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Abstract

This report presents the results of groundwater and vadose-zone monitoring for fiscal year (FY) 1997
on the Hanford Site, Washington.

Soil-vapor extraction continued in the 200-West Area to remove carbon tetrachloride from the vadose
zone. Characterization and monitoring of the vadose zone comprised primarily spectral gamma logging,
soil-vapor monitoring, and analysis and characterization of sediments sampled below a vadose-zone
monitoring well. Source-term analyses for strontium-90 in 100-N Area vadose-zone sediments were
performed using recent groundwater-monitoring data and knowledge of strontium’s ion-exchange
properties.

Water-level monitoring was performed to evaluate groundwater-flow directions, to track changes in
water levels, and to relate such changes to evolving disposal practices. Water levels over most of the
Hanford Site continued to decline between June 1996 and June 1997. Water levels near the Columbia
River increased during this period because the river stage was unusually high.

Groundwater chemistry was monitored to track the extent of contamination, to note trends, and to
identify emerging groundwater-quality problems. The most widespread radiological contaminant plumes
were tritium and iodine-129. Concentrations of technetium-99, uranium, strontium-90, and carbon-14
also exceeded drinking water standards in smaller plumes. Plutonium and cesium-137 exceeded stan-
dards only near the 216-B-5 injection well. Derived concentration guide levels specified in U.S. Depart-
ment of Energy Order 5400.5 were exceeded for tritium, uranium, strontium-90, and plutonium in small
plumes or single wells. -

Nitrate is the most extensive chemical contaminant. Carbon tetrachloride, chloroform, chromium,
cis-1,2-dichloroethylene, fluoride, and trichloroethylene also were present in smaller areas at levels above
their maximum contaminant levels. Cyanide concentrations were elevated in one area but were below the
maximum contaminant level.

Resource Conservation and Recovery Act of 1976 groundwater monitoring continued at 25 waste
management units: 16 under detection programs during FY 1997 and data indicate that they are not
adversely affecting groundwater, 9 under groundwater quality assessment or compliance programs to
assess possible contamination. Assessment reports for single-shell tank waste management areas S-SX,
T, and TX-TY were prepared, concluding that they have probably contributed to contamination in the
area. An assessment report for waste management area B-BX-BY is being prepared; those tank farms
also appear to have contaminated groundwater. A final assessment report for the 216-U-12 crib con-
cluded that it has contaminated groundwater with nitrate. An assessment program for the 216-B-3 pond
concluded the site had not contaminated groundwater, so the site will revert to detection monitoring in
FY 1998.

Groundwater remediation under the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 includes pump-and-treat systems in the 100-N Area (strontium-90); the 100-K,
100-D, and 100-H Areas (chromium); and the 200-West Area (separate systems for carbon tetrachloride
and technetium-99/uranium).

A three-dimensional, numerical, groundwater model was applied to the Hanford Site to predict
contaminant-flow paths and the impact of operational changes on site groundwater conditions. Other
models were applied to assess the performance of three separate pump-and-treat systems and to support
testing of permeable barrier technology.

Inquiries regarding this report may be directed to Dr. P. Evan Dresel or Ms. Mary J. Hartman, Pacific
Northwest National Laboratory, P.O. Box 999, Richland, Washington 99352 or by electronic mail to
_evan.dresel@pnl.gov or mary.hartman@pnl.gov.
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This report summarizes the results of fiscal year (FY) 1997 groundwater- and vadose-zone-
monitoring activities on the Hanford Site. This report is designed to provide a comprehensive, current
interpretation of groundwater conditions on the site and in adjacent areas, including a description of site
hydrogeology, groundwater flow, and groundwater contaminant distribution. This report fulfills reporting
requirements of the Resource Conservation and Recovery Act of 1976 (RCRA), other Washington
Administrative Codes, and the Afomic Energy Act of 1954 as implemented by U.S. Department of Energy
(DOE) orders. This report also summarizes results of groundwater monitoring conducted to assess the
effects of remediation or interim measures conducted under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA).

The uppermost aquifer beneath most of the Hanford Site is unconfined and is composed of unconsoli-
dated to semiconsolidated sediments deposited on the basalt bedrock. In some areas, deeper parts of the
aquifer are locally confined by layers of silt and clay. Confined aquifers occur within the underlying
basalt flows and associated sedimentary interbeds. Groundwater in the unconfined aquifer system gener-
ally moves from recharge areas along the western 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 forma-
tion of groundwater mounds created by large volumes of artificial recharge at wastewater-disposal
facilities. These mounds are declining, and groundwater flow is gradually returning to earlier patterns.

Water levels are monitored across the Hanford Site and to the east and north of the Columbia River.
These measurements are used to determine the water-table configuration for the unconfined aquifer sys-
tem, to monitor changes in water-table elevation resulting from site operational and offsite changes, and
to assess impacts of the changes on monitoring networks. A site water-table map for June 1997 was
constructed and used to infer groundwater-flow directions. Water levels over most of the site declined
during FY 1997, continuing the trend caused by reduction in liquid effluent disposal. The water table
rose in wells near the Columbia River because the river stage was unusually high through the spring and
summer of 1997. Water levels are also measured in wells completed in the upper basalt-confined aquifer.
No significant changes were observed in this aquifer in FY 1997.

Vadose Zone

Because untreated wastewater is no longer discharged to the ground at the Hanford Site, areas of
residual vadose-zone contamination are the most significant sources of possible groundwater contami-
nation. The rate of movement of contaminants to the groundwater depends on contaminant chemistry,
stratigraphy, and drainage of water through the vadose zone.

Three soil-vapor-extraction systems continued to operate in the 200-ZP-2 Operable Unit as an
expedited response action under CERCLA to remove the carbon tetrachloride source from the vadose
zone. Soil-vapor extraction began in February 1992, and through September 1997, 75,000 kg of carbon
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tetrachloride have been removed. While the soil-vapor-extraction systems were shut down from Novem-
ber 1996 through June 1997, a study was conducted to evaluate the magnitude and rate of carbon tetra-
chloride concentration rebound in the soil vapor.

Characterization and monitoring of the vadose zone during FY 1997 comprised primarily in situ bore-
hole spectral gamma logging, soil-gas sampling and analysis, and characterization of sediments obtained
through drive-barrel and split-spoon sampling below a vadose-zone-monitoring well at the SX single-
shell tank farm. Source-term analyses for strontium-90 in 100-N Area vadose-zone sediments were con-
ducted using recent groundwater-monitoring data collected during high-water conditions and knowledge
of strontium’s ion-exchange properties '

Vadose-zone remediation continued in the 100-B,C Area and was initiated in the 100-D Area at high-
priority liquid waste-disposal sites. Remedial action at these sites entails excavation, transportation, and
disposal of contaminated soil and structures from the upper 5 m of the vadose zone.

Groundwater Monitoring of RCRA Treatment,
Storage, and Disposal Units

RCRA groundwater monitoring continued at 25 waste management areas. At the end of FY 1997, 16
were being monitored under detection programs and do not appear to be adversely affecting groundwater.
The others were monitored under assessment or compliance programs. The following paragraphs sum-
marize highlights of RCRA monitoring during FY 1997.

