trench 299-E33-286 216-B-41 trench 
21643-37 trench 299-E33-287 2 16-B-42 trench 

299433-288 
216-B-38 trench 299x33 -289 

299-E33-290 

(a) PUREX = Plutonium-Uranium Extraction. 

Well or 
Borehole 

299-E25-54 
299-E25-10 

299-E13-12 
299-E13-57 
299-E13-52 

299-E13-58 
299-E 13 -59 
299-E 13 -60 
299-E13-54 
299-E13-6 1 

299-E33-8 
299-E33-10 
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Figure 3.2-3. Map of B Tank Farm with Layout of Tanks and Locations of Monitoring Boreholes. Tanks indicated by shading are assumed to 
have leaked. 
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1999 Gross Gamma-Ray Response (counts per second) 

1976 Gross Gamma-Ray Response (counts per second) 

Figure 3.2-13. Comparison of 1999 and 1976 Gross Gamma-Ray Logs from Borehole 299-E24-53 at the 
216-A-2 Crib 
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In fiscal year 1999, several vadose zone related 
activities were accomplished that have potential appli- 
cability across the Hanford Site. The 175 lysimeters of 
the Hanford Site were inventoried and described in 
fk&l year 1999. Also, 4 years of field data from the 
Hanford Site prototype surface barrier were analyzed 
and interpreted. Those data have important applica- 
bility to contaminated sites that may be left in place 
and monitored during natural attenuation. Finally, 
tritium and helium-3/helium-4 were obtained from 
vadose zone sediment to extrapolate concentrations in 
the soil to concentrations in groundwater. This sec- 
tion discusses these activities. 

3.3 Additional Vadose Zone Related Investigations 

3.3.1 Hanford Site Lysimeters 

D. B. Horton, R. R. Kirkham 

In fiscal year 1998, the participants of a data qual- 
ity objective process for vadose zone monitoring iden- 
tified moisture content and moisture movement as 
elements of concern for vadose zone monitoring of 
past-practice liquid waste disposal facilities. C~nse- 
quently, the Hanford Groundwater Monitoring Project 
undertook an inventory of existing lysimeters and their 
conditions in fiscal year 1999. That inventory is sum- 
marized in Table 33-1. 

. ,  
Lysimeters measure the amount of water percolat- 

ing through soil. Approximately 175 lysimeters exist 
at the W o r d  Site. Most of these are inactive and 
need repair before they can be used. Active lysimeters 
are at the Field Lysimeter Test Facility and the Solid 
Waste Landfill. Some water storage data are collected 
from the lysimeters at the Fitzner/Elmbdt Arid Lands 
Ecology Reserve via data loggers and radio link to 
backup tapes, but currently, the data are not used. 

Drainage from the lysimeter at the Solid Waste 
Landfill is sampled at least monthly and the leachate 
analyzed for several constituents of concern. The 

Lysimeters measure moisture content 

and nwvement in the vadose zone. There 
are I75 lysimeters on the Hanford Site; 
most are inactive and need repair. 

U.S. Department of Energy (DOE) reports results 
quarterly to the Washington State Department of 
Ecology. At the Field Lysimeter Test Facility, the 
weighing lysimeters are monitored hourly and the 
drainage lysimeters are monitored monthly for water 
storage. 

Most of the lysimeters at the Hanford Site were 
designed for specific studies. As such, their applica- 
tion to vadose zone monitoring in the 200 Areas is 
limited. The limitation stems from the soil filling the 
lysimeters and the surface conditions of the lysimeters 
being different from the soil and surface conditions of 
most past-practice liquid disposal facilities. The 
lysimeters at the Field Lysimeter Test Facility and at 
the S-11 facility are the easiest to modify for potential 
vadose zone monitoring use. 

3.3.2 Hanford S ib  Surface Barrier 
Technology 

B. W. @e, A. L. Ward 

A field-scale prototype surface barrier was con- 
structed in 1994 over an existing waste site as part of a 

, Comprehenrive Environmental Response, Compensation, 
and Liability Act (CERCLA) treatability test. The bar- 
rier was designed to be used at waste sites in arid 
climates and to have a 1,OOO-year performance. The 
barrier was monitored for 4 years to ascertain its sta- 
bility and long-term performance. The 4 years of data 
were compiled and analyzed in 1999. This section 
summarizes that work; a more complete discussion is 
found in DOE/RL.-99- 1 1. 
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Natural construction materials (e.g., fine soil, sand, 
gravel, cobble, basalt riprap, asphalt) were selected 
because of the demand for the barrier to perform for at 
least 1,OOO years without maintenance. Most of these 
natural umstruction materials are available in large 
quantities on the Hanford Site and some are known to 
have existed in place for thousands of years (eg., basalt). 
The anrent barrier consists of a 2-meter-thick, finemil 
layer overlying other layers of coarser materials that 
include sands, gravels, and basalt rock (riprap) and a 
low permeability asphalt layer. The barrier is designed 
to limit recharge to <OS millimeter per year. Fig- 
ure 33-1 shows the construction details of the barrier. 

Each layer serves a distinct pqcse .  The fine soil 
layer a m  as a medium to stme moisture until the proc- 
esses of evaporation and transpiration recycle any 
excess water back to the atmosphere. The fine soil 
layer also provides the medium to establish plants that 
are necessary for transpiration to take place. The 
coarser materials placed directly below the fine soil 
layer create a capillary break that inhibits downward 
percolation of water through the barrier. ?he place- 
ment of fine soil directly over coarser materials also 
encourages plants and animals to limit their biological 
activities to the upper, fine soil portion of the barrier, 
thereby reducing biointrusion into the lower layers. 
The coarser materials also help to deter inadvertent 
human intruders from digging deeper into the barrier 
profile. 

Low-permeability layers are placed below the cap- 
illary break to (1) divert any percolating water that 
crosses the capillary break away from the waste zone 
and (2) limit the upward movement of noxious gases 

from the waste zone. The coarse materials located 

above the low-permeability layk also serve as a drain- 
age medium to channel any percolating water to the 
edges of the barrier. 

In addition to testing the performance of a capil- . 
lary barrier, the prototype is being used to test two 

different side-slope designs: . 

a relatively flat apron (lO:l, horizonta1:vertical) 
of clean fill gravel 

a relatively steep (2:l) embankment of fractured 
basalt riprap (PNL-8391; Ward and Gee 1997). 

A shrub and grass covkwas established on the soil 
surfaces of the prototype in November 1994. Shrubs 
were planted at a density of two plants per square meter 
with four sagebrush (Artemsia rridentutu) plants to 
every one rabbitbrush (Chysothamnus ~useancs) plant 

3.3.2.1 Results of Field Twts 

6.i Designing a maintenance-& barrier requires an 
understanding of how natural processes affect barrier 
performance. A series of tests was designed to provide 
a better understanding of these proceses. 

From November 1994 through October 1997, soil 
plots on the northern half of the prototype barrier were 
irrigated such that the total water applied, including 
natural precipitation, was 480 millimeters per year or 
3 times the long-term annual average for the water 
year (November 1 through October 31). This treat- 
ment included application of sufficient irrigation water 
on 1 day, during the last week of March for 3 years 
(1995 through 1997), to mimic a 1,000-year storm 
event (70 millimeters of water). 

Survival rates ofthe transplanted shrubs have been 
remarkably high; 97% for sagebrush and 57% for rab- 
bitbrush (PNNL-11367). Heavy invasions of tumble- 
weed (salsola Mi)  occurred in 1995 but were virtually 
absent in 1996. Grass cover, consisring of 12 varieties 

bluegrasses, and bunch grasses, dominated the sur- 
faces, particularly those that were irrigated. Approxi- 
mately 75% of the surface was covered by vegetation; 
a cover value typical of shrub-steppe plant communities. 

of annuals and perennials, includlng cheatgrass, several 

L 
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Additional Investigations 

In all respects, the vegetated cover appeared to be 
healthy and normal. There was nearly twice as much 

only in a minute amount (less than 0.2 millimeter) 
for one of the soil plots subjected to irrigation. The 

grass cover on the irrigated surfaces than on the non- 
irrigated surfaces (PNNL-11367). 

Figure 3.3-2 compares temporal changes in mean 
soil water storage on the irrigated and non-irrigated 
portions of the prototype barrier through September 
1998. All irrigation and natural precipitation plus all 
available stored soil water were removed via evapo- 
transpiration during the first year of surface barrier 
operation. By late summer of each year, water was 
removed from the entire soil prdfile so that the soil 
water content of both irrigated and non-irrigated plots 

drainage was attributed to lateral flow from water 
diverted off an adjacent roadway. These observations 
agree with the results of extensive lysimeter testing of 
capillary barriers designs (PNL-7209; PNL-8911) and 
suggest that the water storage capacity of the soil is 
well in excess of three times the long-term annual 
average (480 millimeters) precipitation. In contrast, 
both side-slope configurations drained, though the 
amount of drainage was significantly less than pre- 
dicted, based on the lysimeter testing that has been 
done with coarse materials (PNL-8911). 

reached a relatively uniform lower limit of 5 to 8 vol- 
ume percent throughout the soil profile. Correspond- 
ingly, water storage was reduced to levels of 100 to 
150 millimeters (i.e., lower limit of plant-available 
water), for both the irrigated and non-irrigated soil 
surfaces. This is approximately one-fifth the amount 
of water required for drainage. Based on these obser- 
vations and considering the irrigation treatment to 
represent the extreme in wet climate, the soil cover 
would not be expected to drain, even under the wet- 

Figure 3.3-3 compares cumulative drainage from 
the gravel and riprap slopes through &tober31,1998. 
On the non-irrigated treatments, the total amount of 
drainage from the clean fill side-slope was greater than 
that from the basalt riprap side slopes. A similar trend 
was observed on the irrigated slopes up until Novem- 
ber 1995. Whereas irrigation of the soil surfaces started 
in February 1995, irrigation of the side slopes did not 
start until November 1995. A closer look at these 
results show a seasonal influence on drainage. Whereas 

test Hanford Site climate conditions. 

Figure 3.3-2 also shows that all i of the water was 
removed from the soil profile following each simulated 
1 ,OOO-year storm. Because no drainage occurred, the 
change in storage is attributed to water loss by evapo- 
transpiration, thus demonstrating the -&wed p i -  
tive benefits of having vegetation on the barrier surface. 

Evapotranspiration for the irrigated plots was nearly 
double that for the non-irrigated (ambient) plots, sug- 
gesting that vegetation'is capable of adjusting to water 
applications. It is apparent that the capacity of veg- 
etation for water consumption has not been exceeded 

drainage from the gravel side slope was continuous, 
there was essentially no drainage from the riprap in 
the summer. In the winter, both side-slope configura- 

tions drained at similar rates. Advective drying simi- 
lar to that described by Stormont et al. (1994) and 
Rose and Guo (1995) may be partly responsible for 
the lower drainage on the riprap side slopes and may 
also have an effect on water storage in the fine-soil 
cover. Additional testing and numerical modeling 
will be used to test this hypothesis. 

The rapid establishment of vegetation on the soil 
' surface was thought to be responsible for at least three - 

even at three times the long-term annual average pre- 
cipitation rates. This further supports the hypothesis 
that the combination of vegetation and soil storage 
capacity is more than sufficient to remove all applied 
water under the imposed test conditions. 

positive benefits to surface barrier performance. First, 
the vegetation was dominant in the water removal 
pn>cess from the soil surfaces. Second, the surface was 
stabilized against water erosion and runoff. Runoff 
from the 1,000-year storm in 1995 was 1.8 millimeters 
(-2% of the 70 millimeters applied). There was no 

did not Occur from the soil covered Part -off in 1996. The improvement was attributed to 
of the prototype barrier until the third year and then 
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plant growth. Finally, there has been a positive ben- 
efit in controlling wind erosion. There has been no 
measurable loss of soil from the surface of the proto- 
type barrier by wind erosion since the establishment of 
plants in November 1994. 

Four years of testing provide important but lim- 
ited information for long-term barrier performance 
estimates. Because only a finite amount of time exists 
to test abanier that is intended tohction for amini- 
mum of 1,000 years, the testing program has been 
designed to stress the prototype so that barrier perfor- 
mance can be determined within a reasonable time 
frame. 

3.3.2.2 Conclusions 

The study of surface barriers at the Hanford Site 
has evolved into an integrated demonstration of key 
features of barriers designed to minimize water intru- 
sion, erosion, and biointrusion. The results of field 
tests, experiments, and lysimeter studies provide base- 
line inf~tiononwhichbanierdesignscanbebased. 
Test results show that a well-designed capillary barrier 
limits drainage to near-zero amounts in the W o r d  
Site's arid climate. A subsurface asphalt layer provides 
additional redundancy. Data collected under extreme 
conditions (excess precipitation) provide confidence 
that the barrier has the ability to meet its performance 
objectives for the 1,000-year design life. Data from 
the prototype surface barrier co& earlier observa- 
tions with lysimeters and field plots and show that 
virtually all available water can be removed from the 
soil surfaces by evapotranspiration, under the tested 
elevated precipitation conditions. Side slopes, in con- 
trast, drain because they are barren. The side-slope 
drainage is less than predicted because of advective 
heating and wind action but is non-zero. Thus, this 
drainage must be accommodated in the final design. 
Asphalt sublayers can be s u d  in extending areas 

of surface protection and can divert drainage water 
away from underlying waste but the durability of the 
asphalt must be evaluated. 

. 

. 
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3.3.3 Measurement of Tritium in Soil 
Moisiure and Helium-3 in Soil Gas at he 
Old Hclnford Townsite and KE Reactor 

K, B. OIsen, S. W. Patton, E. P. Dresel, 
J. C. Evans 

The Hanford Groundwater Monitoring Project . 
sampled and analyzed soil gas and soil moisture in fis- 
cal year 1999 to 

demonstrate the adaptability of soil gas sampling 
techniques to the measurement of tritium and 
helium3 concentrations in Hanford Site soil 

determine tritium and helium-3 concentrations 
in soil gas at two locations on the W o r d  Site 

attempt to extrapolate tritium and helium3 con- 
centrations in the soil to tritium concentrations 
in groundwater at the 100 K Area. 

I 

In fid year 1999, mvestigam meas- bi 
ured tritium and helium-3 m soil vapor at 
two vadose zone sites. Results indicate 
helium-3 may be useful to mace vadose zone 
ur groundwater sources of tritium. 

Tritium/helium-3 age dating of shallow aquifer 
groundwater was successfully applied in the late 1980s 
by Poreda et al. (1988). The technique is based on 
the presence of the radioactive isotope tritium and its 
decay to the stable, inert isotope of helium, helium-3. 
At the Hanford Site, tritium was released to the soil 
column as effluent from past operations. In some areas 
of the Hanford Site, the effluent migrated through the 
vadose zone to mix with groundwater. In other areas, 
the effluent was retained in the vadose zone. Subse- 
quently, moisture laden with tritium volatilized from 
the flow path and the water table and began to diffuse 
upward through the vadose zone toward the surface. 

At the same time, helium-3 began to build up in 

I both the groundwater and the vadose zone at the rate' 
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of tritium decay (the half-life of tritium is 12.3 years) 
and diffuse upward to the surface. Throughout this 
process, helium-3 is expected to act as a conservative 
(non-reactive) tracer moving through the vadose zone. 
Tritium, as tritiated water, would be a reactive tracer 
freely exchanging with hydroxyl groups on the surface 
of sediment and thus retard its movement through the 
vadose zone. Based on the above principles and con- 
ceptual model, soil gas and soil moisture samples were 
collected and analyzed to obtain a better understand- 
ing of their vadose zone properties and attempt to map 
vadose zone and groundwater tritium distribution. 

3.3.3.1 Experimental Methods 

Two areas of the Hanford Site were chosen to 
investigate: south of the Old Hanford Townsite and 
east of the KE Reactor. The Old Hanford Townsite 
was chosen because it is an area with a known tri- 
tium plume at groundwater depths similar to those in 
the 100 Areas and the site had easy access. The KE 
Area was chosen to study because there is a known 
tritium plume but there is some uncertainty as to its 
distribution. It was hoped that the helium-3/helium-4 
method would help better define the existing 
groundwater contamination. 

Eight sampling points, in two clusters, were 
installed between 1.5 and 9.7 meters below ground 
surface adjacent to well 699-41-1A, south of the Old 
Hanford Townsite (Figure 334).  Sixteen sampling 
points between 2.1 and 3.1 meters below ground sur- 
face were installed to the north and east of the 
KE Reactor (Figure 33-5). Soil gas and soil moisture 
samples were collected in mid-July and in early Sep- 
tember from the Old Hanford Townsite and in early 
September from the KE Reactor. 

Soid moisture samples were collected from all elght 
samplig locations at the Old Hanford Townsite and 
the eight locations at the KE Reactor. Soil moisture 
samples were collected using a flexible diaphragm 
sampling pump. The samples were passed through a 
single 18-centimeter-long, silica gel column to adsorb 
soil moisture. Samples were collected at a flow rate of 
1 liter per minute for a period of -24 hours. 

L J  

Soil gas samples, for helium-3 measurements, were 
collected at all sampling points using a sampling appa- 
ratus constructed from a 30-milliliter stainless steel 
cylinder. One end of the cylinder was fitted with a 
high-vacuum needle valve and the other end sealed 
with a pipe plug. Each cylinder was evacuated to less 
than 5 torr before sampling. 

Two different sampling configurations were used 
to sample soil gas. During the July sampling at the 
Old Hanford Townsite, a silica gel trap, identical to 
that described above for soil moisture samples, was 
placed in the soil gas stream to remove all soil mois- 
ture. The soil gas sampling point was allowed to purge 
at 1 liter per minute for a minimum of 60 minutes. At 
the end of the purge period, a hose was connected to 
the pump and the cylinder was pressurized to the maxi- 
mum pressure of the pump. 

During a subsequent sampling event at the Old 
Hanford Townsite in September, cluster SG-1 was 
resampled for helium-3. Silica gel was not used because 
tritium was not observed in the soil moisture samples 
previously collected. Instead, a rotometer and pump 
were hooked in series to the riser tube that extended 
from the soil gas sampling point to the sampling cylin- 
der. Flow was adjusted to 1 liter per minute, and the 
sampling point was purged for a minimum of 60 min- 
utes. At the end of the purge, the cylinder was an- 
nected to the pump and allowed to pressurize to the 
pump’s maximum pressure. 

Soil moisture samples were sent to Quanterra Envi- 
mnmen~serviceslaborattoryin~~,washington 
for analysis. In brief, the sample was heated to desorb 
the soil moisture from the silica gel. The tritium con- 
tent of the desorbed water was determined by liquid 
scintillation counting. Detection limit in the liquid, 
using a 10-milliliter sample aliquot, is estimated at 
240 pC&. 

Soil gas samples were sent to the University of 
Rochester for helium analysis. Helium isotope ratios 
and concentrations were analyzed on a VG 5400 Rare 
Gas Mass Spectrometer fitted with a Faraday cup 
(resolution of 200 counts) and a Johnston electron 
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multiplier (resolution of 600 counts) for sequential 
analyses of the helium4 (Faraday cup) and helium3 
(multiplier) beams. All helium-3/helium-4 ratios are 
reported relative to the atmospheric ratio (RJ, using 
air helium as the absolute standard. 

3.3.3.2 Results and Discussion 

Analysis of the soil moisture samples found no 
detectable tritium (minimum detection limit less 
than 240 pcilt) in the soil moisture from either the Old 
Hanford Townsite or KE Reactor sampling points. 
This suggests that tritiated moisture from groundwater. 
is not migrating upward to the sampling points at the 
Old Hanford Townsite. This is in spite of the fact 
that tritium in groundwater from well 69941-1A, adja- 
cent to the soil moisture sampling points, occurs at a 
concentration of 117,000 pC$ at a depth to ground- 
water of 21 meters. These dam indicate that the soil 
moisture can be attributed to recharge of natural pre- 
cipitation into the vadose zone at the Old Hanford 
Townsite, which agrees with work done by Fayer et  al. 
(1997). Concentrations of tritium in natural pre- 
cipitation normally range from 50 to 100 pCi/L, well 
below the detection limit of the analytical method 
used to measure tritium. The lack of tritium in soil 
moisture at the KE Reactor also suggests that there are 
no vadose zone sources of tritium in the immediate 
study area. 

Results of the helium analyses of the soil gas sam- 
ples from the Old Hanford Townsite showed significant 
enrichment of helium-3 concentrations, compared to 
ambient air, and an inverse relationship between 
helium-3 concentration and distance from the source 
(groundwater). Helium-314 raticx at the Old Hanfd 
Townsite location ranged from 1.012 at 1.5 meters 
below ground surface to 2.157 at 9.7 meters below 
ground surface (Figure 33-6). 

Helium-31-4 ratios show a sign&cant Variability 
with time. Figure 3.3-6 shows the helium-31-4 ratios 
from samples taken at the beginning and at the end of 
the 24 hour July sampling event In all but one sample, 
the ratios at the end of the event are greater than at 
the beginning of the event. The variability with time 

L d  
is even more pronounced by comparing the July and 
September sampling events. The greatest difference is 
shown by the helium-31-4 ratios from the 5.9 meter 
samples from the SG- 1 cluster nearer well 699-41 - 1A. 
Comparing the two results shows a 62% increase in 
enrichment of helium3 in the September sample. 

The temporal variations might be attributable to 
atmospheric pumping in the vadose zone because of 
fluctuations in atmospheric pressure. That is, higher 
atmospheric pressure may dilute the helium-3 in the 
vadose zone with low helium-314 atmcspheric air. This 
dilution might occur through the soil-atmosphere 
interface at the surface or through a well if the vadose 
zone is exposed to perforations or open screen above 
the water table. At the time of soil gas samplmg, there 
was -0.3 meters of screened interval open to the 
atmosphere in well 699-41-1A directly adjacent to 
one of the sampling clusters SG-1. Thus, atmospheric 
pumping may have affected the helium-31-4 ratios. 

Li Helium-3/-4 ratios in the soil gas samples collected 
near the KE Reactor ranged from 0.972 to 1.131 (see 
Figure 3.3-5). The greatest helium-3 enrichment 
(sample point SG-16) is in the southeastem part of 
the study area suggesting that there may be a tritium 
source around that location. Because there was no 
tritium found in the soil moisture in the immediate 
area of SG-16, helium-3 must be coming from a source 
greater than 3 meters from SG-16. This source may 
be located in the vadose zone or groundwater. The 
source could possibly be the solid waste burial ground 
or one or more of several cribs east of the KE Reactor. 
Alternatively, the source could be from the groundwa- 
ter plume in the area. However, a groundwater moni- 
toring well, 199-K- 1 11 located adjacent to several soil 
gas monitoring points at the southeastem end of the 
study area has no measurable tritium (minimum detec- 
tion level <240 $$). This suggests that a tritium 
groundwater plume, if it exists, could be located far- 
ther to the south of the study area. Further investiga- 
tion is necessary to define and idenfify the source of 
helium-3 around the southeastern m e r  of the study 
area. The helium-3 d t s  from all the samplmg points 
near the KE Reactor suggest no tritium plume is located 
within the study area. 
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3.3.3.3 Conclusions 

Measurements of tritium in soil moisture do not 
appear to be useful for delineating tritium groundwa- 
ter plumes or estimating concentrations of tritium in 
groundwater. The major source of moisture in the 
vadose zone at the two investigated sites appears to be 
natural precipitation and not upward migration of 
moisture from groundwater into the vadose zone. How- 
ever, analysis of vadose zone moisture samples for trit- 
ium may be helpful in identifying vadose zone sources 
of tritium near the sampling sites. 

Analyses of soil gas from samples collected at the 
Old Hanford Townsite area show that the gas is 
enriched in helium-3. This enrichment is due to decay 
of tritium in the groundwater beneath the site. The 
amount of enrichment appears to vary with time, most 
likely because of atmospheric pumping. Nevertheless, 

helilm-3 can b6 a useful tracer for either vadose zone 
or groundwater sources of tritium. 

Because atmosphere pumping can affect the results 
of helium-3 analysis, the entire suite of samples for 
such analysis should be collected in as short a time 
span as possible. This is particularly important if sam- 
ples are to be collected deep in the vadose zone near a 
groundwater well screened across the water table. 

Helium-3 results from samples from the KE Reac- 
tor area do not suggest the presence of tritiated ground- 
water beneath the study area. Based on the relative 
enrichment factors for helium-3, there may be a ground- 
water or vadose zone source of tritium southeast of the 
study area. Potential sources include a groundwater 
tritium plume, the solid waste burial ground, the 
116-KE-1 gas condensate crib east of the KE Reactor, 
or KE Fuel Storage Basins. 

N 
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Table 3.3-1. Lysimeters at the Hanford Site 

Lysimeter Tvpe 
andNumber 

Drainage, 14 
Weighing, 4 
Clear tube, 6 

Drainage, 6 
Weighing, 2 

Drainape, 1 

Weighing, 2 

Dramage and Weighing, 
105 total 

Storage, 24 

D r a i e ,  1 

p.rpoae current status 

Field Lysimeter Test Facility 

Test water balyxe 

to engineered barriers 

Active, requires minor 
layered soils common maintenance 

Buried Waste Test Facility 

Test water balance in 
coarse-grained sediments 

Inactive, requires mainte- 
nance, 5 of 6 d r a i i e  
lysimeters leak 

Commercial Waste Lysimeters 

Test commercial low-level Inactive 
waste solidification 

/ 

solid waste Landfill 

Monitoring Active 

Fitzner/Eberhardt Arid Lands Ecology Reserve 

Examine water balance in 
sagebrush and bunchgrass collection 
community after a fire 

Intermittent data 

Small Tube Lysimeters 

Examine statistical Inactive, requires minor 
repetition of lysimeter maintenance 
data 

S 11 Lysimeters 

Water balance effects of 
barriers on plant intrusion maintenance 
and infiltration 

Inactive, requires minor 

200 East Area Lysimeters 

Infiltration studies Inactive, requires mainte- 
nance, limited access in 
radiological zone 

Potential for 
Future Use 

High potential for future infltra. 
tion studies 

Potential for infitration studies 
in coarse sand and no'vegetation 
environment. Potential test 
environment for sensors 

Scheduled to be decommissioned 
in fiscal year 2000 

Continued monitoring 

Potential for studies of site 
conditions but not 200 Areas 
conditions 

Too small for most purposes. 
Potential for small scale tests 

Possible use for chemical tracer 
studies 

' 

Limited potential for future use 
because of high expense to 
operate 

6; 
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Erosion- 
Resistant 
Gravel 
Admix 

Evapotranspiration 

r Neutron Probe 
s Tube 

- ,Lateral Drainage 

Clean Fill Side Slope 
(pit run gravel) 

h 

Sand Filter 0.15 m 
Gravel Filter 0.3 m 

/ (structural) Fill 

Gooo10138.1 In Situ Soil 

Figure 3.3-1. Cross Section of the Hanford Site Prototype Barrier Showing (a) Interactive Water Balance 
Processes, (b) Gravel Side Slope, and (c) Basalt Riprap Slope 
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Figure 3.3-2. Temporal Variation in Mean Soil Water Storage at the Prototype hrrier, November 1994 

to September 1998 
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Figure 3.3-3. Cumulative Drainage from November 1994 through September 1998 from Four Side-Slope Plots 

and One Soil Plot that Drained 
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Figure 3.3-4. Location of Soil Gas Sampling Points Adjacent to Well 699-41-1 Near the Old Hanford Townsite 
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Figure 3.3-5. Helim-3/Helim-4 Ratios at the Study Site Near KE Reactor 
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2.5 I i 2.5 1 

'1 
I Cluster SG-1 Cluster SG-2 
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Figure 3.3-6. Comparison of Helium3/Helium-4 Ratios for Samples Collected at the Old Hanford Townsite. 
Cluster SG-1 is -12 meters from well 699-42-1A and cluster SG-2 is -48 meters from 
well 699-42-1A 
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4.0 Groundwater Modeling 

This section describes groundwater modeling 
activities being conducted at the Hanford Site that are 
relevant to the site-wide Hanford Groundwater Moni- 
toring Project. Recent activities under the groundwater 
modeling task have focused on efforts to consolidate 
the site-wide groundwater mddels into a single model 
to eliminate redundancies and promote consistency in 
groundwater modelmg analyses at the site. A discussion 
of this consolidation effort taken from a newly pub- 
lished U.S. Department of Energy (DOE) document 
(DOE-RLe2oOO-11, Rev. 1) is described in Section 4.1. 

Section 4.1 also provides an overview of ongoing 
specific applications of the site-wide groundwater flow 
and transport model developed by the groundwater 
project. 

W Section 4.2 describes efforts by the environmental 
restoration contractor to apply other groundwater 
models at a local scale to design and evaluate pump- 
and-treat activities for the remediation of contami- 
nated groundwater. These models were used to describe 
the capture and injection zones for extraction and 
injection wells, respectively, and to estimate the area 
affected by the pump-and-treat operations at different 
times. 

4.1 Site-Wide Groundwater Model 
Consolidation Process 

P. D. Thome, M. P. Bergeron, S. K. Wurstner 

Until recently, the Hanford Site has maintained 
multiple versions of site-wide groundwater flow and 
ca taminant transport models. These different ground- 
water models have developed among different ‘con- 
tractors since the Hanford Site mission changed from 
producing special nuclear materials to environmental 

A computer model of Hanford Site ground- 
water must be able to 

b assess performance of wastedisposal 
facilities 

b predict movement of contaminants 

evaluate remediation strategies. 

restoration. The Project Hanford Management Con- 
tractor, Fluor Hanford, Inc., maintained a vadose zone 
and groundwater modeling capability to support active 
and planned dqmals in the 200 Areas and operational 
issues at the site. The environmental restoration con- 
tractor, Bechtel Hanford, Inc., implemented a site-wide 
groundwater model in support of past-practice oper- 
able unit investigations and cleanup activities. Pacific 
Northwest National Laboratory (PNNL) maintains 
groundwater modeling capabilities to support the site- 
wide groundwater project and vadose zone modeling 
capabilities for a variety of site and national programs. 

In response to both internal and external recom- 
mendations, DOE initiated a site-wide groundwater 
model-consolidation process, which included the par- 
ticipation of all affected Hanford Site program. The 
objective of this process is to eliminate redundancies 
and promote consistency in groundwater analyses pro- 
duced for Hanford Site programs. On September 5 ,  
1996, John Wagoner issued a Letter of Instruction to 
affected programs, and site contractors(a) that said “ ... 
with DOE and contractor customers, tribal and stake- 
holder participation, PNNL will develop and main- a 
predictive Hanford standard groundwater model ....” 

(a) Letter from US. Department of hergy, Richland, Washington, to Pacific Northwest National Laboratory and Westing- 
house Hanford Company, dated September 5,1996, “Single Groundwater Project for the Hanford Site.” 

kid 
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In a letter", to regulators and stakeholders dated July 28, 
1997, DOE also made a commitment to initiate the 
model-consolidation process in fiscal year 1998. 

The purpose of the model consolidation process 
isto 

foster consistency in assumptions and applications 
a-programs 
provide model enhancements based on new data/ 
information and improved technical capabilities 

- provide model flexibility to meet and support new 
program needs and decisions. 

4.1.1 Recommendations for a Site-Wide 
Groundwater Flow and Transport Model 

As an initial step, DOE established the scope of 
the model consolidation. This included defining the 
needs and requirements ofa Hanford site-wide ground- 
water model, an evaluation of current site-wide ground- . 
water models and codes, and specific recommendations 
for a consolidated site-wide groundwater model. 
Extemal review of the xeunnmendations for the consoli- 
dated site-wide groundwater model was also initiated. 

The specific needs and requirements of the site- 
wide groundwater model were developed based, in 
part, on a review of current and future groundwater 
modeling activities conducted for various Hanford 
Site programs. The needs and requirements also 
reflect input collected from external stakeholders. 

Based on input received from Hanford Site con- 
tractors and stakeholders, the consolidated site-wide 
groundwater model needs to meet a variety of Hanford 
Site project objectives including 

site-specific performance assessments of proposed 
' waste dtsposal facilities 

assessment of environmental impact involving 
the modeling of contaminant transport and expo- 
sure prediction 

0 evaluation of groundwater remediation strategies 
including natural attenuation, hydraulic control/ 
containment, and contaminant removal/cleanup 

design and evaluation of groundwater-monitoring 
networks 

riskassessments. 

The key uses of the site-wide model over the 
next 5 years include modeling support to 

the groundwater project 

future iterations of the composite analysis of 
waste sites located in the 200 Areas plateau 

assessments to support tank farm correaive actions, 
tank waste retrieval, and tank farm closure for 
the m c e  of River Protection 

assessment of the facilities being considered for 
disposal of immobilized low-activity tank waste 
and solid waste disposal 

LJ the system assessment capability being developed 
as part of the Hanford Site Groundwater/Vadose 
Zone Integration Project 

Groundwater modeling analysis may also be needed 
to support 

the Hanford Canyon Disposition Initiative 

the 200 Areas Soil Characterization and Remed- 
iation Project 

assessments of solid low-level waste burial grounds 
permitting for liquid discharge facilities 

updates of the Hanford Site-Wide Groundwater 
Remediation Strategy (DOE/RL.-94-95, Rev. 1) 

the development of final records of decision for 
contamination being managed by interim remedial 
measures (e.g., pump-and-treat remediation) in 
the 100 and 200 areas. 

A technical evaluation was conducted ofsite-wide 
conceptual and numerical models and preliminary 

(b) Letter from US. Department of Ene-rgy, Richland, Washiigt&, to U.S. Environmental Protection Agency and Washi ion 
State Department of Ecology, dated July 28,1997, "Completion ofthe Columbia River Comprehensive Impact Assessment 
(CRCIA) Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) Interim Milestone M-15-80-8." 
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recommendations for the consolidated site-wide 
groundwater model were developed in a series of inter- 
nal workshops attended by representatives of Hanford 
contractors involved in groundwater modeling. Two 
most recently used site-wide groundwater modeling 
efforts were considered. One was conducted for the 
groundwater project and the other for the development 
of the Hanford Site0Wide Groundwater Remediation 
Srategy (DOEN-94-95, Rev. 1). 

In general, the evaluation showed that both are 
capable of meeting many of the needs and require- 
ments for a consolidated site-wide groundwater model. 
However, DOE concluded that the model developed 
by the groundwater project has broader capabilities to 
meet the anticipated needs of the site. Therefore, this 
model was selected for the initial phase of the site- 
wide groundwater model consolidation process. Capa- 
bilities of the groundwater project model include 

model resolution - The model contains a higher 
level of resolution in its representation of the 
Ringold Formation than used in the groundwater 
remediation strategy model. This framework can 
be more easily used to evaluate and investigate 
the importance of three-dimensional hydrostrat- 
igraphic complexity in the Ringold Formation. 
This is expected to have an increasing influence 
on future flow and contaminant transport as the 
water table declines. 

extent of model - The areal extent of the model 
includes the area south of the Hanford Site 
between the Yakima and Columbia Rivers. Includ- 
ing this area in the model provides the capability 
to address the potential movement of contami- 
nant plumes off the Hanford Site. 

natural recharge - The model incorporates the 
effect of natural recharge as an upper hydrologic 
boundary condition. The importance of natural 
recharge on future groundwater flow conditions 
and contaminant transport is increasing as the 
effect of artificial recharge on the water-table 
dissipates. 
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DOE also initiated an evaluation of computer codes 
to implement the consolidated site-wide groundwater 
model. Only two computer codes were reviewed in 
this initial phase of the model-consolidation process: 
(1) the VAM3D-CG code developed by Hydrogeo- 
logic, Inc., in Hemdon, Virginia, and ( 2 )  the CFEST-96 
code developed by the CFEST CO. in Imine, California. 
The groundwater remediation strategy model is imple- 
mented based on the VAh43D-CG code. The ground- 
water project model is based on the CFEST-96 code. 
In a qualitative comparison of the two computer codes, 
both VAM3D-CG and CFEST-96 were found to be 
technically acceptable. 

In the interest of minimizing the impact of initial 
cost and schedule, DOE selected the CFEST-96 code 
as an interim code for implementing the consolidated 
site-wide groundwater model. DOE deferred decisions 
on final selection of the code until the external peer 
review of the consolidated site-wide groundwater model 
and the resulting final refinements and modifications 
have been completed. 

4.1.2 External Peer Review of the 
Recommended Site-Wide Groundwater 
Model 

As a part of the model consolidation process, the 
selected site-wide model was reviewed by outside 

experts in the fall of 1998. The three member review 
panel consisted of Dr. Steven M. Gorelick of Stanford 
University, Panel Chair; Dr. Charles Andrews of 
S. S. Papadopulos and Associates, Inc.; and Dr. James 
W. Mercer of HSI-Geotrans, Inc. The review panel 
commented on three specific hues: 

adequacy of the conceptual model and its tech- 
nical capabilities to meet the anticipated uses 
and needs 

possible improvements to the mode& h e w o r k /  
implementation 

immediate need for new data. 
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I Computer modeling experts reviewed the 
Hanford Site groundwater model and recom- 
mended some improvements. Responses to 
these recommendations included plans to 

b reevaluate calibration of the model 

b develop alternative conceptual models 

b analyze uncertainties associated with the 
model. 

The panel's comments and recommendations for 
each issue summafized from Gorelick et al. (1999a) 
are described below. 

(1) The panel recommended that the highest prior- 
ity is to adopt a broader modeling framework that 
accepts conceptual model uncertainty. Within 
this new framework, the site-wide model would 
serve as an important tool to help guide new data 
collection efforts. First, the degree of potential 
impact of the various sources of uncertainty can 

be assessed through analysis of all uncertainties 
including those introduced by alternate concep- 
tual models. Second, the worth of new data for 
reducing model uncertainty can be evaluated. The 
integration of the site-wide model with a geo- 

graphic information system is an excellent means 
to preserve the Hanford Site data for applications 
at a variety of spatial scales. The panel mom- 
mended that databases (original field measure- 
ments) and information bases (interpretations or 
interpolations) both be maintained. For example, 
this would enable details in well logs found in the 
database to be used to develop a geostatistical 
model for scales smaller than those found in the 
interpreted hydrogeologic facies information base. 
The panel also recommended that the site-wide 
groundwater model be thought of as a flexible and 
evolving platform for analyzing groundwater flow 
and contaminant transport. The model itself 
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must not be stagnant because, as more data are 
collected, it is likely that the conceptual model of 
the groundwater system will change. In addition, 
new predictive capabilities will be desired. The 
model framework must be one in which new con- 
cepts can be tested and enhancements readily 
included. The framework must have the capabil- 
ity of being modified to test alternative concep- 
tual models, reflect the most recent consensus 
conceptual model, and address concerns regarding 
water resources and water quality. 

The panel recommended that a new modeling 
frameworkbe established that accepts the inherent 
uncertainty in model conceptual representations, 
inputs, and outputs. Given such a framework, 
the expected values of hydraulic heads and con- 
taminant concentrations, as well as the range 
(distribution) of predictions, would be products of 
the site-wide groundwater model. A priority item 
is to construct a list of alternate conceptual model 
components and assess each of their potential 
impact on predictive uncertainty. The panel 
recommended a series of important improve- 
ments to the current site-wide modeling effort: 

Lj 

The model should be recalibrated using a 
three-dimensional, transient inverse 
calibration. 

The existing representation of chemical 
reactions is limited to first-order decay and 
linear sorption. Although potentially adequate 
for some of the prevalent contaminants 
found in Hanford Site groundwater, for most 
of the contaminants of concern found in the 
vadose zone, reactive transport needs to be 
represented. 

Boundary conditions and boundary fluxes 
kould be re-inspected because of some incon- 
sistencies with existing information and 
because there is an insufficient conceptual 
basis for use of these conditions for applica- 
tions of the site-wide model at both large 
and small scales. t l  
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u 
The spatial representatim of recharge should 
be represented as a parameter having an 
expected value and estimated uncertainty. 

of uncertain inputs taken primarily from the 
results of the development and calibration of the 
several alternative conceptual models and gener- 

(3) The panel commended the modeling team for their ate a range of related model results. 

efforts in dealing with voluminous data, complex 
field conditions, and integrated/interdisciplinary 
approach to model building. With regard to the 
issue of model adequacy, the spectrum of antici- 
pated uses and needs is so broad (ranging from 
time scales of less than 1 day to thousands of 
years and spatial scales of meters to kilometers) 
that this or any general, site-wide model cannot 
be expected to be adequate for all potential uses. 
It was suggested that an initial task should be to 
specify a narrower, and perhaps more pragmatic, 
list of model uses. 

J 

4.1.3 Response to Peer Review 

In the latter half of fiscal year 1999 and in fiscal 
year 2000, the consolidated site-wide groundwater 
modeling task has been performing some work in all 
three areas outlined above. However, the primary 
focus of the first effort is on calibration of the site- 
wide model to observations of hydraulic head, hydraulic 
testing results, and contaminant concentration data. 
This is a signkcant depamne from previous approaches 
to site-wide model calibration that were limited to 
conditions observed in 1979. The 1979 period was 
assumed to represent a short period of unchanging 
hydraulic conditions that was suitable for a steady-state 
calibration of the site-wide model. 

Efforts that will lead to the transient calibration 
This section presents an overview of the project 

plan that will be followed to address technical issues 
and concerns raised by external stakeholders and the 

of the current site-wide groundwater model and the 
alternative conceptual models involve four broad tasks 
related to hd 

external peer review panel on the site-wide groundwa- 
ter model. 

gathering and analysis of historical data on hydrau- 
lic head, hydraulic testing infamation, artificial 
recharge, natural recharge, Columbia River and 
Yakima River stage changes, and other related 
information that will be needed to simulate the 
historical period of Hanford Site operations 

Based on specific advice provided by the external 
peer review panel (Gorelick et al. 1999b), the consoli- 
dated groundwater model project will focus on 
high-priority tasks that represent the key model 
improvements and modifications recommended by the 
panel: 

- acquisition and testing of a universal inverse code, 
called UCODE (Poeter and Hill 1998) 

llnktng the UCODE to the anrent site-wide ground- 
water model code, CFEST-96, to allow efficient 
and effective execution of the UCODE/CFEST- 
96 package in the transient inverse calibration 

preparing historic observation data and informa- 

* re-evaluation of the calibration of the site-wide 
model using a transient inverse calibration i of 
Hanford Site historical operations, which will 
provide valuable information on parameter uncer- 
tainty and sensitivity coefficients 

development of realistic alternative conceptual 
models that will assist in bounding the uncer- 
tainty in flow and transport simulation results. 
Each ofthe alternative conceptual models will be 
individually calibrated to M o d  Site historical 
operations 

development and implementation of an uncer- 

tion into required model data input files for use 
in the transient inverse calibration. 

The consolidated groundwater modeling project 
pians to complete the transient inverse calibration of 
the current site-wide groundwater model using the 
UCODE/CFEST-96 computational framework in fis- 
cal year 2000. Results of this work will be published 'bd 

tainty analysis framework that can receive a range in September 2000. 
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The consolidated groundwater model team will 
also work to define alternative conceptual models. It 
is anticipated that three to five alternative conceptual 
models will emerge that will reflect different credible 
combinations of boundary conditions and interpreta- 
tions of the hydrogeologic framework. 

In fiscal year 2O00, a strategy for an uncertainty 
analysis framework will be developed. Uncertainties 
associated with prescribed processes, physical features, 
initial and boundary conditions, system stresses, field 
data, and model parameter values will be ad&. 
This analysis framework will ultimately be used to 
assessuxxermn ty in results produd  by the range of 
alternative conceptual models. 

Communication with the external peer review 
panel, regulators, Tribal Nations, stakeholders, and 
model users is b e i  facilitated by means of an intemet- 
based forum. A web page (available at http:// 
etd.pnl.gov:2080/gwmodelin~) has been dedicated to 

the purpose of tracking technical issues and concerns 

will provide for instant, widely available communica- 
tion on technical issues and provide concern &lu- 
tion with all parties, as well as enhancing feedback 
from concerned parties. The process ofregulator and 
stakeholder intemction has already been initiated in 
the consolidation process and will continue +ugh 
the web-based approach. 

and posting of other relad information. This apprc0ch 

4.1 A Model Applications 

During fiscal year 1999, PNNL used the site-wide 
&rounmKater flow and transport model to predict water 
quality impact. This work continued into fiscal 
year 2000, and results will be presented in the Solid 
.Wastes Environmental Impact Statement when it 
is completed. The purpose of this analysis is to calcu- 
late concentrations of contaminants in groundwater 
from source areas defined in each of the environmen- 
tal impact alternatives. The analysis also assesses the 
impact to accessible surface water resoufces from con- 
taminated groundwater. Calculated concentrations of 
key contaminants are compared with drtnking water 

(tsl' 
standards and provide the basis for estimates of poten- 
tial human health risk and ecological risk for compari- 
son between the alternatives. 

\ 

The potential sources of groundwater contamina- 
tion are solid radioactive and hazardous waste con- 
tained in burial grounds located in 200 East and West 
areas. This waste include past low-level waste buried 
since 1970, newly gedrated Category I and I11 low- 
level radioactive waste, mixed low-level radioactive 
waste, and transuranic waste retrievably stored in 
trenches and caissons located in several of the existing 
burial grounds. 

4.2 Modeling to Support Pump- bi 
and-Treat Operations 
W. J. McMahon, L. C. Swanson 

Groundwater models were used at a local scale in 
operable units in the 100 and 200 areas to assess the 
performance of groundwater pump-and-treat systems 
to remediate contamination within the unconfined 
aquifer system. These models evaluated system perfor- 
mance and overall progress toward remediation objec- 
tives and goals, including evaluating &rent extracton 
and injection well configurations, predicting effects of 
different operational and pumping schedules, assessing 
extent of hydraulic influence, and evaluating ground- 
water travel times and extent of the capture zone. 

Modeling was conducted using Micro--, a two- 
dimensional finite-element code. The MicroFEM' 
model was used to evaluate the following remedial 
action sites and contaminants of concern in the 100 K, 
100 N, 100 D, 100 H, and 200 West areas: ct, 

- 
100-KEW Operable Unit (100 K Area) - hexaval- 
ent chromium 
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100-NR72 Operable Unit (100 N Area) - 
strontium-90 

100-HR-3 Operable Unit (includes both 100 D 
and 100 H areas) - hexavalent chromium 

200-UP-1 Operable Unit (200 West Area) - 
technetium-99 and uranium 

200-ZP-1 Operable Unit (200 West Area) - 
carbon tetrachloride. 