Four single-shell tank waste management areas were monitored under assessment investigations in
FY 1997. Contamination from chemically similar sources such as nearby cribs made it difficult to deter-
mine whether the tank farms were the source but the assessment investigations indicate that they were.
The T, TX, and TY tank farms (200-West Area) have been monitored under an assessment program since
1993 because of elevated specific conductance. An assessment report concluded that the tanks probably
have contaminated the groundwater with technetium-99. The S and SX tank farms (200-West Area)
began their assessment program in FY 1996 and appear to have contaminated the groundwater with
technetium-99, nitrate, and hexavalent chromium. The B, BX, and BY tank farms (200-East Area) appear
to have contaminated the groundwater with technetium-99.

The results of an assessment program for the 216-U-12 crib (200-West Area) were released in
FY 1997. The crib has contaminated the groundwater with nitrate and technetium-99 and will remain
in assessment until final-status monitoring requirements are implemented.

Results of the 216-B-3 pond (200-East Area) assessment program were released in FY 1997, conclud-
ing that the site has contributed no definable hazardous waste contamination to groundwater, despite

erratic elevated total organic halides. The site reverted to an indicator evaluation program in October
1997. )

The 183-H solar evaporation basins (100-H Area) were monitored under final-status regulations
during FY 1997. The basins have contaminated the groundwater with technetium-99, uranium, nitrate,
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and chromium at levels exceeding applicable concentration limits. Corrective action will be addressed
under the CERCLA program, and an interim remedial action (pump-and-treat system) for chromium

began operation in FY 1997. Groundwater monitoring to meet RCRA requirements will continue during
the remediation.

The 316-5 process trenches (300 Area) changed from interim-status assessment to final-status compli-
ance monitoring in December 1996. After the first sampling event, cis-1,2-dichloroethylene, trichloro-
ethylene, and uranium were above their respective concentration limits in some downgradient wells. The
exceedances were confirmed and the State of Washington Department of Ecology was notified. As
required, a corrective-action plan was submitted and will be implemented in 1998. Natural attenuation of
the contaminants is the corrective action chosen under the CERCLA record of decision. Groundwater
monitoring will continue under RCRA to monitor the decline in concentrations.

Background concentrations of total organic halides were reestablished at the 216-S-10 pond and ditch
(200-West Area) because the constituent had increased in the upgradient well.

The RCRA-monitoring programs for the 216-A-10, 216-A-36B, and 216-A-37-1 cribs (200-East
Area) were combined into a single assessment program in FY 1997. The 216-A-10 and 216-A-36B cribs
were formerly monitored under separate indicator evaluation programs, and the 216-A-37-1 was moni-
tored to meet DOE orders. Specific conductance was elevated downgradient of the cribs, and there is
evidence that the cribs have contaminated groundwater with tritium and nitrate.

Groundwater Contamination

Monitoring wells were sampled during FY 1997 to satisfy requirements of RCRA, CERCLA,
Washington Administrative Code, and DOE orders. Approximately 700 wells were sampled during the
period.

The extent of major radionuclides at levels above the interim drinking water standards (DWSs) is
shown in Figure S.1. Tritium, iodine-129, technetium-99, and strontium-90 were present at levels above
the U.S. Environmental Protection Agency (EPA) or State of Washington interim DWSs, and uranium
concentrations exceeded the EPA’s proposed maximum contaminant level (MCL). Minor radiological
contamination above DWS includes carbon-14 (100-K Area), cesium-137, and plutonium (216-B-5 injec-
tion well). Derived concentration guide (DCG)' levels were exceeded for strontium-90 in the 100-K,
100-N, and 200-East Areas (near the 216-B-5 injection well). The DCG for uranium was exceeded near
U Plant. The DCG for tritium was exceeded in one well near cribs that received effluent from the
Plutonium-Uranium Extraction (PUREX) Plant. The DCG for plutonium was exceeded in one well in the
200-East Area (near the 216-B-5 injection well). Cobalt-60 concentrations exceeded the 100-pCi/L
interim DWS in recent years but were below the DWS in FY 1997. Results for individual constituents are
summarized below.

! The DCG is based on a 100-mrem/yr exposure standard and is the amount of an individual radionuclide
that would lead to that dose through ingestion under specified intake scenarios.




Groundwater Monitoring for FY 1997

B el s e S R Y P

The extent of major chemical constituents at levels above the primary MCLs is shown in Figure S.2.
Carbon tetrachloride, chloroform, chromium, cis-1,2-dichloroethylene, fluoride, nitrate, and trichloro-
ethylene were present in groundwater samples at levels above their MCLs. Cyanide concentrations were
elevated in wells near the BY cribs but were below the 200-ug/L MCL. Results for individual constit-
uents are summarized below.

The volume of unconfined groundwater chemically affected by site activities at levels exceeding an
MCL or DWS was estimated to be ~1.4 billion m® based on the contaminant distributions during FY 1997.
The estimate has a high uncertainty because of a lack of knowledge of the vertical extent of contaminant
plumes. Plume thickness is estimated to be 20 m, except in the 100, 300, and Richland North Areas,
where it is estimated to be 5 m. The porosity of the aquifer is not well-characterized; for the purpose of
the calculation, the porosity is assumed to be 30%. The estimate does not include water in the vadose
zone.

Tritium

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. As a result, tritium reflects the maximum
extent of contamination in the groundwater.

Tritium concentrations greater than the 20,000-pCi/L interim DWS were detected in FY 1997 in
portions of the 100-B,C, 100-K, 100-N, 100-D, 200, 400, and 600 Areas. Tritium also exceeded the DWS
in the 100-F Area in the past, but the well with the highest concentrations was not sampled in FY 1997
because it is on a biannual schedule. The highest tritium concentrations in the 200-East Area (exceeding
the 2,000,000-pCi/L. DCG in one well) continued to be found in wells near cribs that received effluent
from the PUREX Plant.

Tritium in the 400 and 600 Areas can be related to migration from sources in the other operational
areas. In particular, tritium migration from sources in the 200-East Area near the PUREX Plant affected
that part of the 600 Area downgradient to the east and southeast, the 400 Area, and the 300 Area. This
plume discharges to the Columbia River along a stretch extending from the Old Hanford Townsite to the
300 Area. 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 plume is thoving relatively stowly because the aquifer
has a relatively low permeability and the hydraulic gradient has decreased. '

Portions of the 600 Area north of Gable Mountain and Gable Butte are contaminated with tritium at
levels below the DWS. The major sources appear to be the 100 and 200-East Areas.

TIodine-129

The presence of iodine-129, a moderately low-activity-yield fission product, in groundwater is
significant because of its relatively low, 1-pCi/L interim DWS; its long-term releases from nuclear fuel-
processing facilities; and its long half-life (16 million years). However, iodine-129’s relatively low-
fission yield and long half-life limit its activity in Hanford Site groundwater. Iodine-129 is transported in
groundwater as the anionic species, which is fairly mobile. Wastes containing iodine-129 were histori-
cally disposed of in the 200 Areas. Extensive plumes at levels above the interim DWS are found in the
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200 Areas and in downgradient portions of the 600 Area. The major plume extends toward the southeast
from the 200-East Area. A smaller arm of the plume is moving toward the north between Gable
Mountain and Gable Butte.

Technetium-99

Technetium-99 is produced as a high-yield fission product and is present in waste streams associated
with fuel processing. Technetium is transported in groundwater as a negatively charged species that is
highly mobile. Technetium tends to be associated with uranium through the fuel-processing system, but
uranium is less mobile in groundwater on the Hanford Site. Technetium-99 concentrations greater than
the 900-pCi/L interim DWS continue to be observed in the 100-H Area downgradient of the 183-H solar
evaporation basins, where fuel-fabrication waste leaked to the ground. Concentrations of technetium-99
greater than the DWS were also observed in FY 1997 in wells in the 200-West Area, where the largest
plume is associated with U Plant, and the plume is migrating to the east into the 600 Area. A ground-
water pump-and-treat system is operating near U Plant to contain the plume.

One well near the T single-shell tank farm continued to show a rapid increase in technetium-99
activity in FY 1997. Technetium-99 is also elevated in wells monitored for the TX-TY, S-SX, and
B-BX-BY tank farms. These sites are undergoing RCRA assessment investigations because of elevated
specific conductance.

Elevated technetium-99 levels apparently associated with the BY cribs (200-East Area) continued to
be observed in FY 1997. A well formerly used for groundwater extraction in treatability testing contained
up to 9,910 pCi/L of technetium-99 in 1995. This well was sampled in FY 1997 for the first time after the
completion of the test, and the technetium-99 concentration was only 730 pCi/L.. The maximum average
annual level of technetium-99 detected in the area north of the 200-East Area in FY 1997 was 2,000 pCi/L.

Uranium

There are numerous potential sources of uranium release on the Hanford Site, including fuel fabrica-
tion, fuel processing, and uranium recovery from separations activities. Uranium mobility is dependent
on both Eh and pH, and its migration is slower than that of tritium and technetium-99. At Ebh/pH condi-
tions in the unconfined aquifer, U** is the most mobile state.

The EPA proposed a 20-pg/L MCL for uranium. Uranium was detected at concentrations above the
proposed MCL 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 FY 1997 (exceeding the DCG)
were in the 200-West Area near the 216-U-1 and 216-U-2 cribs, and this plume extends into the 600 Area
to the east. Like technetium-99, this plume is being contained by a pump-and-treat system.

Another area of elevated uranium concentrations is observed in the 300 Area, downgradient of the
316-5 process trenches. A pulse of uranium contamination appears to be moving from the vicinity of the
process trenches toward the southeast. An expedited response action was performed on the trenches in
mid-1991 to reduce the uranium source in that area. Use of the trenches for disposal of cooling water was
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resumed after the expedited response action was completed and discharges ceased in December 1994.
Uranium levels decreased sharply after the expedited response action but rose again after 1994, when
discharge to the trenches ceased.

Strontium-90

Strontium-90 is produced as a high-yield fission product and is, therefore, present in waste streams
associated with fuel processing; it may also be released 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 radioac-
tive decay product. In FY 1997, strontium-90 concentrations exceeded the 8-pCi/L interim DWS in wells
in all of the 100 and 200 Areas and near the former Gable Mountain Pond. Strontium-90 concentrations
exceeded the 1,000-pCi/L DCG in wells in the 100-K, 100-N, and 200-East Areas and near the former
Gable Mountain Pond.

The most widespread, high concentrations of strontium-90 (greater than the DCG) continue to be
observed in the 100-N Area. Strontium-90 activity increased in some wells in the 100-N Area because a
high water table apparently remobilized contamination formerly sorbed to sediments above the average
water-table elevation. The overall extent of the 100-N Area strontium-90 plume is not increasing percep-
tibly. A pump-and-treat system operates in the 100-N Area to reduce the flux of strontium-90 to the
Columbia River.

Strontium-90 concentrations continued to exceed the DCG in a well near the 216-B-5 injection well
and in one 100-K Area well. Changes in concentration in the 100-K Area may be linked to infiltration of
water from natural or artificial sources, thus mobilizing vadose-zone contamination. New wells near the
116-K-2 trench provided additional data on strontium distribution in that area, where it exceeds the
interim DWS. Strontium-90 near the former Gable Mountain Pond is related to past disposal of waste in
this area. Concentrations of strontium-90 above the interim DWS were detected in one well south of the
PUREX Plant in the 200-East Area. Strontium-90 activity increased to 63 pCi/L in a well completed in
the confined aquifer in the 100-B Area, but the sample was not believed to represent groundwater condi-
tions in the area because of poor well construction and high sample turbidity.

Carbon-14

Carbon-14 exceeded the 2,000-pCi/L interim DWS in two small plumes near waste-disposal facilities
adjacent to the K-West and K-East Reactor buildings. The maximum average concentration in FY 1997
was 29,000 pCi/L.

Cobalt-60

Cobalt-60 is a neutron activation product typically associated with wastes generated by the processing
of irradiated fuel or with reactor-cooling water. Cobalt-60 is predominantly present as a divalent cation
that is strongly adsorbed onto onsite sediments and is rarely observed in groundwater unless complexed
by other chemicals. Wells located north of the 200 Areas, in an area that is affected by waste disposed to
the BY cribs, consistently show the presence of detectable cobalt-60. In FY 1997, the maximum annual
average cobalt-60 detected in this vicinity remained below the 100-pCi/L interim DWS. Cobalt-60 in this




area appears to be highly mobile, probably because of the presence of a soluble cobalt-cyanide (or ferro-
cyanide) complex associated with the plume originating in the BY cribs.

Very low levels of cobalt-60 were detected in groundwater downgradient of the PUREX Plant as far
as the Old Hanford Townsite. Although levels are far below the interim DWS and are declining, this
indicates that cobalt-60 may be mobilized by a complexing agent other than cyanide in some Hanford Site
wastes. The moderately short half-life of cobalt-60 (5.3 years) means that its concentration onsite has
been decreasing rapidly since production operations ended.

A well between the 200-East Area and Gable Mountain completed in the confined aquifer showed
cobalt-60 concentration greater than the DWS in 1995 but that well was not sampled in FY 1996 or

FY 1997 because of scheduling errors. An adjacent confined aquifer well showed no detectable cobalt-60

in 1995 or in subsequent samples.

Cesium-137

Cesium-137 is produced as a high-yield fission product and 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 FY 1997 reached 1,600 pCi/L in a well near the 216-B-5 injection well, which is in line
with the historical trend for the well. The interim DWS for cesium-137 is 200 pCi/L.

Cesium-137 is a potential contaminant of concern at the S and SX single-shell tank farms because it
was detected in vadose-zone sediments in FY 1996. Low concentrations of cesium-137 continued to be
detected in one groundwater well in this area, but it appears that the contamination is dominantly sorbed
to particulate matter and does not seem to be a significant groundwater contaminant.