Additional information on pump-and-treat opera- 
tions and figures showing the modeled capture zones 
are presented in Section 2. 

4.2.1 Model Results for 1 OO-KR-4, 
100-NR-2, and 100-HR-3 Operable Units 
L 

Numerical modeling for these pump-and-treat 
operations provides a quantitative method to evaluate 
the hydraulic capture and optimize the pumping rates 
of the pump-andaeat system wells. Results of the mod- 
eling indicated that pump-and-treat extraction wells 
intercepted -70% of the groundwater flow through 
the targeted area in the 100-KR-4 Operable Unit 
(DOE/RL-99-13). The capture zone is shown in Fig- 
ure 2.3-18. Optimizing the pumping rates increased 
the capture to -84%. Much of the uncaptured ground- 
water passing through the targeted plume area occurs 
in a culturally sensitive area. The decision to add wells 
to the network must balance the benefits of improved 
capture with the consequences of disturbing the sensi- 
tive area. 

L J  

computet maleling of pump-and-rreat 
systems m the 100 Areas estimate that most 
of the contaminated groundwater in t;he tar- 

get plumes is intercepted ‘bejime it reaches the 
ColumbiaRiw. Injiscalyear 1999,maIeI 
results were used to optimize pumping rates 
and recommend locations for new web to 
increase the effectiveness of the systems. 

At the 100-NR-2 Operable Unit during the same 
time, the model results indicated that the pump-and- 
treat system was reducing the net groundwater flow to 
the Columbia River through the targeted plume area 
by -96% (DOE/RL-99-02). The capture zone is shown 
in Figure 2.4-6. 

The 100-HR-3 Operable Unit includes both 100 D 
and 100 H areas. At 100 D Area, the model results 
indicated that the extraction wells intercepted over 
90% of the groundwater passing through the targeted 
plume area. At 100 H Area, the model results indi- 
cated that the extraction wells intercepted -82% of 
the groundwater passing through the targeted plume 
area (DOE/RL-99-13). The capture zone is shown in 
Figure 2.6-16. 

. 

The analyses were run for the November/December 
time frame, which corresponds to the low flow time of 
year in the Columbia River when groundwater dis- 
charge to the river is greatest. During other times of 
the year, when the river stage is higher, the extraction 
wells intercept a higher percentage of the flow. For 
additional discussion on the 100-KR-4 and 100-HR-3 
models, refer to DOE/RL-99-13. For additional discus- 
sion on the 100-NR-2 model, refer to DOE/RL-99-02. 

4.2.2 Model Results for 200-UP-1 
Operable Unit 

Numerical modeling for this pump-and-treat 
operation was performed to evaluate effectiveness in 
containing the targeted area of the technetium-99 and 
uranium plumes and to track the progress of remedi- 
ation. On the basis of the modeling results, the steady 
state capture flow hes  extend outside and contain the 
entire targeted area of the plume (see Figure 2.8-40). 
Thus, the one extraction well (299-W19-39) appears 
capable of capturing and containing the entire high 
concentration area of the technetium-99 and uranium 
plumes. By the end of September 1999, the extrac- 
tion well had removed at least one pore volume from 
the entire targeted plume area. The plume capture 

. 
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efficiency was -71%, which is the ratio of the amount 
of water removed from the target area of the plume to 
the total amount of water removed from the aquifer. 
For additional discussion on the 200-UP:l model, 
refer to DOE/EU-99-02 and DOW-99-79. 

’ 

computer models of two pump-ana- 
treat systems in the 200 West Area esti- 
mate the capture zone of pumping wells. 

4.2.3 Model Results for 200-ZP-1 
Operable Unit 

Numerical modeling was also performed to evalu- 
ate the remedial action at this pump-and-treat opera- 
tion. The modeling results show the capture flow lines 
ofthe extxactim wells extending outside the targeted 
carbon teaachloride plume area and converging in 
the areas between the wells (DOE/RL-99-79). Thus, 

i d  
modelmg indicates that the pump-and-treat extractih 
wells contain the entire high concentration area of the 
plume, and provide a continuous hydraulic barrier to 
plume movement. The capture zone is shown in 
Figure 2.8-17. 

The three northemmost extraction wells have 
operated since 1996, and the areas of capture for indi- 
vidual wells have merged. The numerical modeling 
predictions indicate that pump-and-treat operations 
have removed 1 pore volume of water from the upper 
15 meters ofthe aquifer from an area of332,ooO square 
meters around the northernmost extraction wells. 
The three southemmast extraction wells began oper- 
ating in 1997, and the areas of capture for individual 
wells have not mexged. The modeling predictions indi- 
cate that wells 299-W15-32, -36, and -37 have removed 
1 pore volume of water from an area of 12,000,24,000, 
and 31,000 square meters, respectively, around those 
wells. For a more detailed description of 200-ZP-1 
modeling, refer to DOE/RI.-99-02 and DO-99-79. 

L t  
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5.0 Well Installation, Maintenance and 
Decommissioning 

R. B. Mercer, B.  A. WiuimnS, J. E. Auten 

This section describes well installation, mainte- 
nance, and decommissioning activities conducted on 
the Hanford Site during fiscal year 1999. 

5.1 Well Installation 
The Hanford Groundwater Monitoring Project 

defines needs for new monitoring wells in a description 
of work between Pacific Northwest National Labora- 
tory and Bechtel Hanford, Inc. Each year, the ground- 
water project installs new wells to maintain network 
compliance with the Resource Conservation and Rem- 
ery Act of 1976 (RCRA) groundwater monitoring 
requirements and U.S. Department of Energy (DOE) 
orders. These compliance issues include ongoing 
RCRA facility groundwater assessments, replacement 
of monitoring wells that go dry because of the declin- 
ing water table, replacement of wells that pose con- 
tamination risks to the environment, improvement of 
spatial coverage of the monitoring networks, and ver- 
tical characterization of groundwater contamination. 
The environmental restoration contractor also deter- 
mines its needs for new wells annually. 

bi 

Twenty-six new wells were installed on the 
Hanford Site in fiscal year 1999: 

b 8 for RCRA monitoring 

b 16 for CERCLA investigations or 
remediation 

F 1 for a proposed low-level waste site 

b 1 for vadosezone characterization at a 
tank farm. 

Each year DOE and the Washington State Depart- 
ment of Ecology (Ecology) approve RCRA wells 
through a process that integrates data quality objec- 
tives. This process integrates the data needs of various 
Hanford Site projects in the proposed wells (i.e., Com- 
prehensive Environmentul Response, Compensation, and 
Liability Act of 1980 and Tank Waste Remediation 
System). 

Milestone M-24-00K (Ecology et al. 1989) required 
the installation of eight new RCRA groundwater moni- 
toring wells (Table 5.1-1) by February 29,2000. Well 
data packages will be published in fiscal year 2000 
with more detailed information about these new wells, 
including the detailed geologic and geophysical 
descriptions and a complete set of sampling data results. 
Sixteen new wells were installed in the 100 Areas for 
activities related to environmental restoration. One 
well was installed to support characterization for a 
proposed immobilized low-activity waste repository 
and another for vadose zone characterization at the 
SX Tank Farm (see Table 5.1-1). 

5.2 Well Maintenance 
Maintenance of groundwater wells is performed 

to meet regulatory requirements as part of a scheduled 
preventive maintenance cycle (routine) or in response 
to problems identified in the field (non-routine). 
Non-routine maintenance includes both surface and 
subsurface tasks. Surface tasks include conducting field 
inspections, well labeling, maintenance and replace- 
ment of locking well'caps, casing repairs, and diagnosis 
and repair of surface electrical and pump-discharge 
deficiencies. Subsurface tasks include repairing and 
replacing sampling pumps; performing camera surveys; 
brushing casing perforations or screens; developing 
wells to improve yield, recovery, and sample quality; 
or removing sediment accumulation. Routine mainte- 
nance is performed on a 5-year cycle in support of 
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groundwater sampling and to minimize non-routine 
maintenance activities. At a minimum, routine main- 
tenance includes the following tasks: 

removal of groundwater sampling pump system 

inspection and repair or replacement of sam- 
pling pump system and/or aquifer testing 
instrumentation/equipment 

and/or aquifer testing inStNmentation/equipment 

* brushing/cleaning of well casing perforations/well 
screen 

removing debris and fill material 

developing the well 

performing borehole video camera survey 

reinstallation of sampling and/or aquifer-testing 
instrumentation/equipment 

documenting well conditions and maintenance 
activities. 

About I IO w e b  were repaired m 
deaned and 6 wells w e  dem- 
injkdyem-1999. 

Non-routine tasks are performed in response to a 
problem identified in the field. Non-routine mainte- 
nance tasks are varied and dependent on the specific 
problem encountered at a well. 

Ld 
A summary of the number of maintenance activi- 

ties by regulatory program, on which routine and 
maintenance tasks were performed in fiscal year 1999, 
is presented in Table 5.2-1. . . 

5.3 Well Decommissioning 

Decommissioning activities result in the perma- 
nent removal of a well from service and from the 
H&rd Site well inventory. Well decommissioning 
is performed in accordance with Ecology standards 
(WAC 173-160). A well becomes a candidate for 
decommissioning if its use has been permanently dis- 
continued; if its condition is so poor that its continued 
use is impractical; or it poses an environmental, safety, 
or public health hazard. 

Wells that present the risk of being immediate 
hazards to the public health or safety are categorized 
into basic risk groups (high, medium, and low). These 
categories identify wells that have the potential to 
provide preferential pathways that allow movement of 
contaminants deeper into the subsurface strata. Well 
classifications are shown in Figure 53-1. 

c1 
At this time, well decommissioning is generally 

driven by the long-range environmental restoration 
schedule (DOE/RL-96-105, Rev. 1). During fiscal 
year 1999, six Hanford Site wells were decommis- 
sioned (Table 5.3-1). Wells decommissioned to date 
on the Hanford Site are illustrated also in Figure 53-1. 
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Table 5.1- 1. Well Installations for Fiscal Year 1999 

-. 
bd 

Well Number 

199-D4-19 
199-D4-20 
199-D4-21 
199-D4-22 
199-D4-23 
199-D5-36 
199-D5-37 
199-D5-38 
199-D5-39 
199-D5-40 
199-D5-41 
199-D5-42 
199-D5-43 
199-D5-44 
199-H4-65 
199-K-126 
299-E17-21 
299-E33-334 
299-E33-335 
299-W15-41 
299-W22-48 
299.W22-49 
299-W22-50 
299-W23 - 19 
299-W26-13 . 

699-43-44 

Well ID 

B8746 
B8750 
B8755 
B8778 
B8779 
B8744 
B8745 
B8747 
B8748 
B8749 
B875 1 
B8752 
B8753 
B8754 
B8759 
B8760 
B8500 
B8810 
B8811 
B8815 
B8812 
B8813 
B8814 
B8809 
B8817 
B8758 

Program 

CERCLA 
CERCLA 
CERCLA 
CERCLA 
CERCLA 
CERCLA 
CERCLA 
CERCLA 
CERCLA 
CERCLA 
CERCLA 
CERCLA 
CERCLA 
CERCLA 
CERCLA 
CERCLA 

ILAW 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RPP 
RCRA 
RCRA 

Project 

100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-HR-3 Operable Unit 
100-KR-4 Operable Unit 

ILAW 
B-BX-BY tank farms 
B-BX-BY tank f m  
Tx-TY tank farms 
s-sx tank farms 
s-sx tank farms 
s-sx tank farms 

RPP 
216-S-10 pond and ditch 

B Pond 

ILAW = Immobilized low-activity waste. 
RPP = River Protection Project. 

Table 5.2-1. Well Maintenance Summary 

Program Routine Nonroutine 

RCRA 11 42 
CERCLA 5 23 
Surveillance 14 16 
Total 30 81 

RCRA 
CERCLi4 = Comprehensive Environmental Response, Compensation, 

= Resource Conservation and Recovery Act of 1976. 

and Liability Act of 1980. 
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Ld 
Table 53-1. Wells Decommissioned in Fiscal Year 1999 

Well Name Well ID Location Date 

199-D5-12 A4569 100 D September 30,1999 
299-E25-27 A4772 200 East December 9,1999 
299-E25-33 A4781 200 East December 9,1999 
299-E25-49 A6038 200 East December 14,1999 
299-E25-50 A6039 200 East December 10,1999 
299-W23-234 I32828 200 west August 30,1999 

. 
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Figure 5.301. Classification of Wells for Decommissioning 
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Supporting Information 

M. J. Hartman 

This appendix lists supplemental information for 
waste disposal facilities on the Hanford Site requiring 
groundwater monitoring and regulated under the Wash- 
ington Administrative Code (WAC) (Figure A.l). 
Most of these are regulated under the Resource Cower- 
oation and Recouery Act of 1976 (RCRA) (WAC 173- 
303), on which this appendix is focused. Three treated 
effluent disposal facilities (WAC 173-216), one solid 

water operable units (Comprehensiue Enoironmentul 

Response, Compensation, and Liubility Act of 1980 
[CERCLA]) are also included. Exceedance of drink- 

waste landfiil (WAC 173-304), and various ground- 

A.l 100 B/C Area 
The 100 B/C Area continued to be monitored in 

accordance with CERUA (1OO-BG5 Operable Unit) 
and the Atomic Energy Act of 1954. The CERCLA 
well network and constituent list were revised in fiscal 
year 1999 and are documented in Federal Facility 
Agreement and Consent Order Change Control Form 

ules and analyte selection are coordinated to meet the 
requirements of both regulations. 

NO. M-15-99-03, dated July 14,1999. Sampling Scheed- 

Monitoring wells in the 100 B/C Area are sam- 
pled biannually to quarterly. Strontium-90 and trit- 

ing water standards and derived concentration guides 
are also discussed for each geographic region. Infor- 
mation required by the regulations (e.g., assessing the 
adequacy of the monitoring networks) is included for 
each RCRA unit. 

ium exceeded their interim drinking water standards 
locally. Gross beta also exceeded its standard, come- 
sponding to the wells with high strontium-90. Chro- 
mium exceeded the maximum contaminant level in 
two wells, nitrate in one well. No radiological con- 
taminants were detected at levels above the derived 
concentration guides. 

A2 100 K kea 

-. 

Table A.1 lists the monitoring status for RCRA 
facilities at the end of fiscal year 1999. Estimates of 
groundwater velocity, and supporting data, are shown 
for RCRA sites in Table A.2. Table A.3 lists wells 
exceeding drinking water standards for each regulated 
unit during b l  year 1999. 

Regulatory compliance issues related to ground- 
water in the 100 K Area include monitoring associ- 
ated with the KE and KW Fuel Storage Basins and 
CERCLA environmental restoration activities. The supplemental information includes tables 

of wells, constituents, and statistical evaluations 

A.2.1 KW and KE Fuel Storuge Basins (Table A.4 through A.51) and maps of well locations 
(Figures A.2 through A.23). The tables provide refer- 
ences to applicable monitoring plans. Wells that are 
sampled jointly with other RCRA units or to meet the 
requirements of other regulations or U.S. Department 
of Energy (DOE) orders are noted in the “other net- 
works” column. 

Groundwater monitoring in fiscal year 1999 indi- 
&em were f1o new from bins .  DOE 

monitors groundwater m&d these facilities to ensure 
compliance with requirements for nuclear fuel and 
waste storage facilities (DOE Order 5400.1 [IV]9b). 
The regulatory basis for monitoring these facilities is 

libj 
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further described in the W o r d  Site environmental 
monitoring plan (DOE/RL-91-50, Rev. 2). The imple- 
mentation of these monitoring and reporting require- 
ments is contained in a groundwater monitoring and 
assessment plan (WHCSD-EN-AP-174). 

A.2.2 100-KR-4 Operable Una 

The environmental restoration contractor con- 
tinued to operate a pump-and-mt system for chro- 
mium in 100KArea in fiscal year 1999. The system 
is an interim action in response to a 1996 record of 
decision (ROD 1996a). 

The specific objectives of the pump-and-treat sys- 
tem are to protect aquatic receptors in the Columbia 
River bottom substrate from conmminants in ground- 
water entering the Columbia River, protect human 
health by preventing exposure to contaminants in the 
groundwater, and provide information leading to a 
final remedy. The performance evaluation and annual 
summary reports indicated that the pump-and-treat sys 
tem reduces contaminant flux to the Columbia River 
by creating a hydraulic barrier that extends along the 
length of the trench. The extraction wells and treat- 
ment system capture and remove contaminants from 
the groundwater passing between the trench and the 
river that otherwise would enter the Columbia River. 
Institutional controls prevent access to groundwater, 
thereby protecting human health. Water-level, con- 
taminant, system treatment cost and efficiency, and 
geologic data all serve to provide the decision basis for 
the future final remedy. This area is discussed in more 
detail in Section 2 3  of the main text. 

CERCLA characterization of groundwater con- 
tamination also C0;ltinued in fiscal year 1999. The 
groundwater monitoring schedule consists predomi- 
nantly of annual sampling of wells, with analyses for 
anions, metals, and radiological indicators (BHI-00916). 
The list of wells, frequency of sampling, and analyses 
to be performed are described in National Priorities 
List Agreemenslchange Control Form No. 108, dated 
November 20,1996. DOE/RL-96-90 and DOE/RL- 
96-84 describe sampling and monitoring required as 
part of the interim action. 

hi 
A.2.3 Drinking Water Standards and 
Derived Concentration Guides 

In fiscal year 1999, strontium-90 exceeded the 
l,OOO-pCi/L derived concentration guide in well 
199-K-l09A, near the 116-KE-2 crib. Tritium 
exceeded the 2 million pCi/L derived concentration 
guide in well 199-K-30. Wells downgradient of the 
KW and KE Reactors exceeded the drinking water 
standards for tritium, strontium-90 (and gross beta), 
carbon-14, and nitrate. Chromium exceeded the 
100-pg/L maximum contaminant level near the 
KE Reactor and the 116-K-2 liquid waste disposal 
trench. Trichloroethylene exceeded the 5-Clgn maxi- 
mum contaminant level near the KW Reactor. Two 
wells upgradient of KE Reactor exceeded the 0.1 mg/L 
limit for nickel. Single samples exceeded the maximum 
contaminant levels for cadmium and thallium in fil- 
tered samples from wells 199-K-34 and 199-K-36, 
respectively. Isolated exceedances of secondary limits 
for iron, manganese, and nickel also were observed. LJ 
A.3 100 N Area 

Regulatory compliance of the groundwater in the 
100 N Area includes RCRA monitoring, CERCLA 
environmental restoration activities, and a National 
Pollutant Discharge Elimination System permit under 
the Federal Water Pollution Control Act. 

A.3.1 RCRA Units 

The 1301-N, 1324-N/NA, and 1325-N liquid 
waste disposal facilities are monitored in accordance 
with RCRA interim status indicator evaluation pro- 

cal year 1999, +ent and do+ent wells were 
sampled twice for contamination indicator parameters 
(pH, specific conductance, total organic carbon, and 
total organic halides) and once for groundwater quality 
and site-specific parameters (Table A.4 and Figure A.2). 
The critical mean values for indicator parameters 
were all revised in December 1999 for evaluating the 
data from September 1999 and from fiscal year 2000 

g r a m ~  (40 CFR 265, WAC 173-303-400). During fis- 

i 
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(Tables A S  through A.7). The new values are based 
on recent data (1997 through 1999) from the upgra- 
dient wells. 

At the 1301-N facility, total organic carbon in 
downgradient well 199-N-3 exceeded the critical mean 
value in January, March, and September 1999. Wash- 
ington State Department of Ecology (Ecology) was 
notitied in February 1999. E3ecause no organic constitu- 
ents of concern have been identified in 1301-N waste 
or sediment, the contamination is assumed to come 

* from another source, and the site remains in indicator 
evaluation status. . 

Specific conductance in wells 199-N-59,199-N-72, 
and 199-N-73 downgradient of the 1324-N/NA site 
continued to exceed the critical mean value in fiscal 
year 1999. A groundwater quality assessment indi- 
cated that the high specific conductance is caused by 
the non-hazardous constituents sulfate and sodium 
(%"CSD-EN-EV-003, Rev. 1). Because an assess- 
ment has already been completed and non-hazardous 
constituents caused the high conductance, no further 
action was needed. 

u 
Concentrations of total organic carbon in one 

downgradient well (199-N-59) continued to exceed the 
critical mean value in March 1999 at the 1324-N/NA 
site. Ecology has agreed that the contamination is 
from another source so assessment monitoring is not 
required. In accordance with Ecology's e c t i o n ,  a 
detection monitoring program continues for this site. 
Total organic carbon data from September 1999 did 
not dxceed the revised critical mean value. 

The revised critical mean value for specific con- 
ductance at the 1325-N facility was lower than the 
previous value, and two of the downgradient wells 
exceeded the revised mean in September 1999. DOE 
notified Ecology and submitted an assessment report 

- 

that concluded the exceedance did not indicate con- 
tamination from the facility (see Section 2.4 of the 
main text). 

Of the dangerous waste constituents or byproduct 
discharged to these facilities, only nitrate exceeded 
the maximum contaminant level, and the sources are 
unclear (see Section 2.4.3 of main text). The 1301-N 
and 1325-N facilities have contaminated the ground- 
water with tritium and strontium-90, but radionuclides 
are not monitored as part of the RCRA program at 
these facilities. The 1324-N/NA site has contami- 
nated groundwater with sulfate and sodium, which are 
not dangerous waste constituents. Table A.3 lists 
constituents that exceeded drinking water standards 
in fiscal year 1999. 

The closure plans for these facilities were revised 
and incorporated into a modification of the Hanford 
Site RCRA Permit (Ecology 1994). The modification 
became effective in fiscal year 1999. Remedial actions 
will be integrated with the 100-NR-1 and 100-NR-2 
Operable Units. The closure plan (DOEN-96-39) 
states that RCRA monitoring during and after closure 
activities will continue, according to the existing 
interim status monitoring plan (WHGSD-EN-AP-038, 
Rev. 2). The current well networks adequately moni- 
tor the sites, and there are no plans to modify the net- 
works in fiscal year 2000. 

A.3.2 100-NR-2 Operable Unit 

A pump-and-treat system for strontium-90 con- 
tinued to operate in 100 N Area in fiscal year 1999. 
The environmental restoration contractor operates 
the system in response to an action memorandum(p) 
and a record of decision signed in September 1999 
(Ecology 1999). 

(a) Letter from D. Butler (Washington State Department of Ecology) and R. E Smith (US. Environmental Protection Agency) 
to R. Izatt (U.S. Department of Energy, Richland Operations office, Richland, Washington) dated September 23,1994, "Actim 
Memorandum: N-Springs Expedited Response Action Cleanup Plan, U.S. Department of Energy, Hanford Site, Richland,' 
Washington." 

L d  
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The goals of this pump-and-treat system are to: 

reduce strontium-90 contamination flux from the 
groundwater to the Columbia River 

evaluate commerciauy available treatment options 
for strontium-90 

provide data necessary to set demonstrable 
strontium-90 groundwater cleanup standards. 

The system met these goals in fiscal year 1999 
(see Section 2.4.1 of the main text). The pump-and- 
treat operation is successfully intercepting and captur- 
ing groundwater containing elevated concentrations 
ofmntium-90, and preventing that groundwamhm 
dmhargmg into the Columbia River. The pump-and- 
treat program collects hydraulic monitoring data, con- 
taminant monitoring data, and treatment system 
operation data to & treatment system perf-, 
and to provide the basis for selecting the final remedy. 

National Priorities List Agreementlchange Con- 
trol Form No. 113, dated March 25, 1997, specifies 
performance monitoring requirements for the N Springs 
pump-and-treat system. The basic requirement is to 
sample the process influent and effluent streams 
monthly for strontium-90 analysis and to place the 
analytical results in a database to which the regulator 
has access. An update to the origmal monitoring plan 
(i.e., BHI-00164, Rev. 1) identifies and sumfllilfizes all 
current groundwater monitoring being conducted in 
the 100 N Area (BHI-01165). 

The remedial investigation for the 100-NR-2 Oper- 
able Unit also cd€ected groundwater data in fixal year 
1999. Monitoring results, along with information 
gained by operating the pump-and-treat system, will 
be used to support selection of a final remediation 
alternative for the operable unit. Federal Facility Agree- 
ment and Consent Order Change Control Form No. 
M-15-96-08, signed on October 9,1996, lists the wells ' 
and analyses to be performed to satlsfy groundwater 
monitoring requirements for the 100-NR-2 Operable 
Unit (CERCLA) and the 1301-N, 1325-N, and 
1324-N/NA facilities (RCRA). 

The Sitewide Environmental Surveillance Project 
collects riverbank seepage annually. Authority for 
this activity comes from DOE orders for environmen- 
tal monitoring. The results are presented in an annual 
report (e.g., Section 4.2 in PNNL-11795). The Near- 
Facility Environmental Monitoring Program, which is 
also mandated primarily by DOE orders, conducts 
additional groundwater and surface water monitoring. 
Samples are collected from 13 near-river well casings, 
which have been driven into the shoreline gravels, 
and also from a near-river monitoring well. The moni- 
toring supports activities for waste management and 
environmental restoration and helps determine the 
effectiveness of effluent treatment and control practices. 
Results are presented annually (e.g., HNF-EP-0573-6). 

1 

A.3.3 Pollution Permit 

Until May 1999, the National Pollutant Disdrarge 
Elimination System permit required that 100 N Area 
well 199-N-8T be sampled quarterly for ammonium, 
chromium, grease, iron, oil, and temperature. The 
origmal purpose of this sampling was to monitor the 
effects of effluent discharge that was associated with 
the 1301-N and 1325-N facilities at a near-river loca- 
tion. %cause neiker facility has been in operation 
since. 1991, the permit was revised to eliminate this 
requirement. 

L: 

. 

A.3d Drinking Water Standards and 
Derived Concentration Guides 

Strontium-90 continued to exceed the l,OOO-pCi/L 
derived concentration guide in well 199-N-67. Nitrate, 
strontium-90 (and gross beta), sulfate, and tritium 
continued to exceed maximum pntaminant levels or 
drinking water standards in the 100 N Area. Filtered 
manganese exceeded itssecondarymaximumcontami- 
nant level in two wells. Filtered chromium exceeded 
itsmaximumcon taminant level in one well completed 
in a locally confined unit. ' 

A.4 
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A.4 100 D Area 

RCRA and CERCLA govern groundwater moni- 
toring in the 100 D Area. CERCLA environmental 
restoration activities include remedial investigations 
and performance monitoring associated with the 
groundwater interim action pump-and-treat system. 

AA.1 120-D-1 Ponds 

The 120-D-1 ponds well network (Table A.8 and 
Figure A3)  was sampled once in fiscal year 1999. After 
that, Ecology implemented modification E of the Han- 
ford Site RCRA Permit (Ecology 1994) and the site 
was clean closed. This means that all dangerous waste 
or dangerous waste constituents or residues associated 
with the operation of the ponds have been removed. 
The closure plan (DOE/RL-92-7 1, Rev. 2) is a demon- 
stration of clean closure, and there are no requirements 
for a landfill cover, postclosure care, or further ground- 
water monitoring. /,, 

Statistical evaluations of indicator parameter data 
indicated that the ponds have had no adverse impact 
on groundwater quality. Mercury is the only listed 
waste that may have been discharged to these ponds 
and was never detected in any of the downgradient 
monitoring wells. Chromium and nitrate from upgra- 
dient sources exceeded maximum contaminant levels 
(see Table A.3). 

u 

AA.2 100-HR-3 Operable Unit 

The extraction well network in the northern region 
of the 100 D Area continued to operate through f i i  
yeaf 1999. The purp&e for the interim remedial action 
is to decrease the amount of hexavalent chromium 
that is entering the Columbia River via groundwater. 
The key documents that pertain to this interim action 
are the record of decision to proceed (ROD 1996b) 
and the performance monitoring plan ( 

The specific objectives of the pump-and-treat sys- 
tem are to protect aquatic receptors in the river bot- 
tom from contaminants in groundwater entering the 
Columbia River, protect human health by preventing 

u 

exposure to contaminants in the groundwater, and 
provide information leading to a final remedy. The 
performance evaluation and annual summary reports 
indicated that the pump-and-treat reduces contami- 
nant flux to river by creating a hydraulic barrier that 
extends parallel along the length of the trench. The 
extraction wells and treatment system capture and 
remove contaminants from the groundwater passing - 
between the trench and the river that otherwise would 
enter the Columbia River. Institutional controls pre- 
vent access to groundwater, thereby protecting human 
health. Water-level, contaminant., system treatment 
cost and efficiency, and geologic data collected in sup- 
port of the project all serve to provide the decision basis 
for the future final remedy. It is discussed in more 
detail in Section 2.5 of the main text. 

Groundwater monitoring in other 100-HR-3 wells 
in 100 D Area also continued during fiscal year 1999. 
The list of wells to be sampled and the analyses to be 
performed have been agreed on and are described in 
National Priorities List Agreement/Change Control 
Form No. 107, dated November 20,1996. Most wells 
are sampled m u a l l y ,  and the samples are analyzed for 
anions, metals, and radiological indicators. DOW- 
96-90 and DOEIRc96-84 describe monitoring required 
as part of the interim action. 

The US. Environmental Protection Agency 
(EPA), Ecology, and DOE signed an amended record 
of decision for the 100-HR-3 Operable Unit in Octo- 
ber 1999 (ROD 1999). The amendment adds a require- 
ment for implementing in situ redox manipulation to 
remediate the chromium plume in the southwestern 
100 D Area. The goal of this treatment system is to 
reduce concentrations of hexavalent chromium to 
20 pg/L or less in compliance wells, which are yet to be 
determined. A design repor&vok plan is being pre- 
pared to define groundwater monitoring requirements. 

AA.3 Drinking Water Standards and 
Derived Concentrafion Guides 

Nitrate and chromium exceeded the maximum 
contaminant levels or drinking water standards during 

AS 
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fiscal year 1999 in a fairly broad area. Strontium-90 
and tritium exceeded interim standards in one well in 
the central 100 DArea and another well in the north- 
em l00D Area; tritium contamination that migrates 
from the 100 N Area is present in the Southwestern 
100 D Area at levels above the drinkng water standar& 
No radiological constituents exceeded the derived 
concentration guides. 

A.5 100 H Areg 
RCRA and CERCLA govern groundwater moni- 

toring in the 100 H Area. Environmental restoration 
activities under CERCLA include remedii investiga- 
tions and performance monitoring associated with the 
groundwater interim action pump-and-treat system. 

A.5.1 183-H Solar Evaporation Basins 

This RCRAunit continuedtobemonitored under 
a final status corrective-action program during fiscal 
year 1999 (WAC 173-303-645). Thelocation was 
incorporated into the Hanford Site RCRA Permit 
(Ecology 1994) in 1998. Groundwater remediation is 
integrated with the 100-HR-3 Operable Unit, where 
eremediation for chro&um is under way. While the 
pump-and-treat system is operating, RCFW monitoring 

fluoride, nitrate, technetium-99, and d u m  (PNNL- 
11573; Table A.9 and Figure A.4). The wells were 
sampled in November 1998. 

consists of annual sampling of four wells for Chromium, 

The current monitoring network was designed to 
accommodate groundwater flow imposed by the pump- 
and-treat system. The network remains adequate, and 
no changes are planned for fiscal year 2000. 

A.5.2 100-HR-3 Operable Unit 

The extraction and injection well networks in the 
100 H Area continued to operate through fiscal year 
1999. 

The purpose for the interim action is to decrease 
the amount of hexavalent chromium that is entering 
the Columbia River via groundwater movement. The 

key documents that pertain to this interim action are 
the record of decision to proceed (ROD 1996a) and 
the remedial action work plan (DOE/RL-96-84). 

The specific objectives of the pump-and-treat sys- 
tem are to protect aquatic receptors in the river bottom 
substrate from contaminants in groundwater entering 
the Columbia River, protect human health by pre- 
venting exposure to contaminants in the groundwater, 
and provide information leading to a final remedy. The 
performance evaluation and annual summary reports 
indicated that the pump-and-treat system reduces 
contaminant flux to the river by creating a hydraulic 
bamer that extends parallel along the length of the 
trench. The extraction wells and treatment system 
capture and remove contaminants from the ground- 
water passing between the trench and the river that 
otherwise would enter the Columbia River. Institu- 
tional controls prevent access to groundwater thereby 
protecting human health. Water-level, contaminant, 
system treatment cost and efficiency, and geologic data 
all serve to provide the decision basis for the future 
final remedy. The interim action is discussed in more 
detail in Section 2.6 of the main text. 

i j  

Groundwater monitoring in other 100-HR-3 wells 
in the 100 H Area also continued during fiscal year 
1999. The list of wells to be sampled and the analyses 
to be performed have been agreed on and are described 
in National Priorities List AgreementjChange Con- 
trol Form No. 107, dated November 20,1996. Most 
wells are sampled annually, and the samples are ana- 
lyzed for anions, metals, and radiologiel indicators. 
During fall 1998, aquifer sampling tubes and riverbank 
seepage were sampled. DOE/RL-96-90 and DOW- 
96-84 describe additional monitoring that is required 
as part of the interim action. 

A.5.3 Drinking Water Standards and 
Derived Concentration Guides 

Maximum contaminant levels were exceeded in 
the 100 H Area for the following constituents during 
fiscal year 1999: chromium and.nitrate throughout 
the 100 H Area, gross beta near the former 183-H 

. 
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solar evaporation basins and 107-H retention basins, 
strontium-90 near the former 107-H retention basins, 
and uranium near the former 183-H basins. In all cases, 

the fiscal year 1999 values exceeded the limits by rela- 
tively small margins. Another contaminant of con- 
cern, technetium-99, remained below the 9OO-pCi/L 
standard in fiscal year 1999. No radiological constitu- 
ents exceeded the derived concentration guides. 

A.6 100FArea 
CERCLA (100-FR-3 Operable Unit) and the 

Atomic Energy Act of 1954 govern groundwater moni- 
toring in the 100 F Area. The CERCLA monitoring 
network and constituent list were revised in fiscal year 
1999 and are documented in Federal Facility Agree- 
ment and Consent Order Change Control Form No. 
M-15-99-02, dated July 14,1999. The Hanford 
Groundwater Monitoring Project coordinates sampling 
schedules and analyte selection to meet the require- 
ments of both regulations. Wells are sampled biannu- 
ally to quarterly. 

Nitrate exceeds its maximum contaminant level 
beneath most of the 100 F Area and downgradient. 
Gross beta, strontium-90, trichloroethylene, tritium, 
and uranium also exceeded standards locally. No 
radiological constituents’ exceeded the derived con- 
centration guides. 

A7 200 West Area 

RCRA, CERCLA, and state dangerous waste re@- 
lations govem groundwater monitoring in the 200 West 
Area. Groundwater is monitored at eight RCRA sites 
and two groundwater operable units. 

A.7.1 Waste Management Area S-SX 

This RCRA site continued to be monitored under 
an interim status assessment program during fiscal year 

1999. DOE initiated the assessment program in 
response to a directive from Ecology in 1996. The 
directive cited anomalous trends in technetium-99 and 
high specific conductance as primary reasons for the 

assessment. An assessment plan was submitted in 
August 1996 (WHCSD-EN-AP-191). A report on 
the results of the assessment (PNNL-11810) concluded 
that this waste management area contributed to ground- 
water contamination. Accordingly, investigation of 
the rate and extent of the contamination is required. 
Current monitoring wells and constituents are listed 
in Table A.10. Well locations are shown in Figure AS. 
Three new wells were installed in 1999 to improve 
spatial coverage and to replace wells going dry. Addi- 
tional wells are needed to replace upgradient wells 
that will be dry in 2000 and in the following years. 
However, any new drilling for fiscal year 2000 is sub- 
ject to funding availability. 

The rate of movement (see Table A.2) and extent 
of contamination at this site are discussed in Section 2.8 
of the main text. 

A.7.2 Waste Management Area T 

This RCRA site continued to be monitored under 
an interim status assessment program during fiscal year 
1999 (Table A.ll and Figure A.6). Waste management 
areas T and ?x-TY began assessment monitoring in 
November 1992 because of high specific conductance 
in downgradient wells (WHC-SD-EN-AP-132). 
Assessment findings (PNNL- 1 1809) indicated that 
con taminants in well 299-W10-15 are a mult of sources 

outside the waste management area. There is strong 
evidence, however, that contaminants observed in 
well 299-Wll-27, which include chromium, cobalt-60, 
nitrate, technetium-99, and tritium, are a result of 
sources within the waste management area, so assess- 
ment work has mntinued. The plume detected in well 
299-Wll-27 has reached well 299-W11-23, located to 
the east of 299-W11-27, apparently as a result of 
changed groundwater flow direction at Waste Man- 
agement Area T. 

The rate of groundwater flow (see Table A.2) and 
the extent of contamination at t h i s  site is discussed in 
Section 2.8. 
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The current network of wells is inadequate for 
assessment monitoring. A minimum of two and prob- 
ably three new wells are needed along the eastern 
margin of the waste management area. Two have 
been proposed, one between wells 299-Wll-23 and 
299-Wll-24, and one between wells 299-Wll-24 and 
299-Wll-12. However, the evidence from the 
technetium-99 plume (PNNL-11809) indicates that 
an appropriate well spacing is -35 meters. Thus, two 
new wells between 299-W11-24 and 299-W11-12 
would be appropriate. In addition, there is inadequate 
upgradient coverage because of the change in ground- 
water flow direction. 

A.7.3 Waste Management Area TX-TY 

This RCRA unit continued to be monir.ored under 
an interim status assessment program during fwal year 
1999 (Table A.12 and Figure A.6). Waste Management 
Area TX-TY began assessment monitoring in Novem- 
ber 1991 because of high specific conductance in wells 
299-WlO-17 and 299-W 14-12 (WHC-SD-EN-AP- 
132). The exceedance in well 299-W14-12 was 
accompanied by elevated cobalt-60, iodine- 129, 
technetium-99, and tritium. Assessment results 
(PNNL-11809) indicated that contaminants in well 
299-W10-17 are a result of sources outside the waste 
management area. Assessment results for well 299- 
'51114-12 indicate that the contamination is consistent 
with a source within the waste management area, 
though upgradient sources are also possible. Because 
there was no direct evidence for upgradient sources, 
assessment continues at the site. Well 299-W15-40 
was drilled near the 216-T-25 trench in fiscal year 
1999 to evaluate its potential role in providing the 
observed contamination. Results indicate that the 
trench is not the source of contamination. 

The rate of groundwater flow (see Table A.2) and 
the extent of contamination at this site is discussed in 
Section 2.8. 

The well network is inadequate for assessment 
monitoring. The average distance between monitor- 
ing wells along the southeastern margin of the waste 

management area is -70 meters, and a plume could 
pass through undetected. In addition, because well 
299-W14-12 is expected to go dry, there are no wells 
lAted at intermediate or farther distances to track 
plume movement, and there are no upgradient wells 
for the northern portion of the waste management 
area(TYTankFarm). 

A.7.4 Waste Management Area U 

Monitoring continued in accordance with RCRA 
interim status indicator evaluation requirements in fiscat 
year 1999. The site is sampled quarterly because con- 
taminant concentrations fluctuate rapidly and because 
of the evidence that low levels of technetium-99 from 
the waste management area are contaminating ground- 
water. Quarterly sampling provides assurance that 
changes will be detected rapidly. The wells are sampled 
for a broader suite of constituents than specified under 
the RCRA interim status requirements (Table A.13 
and Figure AS). LJ 

Indicator parameter data from upgradient wells 
were statistically evaluated, and values from down- 
gradient wells were compared to values established 
from the upgradient wells. Two downgradient wells 
(299-W18-30 and 299-W19-42) continue to exceed 
the critical mean value of total organic halides during 
the first and second quarter of fiscal year 1999. The 
exceedance is caused by an +ent source of&n 
tetrachloride, and a letter of notiftcation and assess- 
ment report were submitted to Ecology in August 1998. 

Field specifk condumce in two new downgradi- 
ent wells (299-W19-41 and 299-W19-42) exceeded 
the critical mean value in December 1998 and February 
1999. However, laboratory analyses and relationships 
between cations/anions and specific conductance did 
not support the field measurements. Verification sam- 
phng was not necessary. Anomalous, high field meas- 
urements were attributed to a bad batch of calibration 
solution and the problem was corrected. 

L: The critical range for pH was exceeded in one 
downgradient well (299-W19-12) during February 
1999. This well was a pre-RCRA well that has had 
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higher pH historically. A new groundwater monitor- 
ing plan is being prepared, recommending that this 
well be replaced by a new RCRA standard well and 
during the interim, this well will be used for informa- 
tion only. Background levels were re-established to 
reflect this change. 

Critical mean values were revised in December 
1999 based on recent upgradient data (Table A.14). 
The revised values were applied to data from August 
1999. Recent specifk conductance values in the upgra- 
dient wells have been lower and have had less variabil- 
ity than in the past, so the revised critical mean value is 
lower. Consequently, downgradient well 299-W19-41 
exceeded the revised critical mean in August 1999. 
An assessment plan is being prepared. 

The well network generally is adequate for detec- 
tion monitoring. Well 299-W19-12, an older non- 
RCRA well, is being used temporarily to fill a gap in 
the downgradient network between wells 299-W19-41 
and 299-W19-42. This well is used for indication only 
and a replacement well has been proposed. The u p p  
dient network will be reduced to one well within the 
next year when the water level in well 299-W18-25 
drops too low for sampling. 

i’ 

Only carbn tetrachloride and gross beta exceeded 
maximum con taminant levels in fiscal year 1999. The 
carbon tetrachloride is discussed above. The gross 
beta is caused by technetium-99, which is present in 
the downgradient wells at concentrations below its 
90O&i/L drinking water standard. 

A.7.5 21 6-S-10 Pond and Ditch 

During fiscal year 1999, this facility continued to 
be monitored semiannually under a RCRA interim 
status indicator evaluation program (Table A.15 and 
Figure A.7). Statistical evaluation of indicator 
parameter data from downgradient wells indicates 
that the site is not impacting groundwater. Because 
downgradient well 299-W26-10 could not be sampled 
during this fiscal year, background concentrations w 

were re-established using the fiscal year 1999 network 
of one upgradient and two shallow downgradient wells 
(Table A.16). A new well was installed for use begin- 
ning in fiscal year 2000. 

Sample results that exceeded drinking water stan- 
dards and maximum contaminant levels are presented 
in Table A.3. Chromium remains elevated above the 
lOO-pg/L standard in upgradient well 299-W26-7. 
Because the upgradient well is located adjacent to the 
216-S-10 pond (see Figure A.7), it is unclear if the 
elevated chromium is from an upgradient source or 
from past discharges to the pond. To assess the chro- 
mium source further, a proposal is being drafted to 
reclassify this well as a downgradient well and replace 
it with a new upgradient well in calendar year 2000. 

Currently the 216-S-10 pond and ditch are moni- 
tored by only one upgradient well and two shallow 
downgradient wells because other wells have gone dry. 
The groundwater monitoring network is not adequate 
for RCRA interim status monitoring. One new down- 
gradient well (299-W26-13) is being installed down- 
gradient of the pond and will provide groundwater data 
for the continued evaluation of the elevated chromium. 
Two additional wells, one upgradient and one down- 
gradient, are proposed for installation in calendar year 
2000. 

A.7.6 216-U-12 Ctib 

This RCRA unit continued to be monitored under 
an interim status assessment program in fiscal year 
1999. Assessment monitoring began in 1993 because 
of high specific conductance in two downgradient wells 

001). In h l  year 1999, network monitoring wells 
were sampled quarterly for constituents of interest 
(Table A.17 and Figure A.8). 

(299-W22-41 and 299-W2242) (WHCSD-LEF-EV- 

Based on the results of the assessment investiga- 
tion (PNNL-11574), the site remains in interim status 
assessment monitoring because of continued elevated 
levels of nitrate and technetium-99. However, the 
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objective of the assessment monitoring, rather than 
delineating the existing plumes, is focused on (1) deter- 
mining whether the flux of constituents into the 
groundwater is increashg, staying the same, or decreas- 
ing; (2) monitoring the known constituents until a 
near-term interim corrective action is defined; and 
(3) monitoring until a final status plan is implemented. 
The rate of groundwater flow (see Table A.2) and the 
extent of contamination at this site is discussed in 
Section 2.8. 

The crib will not receive additional effluents and 
is scheduled, a d i n g  to provisions of the Hartford 
Site RCRA Permit (Ecology 1994), to be closed under 
RCRA final status regulations in 2005. 

Currently the 216-U-12 crib is monitored by only 
one upgradient well (299-W2243) and two downgra- 
dient wells (299-W22-79, and 699-36-7OA). Declin- 
ing water levels have rendered downgradient wells 
299-W22-41 and 299-W22-42 dry in the past year 
(both web last sampled in March 1999). The ground- 
water monitoring network is not adequate for RCRA 
interim status monitoring. One new well, 299-W22-79, 
was installed in calendar year 1998 to replace the down- 
gradient wells projected to go dry (PNNL-12127). 
The upgradient well, 299-W22-43, is now projected to 
go dry before the end of calendar year 2000. Two addi- 
tional wells, one upgradient and one downgradient, 
are proposed for installation in calendar year 2000. 

Sample results that exceeded drinking water stan- 

dards and maximum con taminant levels are presented 
in Table A.3. Nitrate, which had a source at this crib, 
remained elevated above the 45-m& standard in all 
downgradient wells. 

A.7.7 Low-Level Waste Management 
Area 3 

This RCRA site continued to be monitored under 
interim status indicator evaluation requirements. 
Groundwater monitoring wells were sampled twice in 
fiscal year 1999 (Table A.18 and Figure A.9). Indica- 
tor parameter data from upgradient wells were statisti- 
cally evaluated, and values from downgradient wells 

were compared to values established from the upgra- 
dient wells. Critical mean values for the contamina- 
tion indicator parameters were not exceeded in any of 
the wells monitoring this waste management area. 
Tables A19 and A20 list revised critical mean values. 

’ 

The network continues to adequately monitor 
this waste management area. Several of the ground- 
water monitoring wells are approaching the point 
where representative sampling will no longer be pos- 
sible because of the declining water table. Additional 
well installations are planned in calendar year 2000. 

A.7.8 Low-Level Waste Management 
Area 4 

Wells are sampled semianndy for contamination 
indicator parameters in accordance with RCRA interim 
status regulations (Table A.21 and Figure A.10). hckO 
ground concentrations for the general contamination 
indicator parameters were re-established during the 
second quarter of fiscal year 1999 because the influ- 
ence of a nearby pump-and-treat system is causing a 
k e d  in the groundwater flow direction. The criti- 
cal mean value for total organic halides was exceeded 
in one downgradient well (299-W15-16) in January 
and July 1999. This well - used to be an upgradient 
well, and the exceedance is believed to be caused by 
carbon tetrachloride from an upgradient source. 

6: 
’ 

Updated critical mean values are listed in Table 
A.22. However, indicator parameters will not be 
evaluated statistically until groundwater flow stabilizes. 
Meanwhile, wells are sampled semiannually to deter- 
mine when flow stabilizes md fo maintain continuity 
in the database. 

This monitoring network is &ly adequate 
to detect releases from Low-Level Waste Management 
Area 4. Additional monitoring wells may be necessary 
in the future, as the water level continues to declie 
and to provide greater downgradient coverage. There 
are tentative plans to change the designation of this 
waste management area so that it will no longer be a 
RCRA facility. If this change occurs, additional Li 
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monitoring wells will not be installed, and groundwa- 
ter monitoring will defer to surveillance monitoring. 

A.7.9 200-UP-1 Operable Unit 

The environmental restoration contractor con- 
tinued to operate a pump-and-treat system in fiscal 
year 1999 (Figure A.11). 

The interim action objectives (ROD 1997) include 
the following: 

reduce contamination in the areas of highest 
concentration of technetium-99 and uranium to 
below 10 times (480 m&) the cleanup level under 
the Model Toxics Control Act (WAC 173-340) for 
uranium, and 10 times (9,000 pCi/L) the maxi- 
mum contaminant level for technetium-99 

reduce potential adverse human health risks 
through reduction of contaminant mass 

prevent further movement of these contaminants 
from the highest concentration area 

provide information that will lead to the devel- 
opment and implementation of a final remedy 
that will be protective of human health and the 
environment. 

As of July 1999, the high concentration portions 
of the technetium-!@ and uranium plumes were hydrau- 
lically contained. However, they were not remediated 
to the levels required by the interim action objectives 
(ROD 1997). Significant progress was made in reduc- 
ing the size and concentrations of the technetium 
plume. Less progress has been made in remediating 
the uranium plume because of its tendency to sorb 
the soil., Section 2.8.3 of the main text discusses 
groundwater remediatim in more detail. 

’ 

A.7.10 200-ZP- 1 OperabIe Unit 

in fiscal year 1999 (Figure A.12). The purpose of the 
pump-and-treat system is to prevent further move- 
ment of groundwater contamination from the high 
concentration portion of the carbon tetrachloride 

The pump-and-treat system co 

plume and to reduce contaminant mass (ROD 1995). 
Section 2.8.3 of the main text discusses groundwater 
remediation in more detail. 

The interim action objectives (ROD 1995) include 
the following: 

prevent further movement of contamination 
from the highest concentration area of the plume 
(i.e., containing carbon tetrachloride inside of 
2,000 to 3,000 pg/L contour) 

reduce contamination in the area of highest car- 
bon tetrachloride concentrations 

provide information that will lead to development 
ofafinal remedy that will be prcktive ofhuman 
health and the environment. 

Data through fiscal year 1999 indicate that the 
plume center (greater than 3,000 w) is moving 
primarily in a northerly and easterly direction toward 
the four northernmost extraction wells. The concen- 
trations of carbon tetrachloride east of the extraction 
wells may be decreasing, as indicated by a decrease in 
concentrations in monitoring well 299-W14-9 (from 
-100 pg/L in mid-1997 to -20 pg/L at the end of fiscal 
year 1999). However, &-e area of the 4,000 pg/L con- 
tour has apparently increased in size since 1996. 
Spreading of the 4,000 Clgn contour is attributed to 
the effects of pumping. 

A.7.11 State-Approved Land Disposal 
Site 

A state waste discharge permit (WAC 173-216) 
requires groundwater monitoring at thii site. The per- 
mit was granted in June 1995, and the site began to 
operate in December 1995. Groundwater monitoring 
for tritium only is conducted in 17 wells near the facil- 
ity (Table A.23 and Figure A.13). The permit stipu- 
lates requirements for groundwater monitoring and 
establishes enforcement limits for concentrations of 
16 constituents in 3 additional wells immediately sur- 
rounding the facility and in background well 299-W8-1 
(see Table A.23). 
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During fiscal year 1999, groundwater monitoring 
wells immediately downgradient of the facility con- 
tinued to reflect ddxirges of high levels of tritium to 
the facility that occurred from 1996 through 1998. 
Quantities of tritium ctscharged to the facility during 
fiscal year 1999 have been minimal. No permit enforce- 
ment limits were exceeded during fiscal year 1999. 
Evaluation of the well network indicates that well 
coverage is currently adequate to saw groundwater 
monitoring requirements. 

A.7.12 Environmental Restoration 
Disposal Facility 

This facility is a landfill authorized by CERCLA 
that is designated to meet RCRA requirements of Sub- 
part N, 40 CFR 264. The groundwater monitoring net- 
work consists of one +ent and three downgradient 
wells that are sampled semiannually (Table A.24). In 
addition, the facility has a system to collect and remove 
leachate that helps evaluate whether the liner system 
is performing within design standards. The groundwa- 
ter protection plan for this landfill is published in 
BHI-00079 and the sampling plan for groundwater 
monitoring is documented in BHI-00873. 

Monitoring wells for this facility were sampled 
twice in fiscal year 1999. Groundwater data collected 
from the monitoring network indicate that the facility 
is not contaminating groundwater. 

A.T.13 Drinking Water Standards and 
Derived Concentration Guides 

The highest tritium umcentration in the 200 West 
Area was slightly below the derived concentration 
guide in fiscal year 1999 in well 299-W14-2. This well, 
located near Waste Management Area TX-TY and 
associated facilities, exceeded the derived concentra- 

tion guide in fiscal year 1998. Total uranium analyses 
of samples from wells near U Plant that indicate the 
derived concentration guides for uranium-234 and 
uranium-238 were exceeded. Iodine-129, technetium- 

dnnkmg water standards in the 200 West Area. Ura- 
nium was found at levels above its proposed maximum 
contaminant level. Nitrate, carbon tetrachloride, 
chloroform, chromium, fluoride, manganese, nickel, 
and trichloroethylene were detected at levels above 
the maximum contaminant levels. 

A.8 200 East Area 
Regulatory compliance issues related to ground- 

water in the 200 East Area include monitoring for 
RCRA and CERCLA requirements. There is also one 
state regulated disposal unit in this region. 

A.8.1 Waste Management Area A-AX , 
i 

This RCRA site continued to be monitored under 
an interim status indicator evaluation program in fiscal 
year 1999. Wells were sampled twice for indicator and 
site-specific parameters (Table A.25 and Figure A.14). 
Indicator parameter data from upgradient wells were 
statistically evaluated, and values from downgradient 
wells were compared to those established from the 
upgradient wells. The indicator parameters (specific 
conductance, total organic carbon, pH, and total 
organic halides) did not exceed critical mean values 
during fiscal year 1999. Table A26 updates the criti- 
cal mean values based on recent upgradient data. 

6/ 

Because of uncertainty in flow directions, the well 
network for this site may not be adequate for RCRA 
monitoring. The aquifer ranges from 2.2 to 4.5 meters 
thick in RCRA network wells. The rate of water- 
table decline has increased from 9.1 centimeters per 
year in 1997 to 30.5 centimeters per year in 1999. If 
this rate continues, three of the RCRA compliant 
wells at Waste Management Area A-AX will become 
unusable in 6 years. 

A.8.2 Waste Management Area B-BX-BY 

RCRA assessment monitoring continued at this 
waste management area in fiscal year 1999. Exceed- 

LJ 
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assessment monitoring. An assessment monitoring 
plan (WHGSD-ENV-AP-002) was issued in Septem- 
ber 1996, followed by an assessment investigation. 
Results indicated that tank waste from this waste man- 
agement area had reached the groundwater (PNNL- 
11826). The assessment program is continuing to 
investigate the rate of movement and extent of ground- 
water contamination at this site (see Section 2.9.1 and 
Table A.2). Wells are monitored at least quarterly, 
and in some cases, monthly. 

For fiscal year 1999, iodine-129, nitrate, 
technetium-99, and uranium exceeded maximum 
contaminant levels or drinking water standards in 
RCRA compliant wells, with corresponding exceed- 
ances of gross beta and gross alpha standards. A fur- 
ther discussion of contaminant trends can be found in 
Section 2.9.1. 

. 

Originally, the RCRA groundwater monitoring 
network was designed for groundwater flow toward the 
northwest, based on regional plume maps. This method 
was used to determine flow direction because the water 
table is almost flat in the immediate area of the farms. 
As part of the ongoing studies, a series of steps are 
being taken to refine water-level measurements to allow 
a better determination the approximate flow direction 
based on the local gradient. Although the aquifer is 
thin through this area, ranging from 2 to 3 meters for 
RCRA compliant wells, it is anticipated that these 
wells can be used for at least 5 years. 

In fiscal year 1999, the monitoring network was 
expanded to include surrounding wells (Table A.27 
and Figure A.15). Some of these wells are RCRA 
compliant, while o;hers are older wells installed to 
monitor past-practice wage disposal sites. The choice 
of monitoring wells is reviewed either monthly or 
quarterly to track amtarnination moving through &e 
site. One new well, 299-J33-44, was installed in fiscal 
year 1998 on the eastern side of BX Tank Farm in sup- 
port ofthe assessment work. A discussion of results from 
monitoring this well can be found in Section 2.9.1. 
Two new wells will be drilled in fiscal year 2000 to 
provide monitoring coverage in the southwestern cor- 
ner of the site. 

A.8.3 Waste Management Area C 

This RCRA site continued to be monitored under 
an interim status indicator evaluation program in fis- 
cal year 1999. Monthly sampling began in fiscal year 
1999 to assess the potential impact of waste removal 
and sluicing of tank contents. In addition, the required 
detection sampling was conducted twice for indicator 
and site-specific parameters (Table A.28 and Fig. 
ure A.14). Indicator parameter data from upgradient 
wells were statistically evaluated. Values from down- 
gradient wells were compared to values established 
from the upgradient wells. The indicator parameters 
(specific conductance, total organic carbon, pH, and 
total organic halides) did not exceed critical mean 
values during fiscal year 1999. Table A.29 lists revised 
critical mean values based on recent data from upgra- 
dient wells. 

Currently, the well network for this site appears to 
comply only @ly with the required placement of 
groundwater monitoring wells because of changes and 
uncertainty in the direction offlow (see Section 2.9.2). 

A.8.4 PURu( Cribs 

The 216-A-10,216-A-36B, and 216-A-37-1 cribs 
were monitored under a RCRA assessment program in 
fiscal year 1999 (Table A.30 and Figure A.16). The 
sites are monitored together because they have similar 
hydrogeology and waste constituents. The groundwa- 
ter monitoring plan (PNNL-11523) was changed from 
an indicator parameter evaluation program to a ground- 
water quality assessment program because of evidence 
of contamination. Combining these cribs into one 
RCRA groundwater monitoring area saves sampling 
and analysis costs because the number of near-field 
wells is reduced. 

Many ofthe far-field wells that formerly were sam- 
pled annually are now sampled every 3 years. These 
wells mainly track the extent and flow rate ofthe exten- 

sive iodine-129, nitrate, and tritium plumes that change 
very little in a 3-year period. This change was incor- 
porated in two updates of the groundwater monitoring 
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planalongwithcorreaions to inappropriateprocemnal 
references (PNNL-11523 RO.l and R0.2). 

The rate and extent of contamination are disc& 
inSections2.9.2.1 through2.9.2.7ofthemaintext. 
Knowledge of the groundwater flow direction and 
flow rate in the southeastern portion of the 200 East 
Area did not change significantly during fiscal year 
1999 (see Table A.2). Therefore, the combined near- 
field and far-field monitoring well networks are ade- 
quate to continue to monitor both the extent and 
rate of flow of the contaminant plumes emanating 
from the PURM cribs. 

During fiscal year 1999, iodine-129, gross beta, 
manganese, nitrate, strontium-90, and tritium con- 
tinue to exceed interim drinking water standards or 
maximum contaminant levels in areas downgradient 
of the PUREX cribs (see Table A.3). Strontium-90, a 

beta emitter, and gross beta exceed the interim drink- 
ing water standards only in well 299-El?-14, which is 
near the 216-A-36B crib. Elevated cnanganese is found 
in wells 299-E25-19 and 299-E25-17 (both near the 
2 16-A-37- 1 crib). However, manganese exceeded 
the 50-pg/L maximum contaminant level only in well 
299-E25-19. Iodine-129, nitrate, and tritium are major 
plumes that extend beyond the near-field monitoring 
well network at the PURM cribs. These more exten- 
sive plumes are monitored by the far-field monitoring 
well network. 

A.8.5 2 16-8-3 Pond 

In fiscal year 1999, groundwater monitoring at 
B Pond continued under an interim status indicator 
evaluation program. The RCRA site was monitored 
under an assessment program from 1990 until January 
1998 because of elevated total organic halides in two 
downgradient wells (699-43-41E and 699-43-41F). 
Assessment results (PNNL 1 1604) concluded that no 

quality beneath B Pond despite erratic, low levels of 
total organic halides. Groundwater beneath the site 
apparently has been affected by tritium and nitrate 
frornpastdwhaqp to B Pond. The site was returned 
to an indicator evaluation program. 

~wasteconstituentshad&ec~gro&ter 

The current network includes eight downgra- 
dient wells and one upgradient well (Table A31 and 
Figure A. 17). One new well was drilled near the end 
of fiscal year 1999 that will be added to the network 
during fiscal year 2000. The network is designed to 
intercept potential contamination entrained in 
groundwater at some distance from the facility'(e.g., 
well 699-44-39B) and contamination potentially 
entering groundwater from the vadose zone near the 
facility (e.g., well 699-42-42B). With the addition of 
the new well in 2000, the network is adequate to 
deteccpotential contamination from the facility. 

statistid evaluations of indicator pat.ameters in 
fiscal year 1999 indicated the site has not adversely 
affected groundwater quality. All replicate averages 
for contamination indicator parameters were below 
critical mean values or limiti of quantitation during 
fiscal 1999. Table A.32 lists critical mean values. 

A.14 

L A.8.6 21 6-A-29 Ditch 

This RCRA unit continued &be monitored under 
an interim status indicator evaluation program in fiscal 
year 1999 (Table A.33 and Figure A.16). Indicator 
parameter data from upgradient wells were statistically 
evaluated, and values from downgradient wells were 
compared to values established from the upgradient 
wells. All replicate averages for contamination indi- 
cator parameters were below critical mean values or 
limits of quantitation during fiscal year 1999. Critical 
mean values are listed in Table A.34. 

. 

The groundwater monitoring plan was revised in 
fiscal year 1999 (PNNL13047). The current network 
is adequate for detection monitoring. 

A.8.7 216-8-63 Trench 

In fiscal year 1999, RCRA monitoring continued 
to provide no evidence that dangerous non-radioactive 
constituents from the site have entered groundwater. 
The well network was sampled twice for the indicator 
parameters pH, specific conductance, total o r d c  
carbon, and total organic halides (Table A35 and Fig- 
ure A.18). All replicate averages for contamination 
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indicator parameters were below critical mean values 
or limits of quantitation during fiscal year 1999. Criti- 
cal mean values are listed in Table A36. The network 
is considered adequate. 

A.8.8 Liquid Effluent Retention Facility 

This RCRA facility is subject to final status moni- 
toring and is included in the Hanford Site RCRA Per- 
mit (Ecology 1994). Until the final status plan is 
approved by the regulators, groundwater is monitored 
under the existing interim status plan (WHC-SD-EN- 
AP-024). 

In fiscal year 1999, groundwater monitoring pro- 
vided no evidence that dangerous, non-radioactive 
constituents from the site have entered the ground- 
water. The RCRA indicator parameters are pH, specific 
conductance, total organic carbon, and total organic 
halides (Table A.37 and Figure A.19). Specific con- 
ductance in two downgradient wells (299-E26-9 and 
299-E26-10) exceeded the critical mean value in 
January 1999. DOE notified Ecology and submitted a 
groundwater quality assessment plan and report in 
March 1999. The plan concluded that the Liquid 

. Effluent Retention Facility was not the source of the 
high specific conductance and detection monitoring 
should continue. 

LJ 

In June 1999, downgradient well 2994226-9 was 
removed from the monitoring network because it went 
dry. 1n.September 1999, Ecology directed DOE to 
continue the current monitoring using three wells 
(one u p d e n t  and two downgradient) for 18 months. 
During this period, an alternative method of monitor- 
ing should be identified. Background conditions were 
re-established to reflect the most recent site condi- 
tions (Table A.38). 

A.8.9 Low-level Waste Management 
Area 1 

Groundwater monitoring under interim status 
requirements continued at this RCRA site in fiscal 
year 1999. The well network was sampled twice for 

indicator and site-specific parameters (Table A.39 and 
Figure A.20). Downgradient monitoring well 299433- 
34 exuded the critical mean for specific conductance 
in samples from December 1998 and June 1999. This 
exceedance appears to be related to the nitrate plume 
and is not related to Low-Level Waste Management 
Area 1. A letter of notification was submitted to 
Ecology on March 18, 1999. Because no waste has 
been placed in the northern portion of this site and 
there is a known nitrate plume from an upgradient 
source, no further action is necessary. Critical mean 
values were updated based on recent upgradient data 
(Table A.40). 

The groundwater monitoring network for Low- 
Level Waste Management Area 1 is adequate for the 
RCRA requirements. No new wells are planned for 
th’ IS area. 

A.8.10 Low-Level Waste Management 
Area 2 

This RCRA site continued in RCRA interim sta- 
tus indicator evaluation in fiscal year 1999. Wells 
were sampled twice for indicator and site-specific 
parameters (Table A.41 and Figure A.18). Statistical 
evaluations for this area determined that upgradient 
well 299-rn4-7 exceeded the critical mean for specific 
conductance. T h e  major contributors to the increase 
are sulfate and calcium. The source of these constit- 
uents is not known. However, there is only 0.6 meter 
of water remaining in this well, which is completed at 
the top of basalt, and the increase may be related to the 
basalt chemistry. An additional exceedance occurred 
in the quadruplicate average for total organic halides 
at well 299-E34-3 in January 1999. The average result 
of 42 pg/L is above the critical mean value of 21 pg/L. 
Two of the four reported results (30.4 and 131 pg/L) 
are probably erroneous and have been flagged in the 
database. The quadruplicate average from April 1999 
(2.75 p.g/L) is well below the critical mean value. 
Table A.42 updates the critical mean values based on 
recent data from the upgradient wells. 

Appendix A 
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The monitoring network for Low-Level Waste 
Management Area 2 is adequate to detect releases 
from the facility. However, the continued water-level 
decline may cause additional wells to go dry. Moni- 
toring wells in this area are all completed at the top of 
basalt and if more wells become dry, alternatives to 
groundwater monitoring may be required to detect 
contamination from this facility. 

A.8.11 200 Areas Treated EfFluent 
Disposal Facility 

A state waste dlsdrarge permit (WAC 173-216) 
governs groundwater sampling and analysis in the 
three monitoring wells at this facility (Table A.43 and 
Figure A.17). The constituent list and frequency of 
sampling are specified in the permit. Wells were sam- 

pled quarterly during fiscal year 1999, but may be 
r edud  to semiannually during fiscal year 2000 when 
a new permit is issued. 

No permit criteria for constituents in groundwater 
were exceeded in fiscal year 1999. The groundwater 
monitoring network serves to demonstrate that efflu- 
ent from the facility is not taking a direct route to the 
uppermost aquifer and to differentiate the potential 
effects of the facility from those of the 21643-3 pond 
facility. The well configuration is adequate for this 
Purpose. 

A.8.12 200-PO-1 Operable Unit 

This groundwater operable unit, which encom- 
passes the area of the tritium plume southeast of the 
200 East Area, has the same monitoring objectives as 
monitoring for the ~ t o m i c  ~ c t  of 1954 (surveil- 
lance) and RCRA (PUREX cribs assessment). See 
Section A.8.4 for additional discussion. 

L8.13 200-BP-5 Operable Unit 
This groundwater operable unit, which encom- 

passes the northern portion of 200 East Area, has the 
same monitoring objectives as the Atomic Energy Act 
of 1954 (surveillance). See Section A.8.14 for addi- 
tional discussion. 

Lid 
A.8.14 Drinking Water Standards and 
Derived Concentration Guides 

Tritium was detected at levels above the 2 mil- 
lion pCi/L derived concentration guide at one well 
south of the PUREX Plant. Tritium contamination at 
levels above the 20,OOO-pCii interim drinktng water 
standard was found throughout much of the 200 East 
Area. Strontium-90 was detected at levels above the 
1 ,OOO-pCi/L derived concentration guide in two wells 
near the 216-B-5 injection well. Strontium-90 con- 
tamination was found at levels above the 8-pCi/L 
interim drrnlung water standard in several wells near 
the 216-B-5 injection well and in one well south ofthe 
PURM Plant. The following constituents also were 
detected at levels abve standards in the 200 East Area: 
aluminum, cesium-137, cyanide, iodine-129, manga- 
nese, nitrate, sulfate, technetium-99, and uranium. 

A.9 400 and 600 Areas 

This section discusses compliance issues for the Li 
400 Area process ponds, 400 Area water supply wells, 
Nonradioactive Dangerous Waste Landfill, and Solid 
Waste Landfill. 

A.9.1 400 Area 

The 4608 B/C ponds (also called the 400 Area 
process ponds), are regulated under WAC-173-216. 
The permit, issued on August 1,1996, and modified 
on February 10,1998, defines groundwater enforce- 
ment limitations (Table A.44 and Figure A.21). 
Groundwater quality met permit conditions in fiscal 
year 1999. 

The water supply in the 400 Area, which comes 
from wells, is also monitored to maintain compliance 
with drinking water standards. Tritium was detected 
at levels above the 20,OOO-pCfi standard in the backup 
water supply wells for this area. Because the backup 
water supply wells are seldom used, however, the 
monthly water supply sampling indicates that tritium 
in the drmking water is maintained at a level below 
the $-mrem/yr dose tquivalerit standard. 

Lf 
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A.9.2 Nonradioactive Dangerous Waste 
kndfilf 

Tritium exceeded its interim drinking water stan- 

dard at many of the monitoring wells on the eastern 
side of the landfill, but the source is upgradient. Six 
chlorinated hydrocarbons exceeded WAC 173-200 
groundwater quality criteria in at least one well of the 
monitoring network. They are as follows, with the 

limit: 

This RCRA site continued to be monitored under 
an interim status indicator evaluation program in fiscal 
year 1999 (Table A.45 and Figure A.22). Statistical 
evaluations indicated the site has not adversely affected 
groundwater quality. Table A.46 updates critical mean 

of wells having exceedmces and the WAC 

values based on recent data from upgradient wells. 
The groundwater monitoring plan for the landfill was Carbon tetrachloride (3) (0.3 pg/L) 

- _ _  
rewritten during fiscal year 1999 (PNNL-12227) to 
update the operating procedures and bring the plan up 

9 1,l-dichloroethane (8) (1.0 pg/L) 

1.2-dichloroethane (2) (0.5 &) . -  
to date with the current monitoring well network and 
constituents monitored. It is pending approval from 

Tetrachloroethylene (10) (0.8 pg L) 
- - -  

government regulators. Trichloroethylene (3) (3.0 pg/L) 

l,l,l-trichloroethane (10) (0.2 pg/L). 
Groundwater flow direction and rate did not 

change significantly during fiscal year 1999, and the 
wells in the network are still functioning. Therefore, 
the monitoring well network is adequate to fulfill the 

The monitoring network for the Solid Waste Land- 
fill has two upgradient wells and eight downgradient 
wells and is adequate for meeting the requirements of 

needs of the current groundwater monitoring plan. WAC 173-304. 

A.9.3 Solid Waste Landfill A.9.4 Drinking Water Sbndards and 
Derived Concentration Guides 

State dangerous waste regulations (WAC 173-304) 
govern groundwater monitoring at this landfill. The 
final closure plan for the site has not been implemented. 
Wells are sampled quarterly for constituents specified 
in WAC 173-304 plus the site-specific constituents 
chlorinated hydrocarbons and tritium (Table A.47 
and Figure A.22). 

No radionuclides exceeded derived concentration 
guides in the 600 Area. Contamination from other 
operational areas impacted the 600 Area at levels that 
exceeded the interim drinking water standatds or maxi- 
mum contaminant levels, as discussed in Section 2.0. 
contamination fiom 600 Area murres at levels exceed- 

Statistical evaluations of the constituents speci- 
fied in WAC 173-304 for land& (Tables A.48 and 
A.49) revealed that three exceeded their background 
threshold levels during fiscal year 1999 

(1) Specific conductance exceeded its 550-@/cm 
threshold level in 9 of the 10 wells in the moni- 
toring network. 

(2) Sulfate exceeded its 5 1.5-m& threshold level in 
2 of the 10 wells. 

(3) Filtered zinc exceeded its 34-pg/L threshold level 

ing standards includes strontium-90 near Gable Moun- 
tain Pond, uranium in the vicinity of the 618-10 burial 
ground and 316-4 crib, and chromium in the southern 
Central Plateau and southwest of the 200 West Area. 
Nitrate concentrations that exceeded the maximum 
con taminant level were found upgradient of the opera- 
tional areas and probably result from ofkite agriculhm. 

Nitrate exceeded the 45 mg/L maximum contam- 
inant level in the 400 Area. Tritium from upgradient 
sources exceeded the drinking water standard. 

in one well. 
bid 
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A.10 300 and Richland North 
Areas 

Groundwater in these areas is monitored for one 
RCRA site and the 300-FF-5 and 1100-EM-1 ground- 
water operable units. 

A. 10.1 3 16-5 Process Trenches 

This RCRA site continued to be monitored with 
a final stam corrective-action network. The objective 
of groundwater monitoring during the corrective- 
action period is to monitor the trend of the constitu- 
ents of concern to confirm that they are naturally 
attenuating, as expected by the CERCLA record of 
decision for the 300-FF-5 Operable Unit (ROD 1%). 
A proposed groundwater monitoring plan for correc- 
tive action calls for samples from the same wells as in 
the compliance period, but with fewer independent 
samples from each well during each sampling period 
(i.e, four to one). Also, each well showing an exceed- 

ance of one of the constituents of concern will be sam- 
pled quarterly to better follow the trends of contaminant 
concentration. The other wells in the network will 
continue to be sampled semiannually. The proposed 

* plan is still being reviewed by the regulator. 

Until the proposed plan is implemented, the final 
status compliance monitoring program (WHC-SD- 
EN-"-185) remains in effect (Table AS0 and Fig- 
ure A.23). This plan calls for four independent 
groundwater samples from each network well (eight) 
during each semiannual sampling period (i.e., 64 well 
trips per year). The monitoring network for the 316-5 
process trenches includes two wells upgradient and six 
wells downgradient. One of the upgradient wells and 
three of the downgradient wells monitor the bottom 
of the unconfined aquifer, and one upgradient well 
and three downgradient wells monitor the unconfined 
aquifer near the water table. The monitoring network 
has eight wells and is adequate to ensure that the 
316.5 process trenches complies with a RCRA final sta- 

tus corrective-action network and the current ground- 
water monitoring plan (WHGSD-EN-"-185). 

Uranium, trichloroethylene, and cis-l,2dichloro- 
ethylene continued to exceed concentration limits 
specified in the permit (Table AS 1). Uranium, gross 
alpha, and tetrachloroethylene exceeded maximum 
contaminant levels in one or more wells monitoring 
near the water table (see Table A3). Cis-1,2-dichloro- 
ethylene and trichloroethylene exceeded standards in 
one downgradient well that monitm the base of the 
unconfined aquifer. concentrations of uranium and 
various volatile organics rose sharply in 1995 after the 
large quantities of relatively clean waste cooling water 
ceased to be discharged to the 316-5 process trenches. 
However, since that time, concentrations of those 
constituents have begun a slight downward trend as 
was expected. 

A.10.2 300-FF-5 Operable Unit 

Groundwater in this operable unit is monitored to 
assess whether the contaminants of concern (uranium, 
trichloroethylene, and cis-l,2-dichloroethylene) are 
naturally diminishing over time. The remedial action 
is an interim action that involves imposing restrictions 
on the use of the groundwater until these contami- 
nants meet health-based criteria (ROD 1996b). This 
is an irterim action because there are other constitu- 
ents (e.g., tritium) migrating into the unit that have 
not yet been fully addressed and because a portion of 
the unit is overlaid by uncharacterized waste sites in 
the 300-FF-2 Operable Unit. A final action decision 
for the 300-FF-5 Operable Unit will be made after 
these issues have been addressed. 

. 

An operation and maintenance plan for the 
300-FF-5 Operable Unit (DOE/RL-95-73) identifies 
tasks netessaty to venfy the effectiveness of the reme- 
dial action. The plan describes the monitoring program 
and administrative tasks that are part of the remedial 
action. The routine operation and maintenance 
activities include groundwater and river monitoring. 

As discussed in Section A.lO.l, the constituents 
of concern actually increased in concentration in the 
groundwater of the 3000FF-5 Operable Unit immedi- 
ately after discharges from the process sewers to the 
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3 16-5 process trenches stopped. The previously lower 
concentrations in the groundwater were apparently 
due to the dilution of the constituents by the large 
quantities of relatively clean waste cooling water. 
When the trenches ceased to be used and the dilution 
no longer occurred, the concentrations rose to the 
high levels discovered in 1995-1997. More recently 
the constituents of concern have begun to decrease in 
concentration slightly, as was predicted (ROD 1996a). 

A. 10.3 1 1 OO-EM- 1 Operable Unit 

The 1100-EM-1 Operable Unit contains the Horn 
Rapids Landfdl. Results of the CERCLA investigation 
for this operable unit are presented in the final reme- 
dial investigation study (DOE/RL-92-67, Draft B) and 
the record of decision (ROD 1993). The selected 
remedy for groundwater is monitored ~ n ~ a l  attenua- 
tion of volatile organic compounds, with institutional 
controls on drilling of new water supply wells. Moni- 
toring includes analysis for trichloroethylene, its break- 
down products (vinyl chloride and l,ldichlomethene), 
and nitrate in wells downgradient of the Horn Rapids 
Landfill, as recommended in the sampling plan (DOE/ 

Pacific Northwest National Laboratory has been respon- 
sible for groundwater monitoring at the 1100-EM-1 
Operable Unit since 1997. Five years of monitoring 
are now complete (1995 to 1999), and the data will be 
reviewed to evaluate the progress of natUral attenua- 
tion of trichloroethylene (DOE/RL.-95-80). Although 
not specified in the record of decision, chromium is 
monitored annually in one well downgradient of the 
1 17 1 Building. 
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RL-95-50), which was updated in 1999 (PNNL-12220). 

Trichloroethylene levels did not exceed 5 p& at 
the point of compliance wells 699-S27-E12A, 699- 
S28-E13A, and 699-S29-E13A in fiscal year 1999. 
These wells form a line downgradient of the Horn 
Rapids Landfill that is approximately perpendicular to 
the prevailing path of the trichloroethylene plume. 

i. 

W 

A.l Od Drinking Water Standards and 
Derived Concentration Guides 

No radiological constituents in 300 Area ground- 
water were detected at levels above their derived con- 
centration guides in fiscal year 1999. Uranium 
exceeded the proposed maximum contaminant level 
in much of the eastern part of the 300 Area. Trichlo- 
roethylene and cis-l,2-dichloroethylene were found at 
levels above standards in the deeper part of the uncon- 
fined aquifer system at one well (399-1-16B). Trichlo- 
roethylene was detected in 22 other wells in the upper 
portion of the unconfined aquifer of the central and 
southern parts of the 300 Area, but only wells 399-1- 
16B and 399-4-1 exceeded the maximum contaminant 
level. Tetrachloroethylene was detected at 12 wells in 
the 300 Area, but exceeded its standard in only one 
well in the upper part of the unconfined aquifer south- 
east of the 316-5 process trenches. Nitrate exceeded 
its maximum contaminant level at four wells in the 
southern portion of the 300 Area. 

In the Richland North Area, fluoride, nitrate, 
and trichloroethylene were detected in groundwater at 
concentrations above their respective maximum con- 
taminant levels. High levels of gross alpha suggest that 
uranium may also have been above its standard during 
fiscal year 1999. Likely sources of these constituents 
include offsite industry and agriculture. 

' 
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TSD Units, 
date initiated 

1301-N LWDF, 
December 1987 

December 1987 

December 1987 

April 1992 

183-H solar evaporation 
basins, June 1985 

WMA s-sx, 
October 1991 

WMA T, 
February 1990 

WMA Tx-TY, 
September - October 1991 
WMA u, 
October 1990 
216-S-10 pond and 
ditch, August 1991 

216.U-12 crib, 
September 199 1 

1324-NFJA LWDF, 

1325-N LWDF, 

120-D-1 ponds, n 

OI 

Table A.l. RCRA Interim and Final Status Groundwater Monitoring Projects, September 1999 

Interim Status TSD Unit 
Groundwater Monitoring Groundwater Monitoring 

Final Status TSD Unit 

Groundwater 
Indicator Quality Corrective 
Parameter Assessment, date Detection Compliance Action, date 

Evaluation(') initiated Evaluation Evaluation initiated 
XW 

X, clean \ 

closed in 
FY 1999 

X, 1998 

X, 1996 

X, 1993 

X, 1993 

X 

X 

X, 1993 

Regulations 

40 CFR 265.93(b) 

40 CFR 265.93(b) 

40 CFR 265.93(b) 

40 CFR 265.93 (b) 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303400 

4OCFR264 
WAC 173-303-645(10) 

40 CFR 265.93(d) 

40 CFR 265.93(d) 

40 CFR 265.93(d) 

40 CFR 265.93 (b) 

40 CFR 265.93(b) 

40 CFR 265.93(d) 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303-400 

3 
2 

c 
f- 
F 
f 
f 
? 
8 
" 

0 
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Table A. 1. (contd) 

Interim Status TSD Unit 
Groundwater Monitoring Groundwater Monitoring 

Final Status TSD Unit 

Groundwater 

TSD Units, Parameter Assessment, date Detection Compliance Action, date 
date initiated Evaluation(') initiated Evaluation Evaluation initiated 

Indicator Quality Corrective 

LLWMA 3, X 
October 1988 

LLWMA 4, X 
October 1988 

WMA A-AX, X 
February 1990 

WMA B-BX-BY, X, 1996 
February 1990 

February 1990 

PUR= cribs(8) X, 1997 
1988 

216-B-3 pond, X 
November 1988 

216-A-29 ditch, X 
November 1988 

k 
WMA C, X 4 

216-B-63 trench, X 
August 1991 

LEW, July 1991 

LLWMA 1, 
September 1988 

LLWMA 2, 
September 1988 

X, 1998(h) 

X 

X 

Reeulations 

c 

Year 
S c h ed u 1 e d 
for Part B 
or Closure 

40 CFR 265.93(b) 

40 CFR 265.93(b) 

40 CFR 265.93(b) 

40 CFR 265.93(d) 

40 CFR 265.93(b) 

40 CFR 265.93(d) 

40 CFR 265.93(b) 

40 CFR 265.93(b) 

40 CFR 265.93(b) 

40 CFR 265.93(b) 

40 CFR 265.93(b) 

40 CFR 265.93(b) 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303400 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303-400 

WAC 173-303-400 
5, 
1 
b 
b 



Table A. 1. (contd) 

Interim Status TSD Unit 
Groundwater Monitoring Groundwater Monitoring 

Final Status TSD Unit 

TSD Units, 
date initiated Groundwater 

(associated [CERCLAI Indicator Quality Corrective 
groundwater operable Parameter Assessment, date Detection Compliance Action, date 

units) Evaluation(*) initiated Evaluation Evaluation initiated 

NRDWL, October 1986 X 

316-5 process trenches, X, 1998 
June 1985 

Year 
Scheduled 
for Part B 

Regulations or Closure 
40 CFR 265.93(b) >2000(5) 
WAC 173-303.400 

40cFR264 1996(4 
WAC 173-303-645( 10) 

(a) Specific parameters (pH, specific conductance, total organic carbon, and total organic halides) used to determine if a facility is atrecting groundwater quality. Exceed- 
ing the established limits means that additional evaluation and sampling are required (Le., groundwater quality assessment). An X in the assessment column indicates 
whether an evaluation was needed or an assessment was required. 

(b) Monitored according to interim status plan as specified in closure plans. 
(c) Closure/ptclosure plan; TSD unit will close under final status. 
(d) Closure plan approved in fucal year 1999; facility groundwater monitoring not required after clean closure. 
(e) Part B permit; TSD unit scheduled to operate under final status regulations beginning in year indicated. 
(f) Facility Part B permit and final status groundwater monitoring plan contingent on completion of solid waste environmental impact statement. 
(9) 216-A-10, -A-36B, and -A-37-1 combined into one RCRA monitoring unit. RCRA monitoring will be performed according to interim status groundwater quality 

assessment requirements. 
(h) Will monitor groundwater under interim status until final status groundwater monitoring plan is approved. 
(i) Closure plan pending Ecology approval. 
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980. 
LERF = Liquid effluent retention facility. 
L L W A  - Low-level waste management area. 
LWDF = Liquid waste disposal facility. 
NRDWL - Nonradioactive Dangerous Waste Landfill. 
PUREX - Plutonium-uranium extraction (plant). 
RCRA = Resource Conservation and Recovery Act of 1976. 
TBD = To be determined. 
TSD - Treatment, storage, or disposal (unit). 
WMA = Waste management area. 
> - Beyond the year 2000. 

3 
5 
1 

! 
F 
f 
3. 
f 

! I. 

0 
8 
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Site 

1301.N LWDF 

1324-N/NA 

1325-N LWDF 

120-D-1 ponds 

183-H solar 
evaporation 
basins 

wh4A s-sx 
k 

WMA T 

WMA TX-TY 

wh4Au 

2166-10 pond 

216-U-12 crib 

Flow 
Direction 

NW 

NW 

N 

NW 

E 

ESE 

E 

E (north half) 
s or sw (south 
half) 
E 

ESE 

ESE, changing 
to E 

Table A.2. Estimates of Groundwater Flow Rates at Hanford Site Facilities 

Flow Rate ( d d )  
0.045 to 0.82 

0.086 to 1.6 

0.021 to 0.38 

0.0021 to 0.22 

0.12 to3.2 

0.65 to 4.9 

0.0023 to 0.43 

0.07 to 0.14 

0.04 to 0.13 

0.2 to 0.6 

0.028 to 0.52 

0.04 to 4.8 

0.03 to 0.1 

Method 

Darcy 

Darcy 

Flow meter 

k Y  

Contaminant 
travel time 
(PNNL-12114) 

Darcy 

Darcy 

Hydraulic 
Conductivity 
( d d )  (source) 

6.1 to 37 

6.1 to37 

6.1 to37 

1.2 to 40 
( WHC-SD-EN -DP- 
043 1 

(PNL-8335) 

(PNL-8335) 

(PNL-8335) 

15 to 140 
(PNL-6728) 

0.43 to 27 
(WHC-SD-EN-DP- 
042)  

10 
(WHC-SD-EN-TI- 
147) 
55 
( WHC-SD-EN -DP- 
042) 

( WHC-SD-EN -DP- 
042) 
10 
( WHC-SD-EN -DP- 
052) 
12 to 150 

6.2 (see comments) 

6 to 37 

(BNWL- 1709) 

Effective 
Porosity(*) . 

0.1 to 0.3 

0.1 to 0.3 

0.1 to 0.3 

0.1 to 0.3 

0.1 to 0.3 

0.1 to0.3 

0.1 to 0.3 

0.1 to 0.3 

0.1 to 0.3 

0.1 to 0.3 

0.1 to 0.3 

Gradient”) 

0.0022 

0.0042 

0.0010 

0.00055 

0.0023 

0.0016 

0.0013 

0.001 

0.0014 

0.0011 to 
0.0032 

0.00165 

Comments 

Gradient calculated between wells 199-N-34 
and 199.N-2. 

Gradient calculated between wells 199-N-72 
and 199-N-26. 

Gradient calculated between wells 199.N-28 

Gradient calculated between wells 199-D5-13 

and 199-N-81. 

and 199-D84. 

Gradient calculated between wells I 

199-M-2B and 199.H4-12B. Flow meter in 
wells 199-H4-7 and 199-M-2A (Section 3.3 
in DOE/RL-96-01). 

Lower bound for hydraulic conductivity and 
velocity. 

Average gradient calculated from wells 
299.W23-13 and 299-W22-45 at S Tank Farm 
and wells 299-W23-14 and 299.W22-39 at 
SX Tank Farm. 
Lower bound for hydraulic conductivity and 
velocity. Gradient caIculated between wells 

Lower bound for hydraulic conductivity and 
velocity. Gradient calculated between wells 
299-W15-12 and 299-W15-4. 
Lower bound for hydraulic conductivity and 
velocity. Gradient calculated between wells 

Gradient increases to the south. Gradients 
calculated between wells 299-W26-8 and 
average of wells 299-W26-10 and 299.W26-12 
(north) and wells 299.W26.7 and 299-W26-9 
(south). 
Hydraulic conductivity is geometric mean of 
values in WHC-h4R-0208. Gradient calcu- 
lated between wells 299-W22-43 and 

299-W10-12 and 299-W11-27. 

299-W18-31 and 299-W19-32. 

299-W22-79. 



site 

LLWMA 3 

LLWMA 4 

SALDS 

WMA A+AX 

WMA B-BX-BY 

WMAC 

216-A-10 crib 
216-A-36B 

216-A-37-1 crib 

216-B-3 p d  

216-A-29 ditch 

216-Be63 trench 

LERF 

LLWMA 1 

Flow 
Direction 
NE 

E 

Radial to 
NE 

E? . 

SW? 

SPrI 

SE 

sw 

Radial 

wsw 

W 

W 

NY 

Flow Rate (m/d) 
0.0001 to0.13 

0.2 to 0.6 

0.03 to 5.8 

0.5 to 0.7 

0.9 

0.7 to 1.4 

0.004 to 0.60 

-0.018 to 0.18 

0.01 to 19.2 

-0.02 to -0.07 

0.01 to 0.1 

0.04 to 6.0 

SO.5 

Method 
Darcy 

DaKY 

Darcy 

":cy 

DarcY 

&cy 

Darcy 

brcY 

Darcy; plume 
migration 

DarcY 

Darcy 

h r c y  

b q  

Table A.2. '(contd) 

Hydraulic 
Conductivity 
( d d )  (source) 

0.02 to 9.8 

24 

3.5 to 36.3 

(PNL-6820) 

(PNL-6820) 

(WHC*SD-C018H- 
RF'T-003) 

2,005 to 2,519 

019) 
1,615 

019) 

( WHCSD-EN -TI- 

(WHC-SD-EN-TI 

1,067 to 2,073 
(WHC-SD-EN-TI- 
019) 

60 to 3,000 
(WHCSD-EN-TI- 
019; PNNL-11515) 
18 to 60 
(WHC-SD-EN-DP- 
047; PNNL-li515) 

1 to 640 (WHC-SD- 
EN-EV-002; 
PNL-10195) 

18 
(WHCSD-EN-DP- 
047) 
52 to 200 
(WHC-SD-EN-EV- 
002) 
6.1 to 120 
(PNNL-11620) 

73 to 760 
(PNL-6820) 

Effective 
Porosity(') 

0.1 to 0.3 

0.1 to 0.3 

0.2W 

0.3 

0.3 

0.3 

0.1 to 03 

0.1 to 0.3 

0.1 to 0 3  

0.1 to 0.3 

0.1 to 0.3 

0.1 to 03 

0.1 to 03 

. 

Gradient") 
0.0013 

0.0025 

0.0018 to 
0.004 

-0.oooO8 

-0.00017, 
September 

1999 

0.00021, 
September 

1999 

- 0 . m 2  

-0.0003 

-0.003 

-0.O004 

-0.00004 

0.002 to 
0.005 

SO.00006 

Comments 

Higher gradient was calculated between wells 
699-48-77A and 699-48-77D. 

Gradient calculated between wells 299.E25-41 
and 299-E24-20. Flow direction unclear 
because of flat water table. 
Gradient calculated between wells 299433.33 
and 299433.42. Flow direction is not well 
known; based on current contamination 
migration and water table. 

Gradient calculated between wella 299eE27-7 

hydrograph. 

Gradient estimated h regional water-level 

and 299-E27-13. Flow direction i n f e d  h 

wntours. 

Gradient estimated from regional water-level 
contom. 

Gradient calculated between wells 699-44-42 
and 699-43-45 (March 1999). 

Uncertainty with gradient and rate of flow. 
Flow direction inferred from plume maps. 

' \, 

(c c c 



c c 

Site 

LLWMA 2 

200 Area TEDF 

NRDWL 

SWL 

L, 
c - ofN(basedon 

plume maps) 

Flow 
Direction 
W 

ssw 

62 t o w  E of 
N (based on 
water-level 
data); 125" E 
ofN (basedon 
plume and 
regional water. 
table maps) 

96i28" E ofN 
to 1393t15' E 
ofN (basedon 
water-level 
data); 125" E 

316-5 process SE 
trenches 

S 

Flow Rate ( d d )  
-0.06 to -0.8 

0.004 

see estimated 
below for SWL 

1.2 to 1.8 

6 

>30 

31 

Method 

b = Y  

h = Y  

NA 

DaXY 

Recent plume 
movement 

Tracer tests 

Movement of 
(DOEN-89-14) P C E  spill 

0.35 to 105 k Y  

Table A.2. (contd) 

Hydraulic 
Conductivity 
( d d )  (source) 

430 to 2,000 
(PNL-6820) 

1.1 
( WHC-SD-EN -ES- 
004) 
NA 

NA 

150 to 15,ooo 
(PNL-67 16) 

Effective 
Porosity(') 
0.1 to0.3 

0.25(') 

NA 

N k  

0.1 to 0.3 

(a) Effective porosity assumed to be between 0.1 and 0.3, a representative range for the unconfined aquifer system. 
(b) March 1999 unless noted otherwise. 