Plutonium

Plutonium was present in waste streams associated with fuel processing. The DCG for plutonium-239
is 30 pCi/L. There is no explicit interim DWS for plutonium-239; however, the gross alpha MCL of
15 pCi/L is applicable. Alternatively, if the DCG (which is based on a 100-mrem dose- standard) is
converted to the 4-mrem dose equivalent used for the interim DWS, 1.2 pCi/L would be the relevant
guideline. Plutonium generally binds strongly to sediments, so its mobility in groundwater is limited.

The only significant detection of plutonium in FY 1997, as in previous years, is associated with the
216-B-5 injection well in the 200-East Area. The maximum concentration of plutonium-239/-240
detected near this injection well in FY 1997 declined to 25.6 pCi/L in an unfiltered sample. The con-
centration in a filtered sample from the same well was 0.95 pCi/L. Plutonium had been detected at low
levels in the past in a well ~150 m northwest of this injection well, but was below the detection limit in

FY 1997.
Nitrate

Nitrate contamination in the unconfined aquifer system reflects the extensive use of nitric acid in
decontamination and chemical-processing operations. Like tritium, nitrate can be used to define the
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extent of contamination because it is present in many waste streams and is mobile in groundwater. How-
ever, additional sources of nitrate are located offsite to the south and west.

.Nitrate was measured at concentrations greater than the MCL (45 mg/L as the NOj ion) in wells in all
operational areas. However, the single value exceeding the MCL in the 100-B,C Area was believed to be
erroneous, and nitrate contamination greater than the MCL in the 100-N Area was restricted to a few,
scattered wells. Although elevated nitrate levels were found throughout the extensive plume emanating
from the vicinity of the PUREX Plant in the 200-East Area, only proportionally small areas contained
nitrate at levels above the MCL. Extensive nitrate contamination extends into the 600 Area from the
vicinity of U Plant in the 200-West Area. A large nitrate plume in the 200-West Area is located near
T Plant, while smaller amounts of contamination are found near the Plutonium Finishing and REDOX
Plants. Two relatively small areas greater than the MCL are observed near the 400 Area and the Wash-
ington Public Power Supply System. Nitrate contamination in the Richland North Area apparently has a
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 was also used for decontamination in the 100, 200, and
300 Areas and for oxidation-state control in the REDOX Plant processes in the 200-West Area. The State
of Washington’s MCL for chromium has been changed from 50 to 100 pg/L to agree with the EPA’s
MCL. Chromium was elevated in each of the 100 Areas, but the major plumes exceeding 100 pg/L are
related to operations in the 100-K, 100-D, and 100-H Areas and portions of the 600 Area between.
Hexavalent chromium was detected in the Columbia River substrate adjacent to these areas and is a
hazard to aquatic life. . Therefore, interim actions are under way to pump and treat groundwater in these
areas to reduce the amount of chromium reaching the river. The chromium plumes are not well-defined
in the area east of the 100-K Area and in the area between the 100-D and 100-H Areas. Chromium
distribution in the western portion of the 100-D Area was better defined during FY 1997 by data from
new monitoring wells.

Chromium concentrations were also found at levels above the 100-pg/L. MCL near T Plant in the
200-West Area. There were no new data on a chromium plume previously observed south of the
200-East Area. The source of this plume was not established.

Carbon Tetrachloride

As in previous years, carbon tetrachloride contamination was found in FY 1997 to be above the
5-pg/L MCL beneath much of the 200-West Area. The plume extends beyond the area boundary and
forms the most widespread organic contaminant plume onsite. The contamination is principally from
waste-disposal operations associated with the Plutonium Finishing Plant, where it was used in plutonium
processing. The well with the highest concentration averaged 7,000 pg/L in FY 1997. A groundwater
pump-and-treat system is operating in this area to prevent further movement of the central portion of the
plume. 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 of the injection wells, located west of the area. The
total area of the carbon tetrachloride plume in FY 1997 (5-pg/L contour) was ~11,000,000 m?, which is
the same as FY 1996.
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Field activities in late 1997 provided information on the vertical distribution of carbon tetrachloride.
Concentrations were highest in the first 5 m of the aquifer and decreased with depth to near zero at the
basalt. However, concentrations greater than the MCL were detected 60 m below the water table in one
well.

Chloroform

The 200-West Area chloroform plume is associated with the carbon tetrachloride plume and is
believed to be a degradation product of carbon tetrachloride. The MCL for chloroform is 100 pg/L (total
trihalomethanes). The distribution of chloroform was not precisely defined in FY 1997 because of diffi-
culties in obtaining accurate analyses from the laboratory in the presence of high carbon tetrachloride
concentrations.

Trichloroethylene

Trichloroethylene (TCE) was commonly used on the Hanford Site in the 1960s and 1970s as a
degreasing compound. TCE was detected at concentrations greater than the 5-pg/L MCL in FY 1997 in
wells in the 100-K, 100-F and adjacent upgradient 600 Areas, 200-West, 300, and Richland North Areas.
Concentrations of TCE were also detected in wells near the Solid Waste Landfill but were below the
MCL.

Concentrations of TCE exceeded the MCL in the 200-West Area to the west of T Plant, to the east of
U Plant, and in one well near the REDOX Plant. Some TCE at levels above the MCL is also associated
with the carbon tetrachloride plume near the Plutonium Finishing Plant.

The 5-pug/L MCL for TCE was exceeded in the northwest point-of-compliance well for the
1100-EM-1 Operable Unit and in other wells near the Siemens Power Corporation and the Horn Rapids
Landfill. The plume appears to have lengthened to the northeast in FY 1997.

cis-1,2-Dichloroethylene

Concentrations of cis-1,2-dichloroethylene continued to increase in a well that monitors the bottom of
the unconfined aquifer near the 316-5 process trenches. The average cis-1,2-dichloroethylene concentra-
tion in this well in FY 1997 was 166 pg/L (MCL = 70 pg/L). The source of this constituent is believed to
be anaerobic biodegradation of TCE.

Cyanide

A cyanide plume 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. The MCL for cyanide is 200 pg/L. The maximum
average annual concentration of cyanide detected in FY 1997 was 120 pg/L.
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Fluoride

Fluoride was detected above the primary 4-mg/L. MCL in a small plume near the T Plant waste-
disposal facilities (200-West Area). Two wells in the Richland North Area also exceeded the MCL, and
the contamination is believed to come from an offsite source.

Ingestion Dose and Risk Estimates

Results of groundwater monitoring are compared to the DWSs for individual radiological constit-
uents. These interim DWSs use the methodology set out in the Code of Federal Regulations (CFR)
(40 CFR 141, 40 CFR 142, and 40 CFR 143) to estimate the concentration in water that could result in a
potential radiological dose of 4 mrem/yr from consumption of each individual constituent. Similarly,
DCGs provide estimates of concentrations that could result in a 100-mrem/yr dose as defined in DOE
Order 5400.5. However, the potential dose is actually the sum of the doses from the individual constit-
uents. 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.

Figure S.3 shows the cumulative dose estimates from ingestion of groundwater from the unconfined
aquifer system on the Hanford Site. These estimates were made by summing the interpolated ground-
water concentrations for carbon-14, strontium-90, technetium-99, iodine-129, cesium-137, plutonium,
tritium, and uranium. The automatic interpolation process sometimes resulted in peak grid values that
were lower than the measured maximum values because 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.
Factors to convert concentrations to ingestion dose equivalents were taken from DOE Order 5400.5. The
dose presented in Figure S.3 represents the cumulative dose equivalent from all major radionuclides in
Hanford Site groundwater. '

The dose estimates presented in Figure S.3 show that areas above the 100-mrem/yr dose standard are
restricted to localized parts of the 100-K, 100-N, and 200 Areas. Areas above 4 mrem/yr are more
restricted than the area above the interim DWS for individual constituents because the dose map used
more recent conversion factors than those used in calculating the interim DWSs. Dose estimates for
portions of the 100, 200, 300, and 600 Areas exceed 4 mrem/yr.

Figure S.4 illustrates the estimated lifetime incremental cancer risk that would be experienced by an
individual 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 summing interpo-
lated groundwater concentrations of the radionuclides listed above plus carbon tetrachloride, chloroform,
trichloroethylene, cis-1,2-dichloroethylene, nitrate, and hexavalent chromium. The calculation assumes
that a person weighing 70 kg consumes 2 L of groundwater every day for 30 years (DOE/RL-91-45, Rev. 3;
IRIS 1997). Cancer risks exceeding 0.0001 are present in portions of the 100, 200, 300, and 600 Areas,
and this contour closely resenibles the cumulative dose map (see Figure S.3). An additional area of
cancer risk greater than 0.0001 is observed in the 200-West Area, a result of the carbon tetrachloride
plume.
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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
Hanford Site. The hazard quotient relates the potential human health hazards associated with exposure to
noncarcinogenic substances, or carcinogenic substances with systemic toxicities other than cancer (in
Hanford Site groundwater, these include nitrate, hexavalent chromium, uranium, and strontium). The
calculation assumes that a person weighing 70 kg consumes 2 L of groundwater every day for 30 years
(DOE/RL-91-45, Rev. 3; IRIS 1997). The only part of the Hanford Site with a hazard quotient greater
than 5 is a small portion of the 200-West Area. Hazard quotients greater than 0.3 are present in all of the

operational areas and in parts of the 600 Area, primarily those areas with nitrate contamination.

Groundwater Modeling

Numerical simulations of groundwater flow and contaminant movement are used to predict future
conditions and to assess the effects of remediation systems. One sitewide model and several local-scale
models were applied to the Hanford Site in FY 1997.

A three-dimensional numerical model, representing nine hydrogeologic layers within the unconfined
aquifer system, was initially applied in 1995 and was refined in FY 1997. The model was updated to a
new version of the Coupled, Fluid, Energy, and Solute Transport (CFEST) code and used to simulate
groundwater-flow conditions through the year 2500 under assumed future recharge scenarios. The move-
ments of existing tritium, iodine-129, technetium-99, uranium, and strontium-90 plumes originating from
the 200 Areas plateau were also predicted for this time penod Each of the transport simulations was
based on predicted future transient flow conditions.

Flow-modeling results suggested that the water table may decline enough in the future that the aquifer
will dry out in the area south of Gable Mountain along the eastern extension of the Gable Butte anticline.
This could create a hydrologic separation between the unconfined aquifer north and south of the Gable
Butte anticline and cut off northward flow through this area. The overall water table, including ground-
water mounds near the 200 Areas, will decline. Groundwater movement from the 200 Areas plateau will
shift to a more west-to-east pattern with dlscharge to the Columbia River occurring between the Old
Hanford Townsite and the 300 Area.

One of the remedial actions being considered for the strontium-90 plume at the 100-N Area is the

- installation of an in situ treatment zone. The treatment zone would be placed close to the shore of the
Columbia River to capture any strontium-90 moving from the aquifer into the river. To support this
effort, a modeling study analyzed the interaction between the Columbia River and the unconfined aquifer
using the Subsurface Transport Qver Multiple Phases (STOMP) model. The study compared the move-
ment of water particles located close to the river’s edge between transient and steady-state simulations.
These simulations show the steady-state assumption is inappropriate for near-river conditions. The model
also estimated the volume of groundwater flow leaving the 100-N Area unconfined aquifer for the
Columbia River. '

Additional models based on the Micro-FEM® code (C. J. Hemker, Amsterdam, The Netherlands)
were applied to the design of pump-and-treat operations at the 200-UP-1 and 200-ZP-1 Operable Units.
Groundwater modeling for the 200 UP-1 plume indicated that most of the targeted plume will be captured
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under the current well configuration. Modeling for the 200-ZP-1 plume showed that the high concentra-
tion area of the plume will be captured, and a recirculation cell will be established.

Groundwater Remediation

Groundwater remediation conducted under CERCLA during FY 1997 included the following pump-

and-treat systems:

100-KR-4 Operable Unit — An interim action to address chromium contamination near the

116-K-2 trench was initiated in FY 1997, reaching full operation by October 1997. Groundwater

is extracted from six wells between the trench and the river, treated to remove chromium, and injected
into wells upgradient of the trench.

‘100-NR-2 Operable Unit — Groundwater continued to be extracted from wells near the 1301-N liquid

waste-disposal facility, treated to remove strontium-90, and injected into wells near the 1325-N liquid
waste-disposal facility. The system was upgraded to a larger capacity (227 L/min) in the fall of 1996.
During FY 1997, ~102,971,000 L of water were processed, and ~0.1 Ci of strontium-90 was
removed.

100-D Area chromium hot spot — A demonstration of in situ redox manipulation technology is under
way in the 100-D Area to determine the feasibility of using the technology to reduce hexavalent
chromium in groundwater. The project’s goal is to create a permeable treatment zone in the subsur-
face where chemical reducing agents will reduce the highly soluble hexavalent chromium to an insol-
uble state. The first injection/withdrawal was conducted in September 1997.

100-HR-3 Operable Unit, 100-D Area — A pilot-scale system for extracting groundwater and remov-
ing chromium near the 100-D Reactor building was shut down in August 1996, and a new, interim
action, pump-and-treat system was put into operation in FY 1997. The new system removes chromium-
contaminated groundwater from wells near the river and pipes it to the 100-H Area for treatment and
injection.

100-HR-3 Operable Unit, 100-H Area — An interim action pump-and-treat system began to operate in
FY 1997. The system removes chromium from wells around the 183-H solar evaporation basins,
treats it to remove chromium, and injects the water into wells in the southwestern part of the area.

200-UP-1 Operable Unit — An interim action pump-and-treat system designed to contain and treat
elevated concentrations of technetium-99 and uranium continued to operate in FY 1997. In February
1997, the system was changed so that extracted water is piped to the 200 Areas Effluent Treatment
Facility instead of being treated on site. From April to September 1997, more than 32,400,000 L of
this water were treated, resulting in the removal of 0.89 kg of carbon tetrachloride, 2,260 kg of
nitrate, 5.6 g of technetium-99, and 11 kg of uranium.