LERF = Liquid effluent retention facility. 
LLWMA = Low-level waste management area. 
LWDF = Liquid waste disposal facility. 
NA = Notapplicable. 
NRDWL = Nonradioactive Dangerous Waste Landfill. 
PCE = Tetrachloroethylene. 
RCRA * Resource Conservation and Recovery Act of 1976. 
SALDS = State-Approved Land Didposal Site. 
SWL = Solid Waste Landfill. 
TEDF = Treated Effluent Disposal Facility. 
WMA = Waste management area. 

(c) RHO-ST-42, RHO-RE-ST-12, P"LIl801. 

Gradient") 
-0.00004 

-0.001 

NA 

NA 

0.0007 

Comments 

Gradient calculated between wells 
299-E27-16 and 299-E27-9. 

See Section 17.0 in DOEN-91-03, Sec- 
tion 5.2 in DOEjRL-93-88, and 
WHC-EP-0021 for direction offlow. 

See WHC-EP-0021 for Darcy velocity. See 
Section 18.0 in DOEN-91-03; Section 19 
in DOEN-92-03, DOE/RL-9349; Sec- 
tion 5.3 in DON-93-88; Section 5.2 in 
DOEN-94-136 for direction offlow. 

See HW-60601 for tracer tests. Hydraulic 
gradient during tracer test was higher than 
in 1997. 

Gradient from Plate 2. 
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Table A.3. Monitoring Results Exceeding Maximum Contaminant Levels or Drinking Water Standards 
(Regulated Units listed in alphanumeric order)'.) 

Constituent, units Filter 

Nitrate, J&L 

N 
N 
N 
N 

Nitrogen in Nitrate, pg/L N 
' N  

N 
Strontium-90, p C i i  

Tritium, p C i i  

Hexavalent chromium, pg/L. 

Nitrogen in Nitrate, pg/L 

Gross beta, p C i i  

Hexavalent chromium, pg/L 

Nitrogen in Nitrate, pg/L 

Iodine-129, pCi 

N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 

N 
N 
Y 
Y 
Y 
Y 
Y 

. N  
N 
N 

N 
N 
Y 
Y 
Y 
N 

Y 
Y 
N 
N 
N 
N 
N 

N 
N 

Upgradient/ Numberof 
Well Name Downgradient Exceedanccs 

100 N Area 

199-N-105A Down 
199-N-3 Down 

199-N-2 Down 
199-N-81 Down 
199-N-2 Down 
199-N-59 Down 
199-N81 Down 
199-N-105A Down 
199-N-28 Down 
199-N-3 Down 
199-N-34 UP 
199-N-57 UP 
199-N-81 Down 
199-N-81 Down 
199-N-105A Down 
199-N-28 Down 
199-N-32 Down 
199-N-34 UP 

120-D-1 Ponds 

199-M-13 UP 
199-D8-5 Down 
199-D5-13 UP 
199-D84 Down 
199-D8-5 Down 
199438-6 Down 
199-D5-13 UP 
199-D5-13 UP 
199-D84 Down 
199-D8-6 Down 
183-H Solar Evaporation Basins 

199-H4-12C Down 
199-H4-3 Down 
199-H4-12A Down 
199-H4-12C Down 
199-H4-3 Down 

199-H4-3 Down 
199-H4-12C Down 
199-H4-3 Down 
199-H4-12A Down 
199-H4-3 Down 
199-H4-7 Down 
199-H4-12A Down 
199-H4-3 Down 

216-B-63 Ditch 

299433-33 Down 
299-E33-36 Down 

3 
1 
1 
1 
1 
3 
1 

3 
1 
3 
1 
1 
2 
1 
3 
1 
2 
1 

1 
1 
2 
1 
3 
1 

3 

2 
2 
1 

1 
1 
1 
1 
1 

1 

2 
2 

1 
1 
1 

1 
1 

3 
4 

Maximum 
Result 

3,770 
1,980 

51,000 
52,000 

20,200 
22,900 
11300 

1,870 
85.8 

1,170 
54.9 
14.6 

lJl0 
1,220 

23,800 
25,800 
32,600 
24,100 

317 
228 
366 
101 
251 
107 

416 
19,000 
15500 
16500 

244 
168 
132 
201 
150 

635 
200 
204 

31,900 
22,700 
10500 

33.1 
213 

4.07 
6 5  

M U  or 
DWSWevel 

50 
50 

45,000 
45,000 
14000 
10,000 
10,000 

8 
8 
8 
8 
8 
8 

20,000 
20,000 
20,000 
20,000 

a 

100 
100 
100 
100 
100 
100 

100 

10,000 
10,000 
10,000 

100 
100 
100 
100 
100 
50 

100 
100 

10,000 
10,000 
10,000 

20 
20 

1 
1 
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Table A.3. (contd) 

Constituent, units F* 

Carbon tetrachloride, pg/L N 

Chromium, pg/L Y 
Nickel, p& Y 

Carbon tetrachloride, pg/L N 

Iodine-129, p C i  N 

Nitrate, pg/L N 

Nitrogen in Nitrate, pg/L N 
N 
N 
N 

N Niuogen in Nitrite and Nitrate, p& 

Tritium, p C i i  N 
N 
N 

cis-l,2-Dichloroethylene, pg/L N 

Gross alpha, p C i  

Tetrachlorcethylene, pg/L 
L d  N 

N 

Trichloroethylene, pg/L N 

uranium, pg/L N 
N 
N 

Nitrogen in Nitrate, pg/L N 
Tritium, p C i i  N 

N 
N 
N 

Gross beta, p C i i  N 
N 
N 

Nitrogen in Nitrate. pgjL N 
N 
N 
N 
N 
N 
N 

Technetium-99, p C i i  

Uranium, pg/L 
W 

N 
N 

N 

UpgradienJ Numberof 
Well Name Downgradient Exceedances 

2164-10 Pond 
299-W26-12 Down 1 

299-W26-7 UP 1 
299-W27*2 Down 1 

216-U-12 Crib 

699-36-7OA Down 1 

299.W22-42 Down 1 

699-36-7OA Down 1 

299-W22-41 Down 2 
299.W22-42 Down 3 
299-W22-79 Down 3 
699-36-7OA Down 3 

699-36-7OA Down 1 

299-W22-42 Down 3 
299-W22-79 Down 2 
699-36-7OA Down 3 

3 16.5 Trenches 

399-1 -16B Down 8 

399-1 -17A Down 2 

399-1-16A Down 1 
399-1-16B Down 2 

399-1-1OA Down 6 
399-1-16A Down 7 
399-1 -17A Down 6 

mArea 

699-2-7 Down 4 
49940-7 ND 1 
49940-8 ND 4 
699-24A Down 1 
699-8-17 UP 2 
Low-Level Waste Management Area 1 

299432-10 Down 3 
299433.34 Down 2 
299-E33-35 UP 3 
299-E28-26 UP 2 
299-E32-10 Down 3 
299432.2 Down 2 
299-E32-3 Down 2 
299432.6 Down 2 
299.E33-34 Down 2 
299433-35 UP 3 

Maximum 
Result - 

6 
175 
121 

7 
9.3 1 

110,000 

4,5800 
25,100 
18,000 
26,000 

24,600 
49,200 
22300 
95,000 

180 
67.3 

7 
6 

61.1 
111 
166 

20,800 
20,200 
33,800 
22500 
68,400 

413 
1.410 
441 

10,900 
17,700 
11,600 
11500 
11,400 
44,600 
20300 

MCL or 
DWSU Level 

5 
100 
100 

5 
1 

45,000 
10,000 
10,000 
10,000 
10,000 
10,000 
20,000 
20,000 
20,000 

70 
15 
5 
5 

20 
20 
20 

10,000 
20,000 
20,000 
20,000 
20,000 

50 
50 
50 

lO.OO0 
10,000 
10,000 
1o,OO0 
10,000 
10,000 
10,000 

299-E33-34 Down 1 3,210 900 
299-E33-35 UP 2 1,720 900 

299-E33-34 Down 1 21.1 20 
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Groundwater Monitoring for FY I999 

I'able A.3. (wntd) 

Constituent, units Filter 

Nitrogen in Nitrate, pg/L N 

Carbon tetrachloride. pg/L N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

Nitrogen in Nitrate, pg/L 

Trichloroethylene, pg/L. 

cadmi~)cgn.  

carbon tetrachloride. pg/L 

Gross alpha, P c i  
Nitrogen in Nitrate, pg/L 

Trichloroethylene, pg/L 

Tritium, p C i i  

Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 

N 
N 
N 
N 
N 
N 
N 

N 

UpgradienJ Number of 
Well Name Downgradient Exceedances 

Low-Level waste Management Area 2 
299-E34-7 UP 2 
Low-Level waste Management Area 3 

299-W10-13 UP 1 
299-WlO-19 UP 1 
299-Wlo-20 UP 1 
299-Wlo-21 UP 1 
299.w6-2 Down 1 
299-W74 Down 1 
299.W7-5 Down 1 
299.W8-1 Down 1 

299-W10-19 UP 1 
299-Wlo-20 UP 1 
299-Wlo-21 UP 1 
299-W6-2 Down 1 
299-W74 Down 1 
299-W7-5 Down 1 
299-w10-21 UP 1 
Low-Level Waste Management Area 4 

299-W18-26 

299-W15-15 
299-W15-16 
299-W15-17 
299-W15-18 
299-W18-21 
299-W18-23 
299-W18-24 
299-W18-26 
299-W18-27 
299-W18-32 

UP 
UP 

Down 
Down 
Down 
UP 
UP 

Down 
UP 
UP 
UP 

1 

7 
4 
2 
4 
6 
2 
3 
5 
5 
2 

299-W18-21 UP 2 

299-W15-15 UP 2 
299-W15-16 Down 2 
299-w15-18 Down 2 
299-Wl8-21 UP 4 
299-W18-23 UP 1 
299-W18-24 UP 2 
299-W18-26 UP 1 
299-W15-16 Down 2 

Nonrediopctive Dangerous Waste Lpndfill 

699-25-34A 
699-25-34B 
699-25-34D 
699-26-33 
699-2634A 
699-26-34B 
699-26-35A 
699-26-35C 

Down 2 
Down 2 
Down 2 
Down 2 
UP 2 
Down 3 
UP 4 
UP 2 

Maximum 
Result 

17,200 

9 
89 

1300 
400 
130 
450 
110 
6 

19300 
25.400 
45,600 
10,900 
21300 
13,800 

7 

10.8 
510 

5,800 
9 

1,900 
200 
190 

1,400 
120 
410 
13 

16.5 

20300 
16300 
23,100 
18,200 
11.600 
18,100 
17.600 

6 

80,800 
78,800 
75.700 
85,600 
73,200 
81,700 
73,700 
31,100 

MCLor 
DWP Level 

10,000 

5 
5 
5 
5 
5 
5 

. 5  
5 

10.000 
10,000 
10,w 
10,000 
10,000 
10,000 

5 

5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
15 

10,000 
10,000 
10,000 
10,000 
10,000 
10.000 
10,000 

5 

20,000 
20,000 
20,000 
20,000 
20,000 
20,000 
20,000 
20.000 
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Appendix A 

Table A.3. (contd) 

Constituent, units 

Gross beta, pCi/L 

Iodine-129, p C i i  

Nitrogen in Nitrate, pg/L 

Strontium-90, p C i  

Tritium, p C i i  

Carbon tetrachloride, pg/L 

Tritium, p C i i  

Tetrachloroethylene, pg/L ’ 

Tritium, &$- 

Chromium, pg/L 

Iodine-129, s i / L  

u 
Nickel, clgn 

UpgradienJ Number of 
- Filter Well Name Downgradient Exceedances 

Plutonium-Uranium Extraction (PUREX) Cribs 
N 299-E17-14 Down 4 
N 299-E17-1 Down 1 
N 299-E17-14 Down 4 
N 299-E17-17 Down 3 
N 299-E17-19 Down 2 
N 299-E17-9 Down 2 
N 299-E24-16 Down 4 
N 299-E24-18 UP 1 
N 299-E25-17 Down 1 
N 299aE25-19 Down 2 
N 299-E25-31 UP 1 
N 699-37-47A Down 1 

N 299-E17-1 Down 2 
N 299-E17-14 Down 4 
N 299-E17-19 Down 2 
N 299-E17-9 Down 2 

N 299-E17-14 Down 4 
N 299-E17-1 Down 2 
N 299-E17-14 Down 4 
N 299-E17-17 Down 3 
N 299-E17-19 Down 2 
N 299-E17-9 Down 2 
N 299-E24-16 Down 4 
N 299-E24-18 UP 2 
N 299-E25-19 Down 4 
N 699-3747A Down 2 

State-Approved Land Disposal Site 

N 299-W8-1 ND 1 
N 69948.77C Down 2 

N 69948-77A Down 3 
N 699-48-77C Down 3 
N 6 w - 4 a - n ~  Down 5 

Solid Waste Landfill 

N 699.2334A Down 1 
N 699-23-34B Down 1 
N 699-24-33 Down 1 
N 699-24-34A Down 1 
N 699-24-34B Down * 1 
N 699-24-346 Down 1 
N 699-25-34C Down 2 

N 699-24-33 Down 4 
N 699-24-34C Down 4 
N 699-25-34C Down t 5  
N 699-26-35A UP 4 

Waste Management Area A-AX , 
Y 299.E24-19 Down 6 
Y 299425-46 Down 1 

N 299-E24-19 Down 2 
N 299-E24-20 Down 1 
N 299-E25-40 UP 2 
N 299-E25-41 UP 2 
N 299-E2546 Down 2 

Y 299-E24-19 Down 6 

Maximum 
Result - 

110 

9.76 
12.5 
9.41 
9.42 
11.1 
12.2 
1.54 
3.49 
1.91 
2.8 

2.48 
22,000 
26,900 
22,400 
43300 

17.2 

919,000 
901,000 
285,000 
730,000 

3,870,000 
385,000 
93,800 

174,000 
36,000 

6 
7 

140,000 
77,000 
730,000 

10 \ 

7 
11 
9 
9 
9 
7 

49500 
49,700 
72,000 
73,700 

2,820 
131 

5.14 
4.54 
6.65 
4.7 

4.39 

883 

M U  or 
DWS6)Level 

50 

1 

1 

1 

10,000 
10,000 
10,000 
1 0 , m  

8 

20,000 
20,000 
20,000 
20,000 
20,000 
20,000 
20,000 
20,000 
20,000 

5 
5 

20,000 
20,000 
20,000 

5 
5 
5 
5 
5 
5 
5 

20,000 
20,000 
20,000 
20,000 

100 
100 

1 
1 
1 
1 
1 

100 
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Groundwater Monitoring for N 1999 

’ Constituent, UI~B Fdtm 

Cyanide. pi$- 
Gross alpha, $36 

Gros~ beta, p C i i  

Iodine-129, p C i i  

N 

N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

Nittug& in Nitrate, clgn N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

Zble A3. (contd) 

Upgradient/ Numberof 
WellName Dcnmdient  Exceedanccs 

Wate -at Ana B-BX-BY 
299433-7 

299433-7 

299-E33-13 
299-E33-18 
299-E33-26 
299-E33-38 
29943344 
299-E33-5 

299-E33-13 
299X33-15 
299X33-16 
299-E33-18 
299433.26 
299433-31 
299-E33-32 
299433.34 
299-E33-35 
299-E33-38 
299X33-41 
299433-42 
299.E33-44 
299-E33-5 
299433.7 
299.E33-8 
699-50-53A 
299.E33-8 
299Z28-8 
299-E33-15 
299-E33-17 
299433-18 
299433-20 
299433-21 
299-E33-26 
299-E33-31 
299433-32 
299433-33 
299-E33-36 
299.E33-41 
299X33-42 

299433-44 
299.E33-8 

299433-13 
299-E33-15 
299-E33-16 
299-03-17 
299433-18 
299eE33-20 
299-E33-26 
299-E33-31 
299-E33-32 
299-E33-34 
299433-35 
299433.38 
299.E33-42 
299.E33-44 

2pE33-43 

Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 

Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 

\ 

UP 
up 

Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 

A.36 

1 

4 

10 i 
9 
3 
4 
12 
3 
12 
1 
5 
9 
3 
13 
11 
2 
3 
3 
12 
12 
10 
3 
8 
5 
1 
1‘ 

2 
1 
2 
1 
2 
2 
1 
1 
3 
3 
4 
1 
1 
3 
1 
1 
12 
4 
5 
5 
8 
3 
4 
13 
11 
2 
3 
4 
12 
12 

MaXhUIll 
Result 

5.4 
291 

37.2 
100 

31.7 
68.9 
201 
41 

1.220 
59.4 
700 
476 

1.080 
609 
434 

1,410 
441 

2,460 
532 
763 

2,140 
2,220 
2,620 

54 1 
80.8 
452 
3.54 
3.88 
6.54 
5.86 
5.25 
3.81 
4.95 
437 
4.11 
4.07 
6.5 

453 
4.92 
431 
4.56 
4.48 

58,700 
71,100 

116,ooo 
49500 
31,600 
50500 
39,400 
26,300 
15.900 
44,600 
20500 
47900 
16,200 
31,100 

MCL or 
DWS@)Level 

5 
200 

15 
15 
15 

’ 15 
15 
15 

50 
50 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

10,m 
10,m 
10,m 
10,m 
10,m 
10.m 
1 0 , m  
14m 
1 0 , m  
1 0 , m  
10,m 
10,m 
1 0 , m  
10,m 

50, 



Appendix A 

Table A.3. (contd) 

Constituent, units Filter 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 

Technetium-99, pCJL N 

.Y 

Uranium, clgn 

u 

Gms beta, $i/L N 

Iodine-129. p C i i  N 

N 

N 
N 
N 
N 

C a b  teaadoride, pg/L N 

Gross alpha, pCi i  N 

Grossbeta,pCii N 
N 
N 

N 
Nitrogen in Nitrate, clgn N 

UpgradienJ Number of 
Well Name Downgradient Exceedances 
299433-5 Down 2 
299433-7 Down 8 
299eE33-8 Down 6 
699-49-57A Down 1 
699-50-53A Down 1 

299-E33-13 Down 12 
299x33- 16 Down 5 
299433.18 Down 6 
299-E33-26 Down 4 
299-E33-31 Down 13 
299-E33-32 Down 4 
299433-34 Down 1 
299-E33-35 Down 2 
299433 -38 Down 4 
299433-41 Down 9 
299433-42 Down 12 
299.E33-44 Down 12 
299-E33-5 Down 3 
299-E33-7 Down 8 
299433-8 Down 5 
699-49-57A Down 1 
299-E33-8 Down 1 

299-E33-13 Down 12 
299-E33-18 Down 9 
299433.26 Down 4 
299433.34 Down 1 
299x33 -38 Down 4 
299.E33-41 Down 9 
299433-44 Down 12 
299-E33-5 Down 3 
299-E33-13 Down 3 
299-E33-18 Down 2 
299-E33-26 Down 1 
299433.38 Down 1 
299433-41 Down 2 
299.E33-44 Down 1 
299433-5 Down 1 

Waate Management Area C 

299-E27-13. Down 1 
299427-14 UP 12 

299-E27-12 Down 1 
299-E27-13 Down 1 
299.E27.14 UP 1 
299-E27-15 Down 1 
299-E27-7 UP 1 

Waate Management Area S-SX 

299-W23-15 Down I 

299-W23-7 Down . 1 

299.W22-45 Down 5 
299.W22-46 Down ' 4  
299.W23-7 Down 1 

299.W22-46 Down 1 
299-W23-14 UP 3 

Maximum 
Result 

42,300 
85,100 
17,200 
26,000 
37,000 

3,660 
2,200 
1,490 
3,750 
1,860 
1,210 
3,210 
1,720 
5,750 
1,450 
1,730 
4,700 
5 ,000 
6,850 
1,560 
2,470 
1300 
63.7 
186 
45.8 
21.1 
119 

25.3 
350 
85.6 
66.3 
156 

28.3 
60.3 
25.2 
214 
52.5 

50.8 
180 

4.27 
3.93 
2.91 
3.47 ' 

454 

120 

128 

649 
1300 

993 

10,100 
20,600 

MCL or 
DWSb)Level 

10,Ooo 
1 0 , m  
10,Ooo 
1 0 , m  
10,Ooo 

900 
900 
900 
900 
900 
900 
900 
900 
900 
900 
900 
900 
900 
900 
900 
900 
900 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

50 
50 

1 
1 
1 
1 
1 

5 
15 

50 
50 
50 

1 0 , m  
10,ooo 
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Groundwater Monitoring b r  FY I999 

Table A.3. (wntd) 

constituent, units Filter 

Technetium-99, p C i i  N 

Tritium, p C i i  N 

N 

N 
N 

U d u m , P d -  N 

Fluoride, llgn 

Gross alpha, p C i i  

Gross bem, pCi i  

Methylenechloride, pg/L 

Niaogen in Nitrate, &L. 

Technetium-99, p C i i  

Carbon tetrachloride, pg/L N 

-um, Pd- * Y  
Y 
Y 
Y 
Y 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 

N 

N 
N 
N 
N 
N 
N 

Trichlorcethylene. pg/L 

Tritium, p C i i  

UpgradienJ Numberof 
WellName Downgradient Exceedances 

299.w22-45 Down 
299.w22.46 Down 
299-w22.39 Down 
299-w2246 Down 
299-W23-14 UP 
299-WU-7 Down 

Waste Management Area T 
299-W10-24 
299-w10-23 
299-W10-24 
299-WlO-4 
299-W10-8 
299-Wll-23 

299-w10-12 
299-Wl0-24 
299-w10-4 
299-Wll-27 
299-w10-12 
299-W10-23 
299-W10-24 
299-w10-4 
299-W10-8 
299-w11-12 
299-Wll-23 
299-Wll-24 
299-W11-27 
299-W11-28 
299-W10-24 
299-W10-24 
299-w10-1 
299-w10-12 
299-w10-22 
299.w10-23 
299-W10-24 
299-w10-4 
299-W10-8 
299-w11-12 
299-w11-23 
299-W11-24 
299-W11-27 
299-W11-28 
299-Wll-24 

299-W 10-24 
299-Wl l-23 
299-Wl1-27 

299-W10-24 
299-w10-12 
299-w10-23 
299-W10-24 
299-w10-4 
299-W10-8 
299-w 11-12 

Down 
Down 
Down 

UP 
Down 
Down 
Down 
Down 
UP 
Down 
Down 
Down 
Down 

Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 

UP 
Down 
Down 
Down 
Down 

UP 
Down 
Down 
Down 
Down 
Down 
Down 
Down 

Down 
Down 
Down 
Down 
Down 
Down 
Down 

UP 
Down 
Down 

UP 

5 
4 

4 
4 
4 
1 

6 
4 
4 
4 
3 
2 
1 
2 
4 

1 
2 
4 
7 
4 
4 
4 
5 
2 
1 
4 
2 

1 

2 
2 
5 
4 
10 
4 
4 
4 
5 
2 
1 
4 
1 

4 
5 
2 

4 

1 
4 
5 
2 
3 
4 

MaXimUm 
Result 

1,760 
3,760 

24,800 
41,700 

325,000 

743 

1,600 
153 
115 
192 
115 
129 

4,290 
4.960 
5,250 
90.1 
77.5 
106 
972 
106 
115 

71.7 
2,460 
70.7 

2,050 
122 
221 

8 

36,100 
85,600 
17,400 

132,000 
120,000 
186,000 
89,300 
28,100 
23,400 
63,400 
16,300 
41,300 
57,000 

3,660 
8,540 
7,010 

11 

21,700 
25,500 
29,300 
23,700 
23,600 
71,500 

M U o r  
DWS”)Level 

900 
900 

20.000 
20,000 
20,000 

20 

5 

100 
100 
100 
100 
100 

4000 
4000 
4000 

15 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
5 

10,000 
10,000 
10,ooo 
10,000 
10,000 
10,000 
10,000 
10,000 
10.000 
10,000 
10,000 
10.000 
10,000 

900 
900 
900 

5 

20,000 
20,000 
20,000 
20,000 
20,000 
20,000 



Table A.3. (contd) 

Upgradient/ Number of 
Constituent, units Filter Well Name Downgradient Exceedances 

Carbon teaachloride, pg/L 

Gross beta, pCi/L 

Nitrogen in Nitrate, llgn 

Trichloroethylene, pg/L 

Tritium, p C i i  

W 
Carbon teaachloride, pg/L 

Chromium, pg/L 

Gross alpha, pCi/L 

Gross beta, pC i i  

Iodine-129, p C i i  

Nickel, pg/L 

Nitrogen in Nitrate, pg/L 

N 
N 
Y 

N 
N 
N 
N 

N 
Y 
N 
N 
N 
N 
N 
N 
N 
Y 
N 

N 
N 
Y 

N 
N 

. N  
Y 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 

Y 

N 
N 
N 
N 
N 
N 
N 
N 
N 

299-Wll-24 Down 3 
299-W11-28 Down 4 
299-W10-24 Down 3 

Waste Management Area T, Assessment Wells 
299-W10-19 Down 1 
299-W10-20 Down 1 
299-W10-21 Down 1 
299-W6-2 Down 1 

299-W11-31 Down 1 

299-W10-19 Down 1 
299-w10-20 Down 1 
299-w10-21 Down 1 
299-W6-10 UP 2 
299-W6-2 Down 1 
299-W64 . Down 2 
299.W6-9 Down . 2  
299-W11-31 Down 1 

299-W10-21 Down 1 

299-W6-10 UP 2 
299-W6-4 Down 1 
299-Wll-3 1 Down 1 

299-W6-10 UP 2 

Waste Management Area TX-TY 
299-W14-14 
299-W154 
299-W15-40 

299-W14-13 

299-W14-12 , 

299-W10-17 
299-W10-18 
299-W10-26 
299-W14-13 
299-W14-14 
299-W 14-2 
299-W 14-5 
299-W14-6 
299-W15-12 
299-W15.4 
299-W14-14 

299-W14-13 
299-W14-2 

299-W10-18 

299-W10-17 ' 
299-W10-18 
299-W 10-26 
299-W14-12 
'2.99-W14-13 
299.W14-14 
299-W14-2 
299-W14-5 
299-W14-6 

Down 
Down 
Down 

Down 

Down 

Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 

Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 
Down 

7 
3 
1 

4 
1 

4 
1 
1 
4 
4 
3 
4 
3 
2 
4 
1 

2 
3 

3 

4 
3 
5 
1 
4 
5 
4 
4 
4 

, 

Maximum 
Result 

28,200 
41,100 
29,600 

89 
1,300 

400 
130 

83.2 
118 

19,500 
25,400 
45,600 
27,000 
10,900 
19,600 
14,600 
30,000 

7 

49,400 
21,700 
52,500 

920 
460 
950 

433 
26.4 

101 
52.5 
553 

1510 
117 
468 
915 
585 
245 
418 
135 

31.1 
47.4 
360 

52,400 
18,500 
19,900 

131,000 
78,500 
51,000 
19,300 
48,600 
20,100 

M U  or 
DWW Level 

20,000 
20,000 
20,000 

5 
5 
5 
5 

50 
50 

10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 

5 
20,000 
20,000 
20,000 

5 
5 
5 

100 

15 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

1 
1 

100 

10,000 
l0,oOo 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
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Groundwater Monitoring Tor FY 1999 

'hble A.3. (contd) 

Constituent, units F* 
N 
N 
N 

N 
N 
N 

N 

N 
N 
N 
N 
N 

Technetium-99, pCi/L N 

Tiichloroethylene, clgn. N 

Tritium, pCi i  N 

carbon tetrachloride, pg/L N 

Gross beta, p C i i  

Gross beta, pCJL 

Upgradiend 
Well Name Downgradient 
299-W15-12 Down 
299-W154 Down 
299-W15-40 Down 
299-W14-12 Down 
299-W14-13 Down 
299-W 14-2 Down 
299-W154 Down 
299-W14-14 Down 
299-W15-40 Down 

Number of 
Exceedances 

2 
4 
4 
1 
4 
2 
1 

4 
1 

299-W10-17 Down 
299-W14-12 Down 
299-W14-13 Down 
299-W14-2 Down 
299-W15-12 Down 
299-W154 Down 

Waste Management Area U 
299-W18-30 Down 
299-W1941 Down 
299-W19-42 Down 

299-W19-12 Down 
299-W19-3 1 Down 
299-W 194 1 Down 
299-W1942 Down 

h t e d  Effluent Disposal Facility 

699-40-36 Down 

3 
1 
4 
4 
2 
1 

5 
1 
2 

4 
1 
4 
3 

1 

Maximum 
Result 

37,100 
29,800 
32,300 
6,200 
5,130 
1,450 
982 
10 
15 

27,200 
1,170,000 
2,000,000 
1,970,000 
29,900 
2 1,400 

610 
290 
510 
78.4 
57.4 
148 
124 

130 

MUor 
DWS@)Level 

10.000 
10.000 
10,000 

900 
900 
900 
900 
5 
5 

20,000 
20,000 
20,000 
20,000 
20,000 
20,000 

5 
5 
5 

50 
50 
50 
50 

50 

(a) Samples collected between October 1,1998 and September 30,1999. Primary maximum contaminant levels and interim drinkii 
water standards. Excludes constituents where the detection l i t  is greater than the standard. 

(b) M U  = Maximum contaminant level. 
DWS = Drinking water standard. 

ND = Not determined. 
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Table A.4. Monitoring Wells and Constituents for 100 N Area Units (adapted from 
WHC-SD-EN-AP-038, Rev. 2) 

Hydrogeologic Unit Sampling Water-Level Well 
Well Monitored Frequency Measurement Standard Other Networks 

1301-N Liquid Waste Disposal Facility 

199-N-2@ Top of unconfined Semiannual Semiannual PRE 100-NR-2, ERA 
199-N-3@ Top of unconfined Semiannual Semiannual PRE 100-NR-2, ERA, 

Surveillance 
199*N-Mm Top of unconfined Semiannual Semiannual PRE Surveillance 
199-N-57*' Top of unconfined Semiannual Semiannual RCRA Surveillance 

- 199-N- 1 05A95 Unconfined Semiannual RCRA(') ERA 

1324-N/NA Liquid Waste Disposal Facilities 

199-N-598' Top of unconfined Semiannual Semiannual RCRA Surveillance 
199-N-71 Top of unconfined Semiannual Semiannual RCRA Surveillance 
199-N-7291 Top of unconfined Semiannual Semiannual RCRA -* 

199-N-7391 Top of unconfined Semiannual Semiannual RCRA 
199-N-779*'b' Bottom of unconfined Semiannual Semiannual RCRA ** 

1325-N Liquid Waste Disposal Facility 

199-N-28w'b' Top of unconfined Semiannual Semiannual PRE Surveillance 
199-N-32w Top of unconfined Semiannual Semiannual PRE 100-NR-2, Surveillance 
199-N-41" Top of unconfined Semiannual Semiannual PRE Surveillance 
199-N-74'' Top of unconfined Semiannual Semiannual RCRA 100-NR-2, Surveillance 
199-N-8 193 Top of unconfined Semiannual Semiannual RCRA 100-NR-2, Surveillance 

u 
Contamination Indicator Parameters Site-Specific Parameters 

pH (field) 
Specific conductance (field) 
Total organic carbon 
Total organic halides 

Alkalinity'" ICY metals (filtered)(c) 
Anions(c) Turbidity 
Gross alpha(d) 

(a) Extraction well; screened over entire thickness of aquifer. 
(b) Used for supplemental information; no statistical evaluations. 
(c) Annually for 1301-N and 1325-N liquid waste disposal facilities. 
(d) Grass alpha required for wells 199-N-59 and 199-N-77 only. 
Bold italic - Upgradient wells. 
Superscript = Year of installation. 
ERA = Expedited response action. 
ICP 
PRE = Well not constructed to RCRA standards. 
RCRA = Well constructed to RCRA standards. 

E Inductively coupled plasma emission spectroscopy. 
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Groundwater Monikring I$r FY 1999 
/- 

Table AS. Critical Mean Values for 1301-N Liquid Waste Disposal Facility‘“ 

Upgradient/ 
Average Standard Critical Downgradient 

Constituent, unit - n d f  t. Background Deviation Mean Comparison Value 

specific 
conductance, @/cm 10 9 4.7815 537.69 237.05 1,726.5 1,726.5 

Field pH 10 9 5.2912 7.969 0.356 [5.99,9.94] [5.99,9.94] 

Total organic carbon, 
PfZL 10 9 4.7815 623.625 350.836 2,383.0 2,383.0 

Total organic 
halides,”) PfZL 9 8 5.0420 6.162 3.377 24.1 24.1 

(a), Based on semiannual sampling events from !&ptember 1997 to September 1999 for upgradient wells 199-N-57 and 

(b) Excluding suspect data collected on September 30,1997 from well 199-N-57. 
df = Degrees of freedom (n-1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 20 comparisons. 

199-N-34. 

Table A.6. Critical Mean Values for 1324-NFJA Liquid Waste.Dispa a l  Facilities‘’) 

Constituent, unit 

specific 
conductance, pS/cm 

Field pH 

Total organic 
carbon,”) pg/L 

Total organic halides, 
PfZL 

Upgradient/ 
Average Standard Critical Downgradient 

- n d f  - t, Background Deviation Mean Comparison Value 

5 4 .8.1216 305.25 18.694 471.6 47 1.6 

5 4 9.7291 8.162 0.095 [7.15,9.17] [7.15,9.17] 

5 4 8.1216 237.25 180.157 1,840.1 1,840.1 

5 4 8.1216 7334 2.286 27.7 27.7 

b 

(a) Based on semiannual samplig events from September 1997 to August 1999 for upgradient well 199-N-71. 
(b) Critical mean calculated from values reported below vendor’s specified method detection limit. 
df = Degrees offreedom (n-I). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 16 comparisons. 

A.42 



Appendix A 

Table A.7. Critical Mean Values for 1325-N Liquid Waste Disposal Facility'') 

Upgradient/ 
/f Average Standard Critical Downgradient 

Mean Comparison Value n d f  t, Background Deviation Constituent, unit - 

Specific 
conductance, @/cm 5 4 8.1216 349.75 13.621 470.9 470.9 

Field pH 5 4 9.7291 8.163 0.149 i6.57.9.761 [7.46, 8.791(b) 

Total organic carbon, 
IQP- 5 4 8.1216 307.5 156.774 1,702.3 1,702.3 

Total organic halides, 
IQP- 5 4 8.1216 6.185 2.375 27.3 27.3 

(a) Based on semiannual sampling events from September 1997 to September 1999 for upgradient well 199-N-74. 
(b) Values calculated using data collected from August 1995 to September 1999 because the critical range calculated using 

limited data is too large to be meaningful. 
df = Degrees of freedom (n- 1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 16 comparisons. 

W 
Table A.8. Monitoring Wells and Constituents for 120-D-1 Ponds (adapted from 

WHC-SD-EN-AP-048) 

Hydrogeologic Unit Sampling Water-Level Well 
Other Networks h well Monitored Frequency(') Measurement Standard 

199-D5-1391 Top of unconfined Semiannual Semiannual RCRA 100-HR-3, Surveillance 
199-D&I9' Top of unconfined Semiannual Semiannual RCR4 100-HR-3 
199-D8-591 Top ofunconfiied Semiannual Semiannual RCRA 100-HR*3 
199-D8-691 Top of unconfined Semiannual Semiannual RCRA Surveillance 

Cmtamination Indicator Parameters Site-Specific Parameters 

Alkaliiity ICP metals (filtered) 
Anions Mercury (filtered) 

pH (field) 
Specific conductance (field) 
Total organic carbon Gross alpha 
Total organic halides Gross beta Turbidity (field) 

(a) Through March 1999. Site clean closed. No further RCRA monitoring required. 
Bold italic - Upgradient well. 
Superscript = Year of installation. 
ICP 
RCRA 

Tritium 

- Inductively coupled plasma emission spectroscopy. - Well constructed to RCRA standards. 
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%ble A.9. Monitoring Wells and Constituents for 183-H Solar Evaporation Basins 
(adapted from PNNL-11573) 

Hydrogeologic Unit Sampling 
Well Monitored Fresuencv 

199-H4-3” Top of unconf” Id  Annual 
199-H4-7B6‘” Top of unconfiied Annual 
199-H4-l2Aw” Top of unconfined Annual 
lW-H4-12CB6 Middepth unconfiied Annual 

Dangerous Waste Constituents 

Chromium (filtered) 
Nitrate 
Fluoride 
Technetium-99 
Uranium 

Water-Level Well 
Measurement . Standard Other Networks 

Semiannual PRE IRA, Surveillance 
Semiannual RCRA IRA, Surveillance 
Semiannual RCRA IRA 
Semiannual RCRA IRA 

Site-Specific Parameters 

Alkalinity PH 
Anions Specific conductance 
ICP metals (filtered) Turbidity 

(a) Extraction well. 
Superscript = Year of installation. 
ICP 
IRA = Interim response action. 
PRE = Well not constructed to RCRA standards. 
RCRA = Well constructed to RCRA standards. 

= Inductively coupled plasma emission spectroscopy. 

c 
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Table A.lO. Monitoring Wells and Constituents for Waste Management Area S-SX (adapted from 
WHC-SD-EN-AP- 191 ) 

Hydrogeologic Unit Sampling Water-Level Well 
Well Monitored Frequency Measurement Standard Other Networks 

Top of u n d i e d  
Top of unconfined 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfied 
Top of unconfiied 
Top of unconfiied 
Top of unconfined 
Top of u n d i e d  
Top of unconfined 
Top of unconf'ied 

Quarterly 
Quarterly 

Quarterly 

Quarterly 
Quarterly 

Quarterly 

Quarterly 
Quarterly 

aUanerly 

Quarterly 

Quarterly 

Quart+ 

Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quanerlv 
Quarterly 
Quarterly 

RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 

PRE 
PRE 

RCRA 
RCRA 
RCRA 

Surveillance 
I* 

-- 
Surveillance -- 

*e 

-- 
Surveillance 

-* 

Surveillance 
Surveillance 

Contamination Indicator Parameters Site-Specific Parameters 

Anions Strontium-90 PH 
Specific conductance Cesium- 137 Technetium-99 
Total organic carbon Gross alpha Tritium 
Total organic halides Gross beta Turbidity 

4id Hexavalent chromium Uranium 
ICP metals (filtered) . Volatile organic compounds 

Bold italic = Upgrahient wells. 
Superscript = Year of installation. 
ICP 
PRE = Well not constructed to RCRA standards. 
RCRA 

= Inductively coupled plasma emission spectroscopy. 

= Well constructed to RCRA standards. 
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Ld 
nble A1 1. Monitoring Wells and Constituents for Waste Management Area T (adapted from 

WHGSD-EN-AP-012, Rev. 1 and WHC-SDJ3L”-132) 

Well 
Hydrogeologic Unit 

Monitored 

299-W6-2’”‘” 
299-W649”” 
299-W6-992(” 
299-W6-1091 
299-wio-147 
299-W 10-2’’ 
299-W 10-4” 
299-W10-873 

299-Wl0-19Pu” 
299-w 10- 1274 

299-w 10-2093(4 
299-w10-2193(4 
299-W 10.22% 
299-W 10.23- 
299-W10-24% 
299-W11:7” 
299-w 1 1-1 253 

299-Wll-23” 
299-W11-24” 
299-W11-279‘ 
299-W1 1-2891 
299-W11-3092 
299-W11-31”‘” 
299-W 15-1 2” 

Top of u n d i e d  
Top of unconfined 
Top ofundied 
Unconfined 
Unconfined 
Unconfined 
Unconfined 
Top ofundied 
Top of unconfined 
Top of u n d i e d  
Top of unconfiied 
Top ofunconfiied 
Unconfined 
U n d i e d  
Unconfined 
Unconfined 
Unconfined 
Top of unconfiied 
Top ofundied 
Top ofmconfined 
Top of u n d i d  
Unconfined 
Top of unconfiied 
unconfined 

Sampling 
Fresuencv 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
QuaaerlY 
Quarterly 

Semiannual 
Semiannual 
Semiannual 
Semiannual 
Quarterly 
W e r l Y  
Quarterlv 

Semiannual 
Quarrerly 
QUarrerly 
QUarrerly 
Quarrerly 
QUarrerly 

Semiannual 
Semiannual 
Semiannual 

Contamination Indicator Parameters 

PH 
Specific conductance 
Total organic carbon 
Total organic halides 

(a) Wells used for expanded assessment monitoring. 
(b) Gmstituent list varies by well. 
Superscript = Yearofinstallation. 
ICP 
LLWMA 
PRE = Well not constructed to RCRA standards. 
RCRA = Well constructed to RCRA standards. 

= Inductively coupled plasma emission spectroscopy. 
= Low-level waste management area. 

Water-Level 
Measurement 

Well 
Standard 

Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Quarterly 
(2Uarrerly 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
QUarrerlv 
Quarterly 
Quarterly 

Semiannual 
Quarterly 
Quarrerly 
QuarterlY 
Quarterly 
Quarterly 

Semiannual 
Semiannual 
Semiannual 

RCRA 
RCRA 
RCRA 
RCRA 

PRE 
PRE 
PRE 
PRE 
PRE 

RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 

PRE 
PRE 
PRE 
PRE 

RCRA 
RCRA 
RCRA 
RCRA 

PRE 

Other Networks 

L . L . .  3, Surveillance 

-- 
I- 

Surveillance 

Surveillance 

Surveillance 
urn3 
u.3 
u.3 

Surveillance 

Surveillance 

I- 

I- 

** 

-- 
-- 
-- 
-- 
c. 

Surveillance 
200-ZP-1 

*- 

Site-Specific Parameters@) 

Anions Strontium-90 
Gamma scan (cesium-137, Technetium-99 

Gross alpha Tritium 
Gross beta Turbidity 
ICP metals (filtered) 
Iodine-129 

cobalt-60) Total dissolved solids 

Volatile organic compounds 
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Table A.12. Monitoring Wells and Constituents for Waste Management Area TX-TY (adapted from 
WHC-SD-EN-AP-012, Rev. 1 and WHC-SD-EN-AP-132) 

Well 

299-W 10- 17" 
299-W10-1B90 
299-W 1 0 ~ 2 6 ~  
299-W14-2" 
299-W14-5" 
299-W 14-6" 
299-W14-12" 
299-W14-1399 
299-W 14-1 499 
299-W15-4% 
299-W15-2291 
299-W 15-4OW 

Hydrogeologic Unit 
Monitored 

Top of unconfined 
Top of unconfined 
Unconfined 
Unconfined 
Uncon f i e d  
Unconfined 
Top of unconfined 
Unconfined 
Unconfined 
Unconfied 
Top of unconfined 
Unconfined 

Sampling 

Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 

Frequency 

Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 

Dry 
Quartaly 

Water-Level 
Measurement 

Quarterly 

Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 

Dry 
Quarterly 

Quarterly 

Well 
Standard 

RCRA 
RCRA 
RCRA 
PRE 
PRE 
PRE 
RCRA 
RCRA 
RCRA 

PRE 
RCRA 
RCRA 

Other Networks 

I- 

-- 
-- 

Surveillance 
200-ZP-1 

-- 
e- 

Contamination Indicator Parameters Site-Specific Parameters 

vH Alkalinity Iodine-129 
Specific conductance 
Total organic carbon 

W 

(a) Limited wells. 
Bold italic = Upgradient well. 
Superscript = Year of installation. 
ICP 
PRE = Well not constructed to RCRA standards. 
RCRA 

= Inductively coupled plasma emission spectroscopy. 

- Well constructed to RCRA standards. 

Anions Strontium-9Q" 
Gamma scan (cesium-137, Technetium-99 

Gross alpha 
Gross beta Turbidity 
ICP metals (filtered) 

cobalt-60) Total dissolved solids 
Tritium 

Volatile organic compounds(n) 
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L’ 
Table A.13. Monitoring Wells and Constituents for Waste Management Area U (adapted from 

WHC-SD-EN-AP-012, Rev. 1) 

Well 

299-W18-25” 
299-W 18-309’ 
299-W18-3 1” 
299-W 19-12”(’) 
299-W19-3 190 
299-W1941W 
299-W1942W 

Hydrogeologic Unit 
Monitored 

Top of unconfined 
Top of unconfnd 
Top ofunconfined 
Top of unconfined 
Top of unconfined 
Top of unconfined 
Top of unconfined 

Well 
Standard 

RCRA 
RCRA 
RCRA 
PRE 
RCRA 
RCRA 
RCRA 

Other Networks 

Surveillance 
200-ZP-1 

** 

.c 

Surveillance 
Surveillance 
Surveillance 

Contamination Indicator Parameters Site-Specific Parameters 

PH Alkalinity 10diie-l29(~) 
Specific conductance Anions Phenols(*) 
Total organic carbon Gamma scadc) Technetium-99 
Total organic halides Gross alpha Total dissolved solids 

Gross beta Tritium 
ICP metals (filtered) Turbidity 

(a) Used for supplemental information; no statistical evaluations. 
(b) Last sampled December 1998. 

(d) Annually. 
Bold italic = Upgradient wells. 
Superscript = Year of installation. 
ICP 
PRE = Wen not constructed to RCRA standards. 
RCRA = Well constructed to RCRA standards. 

(c) Wells 299-W1941 and 299-W1942 only. 

= Inductively coupled plapm emission specrroscopy. 

Table A.14. Critical Mean Values for Waste Management U(*) 

Upgradient/ 
Average Standard Critical Downgradient 

Constituent, unit - n ! E  tc Background Deviation Mean Comparison Value 

specific 
conductance, @/cm 10 9 4.7815 218.175 10.870 272.7 272.7 ‘ 

Field pH 10 9 5.2912 8.088 0.112 [7.46,8.71] [7.46,8.711 

Total organic carbon,@) 
PdL 10 9 4.7815 465.250 125.069 1,092.5 1,153.7 

Total organic halides, 
PdL 10 9 4.7815 32.938 25.438 160.5 160.5 

(a) Data collected from August 1998 to August 1999 for upgradient wells 299-W18-25 and 299-W18-31. 
(b) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B. 
df = Degrees of freedom (n-1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 20 comparisons. L 
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Table A.15. Monitoring Wells and Constituents for 21643-10 Pond and Ditch (adapted from 
WHC-SD-EN-AP-018) 

Hydrogeologic Unit Sampling Water-Level Well 

299-W26-791 Top of unconfiied Semiannual Semiannual RCRA Surveillance 
299-W26-890 Top of uncodined Dry(‘) NA RCRA Surveillance 

Well Monitored Frequency Measurement Standard Other Networks 

299-W26~9~ Top of unconfiied Dryb’ NA RCRA I* 

299-W26-1O9’ Top of unconfiied D r y f C )  NA RCRA -* 

299-W26- 1 291 Top of unconfined Semiannual Semiannual RCRA Surveillance 
299-W27-2’’fd’ Base of unconfined Semiannual Semiannual RCRA Surveillance 

Contamination Indicator Parameters Site-Specific Parameters 

PH Alkalinity ICP metals (filtered) 
Specific conductance Anions Phenols 
Total organic carbon Gross alpha Turbidity 
Total organic halides Gross beta 

(a) Well drv; last sampled March 1998. 
(b) Well drv; last sampled June 1999. 
(c) Well drv; last sampled March 1999. 
(d) Used for supplemental information; no statistical evaluation. 
Bold italic = Upgradient wells. 
Superscript = Year of installation. 
ICP 
NA = Not applicable. 
RCRA = Well constructed to RCRA standards. 

= Inductively coupled plasma emission spectroscopy. tMi 

Table A.16. Critical Mean Values for 216-S-10 Pond and Ditch(”) 

Upgradient/ 
Average Standard Critical Downgradient 

Constituent, unit - n d f  - t, Background Deviation Mean Comparison Value 

Specific 
conductance, @/cm 5 4 7.5288 276.6 5.504 322.0 322.0 

Field pH 5 4 9.0292 8.101 0.089 [7.22,8.98] [7.22,8.98] 

Total organic 
carbon,6) pg/L 5 4 7.5288 274.45 11 1.93 1,197.6 1,197.6 

Total organic halides, w 5 4 7.5288 5.584 2.175 23.5 23.5 

(a) Data collected from December 1996 to December 1997 for upgradient well 299-W26-7, except for total organic carbon 

(b) Critical mean calculated from values reported below vendor’s specified method detection limit. 
df = Degrees of freedom (n-1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 12 comparisons. 

that was collected from December 1995 to December 1997. 
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Table A.17. Monitoring Wells and Constituents for 216-U-12 Crib (adapted from 
WHCSD-EN-AP-019 and WHCSD-EN-AP-108) 

Hydrogeologic Unit 
Well Monitored 

299.w22-4090 Top ofunconfiied 
299-w22-4190 Top ofunconfiied 
299.w22-4290 Top of unconfiied 
299-W224390 Top ofunconfiied 
299-W22-7998 Topofunconfined 
699-36-7OAw Top of unconfiied 

Water-Level 
Measurement 

NA 
NA 
NA 

Quarterly 
QUarrerly 
Quarterly 

Well 
Standard Other Networks 

RCRA Surveillance 
RCRA -- 
RCRA I* 

RCRA I* 

RCRA -- 
RCRA ERDF 

Contamination Indicator Parameters Site-Specific Parameters 

PH Alkalinity Iodiie- 129") 
Specific conductance Anions 
Total organic carbon Gross alpha Total dissolved solids 
Total organic halides Gross beta 'Tritium 

Technetium-99 

ICP metals (filtered)(b) Turbidity 

(a) Well is dry, last sampled March 1999. 
(b) Analyzed annually. 
Bolditalic = Upgradientwell. 
Superscript = Yearofinstallation. 
ERDF 
ICP 
NA = Not applicable. 
RCRA = Well constructed to RCRA standards. 

= Environmental Restoration Disposal Facility. 
= Inductively coupled plasma emission spectroscopy. 
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Table A.18. Monitoring Wells and Constituents for Low-Level Waste Management Area 3 
(adapted from WHC-SD-EN-AP-015) 

Hydrogeologic Unit Sampling Water-Level Well 
Standard Other Networks Well Monitored Frequency Measurement 

299-W6-2” 
299-W7-la7 
299-W7-2” 
299-W7-3” 
299-W7-4” 
299-W7-5” 
299-W7-6’” 
299.W7-F 
299-W7-8@ 
299-W7-990 
299-W7-1090 
299-W7-1 191 
299-W7-1291 
299-W8-lE7 
299-W9- le7 
299-W10-1387 
299-W10-14” 
299-WIO. 1992 

299-WI O-2 1 93 

299.~10-2093 
u 

Top of unconfiied 
Top of unconfined 
Top of unconfined 
Deep unconfied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfined 
Top of unconfiied 
Top of unconfiied 
Top of unconfined 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfined 
Top of unconfiied 
Deep unconfied 
Top of unconfined 
Top of unconfiied 
Top of unconfiied 

Semiannual 
Semiannual 

Dry 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 

Semiannual 
Semiannual 

Dry 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 

RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 

WMA T, Surveillance 
SUDS 

SALDS 
** 

I* 

SALDS, Surveillance 
SALDS, Surveillance 

SUDS 
SALDS, Surveillance 

SALDS 

SALDS, Surveillance 
SALDS, Surveillance 
SALDS, Surveillance 

Surveillance 
Surveillance 

WMAT 
WMA T, Surveillance 
WMA T, Surveillance 

-* 

Contamination Indicator Parameters Site-Specific Parameters 

Alkalinity Mercury (filtered) PH 
Specific conductance Anions Phenols 
Total organic carbon Gross alpha Tritium 
Total organic halides Gross beta Turbidity 

ICP metals (filtered) 
Lead (filtered) 

Volatile organic compounds 

Bold italic = Upgradient wells. 
Superscript - Year of installation. 
RCRA 
SALDS 
WMA - Waste management area. 

= Well constructed to RCRA standards. 
= State-Approved Land Disposal Site. 
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Table A.19. Critical Mean Values for Low-Level Waste Management Area 3 (area not 
affected by upgradient contamination)(a) 

UpgradienJ 
Average Standard Critical Downgradient 

Constituent, unit - n ! ! !  t, Background Deviation h4i-Sl.i Comparison Value 

specific 
conductance, @/cm 9 8 53168 445.472 24.948 585.3 585.3 

Field pH 9 8 5.9119 8.287 0.226 I6.88,9.691 [6.88,9.69] 

Total organic 
carbon,&) clgn 8 7 5.7282 169.062 49.945 ‘472.5 - 1,153.7 
Total organic haliies, ~ 

crgn 8 ’ 7 5.7282 9.10 7.137 52.5 525 

(a) Data collected from December 1994 to September 1995 for upgradient wells 299-W9-1 and 299-W10-13. Critical means 
calculated for area not impacted by upgradient source of contamination. 

(b) Critical means calculated from values reported below vendor’s specified method detection limit. 
(c) Upgradient/d+ient comparison value is the limit of quantitation discussed in Appendix B. 

n = Number of background replicate averages. 
tc = Bonferroni critical t-value for appropriate df and 28 comparisons. 

. df - Degrees of M o m  (n-1). 

Table A.20. Critical Mean Values for Low-Level Waste Management Area 3 (area affected 
by upgradient contamination)(a) 

Upgradient/ 
Average standard Critical Downgradient 

Constituent, unit - n d f  - t, Badcground Deviation Mean Comparison Value 

Specific 
conductance, @/cm ll@) 10 5.0494 561.296 54.4 848.2 848.2 

Field pH 15 14 4.8656 8.059 0.316 [6.47,9.65] [6.47,9.65] . 
Total organic 
carbon,’d) pg/L 15 14 4.4995 336.9167 126.77 926.0 1,153.7 

Total organic halides, 
MP- 13@) 12 4.7168 784.492 4 374.522 2,617.7 2,617.7 

(a) Data collected from March 1997 to March 1998 for upgradient wells 299-W10-19,299-W10-20, and 299-W10-21. 
Critical means calculated for area impacted by upgradient source of contamination. 

(b) Excluded outliers. 
(c) Critical means calculated from values reported below vendor’s specified method detection limit. 
(d) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B. 
df = Degrees of freedom (n-1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 40 comparisons. 
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w 
Table A.2 1. Monitoring Wells and Constituents for Low-Level Waste Management Area 4 

(adapted from WHC-SD-EN-AP-015) 

Well 

299-Wl5- 15" 
299-W 1 5 ~ 6 ~ ~  
299-W 1 5 ~ 7 ' ~  
299-W 15- 18" 
299.w15.1989 
299.w15.2089 
. 299-W15-239a 
299-W15-24" 
299-W18-21" 
299-w1a-2287 
299-W1 8-2387 
299-W 18-2487 
299-W18-26" 
299-WI8-2 79' 
299-W18-2a9' 
299-W18-29' 
299-W18-3292 

Hydrogeologic Unit 
Monitored 

Top of unconfiied 
Top of unconfied 
Deep unconfined 
Top of unconfiied 
Top of unconfined 
Top of unconfiied 
Top of unconfied 
Top of unconfiied 
Top of unconfined 

Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Perched zone 
Top of unconfiied 

Deep unconfmed 

Sampling 
Frequency 

Semiannual 
Semiannual 
Semiannual 
Semiannual 

Dry 
Dry 
Dry 
Dry 

Semiannual 
Semiannual 
Semiannual 
Semiannual 

Dry 
Semiannual 
Semiannual 

Dry 
Dry 

td Contamination Indicator Parameters 

PH 
Specific conductance 
Total organic carbon 

. Total organic halides 

Bold italic = Upgradient wells. 
Superscript = Year of installation. 
ICP 
RCRA 

= Inductively coupled plasma emission specnoscopy. 
= Well constructed to RCRA standards. 

Water-Level 
Measurement 

Semiannual 
Semiannual 
Semiannual 
Semiannual 

Dry 
Dry 
Dry 
Dry 

Semiannual 
Semiannual 

Well 
Standard 

RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 

Other Networks 

200-ZP-1 
*- 

-* 

-- 
200-ZP- 1, Surveillance 

-- 
-- 
-* 

200-ZP-1 
Surveillance 

200-ZP-1 Semiannual RCRA 
Semiannual RCRA ** 

Semiannual RCRA 
Semiannual RCRA -* 

Dry RCRA 
Dry RCRA 

c- Dry 
200-ZP-1 

200-ZP-1 

Site-Specific Parameters 

Alkalinity Mercury (filtered) 
Phenols Anions 

Gross alpha Tritium 
Gross beta Turbidity 
ICP metals (filtered) 
Lead (filtered) 

Volatile organic compounds 
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LiJ 
Table A.22. Critical Mean Values for Low-Level Waste Management Area 4'') 

Upgradient/ 
Average Standard Critical h g r a d i e n t  

Constituent, unit - n d f  - t, Background Deviation Mean Comparison Value 

specific 
COndUCtan~, @/an 16 15 4.2395 377.156 68.587 676.9 676.9 

Field pH 16 15 4.5857 7.958 0.130 [734,8.57] [734,8.571 
Total organic 
carbon,@) pg/L 16 15 4.2395 543.438 236.054 1,575.0 1,575.0 

Total organic halides, 
pg/L 16 15 4.2395 262.5 10 199.616 1,134.8 1,134.8 

(a) Based on semiannual sampllng events from July 1997 to January 198 for upgradient wells 299-W15-15,299-W18-21, 

(b) Critical means calculated using data below vendor's specified method detection limit. 
df = Degrees offreedom (n-1). 
n = Number of baclrground replicate averages. 
t, = Bonferroni critical t-value for appropriate &and 28 comparisons. 

299-W18-23, and 299-W18-26. 'i 
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&, 
Table A.23. Monitoring Wells, Constituents, and Enforcement Limits for State-Approved 

Land Disposal Site (adapted from WHCSD-CO18H-PLN-004, Rev. 1) 

Well 

299-W6-6 
299-W6-7 
299-W6-8 
299-W6- 11 
299-W6-12 
299-W7-1 
299-W7-3 
299-W7-5 
299-W7-6 
299-W7 -7 
299-W7 -8 
299-W7-9 
299-W7-11 
299-W7- 12 
299-W8-1(4 
699-48-7 1 
699-48-77A\"' 

699-48-77C' 
w 

699-48-77W' 

699-49-79 
699-51-75 

Constituent 

Acetone 
Ammonia 
Benzene 
Cadmium, total 
Chloroform 
Copper, total 
Gross alpha 
Gross beta 

Hydrogeologic Unit 
Monitored 

Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of uhconfiied 
Top of unconfined 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Unconfined 
Gmfiied Ringold 
unit E; upper 
Confied Ringold 
unit E; mid to lower 
Confiid Ringold 
unit E; upper 
Top of unconfiied 
Gmfiied Ringold( ?) 

Sampling 
Frequency 

Annual 
Annual 

Semiannual 
Annual 
AnnUal  

Semiannual 
Annual 
Annual 

Semiannual 
Annual 
A n n U a l  
Annual 

Semiannual 
Annual 

Quarterly 
Annual 

Quarterly 

Quarterly 

Quarterly 

Annual 
Annual 

Enforcement Limit (&) 

160 
1,100 

5 
10 
6.2 
70 

Monitor only 
Monitor only 

Well 
Standard 

RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 

PRE 
RCRA 

Other Networks 

Surveillance 
Surveillance 

*- 

-* 

Surveillance 
LLWMA3 
LLWMA 3 

LLWMA 3, Surveillance 
LLWMA 3, Surveillance 

LLWMA3 
LLWMA 3, Surveillance 

LLWMA 3 
LLWMA 3, Surveillance 
LLWMA 3, Surveillance 
LLWMA 3, Surveillance 

Surveillance 
r- 

RCRA Surveillance 

RCRA Surveillance 

PRE 
PRE 

Constituent 

Lead, total 
Mercury, total 
PH 
Strontium-90 
Sulfate 
Tetrahydrofuran 
Total dissolved solids 
Tritium 

(a) Monitored for full constituent list. Other wells analyzed for tritium only. 
Bold italic = Upgradient well. 
UWMA 
PRE 
RCRA 

= Low-level waste management area. 
= Well not constructed to RCRA standards. 
= Well constructed to RCRA standards. 

Enforcement Limit (&L) 

50 
2 

6.5 - 8.5 pH units 
Monitor only 

250,000 
100 

500,000 
Monitor only 
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%ble A24. Monitoring Wells and constituents for Environmental Restoration I)lsposal Facility 
(adapted from BHI-00873) 

Hydrogeologic Unit Sampling 
Well Monitored Frequencv 

699-35-p6As’ Top of unconfined Semiannual 
699.3647% Top of u n d i e d  Semiannual 
699-36-7094 Top of unconfiied Semiannual 
699-3 74896 Top of unconfiied Semiannual 

Contamination Indicator Parameters 

PH 
Specific conductance 
Turbidity 

~ 

Bold italic = Upgradient well. 
Superscript = Year of installation. 
ICP 
PRE = Well not constructed to RCRA standards. 
RCRA = Well constructed to RCRA stan&. 

= Inductively coupled plasma emission specaoscopy. 

Water-Level Well 
Measurement Standard Other Networks 

Semiannual PRE Surveillance 
Semiannual RCRA 
Semiannual RCRA 2 16-U-12 
Semiannual RCRA -- 

Site-Specific Parameters 

Alkalinity ICP metals (filtered) 
Anions Iodine-129 
Arsenic (filtered) Radium 
Carbon-14 Technetium-99 
Carbon tetrachloride Total dissolved solids 
Gross alpha Total organic halides 
Gross beta Uranium 

Table A.25. Monitoring Wells and Constituents for Waste Management Area A-AX 
(adapted from WHCSD-EN-AP-012, Rev. 1) 

Hydrogeologic Unit 
Well Monitored 

299-E24-1989 Top of unconfied 
299-E24-209’ Top of uncd ied .  
299-E25-2”(” Top of uncdmed 
299-E25W Top of uncqnfined 
299-E254 1” Top of uncdined 
299.E25-W Top of unconfined 

Sampling 
Frequency 

Semiannual 
Semiannual 

Semiannual 
Semiannual 
Semiannual 

Water-Level 
Measurement 

Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Qu=trnlY 

Well 
standard Other Networks 

RCRA Surveillance 
RCRA Surveillance 
PRE .- 

RCRA *- 

RCRA Surveillance 
RCRA Surveillance 

Contamination Indicator Parameters Site-Specific Parameters 

PH Anions Low-level gamma 

specific conductance Gross alpha Phenols 
Total organic carbon Gross beta TeAetium-99 
Total organic halides ICP metals (filtered) Tritium 

Iodine-129 Turbidity 

(a) Used for supplemental information; no statistical evaluations. 
Bold italic = Upgradient wells. 
Superscript = Year of installation. 
ICP 
PRJi = Well not constructed to RCRA standards. 
RCRA = Well constructed to RCRA standards. 

- Inductively coupled plasma emission spectroscopy. L, 
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Table A.26. Critical Mean Values for Waste Management Area A-AXu 

Upgradient/ 
Average Standard Critical Downgradient 

Constituent, unit - n r  t, Background Deviation Mean Comparison Value 

Specific 

Field pH 8 7 6.0818 8.066 0.182 [6.89,9.241 [6.89,9.24] 

Total organic carbon, w 8 7 5.4079 724.375 168.522 1,691.0 1,691.0 

Total organic 
halides,’d) pg/L. 8 7 5.4079 2.552 0.791 7.1 17.9 

(a) Based on semiannual sampling events from February 1998 to June 1999 for upgradient wells 299-E25-40 and 299-E25-41. 
(b) Outlier excluded. 
(c) Critical mean calculated from values reported below vendor’s specified method detection limit. 
(d) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B. 
df = Degrees of freedom (n-€). 
n = Number of background replicate averages. 
tc = Bonferroni critical t-value for appropriate df and 20 comparisons. 

conductance, @/cm 6(b) 5 6.8688 313.50 29.838 534.9 534.9 

c 
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\ 

‘Ikble A.27. Monitoring Wells and Constituents for Waste Management Area B-BX-BY(’) . 

(adapted from WHCSD-EN-AP-012, Rev. 1 and WHCSD-ENV-AP-002) 

Hydrogeologic Unit Sampling Water-Level Well 
Well Monitored Frequency Measurement standard Other Networks 

299-E28-857 
299433-Ys 
299-E33-7” 
2994334” 
299433.13” 
299-E33 - 15’’ 
299-E33-165) 
299433- 1 753 
299-E33-18= 
299-E33-2lS1 
299-E33-2770 
299-E33-28* 
299-E33-2Y7 
299-E33-3lW 
299-E33-32” 
299-E33-33” 

299-E33-3SW 
299433-3690 

Unconfined 
Unconfined 
uncohed 
Unconfined 
Unconfined 
unconfind 
Unconfined 
unconfined 
Unconfined 
Unconfined 
Unconfined 
Unconfined 
Unconfined 
Unconfined 
Unconfined 
Unconfined 

Unconfined 
Unconfined 

Unconfiied 
Unconfined 
Unconfined 
Unconfined 
Unconfined 
Unconfined 

Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
QuartrnlY 
QUartaly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 

Quarterly 
CrUarrerly 

FRE 
PRE 
PRE 
PRE 
PRE 
PRE 
PRE 
PRE 
PRE 
PRE 
PRE 

RCRA 
RCRA 
RCRA 
RCRA 
RCRA 

RCRA 
RCRA 

RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 

-. 
Surveillance 
Surveillance 

Surveillance 
.. 
-. 
-* 

Id 

Surveillance -- 
*I 

U . 1  

II 

Surveillance 

Surveillance 
UWMA 1, Surveillance 

Surveillance 
Surveillance 
Surveillance 
Surveillance 
Surveillance 

216-E63 trench, 

216-E63 trench, 

-- 
-- 

Contamination Indicator Parameters Site-Specific Parameters 

PH 
Specific conductance 
Total organic carbon 
Total organic halides 

Anions (nitrate, nitrite) 
Cyanide Strontium-90 

Gross beta Tritium 
ICP metals (filtered) Turbidity 
Iodine-129 Uranium 

Low-level gamma (cobalt-60) 

Gross alpha Technetium-99 

(a) Well l i t  varies, dependiig on assessment requirements and thanges in contaminant conditions. 
(b) Not sampled entire year. 
(c) Sampled monthly for selected constituents only. Subject to monthly revision. 
Bold italic = Upgradient wells. 
Superscript = Year of installation. 
ICP 
L L .  
PRE = Well not constructed to RCRA standards. 
RCRA = Well constructed to RCRA standards. 

= Inductively coupled plasma emission spectmscopy. 
= Low-level waste management area. 

b 
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Table A.28. Monitoring Wells and Constituents for Waste Management Area (2‘’) (adapted from 
WHC-SD-EN-AP-012, Rev. 1) 

Hydrogeologic Unit sampling 
Well Monitored Frequency 

299-E27*7a2@) Top of unanfiied Semiannual 
299-E27-1 289 Top of unconfined Semiannual 
299-E27-1389 Top of unconfined Semiannual 
299-EZ 7-1 4m Top of unconfiied Semiannual 
299-E27-1589 Top of unconfiied Semiannual 

Contamination Indicator Parameters 

PH 
Cyanide 
Specific conductance 
Strontium-90 
Total organic carbon 
Total organic halides 

Water-Level Well 
Measurement Standard Other Networks 

Quarterly PRE Surveillance 
Quarterly RCRA ** 

Quarterly RCRA -- 
Quarterly RCRA Surveillance 
QuarterlY RCRA Surveillance 

Site-Specific Parameters 

Anions Phenols 
Gross alpha Technetium-99 
Gross beta Total uranium 
ICP metals (filtered) Tritium 
Iodine-I29 Turbidity 
Low-level gamma 

(a) Sampling increased January 1999 to monthly with limited constituent list to provide adequate temporal coverage for 

(b) Used for supplemental information; no statistical evaluation. 
Bold italic = Upgradient wells. 
Superscript = Year of installation. 
ICP 
PRE = Well not constructed to RCRA standards. 
RCRA - Well constructed to RCRA standards. 

surface sluicing activities at Tank C-106. 

= Inductively coupled plasma emission spectroscopy. 

Table A.29. Critical Mean Values for Waste Management Area C(”) 

Average Standard Critical 
t, Background Deviation Mean Constituent, unit - n d f  

specific 
conductance, @/cm 4”) 3 11.9838 349.812 15.202 553.5 

FieldpH ’ 6 5 7.6037 8.345 0.072 ’[7.76,8.93] 

Total organic 
ca rk tc )  pg/L 5ib) 4 8.1216 516.25 128.871 , 1,662.9 

Total organic 
halides,’d) pg/L 6 5 6.5414 3.021 1.076 10.6 

(a) Based on semiannual sampling events from February 1997 to June 1999 for upgradient well 299-E27# 
(b) Outliers removed. 
(c) Critical mean calculated fiom values reported below vendor’s specified method detection limit. 
(d) Upgradient/downgradient comparison value is the limit of quantitation discussed in Append= B. 
df = Degrees of freedom (n-1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 16 comparisons. 

Upgradient/ 
Downgradient 

Comparison Value 

553.5 

17.76,8.93] 

1,662.9 

17.9 

-14. 
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ZHble A30. Monitoring Wells and Constituents for PUREX Cribs 216-A-10,216-A-36B, and 
216-A-37-1 (adapted from PNNL-11523) 

Well 

299-E24- 18@ 
299-E25-3 ln7 

299-E17-1" , 

299-E17-1988 
299-E24-1688 

299-E17-968 
299-El7- 14@ 
299-E17- 1788 

2W-E25- 1 7'6 
299-E25- 1976 
699-37-47AM 

57 wells 

Hydrogeologic Unit SamPllng Water-Level 
Monitored Frequency Measurement 

Upgradient Wells 

Top of u n d i d  Semiannual Semiannual 
Top of unconfined semiannual Semiannual 

Near-Field Wells - 216-A-10 Crib 

Top of unconfined s e m i i u a l  Semiannual 
Top ofunconfined Semiannual Semiannual 
Top of uncodied Q-alY QU=trnIY 

Near-Field Wells - 216-A-36B Crib 

Topofunwnfhed semiannual Semiannual 

Top of u n d i e d  Semiannual Semiannual 

Near-Field Wells - 216-A-37-1 Crib 

Top of unconfiied Semiannual Semiannual 
Top of u n d i e d  QuartalY Quarterly 
Top of unconfined Semiannual Semiannual 

Top of unwnfhed aUanerlY QU=terlY 

Far-Field Wells 
I 

Unconfined Triannual(*(') Triannual((') 

Well 
Standard 

RCRA 
RCRA 

PRE 
RCRA 
RCRA 

PRE 
RCRA 
RCRA 

PRE 
PRE 
RCRA 

RCRA, PRE 

Other Networks 

Surveillance 
.I 

.. 
I- 

-* 

Surveillance 

Surveillance 
Surveillance 

Sitewide 

Contamination Indicator Parameters Site-Specific Parameters 

pH@) Alkalinity ICP metals (filtered) 
specific  conductance@^ Ammonium ion Iodiie-129@) 
Temperature@) Anions@) Phenols 
Turbidity") Arsenic (filtered) Strontium-90 

Gross alpha Tritium@) 
Gross beta 

(a) Some &-field wells sampled annually. 
(b) Far-field wells analyzed for these constituents only. 
Superscript = .Year of installation. 
ICP 
PRE 
PUREX = Plutonium-uranium extraction (plant). 
R W  = Well constructed to RCRA standards. 

= Inductively coupled plasma emission spectrclscopy. 
= Well not constructed to RCRA standards. 
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Table A.31. Monitoring Wells and Constituents for 216-B-3 Pond (adapted from 
WC-SD-EN *AP-O 13) 

Hydrogeologic Unit Sampling Water-Level Well 
Well Monitored Frequency Measurement Standard Other Networks 

299-E26-1 lB 
299-E32487 
699-40-39 
699-41-4292 
699-42-39Bq1 
699-42-42BM 
699-43 -4 1 G9' 
699-43-45B 
699-44-39B9' 

Bottom of uppermost 
Top of uppermost 
Lower uppermost 
Top of uppermost ' 

Lower uppermost 
Top of uppermost 
Top of uppermost 
Top of uppermost 
Top of uppermost 

Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 

Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 

RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 

L m ,  Surveillance 
LLWMA 1 

-- 
*- 

CI 

216-A-29 ditch 
Surveillance 

Contamination Indicator Parameters Site-Specific Parameters 

PH Alkalinity ICP metals (filtered)'.) 
Specific conductance Anions") Phenol&) 
Total organic carbon Gross alpha Turbidity 
Total organic halides Gross beta 

(a) Analyzed annually. 
Bold italic = Upgradient well. 
Superscript = Year of installation. 
ICP = Inductively coupled plasma emission spectroscopy. 
LERF = Liquid Effluent-Retention Facility. 
LLWMA = Low-level waste management area. 
RCRA = Well constructed to RCRA standards. 

'br 
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Table A.32. Critical Mean Values for 216-B-3 Pond‘’) 

Upgradient/ 
Average Standard Critical Downgradient 

Constituent, unit - n t, Background Deviation Mean Comparison Value 

specific 
conductance, ps/cm 15 14 4.4445 417.667 7.215 450.8 450.8 

Field pH 15 14 4.8903 7.704 0.262 [6.40,9.01] [6.40,9.01] 

Total organic 
carbon,@-’ pg/L 15 14 4.4445 174.150 123.011 738.8 1,153.7 

Total organic 
halides,@-)pg/L , 14 13 4.5400 3.980 2.242 14.5 , 17.9 

(a) Based on semiannual sampling events from January 1994 to January 1997 for upgradient well 299432-4. 
(b) Critical means calculated from values reported below vendor’s specified method detection l i t .  
(c )  Upgradientjdowngradient comparison value is the limit of quarttitation discussed in Appendix B. 
df = Degrees of freedom (n-1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 36 comparisons. 

Gble A.33. Monitoring Wells and Constituents for 216-A-29 Ditch (adapted from 
WHC-SD-EN-AP-045, Rev. O-A and WHC-SD-EN-EV-032) 

Hydrogeologic Unit 
Well Monitored 

299sE25-26s Upper u n d e d  

299.E25-32P Top of unconfined 
299-E25-34= Top of u n d e d  
299-E25-35= Top of unconfined 
299-E25-e9’ Top of unconfiied 
2WE26- 1 291 Top of unconfined 
299-E26-1391 Top o f u n d e d  
6994343= Top of unconfined 
699434Sm Top of unconfined 

299-E25-28m Deep u n d e d  

Contamination Indicator Parameters 

PH 
specific conductartce 
Total organic carbon 
Total organic halides 

sampling 
Fresuencv 

SemiannUal 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 

- 

Well 
Standard 

RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 

Other Networks 

-- 
Surveillance 

-* 

Surveillance 

216-B-3 pond 
216-B-3 p d  

Site-Specific Parameters 

Alkalinity ICP metals (filtered)(*) 
Anions Turbidity 

t 

(a) Analyzedmually. 
Bold italic = Upgradient wells. 
Superscript = Year of installation. 
IC3 
R C M  = Well consmcted to RCRA standards. 

= Inductively coupled plasma emission spectroscopy. 
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Table A.34. Critical Mean Values for 216-A-29 Ditch(') 

Upgradient/ 
Average Standard Critical Downgradient 

Constituent, unit - n &  t, Background Deviation Mean Comparison Value 

Specific 
conductance, @/cm 8 7 5.9757 207.50 22.003 347.0 347.0 

Field pH 8 7 6.6987 8.364 0.238 l6.68, 10.051 [7.26, 9.39](b) 

Total organic carbon, 
PtzL 8 7 5.9757 467.03 150.309 1,419.7 1,419.7 

Total organic 
halides,(c) Ccgn 8 7 5.9757 4.951 1.985 17.5 17.9 

(a) Data collected from January 1998 to October 1998 for upgradient wells 699-43-43 and 699-43-45. 
(b) Values calculated using data collected from October 1997 to April 1999 (wells 699-43-43 and 699-43-45) because the 

critical range calculated using only four quarters of data is too large to be meaningful. 
(c) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B. 
df = Degrees of freedom (n-1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 36 comparisons. 
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L j  

Table A.35. Monitoring Wells and Constituents for 216-B-63 Trench (adapted from 

Well 

299.E27-8" 
299-E2 7-W 
299-E27-11" 
299-E27-1690 
299-E27-1 F 
2!W-E27- 1 892 
299-E27-1V2 
299-E33-3390 

WHC-SD-EN-AP- 165) 

Hydrogeologic Unit 
Monitored 

Top of u n d e d  
Top of unconfined 

Top of unconfiied 
Top ofunconfimed 
Top of unconfiied 
Top of unconfiied 
Top of u n c d i e d  
Top of unconfined 

Sampling 
Frequency 

Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 

299-E33-3690 Top of u n d i d  Semiannual 
299-E33-37" Top of unconfined Semiannual 
299-E34-890 Top of unconfiied Semiannual 
299.E34-109' Top of unconfined Semiannual 

Contamination Indicator Parameters 

PH 
Specific conductance 
Total organic carbon 
Total organic halides 

(a) Analyzed mually. 
Bolditalic = Upgradientwells. 
Superscript = Year of installation. 
ICP 
U .  
RCRA = Well constructed to RCRA standards. 
WMA = Wastemanagementarea. 

= Inductively coupled plasma emission spectroscopy. 
= Low-level waste management area. 

Water-Level Well 
Measurement Standard Other Networks 

Quarterly RCRA u.2 
Quarterly RCRA u W M A 2  
(ruarterly RCRA u . 2  
Quaaerly RCRA -- 
CrUarterlY RCRA -- 
Quarterly RCRA I- 

Quarterly RCRA WMA B-BX-BY, 

Quarterly RCRA UWMA 2, Surveillance 

Surveillance 

Quarterly RCRA Surveillance 
Quarterly RCRA Surveillance 
Cruarterly RCRA U .  2, Surveillance 

Quarterly RCRA WMA B-BX-BY 

Site-Specific Parameters 

Alkalinity'" ICP metals (filtered)(*) 
Anions") Phenols(*) 
Gross alpha Turbidity 
Gross beta 
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kd 
Table A.36. Critical Mean Values for 216-B-63 Trench(*) 

Upgradient/ 
Average Standard Critical Downgradient 

df t, Background Deviation Mean Comparison Value Constituent, unit - n -  
specific 
conductance, @/cm 18”) 17 4.371 360.889 23.830 467.9 467.9 

Field pH 20 19 4.572 8.029 0.179 [7.19,8.87] [7.19,8.871 

Total organic carbon, 
clg/L 20 19 4.267 474.375 200.588 1,351.5 1,351.5 

Total organic - halides?) pg/L 20 19 4.267 3.520 1.549 10.3 17.9 

(a) Based on semiannual sampling events from November 1997 to April 1999 for upgradient wells 299-E27-8,299-E27-9, 

(b) Excluded outliers. 
(c) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B. 
df = Degrees of freedom (n-1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 48 comparisons. 

299-E27- 11,299-E27- 17, and 299.E34- 10. 

hi Table A.37. Monitoring Wells and Constituents for Liquid Effluent Retention Facility 
(adapted from WHC-SD-EN-AP-024) 

Hydrogeologic Unit Sampling 
Well Monitored Frequency 

* 299-E26-Y7 Top of unconfiied Semiannual(’) 
299-E26- 10% Top of unconfiied Semiannual . 
299-E26-Lle9 Top of unconfined Semiannual 

299-E35-2” Top of unconfined Semiannual 

Contamination Indicator Parameters 

PH 
Specific conductance 
Total organic carbon 
Total organic halides 

(a) Well dry in June 1999. 
(b) Analyzed annually. 
Bold italic * Upgradient well. 
Superscript = Year of installation. 
ICP 
RCRA 

= Inductively coupled plasma emission spectroscopy 
= Well constructed to RCRA standards. 

Water-Level Well 
Measurement Standard Other Networks 

Quarterly(.) RCRA Surveillance 
Quarterly RCRA Surveillance 
Quarterly RCRA 216-B-3 pond, 

Surveillance 
Quarterly RCRA Surveillance 

Site-Specific Parameters 

Alkalinity@) ICP metals (filtered)(b) 
Ammonium(b) Phenols“) 
Anion@ Temperature 
Gross alpha” Turbidity 
Gross betab) Volatile organic compounds 
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Table A.38. Critical Mean Values for Liquid EfRuent Retention Facility(a) 

Constituent, unit 

specific 
conductance, @/an 

Field pH 

Total organic carbon,@) 

Total organic 

WP- 

halides,@) @/L 

- n -  df 

6 5  

6 5 

5 4  

4 3  

t, 

6.1384 

7.1464 

7.5287 

10.8688 

Upgradient/ 
Average Standard Critical Downgradient 

Background Deviation Mean Comparison Value 

382.833 9.6 17 446.6 446.6 

8.131 0.092 [7.42,8.85] i7.42, 8.851 

362.00 191.788 1,943.7 1,943.7 

3.15 1.912 26.4 26.4 

(a) Based on semiannual sampling events from July 1997 to June 1999 for upgradient well 299-E26-11. 
(b) Critical means calculated from values reported below vendor’s specified method detection limit. 
df = Degrees of freedom (n-1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 12 comparisons. 

, ’  

i 
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Table A.39. Monitoring Wells and Constituents for Low-Level Waste Management Area 1 
(adapted from WHC-SD-EN-AP-015) 

Hydrogeologic Unit Sampling Water-Level Well 
Well Monitored Frequency Measurement Standard Other Networks 

299-E28~26’~ 
299.E28.2 7‘’ 
299.E20-2890 
299-E32-2” 
299-E3 2-3” 
299.~3247 
299-lZ32-F 
299-E32-69’ 
299-E32-79’ 
299-E32-8” 
299-E32-99‘ 
299-E32-109’ 
299-E33-28” 
299433-298’ 
299-E33-308’ 
299-E33-34% 
299-E33-3SW 

Top of unconfined 
Top of unconfiied 
Top of unconfined , 

Top of unconfiied 
Top of unconfiied 
Top of uxiconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfined 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 

Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 

Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 

RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 

Surveillance 
WMA B, Surveillance 

Surveillance 

-- 
216-B-3 pond 
Surveillance 
Surveillance 
Surveillance 

*- 

Surveillance 
Surveillance 

WMAB 
WMAB 

-- 
WMAB 

WMA B, Surveillance 

W Contamination Indicator Parameters Site-Specific Parameters 

PH Alkalinity Lead (filtered) 
Specific conductance Anions Mercury (filtered) 
Total organic carbon Gross alpha Phenols 

Tritium Total organic halides Gross beta 
ICP metals (filtered) Turbidity 

Bold italic = Upgradient wells. 
Superscript = Year of installation. 
ICP 
RCRA = Well constructed to RCRA standards. 
WMA = Wastemanagementarea. 

= Inductively coupled plasma emission spectroscopy. 
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Eble A.40. Critical Mean Values for Low-Level Waste Management Area l ( O )  

Upgradient/ 
Average Standard Critical Downgradient 

n Q Ba+ound Deviation Mean Comparison Value Constituent, unit - 
specific 
conductance,@/cm 27” 26 4.1774 390.259 53332 617.1 617.1 

Field pH 28 27 4.4138 7.968 0.216 [7.00,8.94] [7.00,8.941 

Total organic carbon,(c) w 28 27 4.1542 465.625 263.589 1,580 1,580 

Total organic - hardes:d’ pg/L 27&) 26 4.1774 3.132 1.891 11.2 17.9 

(a) Based on semiannual sampling events from December 1997 to June 1999 for upgradient wells 299-E28-26,299-E28-27, 

(b) Excluding outlier or data ex+ the holding time requirement. 
(c) Critical mean calculated from values reported below vendor’s specified method detection limit. 
(d) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B. 
df = Degrees offreedom (n-1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 68 comparisons. 

299-E28-28,299-E32-4,299-€33-28,299-E33-29, and 299-E.33-35. 
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Table A.41. Monitoring Wells and Constituents for Low-Level Waste Management Area 2 

(adapted from WHC-SD-EN-AP-015) 

Well 

299-~27-w 
299X27-9” 
299-E27-1080 
299-E27-1lB 
299-E27- 1 791 

299-E34-2” 
2 99434.3” 
299.~34487 
299-E34-S8’ 
299.E34.6” 
299-E34-789 
299-IZ34-99’ 
299-E34-1091 

299-E34-1 192 
299-E34-12” 

W 299Z3S-1 89 

Hydrogeologic Unit 
Monitored 

Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 

Top of unconfiied 
Top of unconfiied 
Top of unconfined 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 
Top of unconfiied 

Top of unconfiied 
Top of unconfiied 
Top of unconfined 

Sampling 
Frequency 

Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 

Semiannual 
Semiannual 

Dry 
Semiannual 

Dry 
Semiannual 
Semiannual 
Semiannual 

Semiannual 
Semiannual 

Dry 

Contamination Indicator Parameters 

PH 
Specific conductance 
Total organic carbon 
Total organic halides , 

Water-Level Well 
Measurement Standard Other Networks 

Semiannual RCRA 216-B-63 trench 
Semiannual RCRA 216-B-63 trench 
Semiannual RCRA I- 

Semiannual RCRA 216-B-63 trench 
Semiannual RCRA 216-B-63 trench, 

Surveillance 
Semiannual RCRA Surveillance 
Semiannual RCRA 

Dry RCRA 
Semiannual RCRA Surveillance 

Dry RCRA -* 

Semiannual RCRA Surveillance 
Semiannual RCRA Surveillance 
Semiannual RCRA 216-B-63 trench, 

Semiannual RCRA 
Semiannual RCRA 

Surveillance 

RCRA -- Dry 
Site-Specific Parameters 

Alkalinity Mercury (filtered) 
Anions Phenols 
Gross alpha Polychlorinated biphenyls 
Gross beta Tritium 
ICP metals (filtered) Turbidity 
Lead (filtered) 

Bold italic = Upgradient wells. 
Superscript - Year of installation. 
ICP 
RCRA 

= Inductively coupled plasma emission spectroscopy. - Well constructed to RCRA standards. 
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Eble A.42. Critical Mean Values for Low-Level Waste Management Area 2(a) 

Upgradient/ 
Average Standard Critical Downgradient 

Constituent, unit - n . t. Background Deviation Mean Comparison Value 

specific 
conductance, $/cm 7 6 7.0210 448.321 46.78 799.4 799.4 

Field pH 12 11 5.4261 8.0246 0.126 [7.31,8.74] [731,8.741 

Total organic carbon, w 12 11 4.9785 554.375 253.489 1,867.9 1,867.9 

Total organic 
halides,h) pg/L 12 11 4.9785 3.013 1.148 9.0 17.9 

(a) Data collected from January 1998 to April 1999 for upgradient wells 299-E27-10,299-E34-3, and 299434-7, except for 

(b) Critical mean calculated from values below vendor’s specified method detection limit. 
(c) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B. 
df = Degrees of freedom (n-1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 48 comparisons. 

specific conductance that included data collected in the same period for upgradient wells 299-E27-10 and 299-E34-3. 

Table A.43. Monitoring Wells, constituents, and Enforcement Limits for 200 Areas Treated 
Effluent Disposal Facility (adapted from WHCSD-EN-W-012, Rev. 1) 

Sampling Well 
Well Hydrogeologic Unit Frequency Standard Other Networks 

699-40-3692 Ringold confined Quarterly RCRA a- 

699-41.35% Ringold confined QUarrerly RCRA 
69942-3F Ringoldconfind Quarterly RCRA .- 

Constituent‘.) Enforcement Limit (pg/L) 

Cadmium 
Cyanide 
Lad 
Total trihalomethanes 
Trichloroethane 
PH 6.5 

5 
50 
10 
66 
5 

8.5 pH units 

(a) Also monitored for ICP metals, anions, trace metals, volatile and semivolatile organic compounds, 
total petroleum hydrocarbons, ammonia, alkalinity, specific conductance, total dissolved solids, 
turbidity, total organic carbon, oil and grease, gross alpha, gross beta, radium-226, and 
radium-226/228. No enforcement limits for those constituents. 

Bold italic = Upgradient well. 
Superscript - Year of installation. 
ICP 
RCRA = Well constructed to RCRA standards. 

=’ Inductively coupled plasma emission spectroscopy. 
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Table A.44. Monitoring Wells, Constituents, and Enforcement Limits for 400 Area 
Process Ponds (specified in state waste discharge permit) 

Hydrogeologic Unit Sampling Water-Level Well 
Well Monitored Frequency Measurement Standard Other Networks 

699-2-6A91 Unconfined aquifer Quarterly Annual RCRA ** 

699-2-7’’ Unconfined aquifer Quarterly Annual PRE -- 
699-8-17= Unconfmed aquifer Quarterly Semiannual PRE 

Constituent 

Cadmium (unfiltered) 
Chromium (unfiltered) 
Lead (unfiltered) 
Manganese (unfiltered) 
Mercury (unfiltered) 
PH 
Specific conductance 
Sulfate 
Temperature 
Total organic carbon 
Turbidity 

Enforcement Limit (pg/L)(hb) 

10 
50 
50 
50 
2 

Monitor only 
Monitor only 
Monitor only 
Monitor only 
Monitor only 
Monitor only 

(a) Defmed as the average of four quarterly measurements from a well. Average to be calculated using the four most recent 
quarterly measurements from a well. 

(b) Enforcement limit in groundwater shall be met in point-of-compliance well 699-2-7. 
Bold italic = Upgradient well. 
Superscript = Year of installation. 
ICP 
PRE = Well not constructed to RCRA standards. 
RCRA = Well constructed to RCRA standards. 

= Inductively coupled plasma emission spectroscopy. 
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Table A.45. Monitoring Wells and constituents for Nonradioactive Dangerous Waste Lan$illl 

(adapted from WHGSD-EN-AP-026) 

Hydrogeologic Unit Sampling 
Well Monitored Frequency 

699-25-33A” Top of LPU“) Semiannual 
699-25-34As Top of unconfiied Semiannual 
699-25-34W Top of unconfined Semiannual 
699-25-34D92 Top ofunconfined Semiannual 
699-26-33m Top of unconfiied Semiannual 
699-26-34Am Top of unconfined Semiannual 
699-26-34W Top of unconfined Semiannual 
699-26-35Aw Top ofunconfiied Quarterly 
699-26-35CF‘ Top of LPU‘’) Semiannual 

Contamination Indicator Parameters 

PH 
Specific conductance 
Total organic carbon 
Total organic halides 

(a) Low-permeability unit in upper Ringold Formation. 
Bold italic = Upgradient wells. 
Superscript = Yearofinstallation. 
DOH 
ICP 
RCRA = Well constructed to RCRA standards. 
SWL = Solid Waste Landfill. 

= Washington State Department of Health. 
= Inductively coupled plasma emission spectroscopy. 

Water-Level Well 
Measurement S t a n d d  Other Networks 

Semiannual RCRA -* 

Semiannual RCRA -- 
Semiannual RCRA -- 
Semiannual RCRA I- 

Semiannual RCRA Surveillance, DOH 
Semiannual RCRA -- 
Semiannual RCRA 

Semiannual RCRA -* 

Quarterly RCRA m 

Site-Specific Parameters 

Alkalinity Tritium 
ICP metals (filtered) Turbidity 
Phenols Volatile chlorinated hyctmcarbons 

Eble A.46. Critical Mean Values for Nonradioactive Dangerous Waste Lan&ll(’) 

Upgradient/ 
Average Standard Critical Downgradient 

n d f  t, Background Deviation Mean Comparison Value Constituent, unit - - 

specific 
conductance, @/cm 11 10 4.8092 452.89 29.427 600.7 600.7 

Field pH 11 10 5.2814 7.450 0.164 [6.55,8.351 [6.55,8.35] 

Total organic carbon,@) 
ClPlL 11 10 4.8092 308.682 242.278 1,597.7 1,597.7 

Total organic 
haliies,”’ pg/L 11 10 4.8092 4.278 2.054 14.6 

(a) Data collected based on semiannual sampling events from August 1997 to February 1999 for upgradient wells 

(b) Critical means calculated from values reported below vendor’s specified method detection limit. 
(c) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B. 
df = De- offreedom (n-1). 
n = Number of background replicate averages. 
t, = Bonferroni critical t-value for appropriate df and 28 comparisons. 