200-ZP-1 Operable Unit — An interim action pump-and-treat system continued to operate to
prevent further movement of carbon tetrachloride, chloroform, and trichloroethylene from the
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high-concentration portion of the carbon tetrachloride plume and to reduce contaminant mass.
During FY 1997, groundwater was extracted from three wells at a combined rate of ~570 L/min and
injected into a single injection well. In August 1997, the system was upgraded to six extraction wells
and five injection wells. The treatability test began in August 1994, and through September 1997,
more than 258,000,000 L of water were treated, resulting in the removal of 860 kg of carbon
tetrachloride.

Well Maintenance

Several hundreds of well-maintenance activities were carried out during FY 1997. These activities
included well or pump repair, cleaning, and maintenance.

In FY 1997, the well-decommissioning strategy was revised to focus on two drivers: 1) potential risk
for a well to provide a contaminant pathway to deeper zones and 2) compatibility with the Hanford Site’s
long-range environmental restoration schedule. Once the risk potential was assigned to wells, the sched-
uling for decommissioning is primarily driven by the long-range environmental restoration schedule. In
general, areas adjacent to the Columbia River are to be remediated first. In FY 1997, 109 Hanford Site
wells were decommissioned. Only one of these was located in the central portion of the Hanford Site; a
high-risk well that had a potential to provide a contaminant pathway for carbon tetrachloride to move into
the confined aquifer system.
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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 1997
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1.0 Introduction

M. J. Hartman

‘ 1.1 Purpose

Groundwater monitoring is conducted on the Hanford Site to meet the requirements of the Resource
Conservation and Recovery Act of 1976 (RCRA), Comprehensive Environmental Response, Compensa-
tion, and Liability Act of 1980 (CERCLA), U.S. Department of Energy (DOE) Orders, and the
Washington Administrative Code. Interpretations based on results of monitoring are presented in this
Hanford Site Groundwater Monitoring for Fiscal Year 1997.

The interpretations contained in this report primarily rely on data from samples collected between
October 1, 1996 and September 30, 1997. Data received from the laboratory after November 7, 1997
may not have been considered in the interpretations.

This report is designed to meet the following objectives:

e provide a comprehensive, current interpretation of groundwater conditions on the Hanford Site and
adjacent areas (Figure 1.1), including a description of hydrogeology, groundwater flow, and
‘groundwater-contaminant distribution .

o meet the reporting requirements of RCRA, DOE Orders, and Washington Administrative Code

¢ summarize the results of groundwater monitoring conducted to assess the effects of remediation or
interim measures conducted under CERCLA

o describe the results of vadose-zone monitoring

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

The Groundwater Monitoring Project is conducted for DOE by Pacific Northwest National Labora-
tory (PNNL)'. Environmental restoration work, which includes groundwater cleanup and associated
monitoring of pumping wells, is the responsibility of Bechtel Hanford, Inc. (BHI). The distribution of
monitoring wells used for these programs is illustrated in Figure 1.2.

! PNNL is operated by Battelle for DOE.
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1.2 Organization

This report is organized by primary subject areas and geographic region (Table 1.1). Chapter 2.0
defines the DOE groundwater protection program and associated requirements for groundwater monitor-
ing. Chapter 3.0 describes the hydrogeologic setting of the Hanford Site and groundwater-flow patterns.
Chapter 4.0 presents the results of vadose-zone studies and monitoring. Chapter 5.0 describes groundwater-
contaminant distribution, organized by the constituents of concern in each geographic area. Chapter 6.0
presents the results of groundwater modeling, and Chapter 7.0 summarizes well maintenance, reconfig-
uration, and decommissioning activities. Chapter 8.0 gives the references cited in the text. Additional
references are provided in an historical bibliography on the computer diskette included with this report.

Supporting information is organized in appendixes, and groundwater data are included on the compu-
ter diskette. Large plate maps are included in the back of this report that show the wells used for monitor-
ing, the Hanford Site water table, and the distribution of widespread groundwater contaminants (tritium,
nitrate, and iodine-129) in the uppermost aquifer.

The organization of this report is designed for the reader interested in groundwater and vadose-zone
activities at the Hanford Site. Readers interested in results related to specific regulatory requirements will
find required elements in several chapters. Appendix A is designed to guide the reader interested primar-
ily in the RCRA program. .

1.3 Related Reports

Other reports and databases relating to Hanford Site groundwater in fiscal year 1997 include the
following;:

o Hanford Site Environmental Report for Calendar Year 1996 (PNNL-11472) — This annual report
summarizes environmental data, describes environmental management performance, and reports the
status of compliance with environmental regulations. Topics include effluent monitoring, surface-
water and sediment surveillance, soil and vegetation sampling, vadose and groundwater monitoring,
radiological surveys, air surveillance, and fish and wildlife surveillance.

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

e Quarterly data transmittals — Letters are transmitted quarterly by DOE to the State of Washington
Department 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. '

» Hanford Site Background: Part 3, Groundwater Background (DOE/RL-96-61) — This report
describes the natural background chemistry of groundwater unaffected by Hanford Site operations
based on historical data and on data collected specifically to evaluate groundwater background.

1.2
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® Decision Process for Hanford Sitewide Groundwater Remediation (BHI-00455, Rev. 1) — This

report describes a decision process for planning investigations and remediation of contaminated
groundwater.

e Hanford Sitewide Groundwater Remediation Strategy (DOE/RL-94-95, Rev. 1) — This report
describes how the Hanford Site groundwater remediation will be accomplished. The strategy
addresses objectives and goals, prioritizing activities, and technical approaches for groundwater
cleanup.
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Table 1.1. Organizational Matrix for this Report

Subject Area (listed 100-B,C 100-K 100-N 100-D 100-H 100-F 200-West 200-East 400 600 300 Richland Confined
alphabeticatly) Hanford Site Area Area Area Arca Arca Area Area Area Arca Arca Arca North Aquifer

Drinking water Appendix A 53.2 54.2 5.5.2 5.6.2 5.7.2 582 59.2 5.10.2 5.11.2 5.12.2 5.13.2 5.14.2 5.15

standards Table 5.1-1

Groundwater contaminants (data on diskette included with this report)
Carbon NA NA NA NA ' NA NA NA 593 NA NA 5.123 NA NA NA
tetrachloride
Cesium-137 NA NA NA NA NA NA NA 59.3 5.103 NA NA NA NA NA
Chloroform NA NA NA 5.5.3 NA NA NA 593 NA NA 5.12.3 NA NA NA
Chromium 52 533 543 553 563 573 5.8.3 59.3 5.10.3 NA 5.12.3 NA NA NA
Cobalt-60 52 NA NA NA NA NA NA NA 5.103 NA NA NA NA 5.15
Cyanide 5.2 NA NA NA NA NA NA NA 5.10.3 NA NA NA NA 5.15
Fluoride NA NA NA NA NA 5.7.3 NA 593 NA NA NA NA 5.14.3 NA
Iodine-129 52,PL.5 NA NA NA NA NA NA 593 5.103 NA NA NA NA 5.15
Nitrate 5.2,PL4 533 54.3 553 563 513 583 593 5.103 5113 5.123 NA 5.14.3 5.15
Plutonium NA NA NA NA NA NA NA 59.3 5.10.3 NA NA NA NA NA
Specific NA NA NA 553" 563 NA NA 593 5.10.3 NA 5.123 NA NA 5.15
conductance
Strontium-90 NA 533 543 553 5.6.3 573 5.8.3 ' NA 5.10.3 NA 5.12.3 5.133 NA 5.15.
Technetium-99 5.2 NA NA NA NA 513 NA 593 5.10.3 NA NA NA 5.14.3 5.15
Trichlorocthylene NA NA 543 NA NA NA 5.83 593 NA NA 5.12.3 5.13.3 5.143 NA
Tritium 5.2,PL3 533 54.3 553 563 5.7.3 583 593 5.103 5.11.3 5.12.3 NA 5.143 5.15
Uranium 52 NA NA NA NA 513 583 593 5.10.3 NA 5.123 5.13.3 5.14.3 NA