699-2634A and 699-26-35A. 

17.9 
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Table A.47. Monitoring Wells and Constituents for Solid Waste Landfill (adapted from 
WHC-SD-EN-AP-043) 

Hydrogeologic Unit Sampling 
Well Monitored Frequency 

699-22*3593 
699-23-34A" 
699-23-34B93 
699-24-33# 
699-24-34A" 
699-24-34B" 
699-24-34C' 
699-24-35" 
699-25-34c8" 
699-26*35AM 

Top of unconfiied 
Top of unconfined 
Top of unconfiied 
Top of unconfiied 
Top of u n d i n e d  
Top of unconfined 
Top of unconfined 
Top of unconfiied 
Top of unconfined 
Top of unconfiied 

Quarrerly 
Quarterly 
Quarterly 

Quarterlp) 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 

Parameters/Constitts Reauired bv WAC 173-304-490 

Ammonia as nitrogen Nitrate 
Chemical oxygen demand Nitrite 
Chloride PH 
Specific conductance Sulfate 
Dissolved iron Temperature 
Dissolved zinc Total coliform 
Manganese Total organic carbon 

(a) Well sampled for supporting data. 
Bold italic = Upgradient wells. 
Superscript = Year of installation. 
NRDWL = Nonradioactive Dangerous Waste Landfill. 
PRE = Well not constructed to RCRA standards. 
RCRA = Well constructed to RCRA standards. 

Water-Level Well 
Measurement Standarci Other Networks 

Quarterly RCRA Surveillance 
Quarrerly RCRA 
Quarterly RCRA -- 
Quarterly PRE -- 
Quarterly RCRA -- 
QurnrnlY RCRA -- 
Quarterly RCRA Surveillance 
Quarterly RCRA -* 

Quarterly RCRA -- 
Quarterly RCRA NRDWL 

Site-Specific Parameters 

Gross alpha l,l,l-Trichloroethane 
Gross beta Trichloroethylene 
Total organic halides Tritium 
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Table A.48. Sampling Results for Required at Solid Waste Landfill 

constituent, unit 

Temperature, "C 

specific conductance, 
@/cm 

Field pH 

Total organic carbon, 

Chloride, pg/L 

Nitrate, pg/L 

Nitrite, pg/L 

Ammonium, I@- 

Sulfate, pg/L 

Iron, filtered, I@- 

zinc, filtered, pg/L 

Manganese, filtered, 
pg/L 

Tolerance 
Interval") 

21.0 

550 

[6.2,8.461 

1,154 

9.045 

33,800 

109 

165 

5 1,500 

137 

34 

11 

Date 

December 1998 
February 1999 
M a y  1999 

August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 
M a y  1999 

August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

February 1999 

Well 

18.1 
17.3 
18.5 
18.4 

801(*) 
8W4) 
826(&) 
822") 

6.8 
7.1 
6.8 
7.0 

330 
250 

<220 
455 

5,190 
5,790 
5,430 
5,620 

14,900 
15,600 
13,700 
15,500 

<70 
e70 
<70 
4 0  
<37 
<37 
<37 
<37 

49300 
56,4W) 
54,200") 
56,lW) 

89.4 
51.3 
84.3 
51.1 . 

13.9 
' 3.9 

7.4 
6.6 

9.2 
3.9 
5.7 
4.8 

699-22-35 
Well 

17.9 
18.0 
19.0 
18.8 

613(4) 
663(d) 
675'4) 
686'4 

6.7 
6.7 
6.6 
6.7 

390 
965 
480 
315 

5,680 
5,270 
5,280 
5,540 

12,400 
11,700 
10.500 
11,700 

<70 
<70 
<70 
4 0  
<37 
<37 
<37 
<37 

45,600 
43,900 
43,600 
46,400 

44.9 
38.9 
65.5 
70.4 

6.7 
6.6 
9.3 
10.4 

4.8 
4.2 
5.2 
5.1 

699-23-34A 
Well 

17.4 
17.6 
18.2 
19.3 

714(4) 
747'4) 
766'4) 
772U 

6.8 
6.9 
6.7 
6.8 

588 
901 
580 
342 

6,360 
5,645 
5,560 
5,570 
13,900 
15,100 
13,500 
15,200 

<70 
<70 
e70 
<70 
<37 
<37 
<37 
e37 

56,4oo(c) 
54,65W) 
53,2W) 
5 5 , W '  

71.1 
46.5 
78.0 
58.8 

8.8 
5.0 
7.4 
4.9 
6.1 
3.4 
6.3 
5.1 

699-23-34B 
Well 

173 
18.1 
19.0 

581(*) 
630(d) 
641'4) 

6.8 
6.6 
6.6 

699-24-34A 

-I 

I- 

-I 

368 
565 
355 
498 

5,840 
5,540 
5,420 
5,700 
12,100 
12,700 
11,600 
12,300 

<70 
4 0  
<70 
<70 
<37 
<37 
<37 
<37 

44,500 
42,500 
40,900 
44,600 
90.5 
47.1 
91.1 
117.0 

6.1 
3.7 
12.2 
25.8 

4.5 
2.9 
5.6 
5.0 bi 
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Constituent, unit 

Chemical oxygen 
demand, pd- 

Coliform bacteria, 
most probable 
number 

Temperature, "C 

Specific conductance, 
@/cm 

Field pH u 
Total organic carbon, 
pd-- 

Chloride, pg/L 

Nitrate, pg/L 

Nitrite, pg/L 

Ammonium, jig/L 

Sulfate, pd- 

Table A.48. (contd) 

Tolerance Well Well Well 
Interval(b) Date 699-22-35 699-23-34A 699-23-34B 

5,000 December 1998 <3,820 <3,820 
February 1999 ~3,820 <3,820 

May 1999 33,000(4 ~3,820 
August 1999 ~3,820 ~3,820 

21.0 

550 

[6.2,8.46] 

1,154 

9.045 

v 

33,800 

109 

165 

51.500 

May i999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 

May 1999, 
August 1999 

February 1999 

16 December 1998 0 
Februarv 1999 0 

0 
0 

Well 
699-24-34B 

18.3 
17.8 
19.0 
19.5 

612'4) 
63 2'4' 
645'4) 
663") 
6.7 
6.7 
6.7 
6.7 
458 
290 
360 
488 

5,910 
5,650 
5360 
5,540 
12,800 
12,700 
11,600 
12,200 
<70 
<70 
<70 
<70 
<37 
<37 

. <37 
<37 

44390 
43,190 
4 1,000 
44,000 

Well 
699-24-34C 

18.1 
18.7 
19.2 
19.3 

638'4) 
672(Gd) 
684(Gd) 
708(c) 
7.1 
7.0 
6.9 
7.1 
292 
600 
400 
465 

7,090 
6,890 

' 6,3 10 
6,620 
19J00 
18,500 
16,200 
16,700 
<70 
<70 
<70 
e70 
<37 
<37 
<37 
<37 

45,100 
42,000 
40,000 
42.700 

Well 
699-24-35 

16.9 
17.1 
17.8 
18.9 

510'"d' 
538'4) 
553'4' 
565'4) 

6.9 
7.1 
7.0 
6.9 
525 
328 
390 
342 

5,520 
5,640 
5,220 
5,840 
11,200 
12,000 
10,900 
11300 
<70 
<70 
<70 
<70 
<37 
e37 
<37 
<37 

45,700 
45,000 
42,400 
44,100 

~3,820 
~3,820 
25,000(-) 
~3,820 
0 
0 
0 
0 

Well 
699-25-34C 

18.8 
18.5 
19.9 
19.6 

576'4) 
593'4' 
601'4) 
6 1 6(c) 

7.2 
7.4 
7.2 
7.3 
203 
155 
330 
505 

7,230 
7,430 
7,000 
6,520 
21,800 
20,800 
19,500 
18,100 
<70 
<70 
<70 
<70 
<37 
537 
<37 
<37 

43,550 I 
41,500 
39,300 
39,200 

Well 

~3,820 
<3,820 

26,000(=-=) 
<3,820 
0 

, o  
0 
0 

699-24-34A 

Well 
699-26-35A 

19.8 
19.4 
19.6 
20.1 

454'd' 
I 471'd' 
484(d) 
507 
7.3 
7.5 
7.4 
7.3 
532 
538 
430 
348 

7,040 
7,120 
7,100 
7,500 
2 1,600 
22,700 
19,700 
21,000 
<70 
<70 
<70 
<70 
<37 
<37 
<37 
<37 

41,800 
39,400 
36,800 
40,100 
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Table A.48. (contd) 

Tolerance Well 
Gmstituent, unit IntervaP) Date 699-24-34B 

Iron, filtered, pg/L . 137 

zinc, filtered, pg/L 34 

Manganese, filtered, 11 
W 

Chemical oxygen 5.OOO 
demand, W 

Coliform bacteria, 16 
most probable 
number 

December 1998 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
February 1999 

May 1999 
August 1999 

December 1998 
' February1999 

August 1999 

February 1999 

May 1999 

56.4 
33.0 
77.9 
70.3 
6.7 
4.4 
9.9 
14.6 
4.7 
2.1 
5.3 
4.4 

<3,820 
<3,820 

25,000(-) 
<3,820 
0 
0 
0 
0 

Well 

76.4 
53.1 
103 
70.6 

36.2(c) 
10.5 
8.7 
13.5 
5.1 
4.9 
5.7 
4.5 

<3,820 
<3,820 

24,000(") 
<3,820 
0 
0 
0 
0 

699-2434C 
Well -. 

56.8 
36.0 
57.8 
44.1 
12.4 
4.8 
6.2 
11.2 
4.4 
1.8 
4.8 
4.0 

~3,820 
~3,820 

41,000(c" 
' <3,820 

0 
0 
0 
0 

699-24-35 

(a) WAC 173-304. 
(b) Numbers obtained from Table A.49, b a c k g o d  threshold value column. 
(c) Exceeding badrground threshold values. 
(d) Field measurements were suspect; values reported were laboratory analysis results. 
(e) Suspectdata. 
< = Data values less than the method detection limit; number given is the respective limit. 

Well 
699-2534C 

49.9 
31.2 
54.1 
39.6 
10.1 
7.9 
11.2 
6.6 

4.4 
2.3 
5.0 
<3 

<3,820 
<3,820 

50,000(-) 
<3,820 
0 
0 
0 
0 

Well 
699-26-35A 

38.4 
34.7 I 

55.2 
37.9 
8.6 
5.1 
9.5 
6.6 

4.5 
3.4 

4.5 
<3,820 
<3,820 

38,000(-) 
~3,820 
0 
0 
0 
0 

-4.1 ' 
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Table A.49. Results of Lilliefors T&t for Normality and Background Threshold Values for Solid Waste Landfill 

Constituent, unit 

Temperature, "C 
Specific conductance, @/cm 

Field pH 
Field pH(d) 

Total organic carbon, pg/L 

Chloride, pg/L. 

'Nitrate, pg/L 

Nitrite, pg/L 

Animonium, pg/L 

Sulfate, Clgn 
Iron, filtered, pg/L 

Zinc, filtered, pg/L. 

Manganese, filtered, pg/L 

Coliform, most probable 
number 

Chemical oxygen demand, 

W 

pg/L 

Test Statistic, 
Raw Data 

0.115 ns 
0.162 s 

0.140 ns 
0.089 ns 
0.191 s 

0.104 ns 
0.168 s 

NC 

NC 

0.179 s 
NC 

NC 

NC 

NC 

NC 

Test Statistic, 
Log Value 

NA 

0.207 s 
NA 
NA 

0.181 s 

NA 

0.195 s 
NC 

NC 

0.190 s 
NC 

NC 

NC 

NC 

NC 

Background 
Threshold Value") 

21.0 
550 

i6.2.8.461 

1,568 

9,045 
33,800 

109 
165 

51,500 

137 

34 

11 

16 

5,000 

(a) Background thrAhold value for each constituent is the larger of the upper tolerance limit or the applicable limit of 

(b) Based on normal distribution. 
( c )  Maximum value reported. 
(d) Outliers removed. 
(e) Based on limit of quantitation discussed in Appendix B. 
(0 Based on method detection limit. 
(g) Based on laboratory practical quantitation limit. 
NA - Not applicable. 
NC = Not calculated; insufficient measured values. 
ns = Not significant at 0.05 level of significance. 
s = Significant at 0.05 level of significance. 

quantitation. 
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, Sble A.50. Monitoring Wells and Constituents for 316-5 Process Trenches (adapted from 
WHGSD-EN-AP-185) 

Hydrogeologic Unit sampling Water-Level Well 
Well Monitored Frequen+) Measurement Standard Other Networks 

399- 1 - 10Au 
399- 1 - 10B9' 
399-1-16A' 
399- 1-16B8' 
399- l-l?Au 
399-1-17B& 
399-1-1 8AM 
399- 1-1 8B" 

Top ofunconfined 
Bottom of unconfined 
Top of unconfiied 
Bottom of unconfined 
Top of unconfined 
Bottom of u n d e d  
Top of unconfiied 
Bottom of u n h e d  

Semiannual 
Semiannual 
Semiannual 
S e m i u a l  
Semiannual 
Semiannual 
Semiannual 
Semiannual 

Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 
Semiannual 

RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 
RCRA 

Surveillance 
Surveillance 
Surveillance 
Surveillance 

Surveillance, DOH 
Surveillance 
Surveillance 
Surveillance 

Field-Measured Parameters Site-Specific Parameters 

PH 
Specific conductance 
Total organic carbon 
Total organic halides 

cis-Dichloroethylene Trichloroethylene 
Tetrachloroethylene Uranium 
Thallium 

(a) Sampled and measured monthly for 4 months for each semiannual sampling period. 
Bolditalic = Upgradientwells. 
Superscript = Year of installation. 
DOH 
RCRA = Well constructed to RCRA standards. 

= Washington State Department of Health. 

Table AS 1. Summary of Groundwater Sampling Results for 316-5 Process Trenches 

Sampling Tme 

December 1998, January, 
February, March, June, 
July, August, September 
1999 

(a) Excluded outliers. 

Concentration Well Exceeding Concentration 
Constituent of Concern Level (ED-) Limit (Range, ClglL) 

Trichloroethylene 5 399-1-16B") (4 - 6) 

cis- 1,2-Dichloroethylene 70 399.-1-16B (120 - 180) 

Uranium 20 399-1*10A"' (23.6 - 61.1) 
399-1-16A.(523 - 111) 
399-1-17A (88.8 - 166) 
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LERF Liquid Effluent-Retention Facility SST Single-Shell Tank 
LLWMA Low-Level Waste Management Area SWL Solid Waste Landfill 
LWDF Liquid Waste-Disposal Facility TEDF Treated Effluent-Disposal Facility 
NRDWL Nonradioactive Dangerous Waste Landfill WMA Waste Management Area 
SALDS State-Approved Land-Disposal Site I I 

RG98120214.13 

Figure A.l. Regulated Units on the Hanford Site Requiring Groundwater Monitoring 
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Figure A.3. Monitoring Well Locations for 120-D-1 Ponds 
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Figure A.4. Monitoring Well Locations for 183-H Solar Evaporation Basins 
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Figure A.7. Monitoring Well Locations for 216-S-10 Pond and Ditch 
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Appendix B 

Quality Assurance and Quality Control 

This appendix presents fiscal year 1999 quality 
assurance/quality control (QA/QC) information for 
long-term and interim action groundwater monitoring 
at the Hanford Site. The phrase “long-term monitor- 
ing” refers to monitoring performed to meet the require- 
ments of the Resource Conservation and Recovery Act of 
I976 (RCRA) and the Atomic Energy Act of 1954. 
Long-term monitoring also includes monitoring per- 
formed at Cornpr-w Eneironmental Response, Com- 
pensation, and Liability Act of 1980 (CERCLA) sites 
with no groundwater remediation. Pacific Northwest 
National Laboratory (PNNL) manages long-term moni- 
toring via the Hanford Groundwater Monitoring Project 
(groundwater project). Interim action monitoring 
encompasses monitoring at sites with active ground- 
water remediation under CERCLA. Bechtel Hanford, 
Inc. manages interim action groundwater monitoring. 

LJ 

ti 

The QA/QC practices used by the groundwater 
project assess and enhance the reliability and validity 
of field and laboratory measurements conducted to 
support these programs. Accuracy, precision, and 
detection are the primary parameters used to assess 
data quality (Mitchell et al. 1985). Representativeness, 
completeness, and comparability may also be evaluated 
for overall quality. These parameters are evaluated 
through laboratory QC checks (e.g., matrix spikes, 
laboratory blanks), replicate sampling and analysis, 
analysis of blind standards and blanks, and interlabo- 
ratory comparisons. Acceptance criteria have been 

U.S. Department of Energy (DOE) orders and internal 
requirements provide the guidance for the collection 
and analysis of samples for long-term monitoring. 
The QA/QC practices for the groundwater project are 
described in the project-specific QA plan. Guidance 
for interim action monitoring QA/QC practices is 
provided in project-specific documents (e.g., DOE/ 

91-46; DOE/RL-91-53; Section 1.5 in DOE/RL-92-03; 
RL-88-36; DOE/RL-90-08; DoE/RL-90-21; DOE/RL- 

DOE/RL-96-07; DOE/RL-96-90, Draft A). 

A glossary of QA/QC terms is provided in 
PNNL-13080. 

B.l Sample Collection and Analysis 
C. J. Thompson 

B. 1.1 Sample Collection 

Waste Management Federal Services, Inc., North- 
west Operations conducted groundwater sampling for 
fiscal year 1999. Their tasks included bottle prepara- 
tion, sample set coordination, field measurements, 
sample collection, sample shipping, well pumping, and 
coordination of purgewater containment and disposal. 
Waste Management’s statement of work defines qual- 
ity requirements for sampling activities. Groundwater 
project staff review all sampling procedures before 
the procedures are implemented. 

B. 1.2 Sample Analysis established for each of diese parameters. When a 
parameter is outside the criteria, corrective actions are 
taken to prevent a future occurrence. Quanterra Incorporated, St. Louis, Missouri 

(Quanterra, St. Louis) performed most routine analy- 
ses of hazardous and non-hazardous chemicals for the 
groundwater project. Recra Environmental, Inc., 

The QA/QC practices for RCRA samples are 
based on guidance from the U.S. Environmental Pro- 
tection Agency (EPA) (OSWER-9950.1; SW-846). 

E B.l 
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Lionville, Pennsylvania (Recra) served as the project's 
sec~ndary iatmatoryforchemical amlysesofsplit sam- 
ples and blind standards. In contrast, Recra performed 
the majority of chemical analyses for interim action 
groundwater monitoring. Quanterra, St. Louis also 
analyzed samples from sites with active gmundwater 
remediation. 

Quanterra Incorporated, Richland, Washmgton 
(Quanterra, Richland) served as the primary radiolog- 
ical laboratory for the groundwater project. Therm0 
Nutech, Richmond, California also performed radio- 
logical analyses on long-term monitoring samples. The 
roles of these laboratories were reversed for interim 
action groundwater monitoring (i.e., Therm0 NUtech 
served as the primary laboratory, while Quanterra, 
Richland was used as a backup laboratory). 

8.2 Field Quality Control Samples 
C. J. Thompson, R. W. Weiss 

Field QC samples include field duplicates and three 
types of field blanks. Field duplicates are used to 
assess samplmg and measurement precision, while field 
blanks provide an overall measure of contamination 
introduced during the sampling and analysis process. 

8.2.1 LongTerm Mon'hring (Hanford 
Groundwater Monitoring Project) 

The groundwater project considers analytical 
results of field QC samples acceptable if the following 
evaluation criteria are met: 

field duplicates - Results of field dupicates must 
have precision within 20%. as measured by the 
relative percent difference. Only those field dup- 
licates with at least one result greater than five 
times the method detection limit or minimum 
detectable activity are evaluated. 

field blanks - Three kinds of blanks are used to 
check for contamination that may result from 
field activities and/or bottle preparation: full 
trip, field transfer, and equipment blanks. For 
most chemical constituents, results above two 

~ L.i 
times the method detection limit are identified 
as suspected contamination. However, for com- 
mon laboratory contaminants such as acetone, 
methylene chloride, 2-butanone, toluene, and 
phthalate esters, the limit is five times the method 
detection limit. For radiological data, blank results 
are flagged if they are greater than two times the 
total propagated analytical uncertainty. 

If a field blank does not meet the established cri- 
teria, it is assumed &it there are potential problems 
with the data for all associated samples. For full-trip 
and field-transfer blanks, an associated sample is one 
that was collected on the same day and analyzed by 
the same method as a full-trip or field-transfer bl@. 
For equipment blanks, an associated sample is one that 
has all of the following in common with an equipment 
blank: 

0 collectiondate 

collection method/sampling equipment 

0 analysis method. 
1 L' 

Data associated with out-of-limit field blanks are 
flagged with a Q in the database to indicate a poten- 
tial contamination problem. A Q is also applied to 
both duplicate results when their precision exceeds 
the QC limits. 

The percentages of acceptable field blank (92%) 
and duplicate (98%) results evaluated in fiscal year 
1999 were very high, indicating little problem with 
contamination and good precision overall. Tables B.l 
through B.4 summarize the field blank and field dupli- 
cate results that exceeded QC limits. To assist with 
their evaluation, the tables are divided into the fol- 
lowing categories, where applicable: general chemical 
parameters, ammonia and anions, metals, volatile 
organic compounds, semivolatile organic compounds, 
and radiological parameters. Constituents not listed 
in the tables had 100% acceptable field blanks and/or 
field duplicates. 

c.id With the exception of semivolatile organic com- 
pounds, all classes of constituents had results that were 
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flagged as potentially contaminated because of out-of- 
limit field blank results. Generally, the out-of-limit 
blank results were less than five times the method 
detection limit (i.e., below quantifiable limits). How- 
ever, the majority of the flagged blank results for vola- 
tile organics were more than five times greater than 
the method detection limits, resulting in quantifiable 
contamination of 2-butanone, carbon disulfide, car- 
bon tetrachloride, chloroform, methylene chloride, 
and tetrahydrofuran. In general, these compounds 
had low frequencies of detection (i.e., less thari 10%) 
in field blanks, and the impact on the data is minor. 
Chloroform and methylene chloride had relatively 
high percentages of unacceptable field-transfer blanks 
results (25% and 41%, respectively). Chloroform may 
have been present in the water used to prepare the 
field blanks because of incomplete removal by the 
water-purification system. Methylene chloride is a com- 
mon laboratory contaminant that was also detected at 
similar concentrations in several laboratory method 
blanks. Thus, laboratory contamination is the suspected 
source of the methylene chloride. 

b/ 

Near the end of fiscal year 1998 and early in fiscal 
year 1999, PNNL staff observed that the field blank 
results for total organic carbon were slightly higher 
than had been observed previously. Twenty-seven 
percent of the fiscal year 1999 field blank results for 
total organic carbon were out of limits, though none 
of the results exceeded the method detection limit by 
more than a factor of four. Based on this finding, it 
was postulated that the elevated results were caused by 
degraded performance of the water-purification system 
used to prepare reagent water for the field blanks. To 
test thii hypothesis, seven replicate samples of certi- 
fied, organic-free water, along with seven samples of 
water from the sampler’s water-purification system, 
were collected throughout the second quarter of 
year 1999 and submitted in blind fashion tdQuantem, 
St. Louis. The samplers also collected additional sam- 
ples by filling sample bottles with the certified water 
at the site where full-trip blanks are normally prepared. 
The purpose of these latter samples was to determine 
whether field blanks were being contaminated as a 
result ofconditions at the preparation site. The results 

from this study were somewkt inconclusive, because 
the total organic carbon values for each sample type 
were highly variable and the laboratory changed total 
organic carbon analyzers approximately midway through 
the study. However, the data suggest that the water 
from the water-purification system was not signifi- 
cantly different from the certified, organic-free water. 
Although the cause of the elevated readings has not 
been discovered, total organic carbon concentrations 
in field blanks from the latter half of the year were 
-15% lower than values from the first half. More- 
over, the number of field blanks with detectable total 
organic carbon dropped from 65% in the first half of 
the year to 37% in the second half. 

Equipment-blank and full-trip blank results were 
similar. This suggests that the use of non-dedicated 
sampling equipment at some wells did not have a sig- 
nificant impact on data quality. However, equipment 
blanks had higher percentages of out-of-limit results 
than full-trip b h l q  for anions and most metals. 

The chemical class with the greatest number of 
out-of-limit field blank results was metals. Most of the 
unacceptable results were within a factor of two of the 
QC limits. Many of the out-of-limit values were prob- 
ably false detections, resulting from the use of the insm- 
ment detection limit as a reporting limit for metals. 
Instrument detection limits do not take into account 
sample-matrix effects, which can have a negative 
impact on analyte detection. 

Duplicate results were flagged for oil and grease, 
seven metals, six volatile organic compounds, and two 
radiological parameters. Overall, the total number of 
flagged duplicate results was very low, but the percent- 
ages of unacceptable results were high for several metals 
and volatile organic compounds based on the number 
of duplicates that met the evaluation criteria. Most of 
the out-pflimit duplicate results appear to be anoma- 
lok instances of poor precision based on other QC 
indicators such as the results from the blind standards 
and laboratory duplicates (discussed in Sections B.4.2 
and B.4.3). In several cases, the laboratory was asked 
to reanalyze or investigate duplicate results with a very 
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high relative percent difference, but the checks did 
not reveal the source of the problem. Especially poor 
agreement was observed between one or more pairs of 
results for the following: 25,900 and 2,380 pg/L oil 
and grease; non-detection and 11.7 pg/L coppeq 2,150 
and 5,880 ccg/L; 1,010 and 350 pg/L iron; and non- 
detection and 2 pg/L; 0.2 and 4 pg/L chloroform. 
Mislabeled samples or procedural deviations at  the 
laboratory may have caused the unmatched results. 

B.2.2 Interim Action Mon'kn'ng 

Traineddcollectedsamplesinaccordancewith 
approved procedures. Field QC samples were collected 
and evaluated according to site-specific requirements 
(e.g., BHI-ooO38, Rev. 2; DOE/RL-90-08; DO- 

DOE/RL-96-90, Draft A; DOE/RL-97-36, Rev. 2). In 
general, field QC samples consisted of field duplicates, 
splits, equipment blanks, and trip blanks. Field QC 
data are evaluated as necessary to make decisions that 
may modify or terminate a remedial action. In fiscal 
year 1999, no evaluations were necessaty for decision- 
makingPurposes. 

91-03; DoE/RL914 DO-92-76; DOEIRL96-07; 

Field QC data were examined to monitor labora- 
tory operations and to identify potential problem areas 
where improvements were necessary. Evaluation cri- 
teria were essentially the same as those used for the 
groundwater project, with the following exceptions: 

The 20% relative percent difference criterion for 
field duplicate and split sample results was relaxed 
for sample analytical results near (i.e., typically 
within five times) the method detection limits. 

Bechtel Hartford, Inc. sent no blind standards as 
part of interim action monitoring to the commer- 
cial laboratories in fiscal year 1999. The great 
similarity of matrices between the long-term and 
interim action monitoring samples and common 
use of the same laboratories make additional 
analysis of blind standards redundant. 

For field blank samples, -84% of all results were 
returned as nondetected. Greater than 80% of the 
reported detected blank results were common metals 

.. 

a,i' 
(e.g., calcium, iron, manganese, sodium) measured by 
the inductively coupled plasma method (ICP) at 
levels close to analysis procedure detection limits. All 
detected organic cmstituents (i.e., -10% of all reported 
detected results) were common laboratory contami- 
nants seen at very low levels (1 to 4 pg/L). Minimal 
radioactive contamination was reponed, and the results 
for all detected coktituents except titiurn were very 
near analysis detection limits. Two of seven tritium 
results were above detection limits (values of -600 
and 6,000 pCi/L). Tritium is a known contaminant in 
some water sources used for preparation of blanks. 
However, the elevated result of 6,000 $i/L was prob- 
ably the result of a swapped sample. Evaluation of 
other field blank sample results shows no evidence of 
unexpected or excessive contamination of blanks in 
the field or by the laboratory. The constituents and 
levels of contamination found should have no impact 
on decision making for interim action monitoring. 
No changes were noted from evaluation of the previ- 
ous year's blank samples. 

\ 

Lr 
Field duplicate and split results showed -8.5% 

exceeding the criteria used for evaluation. It should 
be noted that the criteria used are likely more restic- 
tive than necessary because they are based on similar 
criteria for laboratory replicate evaluation (i.e., analy- 
sis of multiple aliquots from the same sample container 
by the same laboratory in the same analytical batch). 
Over one-half of the high relative:bercent difference 
results were from iron and vanadium analyses per- 
formed by the commercial laboratories. Poor agree- 
ment was noted for iron in both interlaboratory and 
intralaboratory comparisons. Most of the comparisons 
are at low levels (less than 50 p&), and all of the 
greater concentration samples were on unfiltered sam- 
ples. Unfiltered samples would be expected to show 
greater variability because of suspended solids. The 
vanadium differences were all intralaboratory split 
samples and were manifested in all but one sample. 
A€l results reported were less than 30 pgk, but in every 
case, results reported by Quanterra, St. Louis were 
greater than the split laboratory (Recra). Slightly 
different analytical technology is being used by the cj 
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commercial laboratories (i.e., traditional ICP spectros- 
copy at Quanterra, St. Louis versus super trace [low 
detection limits] ICP at Recra). If vanadium analysis 
at low concentrations becomes of interest, the differ- 
ences between analytical technology should be inves- 
tigated. The other differences between the laboratories 
appear to be essentially random (i.e., the high or low 
laboratories often switch places for the same analysis 
on different samples), with the following exception: 
field volatile organic analysis consistently showed 
slightly higher results than reported by the commer- 
cial laboratories. Most of the results met the criteria, 
and it would be expected that field analysis, typically 
performed much closer to the time of sampling, show 
less loss of volatile components. 

Overall evaluation indicates no significant issues 
between procedures and analyses performed by the 
laboratories providing services to Bechtel Hanford, Inc. 
The overall p e r f o k c e  for fiscal year 1999 appeared 
essentially unchanged from the previous year. u 
8.3 Holding Times 

D. S. Sklarew 

Holding time is the elapsed time period between 
sample collection and analysis. Samples should be 
analyzed within recommended holding times to mini- 
mize the possibility of changes in constituent concen- 
trations caused by volatilization, decomposition, or 
other chemical changes. Samples are also refrigerated 
to slow potentiaI chemical reactions within the sample 
matrix. Maximum recommended holding times for 
constituents frequently analyzed for the groundwater 
project are lied in Table B.5. Radiological constitu- 
ents do not have recommended maximum holding 
times because these constituents do not typically change 
chemically under ambient temperatures when appro- 
priate preservatives are used. Results of radionuclide 
analysis are corrected for decay from sampling date to 
analysis date. 

of the 4,065 non-radiological samples analyzed 
by Quanterra, St. Louis in fiscal year 1999 for the 

groundwater project, holding times were exceeded for 
137 samples (3%). The constituents with the most 
missed holding times were 136 phenols, 118 anions, 
37 alkalinity, 25 total dissolved solids, 16 total organic 
halides, 12 coliform, and 11 total organic carbon. This 
information was discussed with Quanterra, St. Louis 
to help the laboratory identify areas where improve- 
ments are needed. Recra did not exceed holding times 
for any of the samples that they analyzed for the 
groundwater project. 

Specific evaluation of adherence to analytical 
holding times for interim action monitoring was not 
performed for this report. Analytical holding times are 
monitored as part of ongoing sample and data man- 
agement activities throughout the year. No remedi- 
ation decisions were affected by missed holding times 
in fiscal year 1999. 

8.4 Laboratory Performance 
D. S. Sklarew, D. L. Stewurt, C. J. Thomgson 

Laboratory performance is measured by several 
indicators, including nationally based performance 
evaluation studies, double-blind standard analyses, 
laboratory audits, and internal laboratory QA/QC 
programs. This section provides a detailed discussion 
of the performance indicators for Quanterra, St. Louis 
and Richland. Brief summaries of performance meas- . 
ures for Recra and Therm0 NUtech are also presented 
throughout this section. 

8.4.1 Nationally Based Performance 
Evaluation Studies 

During fiscal year 1999, EPA, Environmental 
Resources Associates, and DOE conducted nationally 
based studies to evaluate laboratory performance for 
chemical and radiological constituents. Quanterra, 
St. Louis and Recra participated in the EPA's Water 
Pollution and Water Supply Performance Evaluation 
Studies, which ended in December 1998. Environ- 
mental Resource Associates is currently conducting 
similar, EPA sanctioned water pollution and water 
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supply studies. Although fewer laboratories are par- 
ticipating, both Quanterra, St. Louis and Recra are 
among the participants. Quanterra, Richland and 
Therm0 Nutech take part in DOE’S Quality Assess- 
ment Program‘and EPA’s National Exposure Research 
hboratmy Performance Evaluation Studies. The latter 
study ended in December 1998. Quantena, Richland 
participates in the Environmental Resource Associates’ 
InterLaB RadCheM Proficiency Testing Program, 
which has replaced the National Exposure Research 
Laboratory studies. All four laboratories take part in 
DOE’S Mixed Analyte Performance Evaluation Pro- 
gram. Results of those studies related to groundwater 
monitoiing at the Hanford Site are d d b e d  in this 
Section. 

Bd.l.l Water Pollution and Water Supply 
Studies 

The purpose of water pollution and water supply 
studies is to evaluate the performance of laboratories 
in~selettedorganicandinorganic~pounds.  
Every month, standard water samples are distributed 
as blind standards to participating laboratories. These 

at concentrations unknown to the participating labo- 
ratories. After analysis, the laboratories submit results 
to the study’s sponsor (i.e., EPA or Environmental 
Resources Associates). The sponsor uses regression 
equations to determine acceptance and warning limits 
for the study participants. The results of these studies, 
expressed in this report as a percentage of the results 
that EPA or Environmental Resources Associates 
found acceptable, independently verify the level of 

samplescontainspecificorganicandinorgancanalytes 

laboratory performance. 

For the four studies in which Quantema, St. Louis 
participated this year (WS030, WS035, WPO40, 
WpOsO), the percentage of acceptable results ranged 
from 84% to 94% (Table B.6). Of the 30 constituents 
with unacceptable results, 7 were out of limits twice 
and1wasoutoflimits3times. Thisdiscussionfocuses 
on the results for the eight constituents that were out 
of 1imits.more than once. Orthophosphate results 
were unacceptable in both water supply studies and 

one water pollution study; the latter was caused by a 
reporting error. The method required by the EPA for 
orthophosphate (i.e., Method 365.1, EPA-600/4-79- 
020, a colorimetric method) is not routinely used for 
analysis of Hanford Site groundwater samples, which 
are analyzed by an ion chromatography method. 
Because the two methods are very different, the unac- 
ceptable results should have no effect on the interpre- 
tation of data for Hanford Site samples. Alkdhity and 
Aroclor 1016 were unacceptable in two cases because 
of reporting errors. Mer& and two volatile organics 
were unacceptable because of analyst errors. Hardness 
results were probably unacceptable in one case because 
the sample was not freshly prepared for -lysis and 
slight evaporation may have caused the high bias. 
The cause of the second unacceptable hardness result 
is not known. No reason has been found for the unac- 
ceptable kjeldahl nitrogen resultq however, no kjeldahl 
nitrogen determinations were performed on Hanford 
Site groundwater samples during fiscal year 1999. The 
other 22 constituents were within limits three out of 
four times; thus, Quanterra, St. Louis has shown that 
it can achieve acceptable results for these anstitu- 
ents. 

LJ 

Recra participated in four water pollution and 
water supply studies this year, WSO30, WSO35, wPO40, 
and WP048. The percentage of Recra’s acceptable 
results ranged from 90% to 95% (Table B.7). Ofthe 
26 constituents with unacceptable results, 4 were out 
of limits twice. Total organic carbon was unaccept- 
able in one of the two cases because of a sample prepa- 
ration error. Recra found no obvious causes for the 
two unacceptable results for dichlorodifluoromethane, 
pentachlorophenol, and 1 ,l-dichloroethylene. 

8.4.1.2 DOE Quality Assessment and Mixed 
Analyte Performance Evaluation Programs 

DOE’S Quality Assessment Program evaluates how 
laboratories perform when they analyze radionuclides 
in water, air filter, soil, and vegetation samples. This 
discussion considers only water samples. The program 
is coordinated by the Environmental Measurements 
Laboratory (EML) in New York. EML provides blind 

L j  
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standards that contain specific amounts of one or more 
radionuclides to participating laboratories. constitu- 
ents analyzed can include americium-241, cesium-137, 
cobalt-60, gross alpha, gross beta, iron-55, rnanganese- 
5 4, nickel-63, plutonium- 23 8, plutonium- 23 9, 
strontium-90, tritium, uranium-234, uranium-238, and 
total uranium. After sample analysis, each participat- 
ing laboratory forwards the results to EML for compari- 
son with known values and with results from other 
laboratories. EML evaluates the accuracy of the results 
based on the historical analytical capabilities for the 
individual analyte/maaix pairs. Using a cumulative 
normalized distribution, acceptable performance yields 
results between the 15th and 85th percentiles. Accept- 
able with warning results are between the 5th and 15th 
percentile and between the 85th and 95th percentile. 
Not acceptable results include the outer 10% (less 
than 5th percentile or more than 95th percentile) of 
historical data (Em-600, EML-604). 

For the two studies conducted this year, QAP49 
and QAP50 (EML-600 and EML-604), the percent- 
ages of Quanterra, Richland's acceptable results were 
100% and 92%, respectively (Table B.8). Uranium-238 
was the only constituent that had a result that was not 
acceptable. However, one constituent (7%) in the 
first study  and five constituents (38%) in the second 
study had results that were evaluated as acceptable 
with warning (Table B.8). 

., 

The percentages of Thermo Nutech's results that 
were acceptable for the two studies were 80% and 
100%, respectively (Table B.9). Constituents with 
unacceptable results in the first study were cesium-137, 
cobalt-60, and manganese-54. Gross alpha results 
were acceptable with warning in t h i s  study. 

DOE'S Mixed Analyte Performance Evaluation 
Program examines laboratory performance in the 
analysis of soil and water samples containing metals, 
volatile and semivolatile organic compounds, and 
radionuclides. This report considers only water samples. 
The program is conducted at the Radiological and 
Environmental Sciences Laboratory in Idaho Falls, 
Idaho, and is similar in operation to DOE'S Quality u 

h m e n t  Program discussed above. DOE evaluates 
the accuracy of the Mixed Analyte Performance Eval- 
uation Program results for radiological and inorganic 
samples by determining if they fall within a 30% bias 
of the reference value. 

All fiscal year 1999 results (MAPEP-98-W6) for 
Quanterra, Richland and St. Louis were acceptable 
(Table B.8). All results for Thermo NUtech were also 
acceptable, but plutonium-239/240 was acceptable 
with warning. Two results (8%) were not acceptable 
for Recm acenaphthylene and 2,6-dinimtoluene (see 

Table B.9). 

8.4.1.3 National Exposure Research 
Laboratory and IntertaB RadCheM Proficiency 
Testing Program Studies 

As of January 1,1999, the InterLaB RadCheM 
Proficiency Testing Program study, conducted by the 
Environmental Resources Associates, replaced the 
EPA's National Exposure Research Laboratory perfor- 
mance evaluation studies, which were conducted at 
the National Exposure Research Laboratory, Las Vegas, 
Nevada. Thus, fiscal year 1999 samples we& evaluated 
under either the EPA or the Environmental Resource 
Associates program. The purpose of the studies was 
and is to evaluate the performance of laboratories in 
analyzing selected radionuclides. Both programs pro- 
vide blind standards that contain specific amounts of 
one or more radionuclides in a water matrix to partici- 
pating laboratories. National Exposure Research 
Laboratory standards and Environmental Resources 
Associates standards were prepared for the following 
radionuclides/parameters: barium-133, cesium-134, 
cesium-137, cobalt-@, gross alpha, gross beta, radium- 
226, radium-228, strontium-89, strontium-90, tritium, 
uranium, and zinc-65. In addition, National Exposure 
Research Laboratory standards were prepared for 
iodine-13 1 and plutonium. After sample analysis, the 
results were forwarded to EPA or Environmental 
Resources Assocites for comparison with known values 
and with results from other laboratories. EPA evalu- 
ated the accuracy of the results by determining if they 
fell within f 3  standard deviations of the mean of all 

. 
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results reported in the intercomparison study (EF’A- 
600/4-81-004). Environmental Resources Associates 
bases its control limits on the EF’A’s National Stan- 
dards for Water Proficiency Testing Studies Criteria . 
Ducument (NERL-Ci-0045). 

All National Exposure Research Laboratory 
results submitted by Quanterra Richland this year (see 

Table B.8) were acceptable (95%) with the exception 
of cesium-134 in one study. However, cesium-134 was 
below the control limit for 43% of the laboratories 
reporting for this study. All Environmental Resources 
Associates results fiom Quanterra, Richland except one 
set of data for natural uranium, were within the con-1 
limits (94%). Four constituents (24%) in the Environ- 
mental Resources Associates study had results that were 
evaluated as acceptable with warning (see Table B.8). 

All National Exposwe Research Laboratory results 
from Thermo NUtech this year were acceptable see 
Table B.9). Thermo NUtech does not participate in 
the Environmental Resources Associates program. 

BA.2 Double-Blind Standard Evaluation 

The groundwater project forwarded blind QC stan- 

dards to Quanterra, Richland and St. Louis, Recra, 
and Therm0 Nutech during fiscal year 1999. Blind 
spiked standards were generally prepared in triplicate 
and submitted to the laboratories to check the accu- 
racy and precision of analyses. For most constituents, 
the standards were prepared in a groundwater matrix 
from a background well. Cyanide standards and one 
set of volatile organic compound standards in the first 
quarter of fiscal year 1999 were prepared in organic 
free, deionkd water. In all cases, the standards were 
submitted to the laboratories in double-blind fashion 
(it., the srandards were disguised as regular groundwater 
samples). 

Tables B.10 and B.ll list the number and types of 
blind standards along with the control limits used in 
fiscal year 1999. Overall, 84% of the blind spike 
determinations were acceptable. For Quanterra, 90% 
of the results were within the control limits, which 
represents an improvement over fiscal year 1998 (i.e., 

80% were within limits in fiscal year 1998). This 
improvement is significant, considering that the fiscal 
year 1999 blind standard program was more focused 
on those constituents that have had poor results in 
the past. Fiscal year 1999 was the first year that the 
groundwater project submitted a complete set of blind 
standards to Recra and Thermo NUtech. This was 
done to provide performance information for the proj- 
ect’s secondary laboratories. 

Quanterra’s blind sfandard results are listed in more 
detail in Table B. 12. One or more results were unac- 
ceptably high for gross alpha, gross beta, plutonium- 
239, total organic carbon, and tritium. Similarly, one 
or more results were biased low for carbon tetrado- 
ride, cyanide, total organic halides, trichloroethylene, 
and tritium. Three constituents, carbon tetrachloride, 
plutonium-239, and trichloroethylene, were out of 
limits only once; the anomalous results appear to 
reflect isolated instances of poor analytical precision. 
Two tritium results were out-of-limits. One was a 
non-detection result for a standard that had allegedly 
been spiked at 2 1 1,600 pCi/L. Since a re-analysis of 
the standard co&ed the ongmal result, it is believed 
that the sample was either mislabeled or was not spiked 
with tritium. Quanterra, St. Louis’ most problematic 
constituents were gross alpha, gross beta, total organic 
carbon, and total organic halides. Results for these 
constituents are discussed below. 

Li 

Three of sixteen of Quanterra, St. Louis total 
organic carbon results were out of limits, but most of 
the total organic carbon results were biased high. The 
out-of-limit results were fiom the third and fourth 
quarters of the fiscal year, and the out-of-limit recov- 
eries ranged from 127% to 133%. The labratory per- 
formed data rechecks on the results and reanalyses on 
the samples but was unable to identify a reason for the 
discrepancies. Unlike other blind standard constituents, 
all of the total organic carbon standards were prepared 
at concentrations near the laboratory’s practical quan- 
titation limit (1,000 EL), so a small percentage of 
out&-limit results is not unexpected. In the future, the 
groundwater project will continue to closely monitor 
Quanterra’s performance for this important analysis. 

u 
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An additional backup laboratory for total organic car- 
bon will also be evaluated if necessary. 

Half of Quanterra's total organic halide results 
were out of limits for the standards that were spiked 
with volatile organic compounds. Individual out-of- 
limit recoveries for these standards ranged from 55% 
to 71%. The groundwater project performed in-house 
analyses on splits of the standards and confirmed that 
the standards were spiked at the proper concentrations. 
Because all of the results for the 2,4,6-trichIorophenol 

- standards were acceptable, the reason for the low bias 
appears to be volatilization or weak retention of the 
volatile analytes ori the charcoal cartridges used in the 
analysis. The laboratory investigated the out-of-limit 
results but was unable to determine the source of 
error. Low-biased total organic halide results are of 
concern because of the potential for not detecting 
halogenated organics at RCRA sites. However, even 
with a 50% negative bias, detection should occur at 
concentrations well below the limit of quantitation 
(discussed in Section B.5). 

Quanterra's gross alpha results were acceptable for 
all but the third quarter. Similarly, all of the gtoss beta 

. results were within limits except for the second quarter 
results. For both parameters, the blind standards may 
have been spiked incorrectly. Splits of the beta stan- 
dards had similar results at Thermo NUtech, while 
reanalysis of the gross alpha stan& by Quanterra, 
Richland codinned two out of three of the results. In 
general, the results for both parameters exhibited rela- 
tively poor precision, but the average results tended to 
be close to the expected concentrations. 