Groundwater NA NA 544 554 564 574 . NA 594 NA NA NA NA NA NA

remediation

Hydrogeology and 3.2,33,P.2 3.5.1 3.5.2 353 354 355 356 36 36 3.7 3.7 38 38 3.10

groundwater flow

Modeling 6.1 NA NA 6.2 NA NA NA 63,444 NA NA NA NA NA NA

RCRA Appendix A NA NA 55 5.6 57 NA 5.9 5.10 NA 5.12 5.13 NA NA
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Table 1.1. (contd)

Subject Arca
(listed 100-B,C 100-K 100-N 100-D 100-H 100-F 200-West 200-East 400 600 300 Richland Confined

alphabetically) Hanford Site Area Arca Arca Area Arca Arca Arca Area Areca Area Arca North Aquifer
Regulatory 2.0 2.0, 2.0, 2.0, 2.0, 2.0, 2,0, 20, 2.0, 2.0, 2.0, 2.0, 2.0, NA
requirements 532 54.2 5.5.2 562 5.7.2 582 592 5.10.2 5.11.2 5.12.2 5.13.2 5142
River NA 35, 3.5, 3.5, 3.5, 3.5, 3.5, NA NA NA NA 38 3.8 NA

533 543 5.5.3 5.6.3 5.2.3 583

Vadose zone NA 4.5 NA 4.5 A5 NA NA 42,43, 4.2 NA 44.6 NA NA NA
(unsaturated) 4.4

NA = Not applicable.
RCRA = Resource Conservation and Recovery Act of 1976.
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2.0 Groundwater-Monitoring Requirements

B. A. Williams

This chapter describes the regulatory framework governing the monitoring of the Hanford Site’s
groundwater. That framework consists of various federal and state regulations, orders, and agreements.
Pursuant to those regulations, orders, and agreements, the groundwater monitoring performed at the
Hanford Site during fiscal year 1997 is in compliance.

Under the Atomic Energy Act of 1954, as amended, the U.S. Department of Energy (DOE) is obli-
_ gated “...to regulate its own activities so as to provide radiation protection for both workers and public.”

The environmental standards and regulations applicable for groundwater protection/management and
environmental monitoring are described in DOE Order 5400.1. These environmental protection standards
are categorized as 1) those imposed by federal regulations, 2) those imposed by state and local regula-
tions, and 3) those imposed by DOE directives. The objectives of DOE’s groundwater protection and
environmental monitoring projects (as defined in DOE Order 5400.1) are to demonstrate compliance with
regulations imposed by applicable federal, state, and local agencies; to confirm adherence to DOE envi-
ronmental protection policies; and to support environmental management decisions.

The Hanford Site’s environmental monitoring plan (DOE/RL-91-50, Rev. 2) and the groundwater
protection management plan (DOE/RL-89-12, Rev. 2) summarize the groundwater and program inte-
gration activities and regulatory reporting requirements for those activities. These plans integrate the
following:

¢ near-field monitoring at active or inactive waste treatment, storage, or disposal (TSD) facilities to
comply with the Resource Conservation and Recovery Act of 1976 (RCRA), applicable State of
Washington regulations, and operational monitoring required at nuclear facilities and untreated liquid

waste-disposal sites

o sitewide and offsite monitoring of groundwater-contaminant migration required by DOE
Order 5400.1

o site-specific groundwater monitoring to support groundwater remediation projects under the Com-
prehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA).

The following sections discuss the specific requirements in more detail.

2.1 Environmental Monitoring

Groundwater monitoring is a critical element of DOE’s environmental monitoring project at the
Hanford Site because an unconfined aquifer and a system of deeper confined aquifers underlie the site.

2.1
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Groundwater from the unconfined aquifer that enters the Columbia River provides one of the most
significant pathways for transporting contaminants offsite.

Because the Hanford Site has multiple, extensive, and unique groundwater pollution problems, DOE
has integrated groundwater monitoring to ensure protection of the public and the environment while
improving the efficiency of monitoring operations. The environmental monitoring plan (DOE/RL-91-50,
Rev. 2) documents the various elements of the groundwater-monitoring project currently operating at the
Hanford Site. As required by DOE Order 5400.1, the plan addresses the high-priority elements of
Environmental Regulatory Guide for Radiological Effluent Monitoring and Environmental Surveillance
(DOE/EH-0173T). The relationship of the environmental monitoring plan to DOE Order 5400.1 and to
the various groundwater-monitoring projects and reporting requirements is shown in Figure 2.1.

The Groundwater Monitoring Project also conducts integration activities through the data quality
objectives process involving DOE, regulators, contractors, Native Americans, and other stakeholders
(EPA/600/R-96-055).

2.2 Groundwater Protection

DOE/RL-89-12, Rev. 2 provides a framework for coordinating the existing onsite groundwater
protection activities conducted by DOE’s contractors, establishes the policy and strategies for ground-
water protection/management at the Hanford Site, and proposes an implementation plan to meet goals
(and milestones). These goals include 1) improving coordination between the federal and state regula-
tions applicable to groundwater activities, 2) maintaining/achieving regulatory compliance of all ground-
water activities), and 3) achieving cost-effective groundwater program administration. The relationship
of DOE/RL-89-12, Rev. 2 to DOE Order 5400.1 and to the various groundwater-monitoring, remedial
activities, and reporting requirements was shown in Figure 2.1.

2.2.1 General Environmental Protection Program

Groundwater-monitoring projects are established under DOE Order 5400.1 to meet the requirements
of 1) DOE Order 5400.5, which deals with radiation protection of the public and the environment and
2) federal and state regulations. DOE Order 5400.1 requires that groundwater-monitoring projects be
designed and implemented in accordance with the Code of Federal Regulations (40 CFR 264 or
40 CFR 265, Subpart F). DOE Order 5820.2, which deals with radioactive waste management, is also
covered under the 5400.1-series requirements. The groundwater-monitoring requirements for federal and
state regulations are presented in Sections 2.4 and 2.5.

Because of the Hanford Site’s unique groundwater pollution problems, radiation protection of the
public and the environment is an integral part of DOE’s groundwater-monitoring project. The radiation
management requirements are found in DOE Order 5820.2, established to satisfy the groundwater-
monitoring objectives listed above. The objectives of the DOE orders relative to groundwater monitoring
include the following:

e verify compliance with other applicable groundwater regulations
e characterize and define hydrogeologic, physical, and chemical trends in the groundwater system

22
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o establish baselines of groundwater quality
e provide a continuing, independent assessment of groundwater-monitoring and remediation activities
e identify and quantify new or existing groundwater contamination and quality problems.