Table B.13 provides a detailed summary of R e m  
and Thermo Nutech's blind standard results. Seventy- 
one percent of the results for these laboratories were 
within control limits, representing good performance , 
overall. However, several high-biased results were 
reported for total organic carlxm, total organic halides, 
and gross beta. In addition, the labs had two or more 
unacceptably low results for cyanide and iodine-129. 

associated with the standards because both laborato- 
ries have had acceptable water supply and water pollu- 
tion performance-evaluation results for cyanide, The 
low iodine-129 results were non-detections that were 
caused by an error at the laboratory. Subsequent 
iodine-129 standards in the second quarter were spiked 
at lower concentrations, and all of Thermo NUtech's 
results were acceptable. Recra's total organic halide 
results were acceptable, except for the third quarter 
results that were biased high, and one of the fourth 
quarter results that was a non-detection. The reasons 
for these abnormal results are unknown. All of Recra's 
total organic carbon results were biased high and two- 
thirds were out of limits. Recra re-analyzed all of the 
standards with unacceptable results; the re-analysis 
results were also out of limits. Due to the large number 
of out-of-limit results, the groundwater project does 
not plan to submit additional samples to Recra for 
total organic carbon analyses. Finally, half of Thermo 
Nutech's gross beta results were unacceptably high. 
The second quarter results are believed to be high 
because of incorrectly spiked standards, but the high 
bias in the first quarter results appears to be a labora- 
tory problem. Quanterra, Richland analyzed splits of 
the standards and achieved acceptable results. 

6.4.3 Laboratory Internal QA/QC 
Programs 

Quanterra, Richland and St. Louis, Thermo 
NUtech, and Recra maintain internal QA/QC pro- 
grams that generate data on analytical performance by 
analyzing method blanks, laboratory control samples, 
matrix spikes and matrix spike duplicates, matrix 
duplicates, and surrogates (see PNNL-13080 for defi- 
nitions of these terms). An assessment of the labora- 
tory QC data for fiscal year 1999 is summarized in this 
section. Quanterra data are discussed in detail first and 
presented in Tables B.14 through 8.17. constituents 
not listed in these tables did not exceed Quantem's 
QC limits. A brief summary of Recra and Thermo 
NUtech data is presented at the end of the section. 

Appendix 0 

Cyanide resulh were consistently low for Recra and 
Quanterra, St. Louis; the problem is believed to be 

W 

B.9 

Evaluation of results for method blanks was based 
on the frequency of detection above the blank QC 



\ 

limits. Ingeneral, these limits are two times the method 
detection limit or htrument detection limit for chem- 
ical constituents and two times the total propagated 
error for radiological components. For common labo; 
ratory contaminants such as 2-butanone, acetone, 
methylene chloride, phthalate esters, and toluene, the 
QC limit is five times the method detection limit. 
Table B. 14 summarizes Quanterra’s method blank 
results. The general chemical parameters, ammonia 
and anions, and metals categories had the greatest 
percentage of method blank results exceeding the QC 
limits. For the general chemical parameters, only spe- 
cific conductance showed high method blank results, 
with 100% above the method detection limit. These 
high method blanks for conductance do not appear to 
be a sig-nificant problem because 94% of groundwater 
samples have conductance values that are at least 
100 times higher than the highest blank value. For 
ammonia and anions, only chloride had greater than 
10% ofthe method blanks outside the QC limits. The 
highest method blank for chloride was 0.194 m a ,  or 
2.8 times the QC limit. For metals, the laboratory’s 
instrument detection limits for Method 6010 (the ICP 
method W-846) are believed to be UNealistiCauy low, 
which resulted in the large number of method blanks 
that exceeded the limits for this method. For volatile 
organic compounds, only acetone and methylene chlo- 
ride had greater than 10% of method blanks outside 
the QC limits. Fewer than 4% of the method blanks 
for acetone and 1% for methylene chloride exceeded 
three times the QC limits. Acetone and methylene 
doride show frequent blank problems because oflow- 
level background contamination in the laboratories. 

To assess the laboratory control samples, QC 
limits for general chemical parameters, ammonia and 
anions, and metals were between 80% and 120%; those 
for radiological parameters were between 70% and 
130%. Table B.15 summarizes Quanterra’s results for 
the laboratory control samples. For constituents with 
10 or more measurements, none had greater than 10% 
of laboratory control samples outside of QC limits. 
Fewer than 3% of the volatile or semivolatile organics 
were out of limits based on the QC limits that were 
effective in July. Previous limits were similar but were 

not used for statistical data evaluation because the 
limits were not reported electronically by the labora- 
tory until July. 

Table B.16 sumnnarizes Quanterra’s results for the 
matrix spikes and matrix spike duplicates. Matrix spike 
and matrix spike duplicate QC limits were between 
75% and 125% for general chemical parameters, 
ammonia and anions, and metals. Matrix spike QC 
limits were between 70% and 130% for radiological 
parameters. These limits are based on those incorpo- 
rated into the database starting in July 1999. For the 
volatile and semivolatile organic compounds, the QC 
limits that were effective in July were used to evaluate 
the results, as described above. Fewer than 5% of the 
volatile or semivolatile organic ma& spikes and 
matrix spike duplicates were out of limits. 

Matrix duplicates were evaluated by comparing 
the relative percent difference to the QC limit for 
results that were five times greater than the method 
detection limit or the minimum detectable activity for 
general chemical parameters, ammonia and anions, 
and radiological parameters. The QC limit was 20% 
for all three categories. Table B. 17 tits the constitu- 
ents that exceeded the relative percent difference limits. 
Matrix duplicates were not adyzed for volatile organic 
compounds, semivolatile organic compounds, or metals. 

6/ 
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Surrogate data included seven compounds for 
volatile organics and two for semivolatile organics. 
Applying the QC limits electronically available from‘ 
Quanterra as of3uly 1999, none of the volatile organic 
surrogate compounds and 16% of the semivolatile 
organic compounds were outside the QC limits. 

QC data for Thermo NUtech and Recra were 
limited for fiscal year 1999 because these laboratories 
did not analyze many samples for the groundwater proj- 
ect. Recra analyzed method blanks, laboratory control 
samples, matrix spikes, and matrix duplicates for total 
organic carbon, total organic halides, selected anions, 
metals, and selected volatile organic compounds. Most 
results were within QC limits. However, the follow- 
ing data were outside limits: one total organic halide 
laboratory control sample, one trichloroethylene 
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matrix spike, one silicon matrix spike, one boron and 
one molybdenum matrix duplicate, and five metal 
method blanks (barium, calcium, magnesium, sodium, 
and silicon). Thermo NUtech analyzed methd blanks, 
laboratory control samples, matrix spikes, and matrix 
duplicates for gross alpha, gross beta, and iodine-129. 
One iodine-129 matrix duplicate was outside limits. 

8.4.3.1 Issue Resolution 

Issue resolution forms are documents for record- 
ing and resolving problems encountered with sample 
receipt, sample analysis, and data reporting. The 
forms are generated by the laboratory and forwarded 
to the groundwater project as soon as possible after a 

the statement of work. The primary focus of the 
Quanterra, Richland audit was personnel training, 
procedure compliance, sample receipt and tracking, 
instrument operation and calibration, equipment 
maintenance, instrumentation records and logbooks, 
and the implementation of Quanterra’s QA manage- 
ment plan. For Quanterra, St. Louis, the focus was on 
the implementation of their QA program, compliance 
to their technical operating procedures, and verifica- 
tion of the corrective actions initiated in response to 
the previous audit (May 1998). The specific areas 
reviewed included sample preparation, instrument 
calibration, QC sample data and acceptance criteria, 
logbook review, and preventive maintenance. 

potential problem is identified. The forms indicate if 
direction on the part of the project is required. The 
documentation is intended to identify occurrences, 
deficiencies, and/or issues that may potentially have 
An adverse effect on data integrity. Table B.18 indi- 
cates the specific issues identified during fiscal year 
1999 and the number of times these occurred. 

Seven findings and five observations were noted 
in the assessment of Quanterra, Richland, and ten 
findings and five observations were identified during 
the assessment of Quanterra, St. Louis. These find- 
ings and observations related to deficiencies in four 
specific programmatic areas: document control, qual- 
ity improvement, work processes, and calibration. W 

8.4.3.2 laboratory Audits/Assessments Corrective-action responses to the assessment findings 
and observations have been evaluated. The laborato- 
ries have addressed all findings and observations, and 
the audits have been closed. 

Laboratory activities are regularly assessed by sur- 
veillance and auditing processes to ensure that quality 
problems are prevented and/or detected. Regular 
assessment supports continuous process improvement. 

Assessments Of@anteF, RiChland and st. Louis 
Were fmd~cted December 7 to 10,1998 and May 6 to 
8,1999, respectively. The Hanford Site’s Integrated 
Contractor Assessment Team, consisting of represen- 
tatives from Bechtel Hanford, Inc. and Waste Manage- 
ment Federal Services of Hanford, Inc. conducted the 
audits. The purpose of the assessments was to evalu- 
ate the continued readiness of both Quanterra labora- 
tories to analyze and process samples for the Hdord 

are specified in the statemen 
Management Federal Services of Hanford, Inc. and 
Quanterra (RFSH-SOW-93-003, Rev. 5) .  

The Hanford Integrated Contractor Assessment 
Team conducted an assessment of Quanterra, Rich- 
land’s sample disposal practices on May 13, 1999. 
This targeted system assessment was part of.the con- 
tinuing assessments required by the DOE, Richland 
Operations office Waste Programs division as a con- 
dition of continuance of the commercial laboratory 
disposal program. General waste handling processes 
were reviewed, as well as sample handling, personnel 
qualifications, records, and requirements for waste. 
Results of the audit indicated that the commercial 

aging waste streams. Laboratory staff were knowledge- 
able and well trained. 

Site. Specific work require laboratory has systems in place for processing and man- 

Assessments of Thermo NUtech and its subcon- 
tractor laboratory, Recra, were conducted by an assess- 
ment team consisting of representatives from Bechtel 

The assessment scope for these audits was based 
on the analytical and QA requirements for both 
groundwater and multi-media samples as specified in 

hil’ 
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Hanfd, Inc., PNNL, and waste Management Federal 
Services of Hanford, Inc,, March 18 to 20,1999 and 
June 22 to 24,1999. The scope of these audits focused 
on the analytical and QA requirements for sample ana- 
lyses as specified in the contract with the laboratories. 

Four findings and eight observations were identi- 
fied during the audit conducted at Thenno Nutech. 
The findings and observations were related to lack of 
procedures, use of instruments pk t  the calibration 
dates, incomplete training records, and incomplete 

-€oUowup to previous corrective-action responses for 
past audits. All corrective-action responses have been 
accepted, and the findings have been closed. 

Five findings and ten observations were noted for 
Recra These findings and observations were related 
to procedural non-compliance, lack of procedures, 
incomplete training records, and reporting and soft- 
ware deficiencies. Closure of this audit is st i l l  e. 

Continued assessments of the laboratories are 
planned for the upcoming year to further evaluate per- 
fonnance and to ensure those corrective actionsfor the 
past fhdmgs and observations have been implemented. 

.BA.3.3 Sample Collection Contractor 
Surveillances 

Groundwater project staff regularly reviewed sam- 
ple collection activities pe-rformed by die sampling sub- 
contractor, Waste Management Technical Services. 
The purpose ofthe reviews was to ensure that samples 
were collected and submitted to the laboratories in 
accordance with highquality standards. Monthly sur- 
veillances were conducted in the following areas: sam- 
ple delivery and shipping, bottle preparation, sample 
collection, calibration of instruments, standard 4- 
cations, procedure implementation, training, and 
paperwork processing. All issues identified during the 
surveillances have been corrected. 

BAA Data Completeness and 
Comparability 

Data judged to be complete are data that are not 
suspect, rejected, associated with a missed holding 

time, out-of-limit field duplicate or field blank, or 
qualified to indicate laboratory blank contamination. 
For fiscal year 1999,85% of the groundwater project 
data were considered complete. Potentially invalid 
data was tlagged in the database. The percentages of 
data flagged were 2.7% for field QC problems, 0.6% 
for exceeded holding times, 0.2% for rejected results, 
03% for support values, and13% for laboratory blank 
contamination. 

For compFrability, samples are split in the field 
(i.e., collected in duplicate) and forwarded to two or 
more laboratories when problems arise that require 
confirmation of analytical results. During fiscal year 
1999,lO samples were split for one or more analyses of 
alkalinity, anions, iodine-129, metals, strontium-90, 
total dissolved solids, and tritium (27 constituents 
total). Samples were analyzed for hazardous and non- 
hazardous chemicals by Quanterra, St. Louis and Recra. 
Radiological analyses were performed by Quanterra, 
Richland and Thenno Nutech. None of the split 
sample results had a relative percent difference &eater 
than 20% for concentrations that were more than five 
times greater than the analyzing laboratories' detection 
limits. Thus, the laboratories showed excellent agree- 
ment for constituents at mutually quantifbble concen- 
trations, and the split samples were useful for umfinning 
out-of-trend results. 

L, 

Specific evaluation of completeness and compara- 
bility issues for interim action groundwater monitor- 
ing was not performed for this report. Completeness 
and comparability issues are primarily assessed as part 
of site-specific validation activities. No validation 
activities were performed on interim action groundwa- 
ter monitoring data in fiscal year 1999. 

8.5 Limit of Detection, Limit of 
Quantitation; and Method Detection 
Limit 
C. J. Chou, C. J. Thompson 

Detection and quantitatim limits are essential for c.i 
evaluating data quality and usefulness because they 
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Appendix B 

V 
provide the limits of a method’s measurement. The 
detection limit is the lower limit at which a measure- 
ment can be differentiated from background. The 
quantitation limit is the lower limit where a measure- 
ment becomes quantifiably meaningful. The limit of 
detection, limit of quantitation, and method detection 
limit are useful for evaluating groundwater data. 

The limit of detection is defined as the lowest 
concentration level statistically different from a blank 
(Currie 1988). The concentration at which an analyte 
can be detected depends on the variability of the blank 
response. For the pixpose of this discussion, the blank 
is taken to be a method blank. 

In general, the limit of detection is calculated as 
the mean concentration in the blank plus three stan- 
dard deviations of that concentration (EPA/540/P-87/ 
001, OSWER 9355.0-14). The blank-corrected limit 
of detection is simply three times the blank standard 
deviation. At three standard deviations from the 
blank mean, the false-positive and the false-negative 
error rates are each -7% (Miller and Miller 1988). 
A false-positive error is an instance when an analyte is 
declared to be present but is, in fact, absent. A false- 
negative error is an instance when an analyte is declared 
to be absent but is, in fact, present. 

U 

The limit of detection for a radionuclide is typi- 
cally computed from the counting error associated with 
each reported result (e.g., EPA 52011-80-012) and 
represents instrumental or background conditions at 
the time of analysis. In contrast, the limit of detection 
and limit of quantitation for the radionuclides shown 
in Table B.19 are based on variabilities that result from 
both counting errors and uncertainties introduced by 
sample handling. In the latter case, distilled water, 
submitted as a sample, is processed as if it were an 
actual sample. Thus, any random crossanamination 
of the blank during sample processing will be included 
in the overall error, ax$ the values shown in Table B.17 
are most useful for assessing long-term variability in 
the overall process. 

W The limit of quantitation is defined as the level 
above which quantitative results may be obtained 

with a specified degree of confidence (Keith 1991). The 
limit of quantitation is calculated as the blank mean 
plus 10 standard deviations of the blank (EPA/540/ 
P-87/001, OSWER 9355.014). The blank-corrected 
limit of quantitation is simply 10 times the blank stan- 
dard deviation. The limit of quantitation is most use- 
ful for defining the lower limit of the useful range of 
concentration measurement technology. When the 
analyte signal is 10 times larger than the standard 
deviation of the blank measurements, there is a 95% 
probability that the true concentration of the analyte 
is within f25% of the measured concentration. 

The method detection limit is defined as the mini- 
mum concentration of a substance that can be meas- 
ured and reported with a 99% confidence that the 
analyte concentration is greater than zero. The method 
detection limit is determined from analysis of a sample 
in a given mamix containing the analyte (Currie 1988). 
The method detection limit is 3.14 times the standard 
deviation of the results of 7 replicates of a low-level 
standard. Note that the method detection limit, as 
defined above, is based on the variability of the response 
of low-level standards rather than on the variability of 
the blank response. 

For this report, total organic carbon, total organic 
halides, and radionuclide field blank data are available 
for limit of detection and limit of quantitation deter- 
minations. The field blanks are QC samples that are 
introduced into a process to monitor the performance 
of the system. The use of field blanks to calculate the 
limit of detection and the limit of quantitation is pre- 
ferred over the use of laboratory blanks because field 
blanks include error contributions from sample prepa- 
ration and handling, in addition to analytical uncer- 
tainties. Methods to calculate the limit of detection 
and the limit of quantitation are described in detail in 
Appendix A of DOE/RL-91-03. The results of the 
limit of detection and limit of quantitation determina- 
tions are listed in Table B.17. 

Because of the lack of blank data for other constitu- 
ents of concern, it was necessary to calculate approxi- 
mate limit of detection and limit of quantitation values 
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by using variability information obtained from low- 
level standards. The data from the low-level standards 
are obtained from laboratory method detection limit 
studies. If low-level standards are used, the variability 
ofthe difference between the sample and blank response 
is increased by a faaOr of42 (Currie 1988, p. 84). The 
formulas are summarized below: 

h4DL = 3.14 x s 

LOD = 3 x e x  s) 
= 9 2 4 x s  

LDQ = 10 x e x  2) 
= 14.14 x s 

where s = standard deviation from the seven replicates 
of the low-level standard. 

The results of limit of detection, limit of quanti- 
tation, and method detection limit calculations for 
most non-radiological constituents of concern (besides 
total organic carbon and total organic halides) are 
listed in Table B.20. The values in the table apply to 

Quantem, St. Louis only. 

Specific evaluation of detection-limit issues for 
the interim action groundwater monitoring program 
was not performed for this report. Detection-limit 
issues are primarily assessed as part of site-specific vali- 
dation activities. No validation activities were per- 
formed on interim action groundwater monitoring 
data in fiscal year 1999. 

8.6 Conclusions 
Overall, assessments of fiscal year 1999 QA/QC 

information indicate that groundwater monitoringdata 
are reliable and defensible. Sampling was conducted 
in accofdaflce with reviewed procedures. Few contami- 
nation or other sampltng-related problems were encoun- 
tered that affected data integrity. Likewise, laboratory 
performance was excellent in most respects, based on 
the large percentages of acceptable field and laboratory . 
QC results. Satisfactory laboratory audits and generally 
acceptable results in nationally-based performance 
evaluation studies also demonstrated good laboratory 

$ i c e .  However, the following areas of concern 
were identified and should be considered when inter- 
preting groundwater monitoring results 

A few QC samples were probably swapped in the 
field or at the laboratory basedonasmall number of 
unusually high field-blank results and duplicate 
results with poor precision. The same problem 
likely occurred for a small number of groundwater 
samples. 

Several indicator parameters, metals, and volatile 
organic compounds were detected at low levels 
in field and/or laboratory method blanks. Some 
of these constituents were found at similar levels 
in groundwater samples. 

Maximum recommended holding times were 
exceeded for -3% of groundwater project samples. 
Anions and phenols were the primary analyses 

affected, though the data impacts are considered 
minor. 

Quanterra, St. Louis’ double-blind standard results 
for total organic carbon were typically biased 
-15% high, while the results for total organic 
halides (volatiles only) were biased low by -25%. 
On average, Recra’s total organic carbon results 
were biased -40% high. 

Quanterra, Richland’s double-blind standard 
results for gross alpha and gross beta were incop 
sistent with biases ranging from 16% low to 88% 
high. Therm0 Nutech’s results for gross beta were 
biased high by up to 51%. 

LJ 
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Table B. 1. Full-Trip Blanks Exceeding Quality Control Limits 

Number 
Out of Number of Percent Out Range of QC Range of Out-of- 

Constituent Limits Analyses of Limits Limits'') Limit Results 
General Chemical Parameters 

Alkaliiity 1 27 3.7 598 - 4,460 & 8,000 & 
Chemical oxygen demand 1 3 33.3 7,638 Clgn 34,000 & 
Specific conductance 42 45 93.3 0.09 @/cm 0.571 - 13 @/cm 
Total carbon 2 3 66.7 512 - 1,416& 1,520 - 1,960& 
Total dissolved solids 8 14 57.1 8,456 & 9,ooO * 31,ooO & 
Total organic carbon 22 82 26.8 444.4 - 512 & 446 - 1,030 & 
Total organic halides 3 74 4.1 4.76 - 8.54 & 5.8 - 15.2& 

Ammonia and Anions 

Chloride 12 47 26.5 69.2 - 70 & 70 - 167 & 
Nitrogen in nitrate 4 47 8.5 4 - 21.2 & 22 - 124& 
Sulfate 3 47 6.4 194 - 216 & 239 - 329 & 

Metals 
Antimony 
Beryllium 
Calcium 
CoPpeT 
Iron 
Magnesium 
MallganeSe 
Potassium 
Sodium 
Strontium (elemintal) 
Vanadium 
zinc 

kd 

1 
2 

11 
4 
3 

16 
17 
1 

27 
4 
9 

13 

38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 

2.6 
5.3 

28.9 
10.5 
7.9 

42.1 
44.7 
2.6 

71.1 
10.5 
23.7 
34.2 

39.4 - 54.6 & 
0.4 - 1.4 & 

130.6 - 249 & 
4.6 * 8 & 

60.6 - 71.2 & 
68.2 - 201.4 & 

1 - 1.4& 
1,152 - 3,355.2 & 
88.4 - 239.6 ClglL 
0.8 - 1.4 & 

8.2 - 8.4 & 
7.4 - 9.4 & 

63.3 pg/L 
0.52 - 1.4& 
250 - 833 & 
4.6 - 9.2 & 

78.2 - 528 & 
73.1 - 1,080& 
1.1 - 8.1 & 
2,690 & 

245 - 1,120& 
3.2 - 4.9 & 
8.1 - 25 & 
8.8 - 45.6 & 

Volatile Organic Compounds 

Radiological Parameters 

Carbon tetrachloride 1 14 7.1 0.05 - 0.904 & 0.4 & 

Gross beta 
Tritium 

4 39 10.3 2.2 - 636 pCi/L@) 3.15 - 22.7 pCi/L ' 

3 41 7 3  30 - 602 ~ C i i ' ~ '  129 - 1,280 p C i  

(a) Because method detection limits may change throughout the year, the limits are presented as a range. However, each result 
was evaluated accordig to the method detection limit in effect at the time the sample was analyzed. 

(b) The limit for radiological analyses is determined by the sample-specific total propagated uncertainty. 
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Table B.2. Field Transfer Blanks Exceeding Quality Control Limits 

Number 
Out of 

Constituent Limits 
2-Butanone 1 
carbon disulfide 1 
Carbon tetrachloride 5 
chlmforrn 22 
Methylene chloride 36 
Tetrahydrofiran 1 

Numberof 
Analvses 

79 
79 
88 
88 
88 
75 . 

Range of QC 

O f L d t s  --A!i&L 
Percent Out Limits(') 

1 3  0.84 - 1.78 
1.3 0.26 - 0.296 
5.7 0.284 - 0.904 

25.0 0.18 - 0.572 
40.9 1.425 - 3.8 

1 3  , 3.14 -3.92 

Range of Out-of- 
Limit Results 
A 

4 
0.4 

0.4 - 1 
0.2 - 4 

17 
3 -38 

(a) Because method detection limits may change throughout the year, the limits are presented as a range. However, each 
result was evaluated according to the method detection limit in effect at the time the sample was analyzed. 

Table B.3. 

Number 
Out of 

Constituent Limits 

spec~cconductance 18 
Total dissolved solids 3 
Total organic carbon 6 
Total organic halides 2 

Equipment Blanks Exceeding Quality Control Limits 

Number of Percent Out Range of QC Range of Out-of- 
Analyses of Limits Limits") Limit Results 

General Chemical Parameters 

20 90.0 0.09 @/cm 0.865 - 11.7 @/= 
4 75.0 8,456 & 10,ooO - 23,000 & 

20 30.0 444.4 - 512& 460 - SlSpg/L 
16 12.5 4.76 - 8.54 & 4.8 - 15.2 pg/L 

Chloride 
Fluoride 
Nitrogen in nitrate 
Sulfate 

Barium 
Calcium 
copper 
Iron 
Magnesium 
Manganese 
Nickel 
Sodium 
Strontium (elemental) 
Vanadium 
Zinc 

Acetone 
Carbon disulfide 
chloroform 

Tritium 

11 
3 
6 
2 

2 
7 
5 
1 
7 

10 
1 

14 
1 
7 
7 

2 

20 55.0 
20 15.0 
20 30.0 
20 10.0 

Metas 
17 11.8 
17 41.2 
17 29.4 
17 5.9 
17 41.2 
17 58.8 
17 5.9 
17 82.4 
17 5.9 
17 41.2 
17 41.2 

Volatile Organic Compounds 

3 33.3 
3 33.3 
3 33.3 
Radiological Parameters 

15 13.3 

69.2 - 70clgn 
20.8 - 24 clgn 

4 - 21.2 clgn 
194 - 216& 

1.8 - 2.2 
130.6 - 249 & 

4.6 - 8 & 
60.6 - 71.2& 
68.2 - 201.4& 

1 - 1 . 4 m  
20 - 28.6 clgn 

88.4 - 239.6 & 
0.8 - 1.4& 

8.2 - 8.4 Clgn 
7.4 - 9.4 pg/L 

1.65 - 9.7 & 
0.26 - 0.2% & 
0.18 - 0344& 
34.8 - 432 pCi/L'b' 

71 - 2 7 6 m  
61 - 86& 
13 - l 5 O w  

215 - 220 pg/L 

5.6 - 5.9 & 
254 - 439 & 
5.7 - 39.7 & 

132 pg/L 
195 - 588 Clgn 
1.7 - 5 . 4 W  

234 - 838 clgn 

9.7 - 35.6 & 
8 3  - 14.5 & 

103 pg/L 

3 3  pg/L 

2clgn 
1& 
llpg/L 

142 - 147pCi  

(a) Because method detection limits may change thraughout the year, the limits are presented as a range. However, each result 
was evaluated accmimg to the method detection limit m effect at the time the sample was analyzed. 

(b) The limit for radiological analyses is determined by the sample-specific total propagated uncertainty. 
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Constituent 

Oil and grease 

Chromium 
copper 
Iron 
Manganese 
Potassium 
Vanadium 
zinc 

1,1,1 -Trichloroethane 
Acetone 
Carbon tetrachloride 
chloroform 
cis- 1,2-Dichloroethylene 
Methylene chloride 

Gross alpha 
Technetium-99 

W 

Table B.4. Field Duplicates Exceeding Quality Control Limits 

Total Number of 
Number of Duplicates Number Out Percent Out 
Duplicates Evaluated'.) of Limits of Limits 

General Chemical Parameters 

1 1 1 100.0 
Metals 

61 
55 
55 
55 
55 
55 
55 

17 
14 
17 
17 
17 
17 

42 
17 

27 2 
1 1 

11 6 
32 7 
17 3 
33 2 
14 4 

Volatile Organic Compounds 

2 1 
1 1 
4 1 
4 2 
2 2 
1 1 

Radiological Parameters 

9 .  3 
10 2 

7.4 
100.0 
54.6 
2i.9 
17.7 
6.1 
28.6 

50.0 
100.0 
25.0 
50.0 
100.0 
100.0 

33.3 
20.0 

Range of 
Relative Percent 

Differences&) 

1663 

22.2 - 41.4 
100 

37.2 - 97.1 
22.8 - 68.9 
20.4 - 26.2 
27.4 - 32.8 
43.6 - 95.6 

22.2 
162 
107.7 
181 
40 
28.6 

20.2 - 28.5 
24.3 - 50.0 

(a) Duplicates with both results less than five times the method detection limit or minimum detectable activity were excluded 
from the evaluation. 

(b) In cases where a non-detected result was compared with a measured value, the method detection limit or minimum detect. 
able activity was used for the non-detected concentration. 
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Table B.5. Hanford Groundwater Monitoring Project Maximum Recommended Holding Times 

Methods 

8010/8020/8260 (SW-846) 
8270 (SW-846) 
8080 (SW-846) 
8080 (SW-846) 
8040 ew-846) 
6010 (SW-846) 
7060 (SW-846) 
7421 (SW-846) 
7470 (SW-846) 
7740 (SW-846) 
7841 (SW-846) 
9012 (sw-846) 
9020 (SW-846) 
9060 (SW-846) 
300.0 (EPAaoO/4-81-004) 
300.0 (EPA-600/4-81-004) 
300.0 (EPA-600/4-8 1-004) 
300.0 (EPA-600/4-81-004) 
300.0 (EPA-600/4-81-004) 
300.0 (EPA-600/4-81-004) 
300.0 (EPA-600/4-8 1-004) 
310.1 (EPA-600/4-81-004) 
410.4 (EPA-600/4-81-004) 

constituents 

Volatile organics 
Semivolatile organics 
Pesticides 
Polychlorinated biphenyls 
Phenols 
Inductively coupled-plasma metals 
Arsenic 
Lead 
Mercury 
Selenium 
Thallium 
Cyanide 
Total organic halides 
Total organic carbon 
Bromide 
Chloride 
Fluoride 
Nitrate 
Nitrite 
Phosphate 
Sulfate 
Alkaliiity 
Chemical oxygen demand 

Holding Tunes 

14 days 
7 days before extraction; 40 days after extraction 
7 days before extraction; / 40 days after extraction 
7 days before extraction; 40 days after extraction 
7 days before extraction; 40 days after extraction 
6 months 
6 months 
6 months 
28 days 
6 months 
6 months 
14 days 
28 days 
28 days 
28 days 

28 days 
28 days 
72 hours 
72 hours 
72 hours 
28 days 
14 days 
28 days 

Table B.6. Results of US. Environmental Protection Agency Water Pollution (WP) and Water Supply (WS) 
Performance Evaluation Studies 

WPO30 wso35 wPO40 WSO50 

Percent Percent Percent Pexcent 
kbnlary 1999 August 1999 November 1998 May 1999 

laboratoly Acceptable Acceptable Acceptable Acceptable 

Quanterra Incorporated, 
St. Louis, Missouri 

94'b' 85") 9l'd' 

L' 

(a) Unacceptable results were for alkalinity, orthophosphate, hardness, turbidity, boron, fluoride, nitrate, nitrite, 2,4,5-T, 2,4- 
D, 2,4-DB, chlorobenzene, 1,2dichloroethane, and 1,1,2-trichloroethane. 

(b) Unacceptable results were for orthophosphate, mercury, carbon tetrachloride, 1,1,1,2-tetrachloroethan'e, and 1,2,3- 
trichloropropane. 

(c) Unacceptable results were for alkaliiity, kjeldahl-nitrogen, Aroclor 1016/1242 in oil, Aroclor 1254 m oil, benzene, 
ethylbenzene, toluene, three dichlorobenzenes, and total phenolics. 

(d) Unacceptable results were for hardness, orthophosphatG mercury, Aroclor 1016, kjeldahl nitrogen, 1,2dichlorobenzene, 
1 Jdichlorobenzene, tetrachloroethylene, and total suspended solids. 
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Table B.7. Results of Water Pollution (WP) and Water Supply (WS) Performance Evaluation Studies 
for Recra Environmental, Inc. 

WPO40 WS030 WW48 WS035 
November 1998 February 1999 March 1999 August 1999 

Percent Percent Percent Percent 
Laboratory Acceptable Acceptable Acceptable Acceptable 

Recra LabNet, Philadelphia 95'J 94'b' 93'" 96d' 

(a) Unacceptable results were for silver, total organic carbon, chemical oxygen demand, and Arwlor 1016/1242 in oil. 
(b) unacceptable results were for hardness, bis-( 2-ethylhexyl)adipate, dichlorodifluoromethane, 1,1,1,2-perchloroethylene, 

1,2$-trichlorobenzene, 1,1 -dichloroethylene, methyl-t-butyl ether, dincxeb, pentachlorophenol, 2,4-D, and dicamba 
. (c) unacceptable results were for cyanide, conductivity, and total organic carbon. 

1 ,I ,2,2-tetrachloroethane, chloroform, toxaphene, pentachlorophenol, and dichlorodifluoromethane. 
(d) Unacceptable results were for aluminum, chloride, fluoride, carbon tetrachloride, 1,2-dichlorobenzene, 1,l-dichloroethylene, 
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Groundwater Monitorhg for FY 1999 

Lid 
, Eble B.8. Summary of Quanterra Incorporated Interlaboratory Performance, Fiscal Year 1999 

Number of Results Number Withii 
Radionulclides Reported for Each Acceptable Control Limits 

JXlE Quality Assessment Program (EML600, EML604) 
Environmental Measurements Laboratory 

Americium-241, cobalt-60, cesium-137, 
gross alpha, gross beta, plutonium-238, 
plutonium-239, strontium-90, tritium, 
uranium-234, uranium 

2 

2 1'" Uranium-238 
Manganese-54, nickel43 1 1'" 

DOE Mixed Analyte Performance Evaluation Program (MAPEP-98-W6) 
Radiological and Environmental Sciences Laboratory 

Americium-241, cesium-137, cobalt-57, 
manganese-54, nickel-63, plutonium-238, 
plutonium-239/240, strontium-90, 
uranium-234/233, uranium-235, 
uranium-238. zinc-65 
Anthracene, antimony, barium, beryllium, 
chromium, copper, l$dichlorobenzene, 
2,4dichlorophenol, diethylphthalate, 
2,4dimethylphenol, 2,4dinitrotoluene, 
2,6dinitrotoluene, fluoranthene, fluorene, 
lead, 2-methylphenol, naphthalene, 
$-nitrophenol, phenanthrene, phenol, 
selenium, thallium, zinc 

Cesium-137, cobalt-60, gross alpha, 
gross beta, radium-226, radium-228, 
uranium 
Cesium-134 
Barium-133, iodiie-13 1, strontium-89, 
strontium-%, tritium, zinc-65 

1 

EPA Laboratory Intercomparison Studies 
National Erposure Research Laboratory 

2 

2 
1 

EPA InterLaB RadCheM Proficiency Testhg Program 
Environmental Resource Associates 

Grass alpha, gross beta, radium-226, 
radium-228, strontium-90 

2 2'f.d 

Uranium 2 1'0 

Cesium-134, cesium-137, cobalt-60, 
strhtium-89, tritium 

(a) Control limits from EML600 and EML-604. 
(b) One result each for americium-241, cesium-137. cobalt-60, gross alpha, gross beta, and plutonium-238 was acceptable but 

outside warning limits. 
(c) Results from Quanterra, Richland. 
(d) Results from Quanterra, St. Louis. 
(e) Control limits from EPA-600/4-81-004. 
(f) Control limits from National Standards for Water Proficiency Testing Studies Criteria Document. 
(g) One result each for cesium-137, cobalt-60, gross beta, and strontium-89 was acceptable but outside warning limits. 
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Appendix B 

Table B.9. Summary of Recra Environmental, Inc. and Thermo NUtech Interlaboratory Performance, 
Fiscal Year 1999 

Number of Results Number Within 
Radionulclides Reported for Each Acceptable G m m l  Limits 

DOE Quality Assessment Program (EML600, EML-604) 
Environmental Measurements Laboratory 

Americium-241, gross alpha, gross beta, 
iron-55, nickel-63, plutonium-238, 
plutonium-239, strontium-90, tritium, 
uranium-234, uranium-238, uranium 

Cobalt-60, cesium-137 2 I(.) 

Manganw-54 1 0'" 
DOE Mixed Analyte Performance Evaluation Program (MAPEF+!lS-W6) 

Radiological and Environmental Sciences Laboratory 

Americium-241, cesium-137, cobalt-57, 
cobalt-60, iron-55, manganese-54, 
nickel-63, plutonium-23 8, 
plutonium-239/240, strontium-90, 
uranium-234/233, uranium-238, 
zinc-65 
Anthracene, antimony, barium, beryllium, 1 
chromium, copper, 1,2-dichlorobenzene, 
1,3-dichlorobemne, 2,4-dichlorophenol, 
diethylphthalate, 2,4-dimethylphenol, 
2,4-dinitrotoluene, fluoranthene, fluorene, 
lead, 2-methylphenol, 4-nitrophenol, 
phenanthrene, phenol, selenium, thallium, 
zinc 

1'" 

Acenaphthy lene 1 0'" 

EPA Laboratory Intercomparison Studies 
National Exposure Research Laboratory 

Cesium-134, cesium- 137, cobalt-60, 2 
gross alpha, gross beta, strontium-89, 
strontium-90 
Barium-133, iodine-13 1, radium-226, 
radium-228, uranium, zinc-65 

1 

2'0 

(a) Results from Thenno NUtech, Richmond, California. Gmtrol limits from EML-600 and EML-604. 
(b) One result each €or gross alpha was acceptable but outside warning limits. 
(c) Results from Thermo NUtech, Richmond, California. 
(d) One result for plutonium-239/240 was acceptable but outside warning limits. 
(e) Results from Recra LabNet, Philadelphia. 
(f) Results from Thermo NUtech, Richmond, California Control limits from EPA-600/4-81-004. 
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Groundwater Monitoring for FY I999 

w 
Table B.lO. Summary of Quanterra Incorporated Double-Blind Spike Determinations 

Constituent 

specific conductance 
Total organic carbon (potassium 
hydrogen phthalate spike) 

Total organic halides 
(2,4,6-trichlorophenol spike) 

Total organic halides (carbon - tetrachloride, chloroform, and 
trichloroethene spike) 

Cyanide 
Fluoride 
Nitrate 

Chromium 

Carbon tetrachloride 

Trichlorethylene 
ChlOrOfOpn 

Gross alpha (plutonium-239 spike) 
Gross beta (strontium-90 spike) 

. Cesium-137 
Gbalt-60 
Iodine-129 
Plutonium-239 
Strontium-90 
Technetium-99 
Tritium 
Uranium-238 

Number of Number OfResults 
Sample Results Outside QC 

Frequency Reported's' Limlts’b’ 
General chemical Parameters 

3 0 
, Q U = = l Y  16 3 

Quarterly 14 0 

Quartalv 14 7 

Anions 

Quarterly 14 
Quarterlv 12 

Semiannually 6 

Metals 

3 
0 
0 

semiannually 6 0 
Volatile Organic Compounds 

Quarrerlv 16 
Quarrerlv 16 
QU=terlY 16 

Radiological Parameters 
16 
16 
6 
6 
6 
16 
6 
16 
9 
16 

1 
0 
1 

3 
3 
0 
0 
0 
1 
0 
0 
2 
0 

control 
Limits(c) (%) 

f25 
f25 

f25 

f25 

f25 
f25 
f25 

f20 

f25 
f25 
f25 

f25 
f25 
S O  
f30 
f30 
f30 
f30 
f30 
S O  
f30 

(a) Blind standards were submitted in triplicate or quadruplicate. 
(b) Quality conml limits are given in the Hanford Groundwater Monitoring Project’s QA plan. 
(c) Each result must be withi i  the specified percentage of the known value to be acceptable. 
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Table B. 1 1. Summary of Recra Environmental, Inc. and Therm0 NUtech Double-Blind Spike Determinations 

Constituent 

Total organic carbon (potassium 
hydrogen phthalate spike) 

Total organic halides (2,4,6- 
uichlorophenol spike) 

Total organic halides (carbon 
tetrachloride, chloroform, and 
trichlorethylene spike) 

Cyanide 
Fluoride 

Number of Number of Results 
Sampling Results Outside QC Control 
Frequency Reported(kb) Limits(’) Limits(d) (%) 

General Chemical Parameters 

Quarterlv 15 10 f25 

QUrnfllY 10 4 f25 

CrUrnfllY 11 4 f25 

Anions 

Semiannually 6 
Annually 3 

4 
0 

f25 , 

f25 
Metals 

Chromium Annually 3 0 f20 
Volatile Organic Compounds 

Carbon tetrachloride 
chloroform 
Trichlorethylene 

Gross alpha (plutonium-239 spike) 
Gross beta (strontium-90 spike) 
Cesium- 137 
Cobalt-60 
Iodine-129 
Plutonium-239 
Srrontium-90 
Technetium-99 
Tritium 
Uranium-238 

W 

Annually 3 
Annually 3 
Annually 3 

Radiological Parameters 

Semiannually 
QUarterlv 
Annually 
Annually 

Annually 

ANlually 

Annually 

Semiannually 

Annually 

6 
12 
3 
3 
6 
3 
3 
3 
3 
3 

0 
0 
0 

0 
6 
0 
0 
2 
0 
0 
0 
0 
0 

f25 
f25 
f25 

(a) Blind standards were submitted in triplicate or quadruplicate. 
(b) Recra Envxonmental, Inc. performed chemical analyses, and Therm0 NUtech pedormed radiological analyses. 
(c) G m m l  limits are given in the Hanford Groundwater Monitoring Project’s QA plan. 
(d) Each result must be within the specified percentage of the known value to be acceptable. 

f25 
f25 
*30 
f30 
f30 
f30 
f30 
f30 
f30 
330 
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Groundwater Monitoring for FY I999 

Table B.12. Quanterra Incorporated Blind Standaxd Results 

Relative 
Standard 

Deviation (%) 

Fisca 
Year Spike Average 

cluarrer Amount Result 
General Chemical Parameters (&) 

Fourth 445 ' 425 

First 805 808 
second 1,002 1,155 
Third 1500 1,930 
Fourth 1,998 2,440 

First 1.023 86.3 
Second 1,052 1,023 
m i  12.9 14.7 
Fourth 130 113 

Average 
Recovery (%) Constituent 

specific~conductance 

Total organic carbon") 
96 

100 
115 
129 
122 

84 
97 

114 
87 

1 

i 19 
5 
4 
4 
0 

19 
3 
6 

Total organic First 103.5 64.3 62 11 
(Volatile organic mixture) Second 1,088 752.8 69 11 

mi 13.2 12.1 91 13 
Fourth 130 94.7 73 4 

Cyanide First 
Second 
Third 
Fourth 

First 
second 
Third 
Fourth 
First 
second 

70.6 
77.6 
237 
307 

1,237 
1,190 
5,283 
2,353 

10,220 
10,600 

71 
78 
79 
77 

124 
119 
106 
118 

101 
104 

Fluoride 

Nitrate 2 
1 

288 
2% 

96 
99 

1 
1 

chromium First 
second 

Volatile Organic Compounds (pi$-) 

First 9.8 9.0 92 
second 414 387 93 
Third 5.1 43 85 
Fourth 51 42.7 84 

Carbon tetrachloride 11 
6 

13 
16 

chloroform First 
Second 
mi 
Fourth 

First 
second 
m i  
Fourth 

98.9 
435 
5.1 
50 

7.9 
394 

5 
50 

96.7 
460 
43 

47.3 

7 3  
383 
5 3  

40.3 

98 
106 
85 
95 

93 
97 

107 
81 

1 
9 

13 
1 

8 
8 

11 
10 

Trichloroethylene 
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Appendix B 

Constituent 

Table B. 12. (contd) 

Fiscal 
Year Spike Average 

Amount Result 
Radiological Parameters (pCJL) 

Gross alpha (plutonium-239) 

Gross beta (strontium-90)(d) 

Cesium- 137 

Cobalt-60 

Iodine-129 

Plutonium-239 

Strontium-90 
u 

Technetium-99 

First 
Second 
Thud 
Fourth 

First 
Second 
Third 
Fourth 

First 
Second 

First 
Second 

First 
Second 

First 
Second 
Thud 
Fourth 

First 
Second 

First 
Second 
Third 
Fourth 

Tritium Second 
Third 
Fourth 

Second 
Thii 
Fourth 

Uranium-238 First 

21.22 
292.22 

6.98 
101.45 

13.08 
21.29 
58.86 

105.85 

614.8 
197.8 

200.46 
398.95 

30.49 
24.59 

21.224 
1.482 
6.978 
1.939 

7.98 
20.15 

47 1.5 
910.1 
202.1 
97.1 

38,080 
211,600 

199 

61.881 
144.48 

915.726 
318.21 

20.8 
272 
13.1 
107 

10.9 
37.8 
64.9 

121.0 

643.7 
201.0 

2013 
399.0 

29.9 
18.8 

24.0 
1.81 
7.02 
2.38 

8.99 
21.3 

393.7 
880.7 
211.3 
103.4 

36,867 
1342 10 

246 

61.4 
144.0 
908.3 
330.0 ’ 

Average 
7ecovery (%) 

98 
93 

188 
106 

84 
178 
110 
114 

105 
102 

100 
100 

98 
76 

113 
122 
101 
123 

1l3 
106 

83 
97 

105 
107 

97 
63 

124 

99 
100 
99 

104 

(a) Total organic carbon standards were submitted in quadrup 
(b) Total organic halide (phenol) standards were submitted in quadruplicate during the first and fourth quarters. The stan- 

(c) Total organic halide (volatile) standards were submitted in triplicate during the first and fourth quarters. The standards 

(a) Assuming strontium-90 and yttrium 

dards were submitted in triplicate in the seumd and t h i  qmers. 

were submitted in quadruplicate in the 
is strontium-90 + yttrium-90. 

Relative 
Standard 

Deviation (%) 

23 
6 

14 
13 

13 
5 

24 
4 
6 
6 

3 
1 

14 
5 

5 
18 
4 
5 

12 
6 

5 
7 
8 
5 

1 
87 
18 

5 
2 
1 
2 
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Table B.13. Recra Environmental, Inc. and Thenno Nutech Blind Standard Results 

Constituent 

Total organic c a r h @ )  

Total organic halidedC) 
(phenol) 

Total organic halidedd) 
(volatile organic mixture) 

Cyanide 

Fluoride 

chromium 

Carbon tetrachloride 
c h l m f m  
Trichlorethylene 

Gross alpha (plutonium-239) 

Gross beta (saontium-90)(c) 

Cesium-137 
cobcllt-60 
lodiie-129 

Plutonium-239 
Strontium-90 
Technetium-99 
Tritium 
Uranium-238 

Fiscal 
Year Spike Average 

Amount Result?) 
General Chemical Parameters (w) 

First 805 978 
Second 1,002 1,600 
T h i  1,500 1,933 
Fourth 1,998 2,975 
second 1,052 1,150 
mi 12.9 21.9 
Fourth 130 88.8 
second 1,088 1,063 mi 13.2 21.4 
Fourth 130 102 

hi -  (w) 
Second 100 74.0 
Fourth 400 277 
Second 1 .ooo 1,100 

Metats (Pd-) 

Volatile orgaaic Compounds (w) 
Second 300 302 

second 414 383 
Second 435 410 
Second 394 333 

Radiologid Parameters (&a) 
second 292.22 2783 
Fourth 101.45 94.6 
First 13.08 19.8 
Second 21.29 , 30.5 
Third 58.86 68.9 
Fourrh 104.52 114.7 
second . 197.8 193.7 
second 398.95 361.0 
First 30.49 14.8 
Second 24.59 24.6 
second 1.482 1.26 
Second 20.15 19.8 
Second 910.1 998.7 
Second 38,080 39,030 
Second 144.48 167.0 

Average 
R-ery (96) 

121 
160 
129 
149 
109 
170 . 
68 
98 

162 
78 ~ 

74 
69 

110 

101 

93 
94 
85 

95 
93 

151 
143 
117 
110 
98 
90 
49 

100 
85 
98 

110 
103 
116 

Relative 
Standard 

Deviation (%) 

3 
7 .  

13 
8 
8 

10 
59 
8 

19 
4 

5 
17 
0 

2 

6 
2 
2 

8 
15 
8 
8 
1 
4 
3 
5 

73 
13 
7 
5 
2 
1 
1 

Recra Environmental, Inc. performed chemical analyses, and Therm0 Nutech performed radiological analyses. 
Total organic carbon standards were submitted in quadruplicate each quarter. 
Total organic halide (phenol) standards were submitted in triplicate during the second and t h i  quarters and in quadrupli- 
cate during the fourth quarter. 

(d) Total organic halide (volatile) stan- were submitted in quadruplicate during the ~econd and thii quarters and in tripli- 
cate during the fourth quarter. 

(e) Assuming strontium-90 and yttrium-90 are in equilibrium, spike amount is strontium-90 + yttrium-90. 
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Appendix B 

Table B.14. Quanterra Incorporated Method Blank Results 

Percent Out Number of Concentration Range 
Constituent of Limit Analyses of Out-of-Limit Results 

General Chemical Parameters 

Total general chemical parameters 
Alkalinity 
Specific conductance 
Total dissolved solids 

15.6 
0.9 

1.4 
100 

Ammonia and Anions 

688 
112 
105 0.317 - 1.04 @/cm 
74 

5.6 

39 m& 

Total ammonia and anions 5.7 1,104 
Chloride 26.2 210 
Fluoride 2.0 204 
Sulfate 1.9 213 

Metals 

Total metals 14.4 2,028 
Aluminum 55.9 102 
Calcium 51.0 102 
Chromium 0.9 106 
copper 11.8 102 
Iron 89.2 102 
Magnesium 11.8 102 
Manganese 5.9 102 
Sodium 24.5 102 
Vanadium 5.9 102 
zinc 29.4 102 

Volatile Organic Compounds 

Total volatile organic compounds 2.0 2,696 
Acetone 33.flb) 106 
2-Butanone 0.9(b) 106 
1,4-Dichlorobenzene 0.8 123 
Methylene chloride 12.6fi) 119 
Vinyl chloride 1.7 119 

Total semivolatile organic compounds 0 832 
Semivolatile Organic Compounds 

Radiological Parameters 

Total radiological parameters 0.2 1,076 
Technetium-99 1.4 70 
Tritium 1.2 82 

(a) control limits are twice the method detection limit. 
(b) control limits for fmtnoted compounds are five times the methd  detection l i t .  

0.07 - 0.194 mg/L 
0.037 - 0.063 mg/L 
0.234 - 0.277 4 

I* 

39 - 161 mg/L 
27.1 - 492 mg/L 

7.1 mg/L 

12.8 - 91.8 mg/L 
123 - 276 mg/L 

59.4 - 241 mg/L 

5.9 - 1 1 . 7 4  

1.1 - 2.5 4 

6.1 - 14.3 4 
3.2 - 17 4 

2 - 19m& 
4 m a  

0.4 4 
2 -  15m& 
0.3 mg/L 

-# 

54.9 p c i  
23.6 p C i  
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Groundwater Monitoring for FY I999 

Table B.15. Quanterra Incorporated Laboratory Control Samples 

Constituent Percent Out of Limit(.) ’ Number of Analyses 

General Chemical Parametem 

Total general chemical parameters 0 706 

Total ammonia and anions 0 1,101 
AmmoniaanaAnions 

Metals 

Total metals 
Silver 

Total radiological parameters 
Cesium-137 
cobalt-60 

Technetium-99 
Tritium 
Uranium 
Uranium-235 

Gross alpha 

0.1 
2.0 

2,030 
102 

RadiologicalParameters 

2.1 
1.8 
1.8 
6.8 
5.7 
0.9 
1.6 

28.6 

708 
56 
57 
73 
70 

109 
61 

7 

(a) QC limits are 8096 to 120% for general cheakd parameters, ammonia and anions, and metals; 70% to 130% for 
diological parameters. 
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/ 

hid 
Table B.16. Quanterra Incorporated Matrix Spikes and Matrix Spike Duplicates 

Constituent 

Total general chemical parameters 
Total carbon 
Total organic carbon 
Total organic halides 

Total ammonia and anions 
Chloride 
Cyanide 
Fluoride 
Nitrogen in nitrate 
Nitrogen in nitrite 
Sulfate 
Sulfide 

Total metals 
Cadmium 
Chromium 
copper 
Iron 
Lead 
Selenium 
sodium 
zinc 

Total radiological parameters 
Technetium-99 
Uranium 

Percent Out of Limit(') 

General Chemical Parameters 

4.2 
83.3 
0.9 
3 3  

Ammonia and Anions 

16.2 
10.8 
6.9 

12.0 
33.7 
18.1 
12.6 

100 

Metals 

0.5 
0.6 
1.2 
1.3 
1.3 

11.1 
50.0 
0.6 
0.6 

Radiological Parameters 

15.6 
6.3 

25.9 

Number of Analyses 

212 
6 

115 
91 

468 
83 
29 
83 
83 
83 
87 

1 

3,147 
161 
163 
157 
157 
54 
4 

157 
157 

122 
64 
58 

(a) Control limits are 75% to 125% for general chemical parameters, ammonia and anions, and metals; 70% to 130% for 
radiological parameters. 
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Groundwater Monitoring for M I999 

Table B.17. Quanterra Incorporated Matrix Duplicates 

Constituent Percent Out of Limit(*) Number of Analyses 

General Chemical Parameters 

Total g e n d  chemical parameters 

Total Qrbon 
Total organic halides 

specific conductance 
0.5 
13 

16.7 
1.1 

Total ammonia and anions 
Fluoride 
Nitrogen m nitrate 
Sulfate 

0.6 
1.2 
1.2 
1.2 

400 
75 
6 

91 

459 
81 
81 
85 

Radiological Parameters 

Total radiological parameters 0.9 1,128 
Gross alpha 1.4 70 
Gross beta 1.4 71 
Iodine-129 5.9 34 
PlutdUm-239/240 83 12 
SUOntiUm-90 1.8 56 
Technetium-99 1.5 68 
uranium-234 14.3 7 
Uranium-235 14.3 7 
Uranium-238 143 7 

(a) For values five times greater than the method detection limit, control limits for relative percent difference are 20% for gen- 
eral chemical parameters, ammonia and anions, and radiological parameters. 

Table B.18. Summary of Issue Resolution Forms Received for Fiscal Year 1999 

Issue 

Hold time missed 
Broken bottles(*) 
Missing samples") 
Temperature deviation(.) 
pH variance(') 
Bottle &/type (insufficient volume) 
Chain of custody forms incomplete(*) 
Laboratoq QC out of limits 
Analytical preparation deviations 
Method faiiures/d-hued analyses 

Number 
of Occurrences 

34 
11 
6 
7 
3 
4 

16 
29 
5 
1 

(a) Issue always originated before samples were received at the laboratory. 
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Table B. 19. Summary of Quanterra Incorporated Detection/Quantitation Limits Determined from 
Field Blanks Data 

Number of Standard 
Samples Mean Deviation 

. Constituenk Total Organic Carbon (pg/L) 

22'" 225.89 121.44 
8'') 325.47 80.80 

12'4 141.21 16636 
14") 163.03 156.78 
13 122.89 11537 
69 190.55 165.93 

Constituent: Total Organic Halides (pg/L) 

25 0.18 2.24 
25(*) 137 1.40 
16 -0.38 1.62 
13 0.66 1.79 
79 0.52 1.81 

Constituent; htimony-125 (pc i /L )  
6 -1.52 3.43 
6 0.47 5.10 
3 1.59 3.96 

15 -0.10 4.28 
Constituent: Cesium-134 (pCi/L) 

6 -1.61 0.91 
6 -0.29 0.81 
3 -2.15 2.40 

15 -1.19 1.26 

Limit of 
Detection 

Limit of 
Quantitation Period 

10/01/98 - 12/29/98 
01/19/99 - 02/23/99 
02/24/99 - 03/18/99 
04/19/99 - 06/28/99 
07/14/99 - 08/24/99 
summary 

590"' 
568 
499'c' 
470 
346 
400 

1 ,440'b) 
1,133 
1,664") 
1,568 
1,154 
1.334 

10/01/98 - 12/29/98 
01/19/99 - 03/18/99 
04/19/99 - 06/28/99 
07/14/99 - 08/24/99 
summary 

6.7"' 
4.2 
4.8 
5.4 
5.4 

22.4") 
14.0 
16.2 
17.9 
18.1 

10/13/98 - 12/16/98 
04/01/99 - 06/02/99 
07/13/99 - 08/16/99 
summary 

10.28") 
15.29 
11.88 
12.8 

34.26") 
50.98 
39.62 
42.8 

10/13/98 - 12/16/98 
04/01/99 - 06/02/99 
07/13/99 - 08/16/99 
summary 

2.74'') 
2.43 
7.20 
3.77 

9.14(4 
8.09 

2359 
12.57 

Constituent: Cesium-137 (pcii) 

0.92 0.54 
0.01 1.33 

-0.54 1-06 
0.26 1.02 

constituent: cobalt-60 (pcii) 
0.00 0.45 
0.59 1.52 
-0.23 1.09 
0.19 1.11 

Constituent: Europium-154 (pC&) 
0.13 3.23 
1.14 2.64 

-236 3.97 
0.03 3.14 

Constituent: Gross Alpha (pCi/L) 
0.143 0.233 
0.065 0.164 
0.051 0.168 
0.061 0.168 
0.088 0.193 

10/13/98 - 12/16/98 
04/01/99 - 06p2/99 

summary 
07/13/99 - 08/16/99 

6 
6 
3 

15 . 

1.62" 
3.98 
3.19 
3.07 

5.40'C) 
13.28 
10.63 
10.22 

10/13/98 - 12/16/98 

07/13/99 - 08/16/99 
04/01/99 - 06/02/99 

SUTNnary 

6 
6 
3 

15 

1.34") 
4.56 
3.27 
3.34 

4.46"' 
15.2 
10.89 
11.5 

6 
6 
3 

15 

10/13/98 - 12/16/98 
04/01/99 - 06/02/99 
07/13/99 - 08/16/99 
summary 

9.69'" 
7.91 

11.90 
9.42 

32.3OfC) 
26.37 
39.66 
31.41 

15 
11 
11 
6 

43 

10/01/98 - 12/29/98 
01/06/99 - 03/16/99 
04/12/99 - 06/28/99 
07/13/99 - 08/19/99 
summarv 

0.70") 
0.49 
0.5 
0.5 
0.58 

2.33'') 
1.64 
1.68 
1.68 
1.93 
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Table B. 19. (and) 

Period 

10/01/98 - 12/29/98 
O l / M / 9 9  - 03/31/99 
04/07/99 - 06/28/99 
07/13/99 - 08/24/99 
summary 

10/13/98 - 11/19/98 
Ol /M/99  - 03/16/99 
04/12/99 - 06/23/99 
07/13/99 - 07/14/99 
summary 

10/13/98 - 12/16/98 
Olp6p9 - 02/01/99 
04/12/99 - 05/25/99 
0811 1/99 - 08/24/99 
summary 

10p1/98 - 12/29/98 
02p1/99 - 03/31/99 
04/07/99 - 06/23/99 
07/13/99 - 08/24/99 
summary 

10/13/98 * 12/29/98 
01/06/99 - 03/16/99 
04P1/99 - 06/23/99 
07/13/99 - 08/24/99 
summary 

10/01/98 - 12/29/98 
01/14/99 - 0313 1/99 
04P7/99 - 06m/99 
08/16/99 - 08/24/99 
summary 

Number of Standard 
Samples Mean Deviation 

14(" 
11 
12'" 
7 

44 

5 
3 
5 
2 

15 

6 
3 
2 
2 

13 

8 
3 
7 
5 

23 

15 
13'') 
12 
7 

47 

6 
5 
4 
2 

17 

constituent: Gmss Beta (pcJL) 
0.79 0.83 
0.96 0.84 
1 .OO 0.87 
0.93 1.05 
0.91 0.88 

Constituent: Iodine-129 (&a) 
0.028 0.167 
0.045 0.097 
0.001 0.056 
0.059 0.022 
0.026 0.114 

constituent: strontium-90 (pci) 
0.096 0.145 

-0.005 0.058 
0.137 0.001 
0.129 0.010 
0.084 0.111 

Gmstituen~ Technetium-99 (pCJL) 
3.01 3.41 

11.60 7.81 
1.67 432 

-2.85 6.49 
2.45 5.05 

Constituent: Tritium ($a) 
188.4 162.2 
169.4 71.5 
76.4 . 83.8 

146.9 153.8 
148.4 122.8 

constituent: uranium (pg/L) 

0.0137 0.0141 
0.0104 0.0117 
0.0079 0.0055 
0.0030 . O.OOO6 
0.010 0.01 1 

' Limitof 
Detection 

2.54" 
2.5 1 
2.61 
3.16 
2.64 

OS@) 
0.29 
0.17 
0.07 
034 

0.43") 
0.17 
0.00 
0.03 
0.33 

10.23'" 
23.43 
12.95 
19.47 
15.14 

486SC) 
214.4 
251.5 
461.4 
368.5 

0.056") 
0.045 

0.005 
0.044 

0.029 

Limit of 
Quantitation 

8.34") 
836 
8.72 

10.53 
8.81 

1.67'') 
0.97 
0.56 
0.22 
1.14 

1.45(=) 
0.58 
0.01 
0.10 
1.11 

. 34.12(c) 
78.09 
43.16 
64.90 
50.50 

1,621.8"' 
714.7 
8383 

1,538.1 
1,228.3 

0.155") 
0.127 
0.063 
0.009 
0.122 

(a) Excluded outliers. 
(b) Limit of detection equals the mean blank concentration plus 3 standard deviations; limit of quantitation equals the mean 

(c) Limit of detection (blank corrected) equals 3 times the blank standard deviation; limit of quantitation (blank corrected) 
blank amcentration plus 10 standard deviations. 

equals 10 times the blank standard deviation.. 

li 
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Method 

EPA-600/4-8 1.004, 160.1 
EPA-600/4*8 1-00493 10.1 
EPA-600/4-81-W, 410.4 
EPA-600/4-81-oO4,413.1 

EPA*600/4-81-004, 300.0 
EPA.600/4-81-004,300.0 
EPA-600/4-81-004,300.0 
EPA-600/4.81*004, 300.0 
EPA-600/4-81-004,300.0 
EPA-600/4-81*004,300.0 
EPA-600/4-81.004,300.0 
EPA-600/4-81.004,350.1 
SW-846,9012 

E 
UI 

SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW.846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 
SW-846,6010 

Table B.20. Summary of Quanterra Incorporated, St. Louis Detection and Quantitation Limits 

Constituent 

Total dissolved solids 
Alkalinity 
Chemical oxygen demand 
Oil and grease 

Bromide 
Chloride 
Fluoride 
Nitrogen in nitrate 
Nitrogen in nitrite 
Phqhate  
Sulfate 
Nitrogen in ammonia 
Cyanide 

Aluminum 
Antimony 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potawium 
Silver 
Sodium 
Strontium (elemental) 
Ttn 
Vanadium 
Zinc 

Initial 
MDL") (p&) 

4,228 
299 

3,819 
699 

15 
35 
12 
2 

17 
42 
97 
8.76 
1.33 

38 
27.3 
1.1 
0.7 
2.2 

124.5 
2.7 
2.3 
2.3 

35.6 
37.3 
34.1 
0.7 

14.3 
1,677.6 

3.8 
119.8 

0.7 
70 
3.7 
4.1 

Initial Initial 
LOD(p&) L O Q ( W )  

General Chemical Parameters 

5,713 19,042 
404 1,347 

5,160 17,200 
944 3,148 

Ammonia and Anions 

203 
47.3 
16.2 
2.7 

23.0 
56.7 

11.8 
131 

1.80 

51.3 
36.9 

1.5 
0.9 
3.0 

168.2 
3.6 
3.1 
3.1 

48.1 
50.4 
46.1 
0.9 

19.3 
2,266.7 

5.1 
161.9 

0.9 
94.6 
5.0 
5.5 

67.6 
157.6 
54.0 
9.0 

76.6 
189 
43 7 
39.5 
5.99 

,171 
123 

5 .O 
3.2 
9.9 

560.7 
12.2 
10.4 
10.4 

160 
168 
154 

3.2 
64.4 

7,555.7 
17.1 

539.6 
3.2 

315 
16.7 
18.5 

Ending Values, 
Effective Date 

11/16/90 

12/22/98 
12122p8 
12l22p8 
12/22/98 
12/22/98 
12/22/98 
12/22/90 
12/10/98 
12/7/98 

7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
7/25/99 
1/25/99 

Ending 
MDL(') (&) 

2230 

17.4 
34.6 
10.4 
10.6 
7.4 

34.8 
108 
30.1 

1.59 

26.5 
19.7 
0.9 
0.2 
2 

65.3 
2.7 
2.5 
4 

30.3 
9 

100.7 
0.5 

10 
5 76 

8 
44.2 
0.4 

27 
4.7 
4.2 

Ending 
LOD (MIL.)  

3013 

23.5 
46.8 
14.1 
14.3 
10.0 
47.0 

40.67 
2.15 

146 

35.8 
26.6 

1.2 
0.3 
2.7 

88.2 
3.6 
3.4 
5.4 

40.9 
12.2 

136.1 
0.7 

13.5 

10.8 
59.7 
0.5 

36.5 
6.4 
5.7 

778 

Ending 
LOQ (NIL . )  

10044 

78.4 
155.8 
46.8 
47.7 
33.3 ~ 

157 
486 
135.6 

7.16 

119 
88.7 
4.1 
0.9 
9.0 

12.2 
11.3 
18.0 

137 
40.5 

453.5 
2.3 

45.0 

36.0 

1.8 

21.2 
18.9 

294 

2,594 

199 
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Method 

SW-846,7060 
SW-846,7131 
SW-846,7191 
SW-846,7421 
SW*846,7470 
SW-846,7740 
SW-846,7841 

SW.846,8010 
SW-846,8010 
SW-846,8010 
SW-846,8010 
SW.846.8010 
SW*846,8010 

m SW-846,8010 
ed SW-846,8010 k SW-846,8010 

SW-846,8010 
SW-846,8010 
SW*846,8010 
SW-846,8010 
SW-846,8020 
SW-846,8020 
SW-846,8020 
SW-846,8020 
SW-846,8020 
SW-846,8260 

SW.846,8260 
SW.846,8260 
SW.846,8260 
SW.846,8260 
SW.846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 

SW-846,8260 

r‘ 
=-- 

Initial 
Constituent MDLIJ (pg/L) 

Arsenic 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Thallium 

l,l,1-Trichloroethane 
1,1,2-Trichloroethane 
1 ,l-Dichloroethane 
1,2-Dichloroethane 
1,4-Dichlorobenzene 
Carbon tetrachloride 
Chloroform 
cis-l,2-Dichlonxthylene 
Methylene chloride 
Tetrachloroethylene 
irans-l,2-Dichloroethylene 
Trichloroethylene 
Vinyl chloride 
1 ,4-Dichlorobenzene 
Benzene 
Ethylbenzene 
Toluene 
Xylenes (total) 
1,1,1,2-Tetrachloroethane 
1 , 1 , 1 -Trichlonxthane 
1,1,2,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1,l -Dichloroethane 
1,l.Dichlorocthylene 
1,2,3-Trichloropropane 
1,2-Dibrom0-3.chloroptopane 
1,2.Dibromoethane 
1,2-Dichloroethane 
1,2-Dichlormthylene (total) 
1,2-Dichloropropane 

_. - ~ ~ 

Initial 
Constituent MDLIJ (pg/L) 

2 
0.2 
0.3 
0.8 
0.01 1 
0.9 
0.6 

0.028 
0.036 
0.024 
0.018 
0.026 
0.025 
0.028 
0.025 
0.207 
0.03 1 
0.031 
0.028 
0.294 
0.028 
0.042 
0.033 
0.089 
0.065 
0.1 134 
0.178 
03 
0.1 
0.2 
0.194 
0.1546 
0.24 
0.068 
0.144 
0.1028 
0.2 

Table B.20. (contd) 

Initial Initial 
LOD(pg/L) LOQ(w!L) 

2.70 9.01 
0.27 0.90 
0.41 1.35 
1.08 3.60 
0.015 0.050 
1.22 4.05 
0.81 2.70 

Volatile Organic Compounde 

0.038 
0.049 
0.032 
0.024 
0.035 
0.034 
0.038 
0.034 
0.280 
0.042 
0.042 
0.038 
0.397 
0.038 
0.057 
0.045 
0.120 
0.088 
0.153 
0.241 
0.405 
0.135 
0.270 
0.262 
0.209 
0.324 
0.092 
0.195 
0.139 
0.270 

0.126 
0.162 
0.108 
0.081 
0.117 
0.113 
0.126 
0.113 
0.932 
0.140 
0.140 
0.126 
1.324 
0.126 
0.189 
0.149 
0.401 
0.293 
0.511 
0.802 
1351 
0.450 
0.901 
0.874 
0.696 
1.081 
0.306 
0.649 
0.463 
0.901 

Ending Values, 
Effective Date 

11/16/98 
11/16/98 
11/16/96 
11/16/96 
11/16/96 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 

Ending 
MDL(’) (pg/L) 

0.52 
0.26 
03 1 
0.81 
0.59 
0.2 
0.14 
0.13 
0.23 
0.13 
0.15 
0.24 
0.32 
0.13 
0.14 
0.24 
0.1 

0.703 
0.35 1 
0.419 
1.094 
0.797 
0.270 
0.189 
0.176 
0.3 1 1 
0.176 
0.203 
0324 
0.432 
0.176 
0.189 
0.324 
0.135 

2342 
1.171 
1.396 
3.648 
2.657 
0.901 
0.63 1 
0.586 
1.036 
0.586 
0.676 
1.081 
1.44 1 
0.586 
0.631 
1.08 1 
0.450 



d e 
Table B.20. (contd) 

SW-846.8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW.846,8260 
SW-846,8260 
SW*846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW*846,8260 

ta SW-846,8260 
w SW-846,8260 

sw-846,0260 
sW-846,8260 
SW-846,8260 
SW-846,8260 
SW846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 ' 
SW.846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 
SW-846,8260 

Initial 
Method Constituent MDL'') (&) 

1,4-Dichl~roben~ene 
1-Butanol 
2-Butanone 
~-HCXMIOIW 
4-Methyl-2-pntanone 
Acetone 
Acetonitrile 
Acrolein 
Acrylonitrile 
Benzene 
Bromodichlommethane 
Bnrmoform 
Bnnnomtthane 
Carbon dhulflde 
Carbon teaachloride 
Chlorobenzene 
Chloroethane 
chloroform 
Chloromethane 
cis-l,2-Mchloroethylene 

Dibromochloromethane 
Dichlorodifluoromethane 
Ethyl cyantde 
Ethylbenzene 
Methylene chloride 
Styrene 
Tetrachloroethylene 
Tetrahydmfuran 
Toluene 
muw-1,2-Dichhoethylene 
trans-1 J-Dichloropmpene 
Trichloroethylene 
Trichloromonofluommethane 
Vinyl acetate 
Viyl chloride 
Xylenes (total) 

~ h - 1 , 3 - D k h h 0 p ~ n e  

0.184 
2.52 
0.42 
0.36 
0.19 
1.94 
4.7 
4.28 
1.7 

' 0.168 
0.0998 
0.072 
0.28 
0.148 
0.142 
0.15 

0.172 
0.66 
0.1 
0.102 
0.066 
0.4626 
0.96 
0.26 
0.76 
0.128 
0.184 
1.96 
0.158 
0.13 
0.058 
0.4 
0.406 
0.72 
0.68 
0.142 

. 0.2 

Initial 
LOD (I@) 

0.249 
3.405 
0.567 
0.486 
0.257 
2.621 
6.350 
5.783 
2.297 
0.227 
0.135 
0.097 
0.378 
0.200 
0.192 
0.203 
0.270 
0.232 
0.892 
0.135 
0.138 
0.089 
0.625 
1.297 
0.35 1 
1.027 
0.173 
0.249 
2.648 
0.213 
0.176 
0.078 
0.540 
0.549 
0.973 
0.919 
0.192 

Initial 
LOQ (&I 

0.829 

1.892 
1.62 1 
0.856 
8.737 

11.35 

21.17 
19.28 
7.66 
0.757 
0.449 
0.324 
1.261 
0.667 
0.640 
0.676 
0.901 
0.775 
2.973 
0.450 
0.459 
0.297 
2.083 
4324 
1.171 
3.423 
0.576 
0.829 
8.828 
0.712 
0.586 
0.261 
1.802 
1.829 
3.243 
3.063 
0.640 

Ending Values, 
Effective Date 

1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99, 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 

Ending 
MDL(*) (&) 

0.17 
7 
0.89 
0.44 
0.15 
0.33 
4.4 
5.07 
1.01 
0.13 
0.08 
0.14 
0.11 
0.13 
0.15 
0.25 
0.23 
0.09 
0.03 
0.15 
0.07 
0.16 
0.21 
1.47 
0.23 
0.41 
0.17 
0.29 
1.57 
0.26 
0.11 
0.2 
0.16 
0.13 
0.17 
0. I 
0.79 

Ending 
LOD (&) 

0.230 
9.458 
1.203 
0.595 
0.203 
0.446 
5.945 
6.850 
1.365 
0.176 
0.108 
0.189 
0.149 
0.176 
0.203 
0338 
0311 
0.122 
0.041 
0.203 
0.095 
0.216 
0.284 
1.986 
0.311 
0.554 
0.230 
0.392 
2.121 
0351 
0.149 
0.270 
0.216 
0.176 
0.230 
0.135 
1.067 

Ending 
LOQ (&) 

0.766 

4.008 
1.982 
0.676 
1.486 

31.53 

19.82 
22.83 
4.55 
0.586 
0360 
0.631 
0.495 
0.586 
0.676 
1.126 
1.036 
0.405 
0.135 
0.676 
0315 
0.721 
0.946 
6.621 
1.036 
1.847 
0.766 
1306 
7.071 
1.171 
0.495 
0.901 
0.721 
0.586 
0.766 
0.450 
3.558 



Method 

SW-846,8040 
SW-846,8040 
SW.846,8040 
SW-846,8040 
SW-846,8040 
SW-846,8040 ' 

SW-846,8040 
SW*846,8040 
SW-846,8040 
SW-846,8040 
SW-846,8040 

SW-846,8040 
SW-846,8040 

W SW-846,8040 
t SW-846,8040 

SW-846,8040 
SW-846,8040 
SW.846,8080 
SW-846,8080 
SW-846,8080 
SW-846,8080 
SW-846,8080 
SW-846,8080 
SW-846.8080 
SW-846,8080 
SW-846,8080 
SW-846.8080 
SW-846.8080 
SW*846,8080 
SW-846.8080 
SW-846,8080 
SW-846,8080 
SW-846,8080 
SW-846,8080 
SW-846,8080 
SW-846,8080 

- c  

Initial 
Constituent MDL'') (Ccpn) 

2,3,4,6-Tetrachlorophcnol 
2,4,5-TrichlorophenoI 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Diniaophenol 
2,6-Dichlorophenol 
2-Chlorophenol 
2-Methylphenol (cresol, 0-1 

2-secButy13,6-dinitrophenol 

3,4 methyl phenol 
4,6-Diniero-2.methylphenol 
4Chloro~3-methylphenol. 
4-Nitrophcnol 
Pentachlorophenol 
Phenol 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT . 

2-Nitroph~1101 

(DNBP) 

Aldrin 
Alpha-BHC 
Amla-1016 
Amla-122 1 
Amla-1232 
Amla-1242 
Amlor-1248 
Amlor-1254 
Amlor-1260 
Beta-BHC 
Chlordane 
Delta-BHC 
Dieldrin 
Endosulfan I 
Endosulfan I1 
Endosulfan sulfate 

1.43 
1.81 
2.42 
1.93 
1.82 
0.53 
1.90 
1.94 
1.79 
1.51 
0.52 

3.54 
0.46 
2.03 
0.70 
2.16 
0.94 . 
0.007 
0.005 
0.01 
0.01 1 
0.006 
0.08 
0.08 
0.08 
0.08 
0.08 
0.03 
0.03 
0.019 
0.098 
0.004 
0.008 
0.007 
0.009 
0.039 

Table B.20. (contd) 

Initial Initial Ending Values, 
LOD (w) LOQ (p&) Effective Date 

Semivolatile Organic Compounds 

1.93 
2.44 
3.27 
2.60 
2.46 
0.72 
2.57 
2.62 
2.42 
2.04 
0.71 

4.79 
0.63 
2.75 
0.94 
2.92 
1.28 
0.009 
0.007 
0.014 
0.015 
0.008 
0.108 
0.108 
0.108 
0.108 
0.108 
0.041 
0.041 
0.026 
0.132 
0.005 
0.01 1 
0.009 
0.012 
0.053 

6.44 
8.14 

8.67 
8.18 
2.39 
8.57 
8.75 
8.06 
6.80 
2.35 

15.96 
2.09 
9.15 
3.14 
9.72 
4.25 
0.032 
0.023 
0.045 
0.050 
0.027 
0.360 
0360 
0360 
0360 
0360 
0.135 
0.135 
0.086 
0.441 
0.018 
0.036 
0.032 
0.041 
0.176 

10.9 

c 

11/12/98 
11/12/98 
11/12/98 
11/12/98 
11/12/98 
11/12/96 
11/12/98 
11/12/98 
11/12/98 
llllZP8 
11/12/98 

11/12/98 
11/12/98 
11/12/98 
11/12/98 
11/12/98 

Ending 
MDL(') (w) 

2.09 
4.1 
4.96 
1.23 
2.87 
1 .82 
1.1 
2.13 
2.43 
1.92 
2 

1.36 
1.01 
0.92 
1.5 
0.54 

Ending 
LOD (W) 

2.82 
6.35 
6.70 
1.66 
3.88 
2.46 
1.49 
2.88 
3.28 
2.59 
2.70 

1.84 
137 
1.24 
2.03 
0.73 

Ending 
LOQ (W) 

9.41 
21.2 
22.3 

12.9 
5.54 

8.20 
4.95 
9.59 

8.65 
9.01 

10.9 

6.13 
4.55 
4.14 
6.76 
2.43 



4 
Table B.20. (contd) 

lnitial Initial 
Method Constituent MDL'') (p&) LOD (&) 

SW-846,8080 
SW-846,8080 
SW-846,8080 
SW-846,8080 
SW-846,8080 
SW-846,8080 
SW-846,8080 
SW-846,8150 
SW-846,8150 
SW-846,8150 
SW-846,8150 

SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 

(w ' SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW446,8270 
SW-846,8270 
SW-846,8270 
SW.846.8270 
SW*846,8270 
SW*846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW.846,8270 
SW-846,8270 
SW.846,8270 
SW-846,8270 
SW-046,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 

Endrin 
Endrin aldehyde 
Gamma-BHC (Lindane) 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
2,45T 
2,4,5-TP 
2,4-Dichlorophenoxyacetic acid 
2-secButyl4,6-dinitrophenol 

1 ,2,4,5-TetrachIorobenzcne 

1,2-Dichlorobenzene 

' 1.4-Dichlorobenzene 
1 ,4-Naphthoquinone 
1-Naphthylamine 
2,2'-Oxybis( l-chloropropane) 
2J,4,6-Tetrachlmphenol 
2,4,5-Trichlomphenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitromluene 
2,6-Dichlorophenol 
2,6-Dinitromluene 
2~Acerylaminofluorene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol (cresol, 0-) 

2-Naphthylamine 
2-Niwaniline 
2-Nitrophenol 
2-Picoline 

(DNBP) 

1 , 2 , 4 - T r i & I ~ ~ ~  

1J-Dichlomb-e 

0.005 
0.01 
0.009 
0.01 1 
0.005 
0.017 
0.136 
0.257 
0.064 
3.98 
0.095 

4.9 
1.13 
1.07 
1.51 
0.959 
1.9 
4.4 
1.59 
3.7 
1.15 
1.55 
1.53 
1.36 
1.15 
0.949 
5 
0.968 
4.3 
1.65 
1.07 
1.25 
0.854 
4.4 
1.07 
1.22 
5.7 

0.007 
0.014 
0.012 
0.015 
0.007 
0.023 
0.184 
0347 
0.086 
5.38 
0.128 

6.62 
1.53 
1.45 
2.04 
1.30 
2.57 
5.95 
2.15 
5 .00 
1.55 
2.09 
2.07 
1.84 
1.55 
1.28 
6.76 
1.31 
5.81 
2.23 
1.45 
1.69 
1.15 
5.95 
1.45 
1.65 
7.70 

lnitial 
LOQ (MIL) 

0.023 
0.045 
0.041 
0.050 
0.023 
0.077 
0.613 
1.157 
0.288 

0.428 
17.9 

22.1 
5.09 
4.82 
6.80 
4.32 
8.56 

7.16 

5.18 
6.98 
6.89 
6.13 
5.18 
4.27 

4.36 

7.43 
4.82 
5.63 
3.85 

4.82 
5.49 

19.8 

16.7 

22.5 

19.4 

19.8 

25.7 

Ending Values, Ending Ending Ending 
Effective Date MDL('1 (p&) LOD (&) LOQ (p&) 

11/17/98 
11/17/98 
11/17/98 
11/17/98 
11/17/98 

11/17/98 

11/17/98 
1111 7/98 
11/17/98 
11/17/98 
11/17/98 
11/17/98 

11/17/98 

11117198 
1111 7/98 
11/17/98 
11/17/98 

11/17/98 
1111 7/98 

1.03 
0.97 
0.89 
0.9 
0.93 

1.18 

0.78 
0.66 
1 
0.97 
0.97 
0.68 

0.71 

0.98 
1.12 
1 
1 

0.59 
1.18 

1.39 
1.31 
1.20 
1.22 
1.26 

1.59 

1 .05 
0.89 
1.35 
1.31 
1.31 
0.92 

0.96 

1.32 
1.51 
1.35 
1.35 

0.80 
1.59 

4.64 
4.37 
4.01 
4.05 
4.19 

531 

3.5 1 
2.97 
4.50 
437 
4.37 
3.06 

3.20 

4.41 
5.04 
4.50 
4.50 

2.66 
5.31 

D 
3 

x B 
m 



Method 

SW*846,8270 
SW.846,8270 
SW-846,8270 
SW*846,8270 
SW-846,8270 
SW-846,8270 
SW.846,8270 
SW-846,8270 
SW*846,8270 
W-846,8270 
SW*846,8270 
SW*846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SU-846,8270 
SW-846,8270 

SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW.846,8270 
SW-846,8270 
SW-846,8270 
SW*846,8270 
SW446,8270 
SW*846,8270 
SW-846.8270 
SW-846.8270 
SW.846,8270 
SW446,8270 
SW*846,8270 
SW-846,8270 

Table B.20. (contd) 

lnitial Initial 
Constituent MDL(') (uI?/L! LOD (p&) - 

2-aecButyl-4,6-dinitrophcnol 

3,3'-Dichlorobenzidine 
3-Methylcholanthrene , 

3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Aminobiphenyl 
4-Bromophenylphenyl ether 
4-ch10ro-3 -methylphenol 
4-Qlloroaniline 
4-Chlorophenylphenyl ether 
4-Methylphenol (cresol, p-) 
$-Nitroaniline 

4-Niaoquinoline-1-oxide 
5-Nitro-o-toluidine 
7,12-Dimethylbenz[a]anth~~ne 

(DNBP) 

4 - N l ~ h ~ t 1 0 l  

Acenaphthene 
Acenaphthylene 
Acetophenone 
alpharlpha-Dimethylphene- 

thylamine 
Aniline 
Anthracene 
hbenzene 
Benzidine 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo( b)fluoranthene 
Benzo( ghi)perylene 
Bern( k)fluoranthene 
Benzoic acid 

Bis( 2-Ch1oroethoxy)methane 
Bis(2-chloroethyl) ether 
Bis( 2-ethylhexyl) phthalate 
Butylbenzylphthala te 
Carbazole 
Chlorobenzilate 

Bewl alcohol 

.. I . 
4.2 

1.046 

0.998 
0.459 
3.7 
1.44 
1.44 
1.37 
1.18 
0.735 
0.532 
0.845 
2.8 
4.4 
4.4 

17 

1.1 
1.3 
3.4 

50 

0.977 
0.929 
0.736 
2.52 
0.258 
0.585 
0.462 
0.938 
0.869 

0.917 
1.2 
0.518 
0.45 
0.484 
1.392 
4.1 

28 

5.67 

1.41 

1.35 
0.62 
5.00 
1.95 
1.95 
1.85 
1.59 
0.99 
0.72 
1.14 
3.78 
5.95 
5.95 
1.49 
1.76 
4.59 

23.0 

67.6 

1.32 
1.26 
0.99 
3.40 
0.35 
0.79 
0.62 
1.27 
1.17 

1.24 
1.62 
0.70 
0.61 
0.65 
1.88 
5.54 

37.8 

Initial 
LOQ (clgn) 

18.9 

4.71 

4.49 
2.07 

6.49 
6.49 
6.17 
5.31 
3.31 
2.40 
3.81 

76.6 

16.7 

12.6 
19.8 
19.8 
4.95 
5.86 

15.3 
225 

4.40 
4.18 
3.31 

1.16 
2.63 
2.08 
4.22 
3.91 

4.13 
5.40 
2.33 
2.03 
2.18 
6.27 

11.4 

126 

18.5 

Ending Values, 
Effective Date 

11/17/98 

1111 7/98 
11/17/98 

11/17/98 
1111 7/98 
11/11/98 
11/11/98 
11/17/98 
11/17/98 
11/1 7/98 

11/17/98 
11/17/98 

11/17/98 
1 111 7/98 
1lll7P8 
11/17P8 
11/17/98 
11/17/98 
11/17/98 
11/17/98 
1 111 7/98 
11/17/98 
1 111 7/98 
11/17/98 
11/17/98 
11/17/98 
1 1/17/98 

Ending 
MDL(') (ClglL) 

0.55 

0.5 
1.74 

0.78 
0.84 
0.88 
1.02 
0.77 
0.87 
0.48 

0.87 
0.98 

0.87 
0.48 
0.45 

0.58 
0.6 
0.88 
0.95 
0.74 
0.96 
1.1 
1.14 
1.12 
1.29 
0.72 

0.87 

Ending Ending 
LOD (clgn) LOQ (clgn) 

0.74 2.48 

0.68 2.25 
2.35 7.84 

1 .05 3.5 1 
1.13 3.78 
1.19 3.96 
138 4.59 
1.04 3.47 
1.18 3.92 
0.65 2.16 

1.18 3.92 
132 4.41 

1.18 
0.65 
0.61 
1.18 
0.78 
0.81 
1.19 
1.28 
1 .oo 
1.30 
1.49 
1.54 
1.51 
1.74 
0.97 

3.92 
2.16 
2.03 
3.92 
2.61 
2.70 
3.96 
4.28 
333 
4.32 
4.95 
5.13 
5.04 
5.81 
3.24 

F '  c c 



Initial 
Method Constituent MDL(*J (&L) 

SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW.846,8270 
SW-846,8270 
SW*846,8270 
SW-846,8270 
SW-846,8270 

Pj SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW*846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 
SW.846,8270 
SW-846,8270 
SW-846,8270 
SW.846.8270 
SW-846,8270 
SW.846,8270 
SW*846,8270 
SW-846,8270 
SW-846,8270 
SW-846,8270 

Chrysene 
Di-n-butylphthalate 
Di-n-octylphthalate 
Diallate 
Dibem[a,h]anduacene 
Dibenrofuran 
Diethylphthalate 
Dimethoate 
Dimethyl phthalate 
Disulfoton 
Edyl methanesulfonate 
Famphut . 
Fluoranthene 
Fluorene 
Hexachlor$benzene 
Hexachlombutadiene 
Hexachlorocpclopetitadiene 
Hexadomethane 
Hexa&lomphene 
Hexachloropmpene 
Indene( 1,2,.34)pyrene 
I& 
Isophorone . 
IscisafroIe 
Kepone 
m-Dinitrobenzene 
Methapyrilene 
Methyl methanesulfonate 
Methyl parathion 
N-Nitrosodi-n-dtpropylamine 
N-Ninosodi-n-butylamine 
N-Nitrdsodiethylamine 
N-nitrosodimethy lamine 
N-Nitrosodiphenylamie 
N-Niaosomethylethylamine 
N-Nitrosomoxpholine 
N-Nitrosopiperidme 
Naphthalene 
Nitrobenzene 

0.229 
0.823 
0.426 
7.3 
0.74 
1.19 
0.789 
3.7 
0.98 
3.3 
3.3 

0.135 
0.846 
1.57 
1.98 
1.66 
1.42 

5.2 
0.841 
4.1 
1.03 
4.1 

3.8 

1.5 
3.5 
2.22 
5.3 
2.9 
1.86 
0.588 
5.2 
2.9 
4.2 
1.59 
1.19 

49 

100 

30 

26 

Table B.20. (contd) 

Initial 
LOD (&I 

0.3 1 
1.11 
0.58 
9.86 
1 .OO 
1.61 
1.07 
5.00 
1.32 
4.46 
4.46 

66.21 
0.18 
1.14 
2.12 
2.68 
2.24 
1.92 

7.03 
1.14 
5.54 
1.39 
5.54 

5.13 

2.03 
4.73 
3.00 
7.16 
3.92 
2.51 
0.79 
7.03 
3.92 
5.61 
2.15 
1.61 

135 

40.5 

35.1 

Initial 
LOQ (&) 

1.03 
3.71 
1.92 

3.33 
5.36 
3.55 

4.41 

32.9 

16.7 

14.9 
14.9 

221 
0.61 
3.81 
7.07 
8.92 
7.48 
6.40 

450 
23.4 

18.5 

18.5 

11.1 

3.79 

4.64 

135 

117 
6.76 

15.8 
10.0 
23.9 
13.1 
8.38 
2.65 

23.4 
13.1 
18.9 
7.16 
5.36 

Ending Values, 
Effective Date 

11/17/98 
11/17/98 
11/17/98 

11/17/98 
11/17/98 
11/17/98 

11/17/98 

11/17/98 
11/17/98 
11/17/98 
11/11/98 
11/17/98 
11/17/98 

11/17/98 

11/17/98 

11/17/98 

11/17/98 
11/17/98 

11/17/98 

Ending 
MDL(') (&) 

0.42 
1.05 
1.35 

1.43 
0.77 
1.5 

3.04 

0.6 
0.72 
0.58 
0.91 
0.9 1 
0.86 

0.61 

0.86 

0.9 

0.74 
0.45 

1.09 

Ending 
LOD (W) 

0.57 
1.42 
1.82 

. 1.93 
1.04 
2.03 

4.11 

0.81 
0.97 
0.78 
1.23 
1.23 
1.16 

0.82 

1.16 

1.22 

1 .oo 
0.61 

1.47 

Ending 
LOQ (&L) 

1.89 
4.73 
6.08 

6.44 
3.47 
6.76 

13.7 

2.70 
3.24 
2.61 
4.10 
4.10 
3.87 

2.75 

3.87 

4.05 

3.33 
2.03 

4.91 



Method 

SW.846,8270 
SW-846,8270 
SW-846.8270 
SW.846,8270 
SW.046.8270 
SW.846,8270 

Table B.20. (contd) 

Initial Initial 
Constituent MDL(') (pg/L) LOD (pg/L) 

Nitrasopyrrolidine 
O,O,O.Triethyl phosphoro- 

O,O-DiethylO-2-pyrazinyl 

o-Toluidine 
p-dimethy laminoambenzene 
p-Phenylenediamine 
Parathion 
Pentachlombenzene 
Pentachloronitrobenzene 

(PCNB) 
Pentachlorophenol 
Phenacetin 
Phenanthrene 
Phenol 
Phorate 
Pronamide 
b e n e  
Pyridine 
S a h l  
gym-Ttinitrobenzene 
Tetraethyl ditliiopymphosphate 
Tributyl phosphate 

thioate 

phosphorothioate 

. 3.2 
5 

3.5 

3.2 
4.8 

100 
3.7 
3.4 
4 

0.84 
3.5 
0.679 
0.7 
4.2 
3.9 
0.521 
0.96 
4.4 

22 
4.6 

21 . 

432 
6.76 

4.73 

4.32 
6.49 

5 .00 
4.59 
5.40 

1.13 
4.73 
0.92 
0.95 
5.67 
5.21 
0.70 
1.30 
5.95 

6.22 

135 

29.7 

28.4 

Initial Ending Values, Ending Ending Ending 
LOQ (p&) Effective Date MDL('J (&) LOD (@) LOQ (pg/L) 

14.4 
22.5 

15.8 

14.4 
21.6 

16.7 
15.3 

450 

18.0 

3.78 ii117pa 0.87 1.18 3.92 

3.06 iiii7pa 0.46 0.62 2:07 
15.8 

3.15 11117pa 0.55 0.74 2.48 
18.9 
17.6 
2.35 11117Pa 0.71 0.96 3.20 
432 

19.8 
99.1 
20.7 
94.6 

(a) MDLs for many canstituenu changed during the fiscal year. For these constituents, the initial MDL, LOD, and LOQ were in effect until the date the values were updated (ending values, 
effective date). In cases where the MDL did not change, no ending values are listed. 

MDL - Method detection limit. 
LOD - Limit of detection. 
LOQ - Limit of quantitation. 
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