The Groundwater Monitoring Project assesses radionuclides and other hazardous effluent-disposal
impacts of non-RCRA facilities on groundwater quality and monitors and documents the overall distri-
bution and movement of radionuclides and other hazardous contaminants in groundwater beneath and
adjacent to the Hanford Site in accordance with DOE Orders 5400.1 and 5400.5.

2.2.2 Radiation Protection of the Public and the Environment

Standards-and requirements are established in DOE Order 5400.5 for DOE and its contractors to oper-
ate the facilities and conduct the activities so that radiation exposure to the public is maintained within the
limits established in the order (e.g., public dose limits and derived concentration guides for air and water)
and to control radioactive contamination through the management of real and personal property. In
addition, it is DOE’s objective to protect the environment from radioactive contamination to the extent
practical.

2.3 Hanford Federal Facility Agreement and Consent Order

A key element to Hanford Site compliance is the Hanford Federal Facility Agreement and Consent
Order (also known as the Tri-Party Agreement) (Ecology et al. 1989). Compliance and waste-cleanup
timetables and implementation milestones are established in the Tri-Party Agreement to ensure that
cleanup progresses and to enforce environmental protection. Tri-Party Agreement Milestone M-13-81A
established DOE/RL-89-12, Rev. 2 as the vehicle to be used to coordinate groundwater protection and
remedial action efforts and to manage the Hanford Site groundwater resource. The Tri-Party Agreement
is a contract between the U.S. Environmental Protection Agency (EPA), State of Washington Department
of Ecology (Ecology), and DOE for achieving compliance (enforceable by law) with the remedial action

. provisions of CERCLA and the TSD unit regulation and corrective action provisions of RCRA.

This annual report contains the results of applicable groundwater protection, cleanup, and monitoring
activities as scheduled in the Tri-Party Agreement action plan. Table 2.1 provides a general listing of
those applicable major milestones. Details for each milestone are described in the Tri-Party Agreement.

2.4 Applicable Federal Regulations

This section describes the federal regulations that govern groundwater monitoring, remedial investi-
gation, and remediation. The institutional and regulatory interfaces are defined by the Tri-Party Agree-
ment (Ecology et al. 1989) and are outlined in Section 2.6.
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2.4.1 Comprehensive Environmental Response, Compensation, and Liability Act of
1980/Superfund Amendments and Reauthorization Act of 1986

These Acts establish a federal program authorizing waste cleanup at inactive sites. The Hanford Site
was listed on the National Priorities List (Appendix B of 40 CFR 300) based on the EPA’s hazard-ranking
system that subdivided the Hanford Site into four National Priorities List sites: 100, 200, 300, and
1100 Areas. Preliminary assessments revealed ~1,400 known waste management units where hazardous
substances may have been disposed. The four listed sites were further divided into 74 source and
10 groundwater operable units (i.e., a grouping of individual waste units based primarily on geographic
area and common waste sources).

The groundwater operable units currently being studied were selected as a result of negotiations on
the Tri-Party Agreement (Ecology et al. 1989). Table 2.2 defines the current groundwater operable unit
monitoring projects, listed according to Tri-Party Agreement priority, and also defines the Tri-Party
Agreement regulatory unit designation and lead regulatory agency responsible for the operable unit
(described more fully in Section 2.6).

The Hanford Past-Practices Strategy (DOE/RL-91-40) provides the framework for streamlining the
CERCLA remedial investigation process and accelerating remediation of groundwater and past-practice
waste sites through expedited response actions and interim remedial measures. The bias-for-action princi-
ples of the strategy were vigorously pursued in accelerating the groundwater remediation project through
the investigative phases and into pilot-scale treatability studies, both of which gathered important data
necessary to begin full-scale remediation activities through implementation of interim remedial measures.

The interim actions consist primarily of hydraulic containment actions using pump-and-treat technol-
ogies and are designed to halt the continued migration of the most-contaminated portions of the plumes
into the Columbia River or out of aquifers underlying the 100 and 200 Areas. DOE plans to continue the
interim remedial measures already under way and to supplement and expand the system, where needed, to
meet remediation objectives.

The Hanford Sitewide Groundwater Remediation Strategy (DOE/RL-94-95, Rev. 1) establishes an
overall goal of restoring groundwater to its beneficial uses in terms of protecting human health and the
environment and its use as a natural resource. In recognition of the Hanford Future Site Uses Working
Group (Drummond 1992) and public values, the strategy establishes that the sitewide approach to ground-
water cleanup is to remediate the major plumes found in the reactor areas and to contain the spread and
reduce the mass of the major plumes found in the 200 Areas. This remediation strategy is documented in
DOE/RL-89-12, Rev. 2 and DOE/RL-94-95, Rev. 1.

The scope of this decision process encompasses all contaminated groundwater (CERCLA and/or
RCRA past-practice projects) at the Hanford Site. Currently, six pump-and-treat projects in five ground-
water operable units address the following plumes:

o 100-KR-4 Operable Unit — hexavalent chromium
¢ 100-HR-3 Operable Unit ~ hexavalent chromium in the 100-D and 100-H Areas
e 100-NR-2 Operable Unit — strontium-90
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e 200-UP-1 Operable Unit — technetium
o 200-ZP-1 Operable Unit — carbon tetrachloride (and associated organics).

These pump-and-treat systems are discussed more fully in Chapter 5.0.

Groundwater monitoring is performed at operable units to evaluate the pump-and-treat performance
assessment and for contaminant monitoring (i.e., no groundwater remediation). Individual requirements

as defined under CERCLA are described in the work plans and/or records of decision. See Table 2.2 for
the sites that are currently under contaminant or assessment monitoring.

Under the EPA’s interpretation of CERCLA, contaminated groundwater generally must be cleaned up
to meet maximum contaminant levels or maximum contaminant-level goals established under the Safe
Drinking Water Act of 1974 if the groundwater, prior to contamination, could have been used at some
future date as a drinking water source. Using the EPA’s groundwater classification as well as Ecology’s
highest beneficial use assumption in Washington Administrative Code (WAC) 173-340-720, almost all
Hanford Site groundwater is, by definition, a potential future source of drinking water. The classification
_ is based on groundwater quality characteristics and not related to land-use designations, which are tied to
the source or surface operable unit remediation. These cleanup levels are identified in the applicable
operable unit’s record of decision (ROD 1995a, 1996a, 1996b, 1997) or action memorandum (Ecology
and EPA 1994).

Certain areas of the Hanford Site may require restrictions to groundwater use. The Hanford Future
Site Uses Working Group, supported by DOE, Ecology, and EPA, recognizes that contaminated soils and
groundwater beneath the 200 Areas plateau will be difficult to clean up and may not be able to achieve
cleanup levels/requirements. -The group has recommended that the water beneath the 200 Areas plateau
be excluded from use and managed to limit or restrict access by the public (Drummond 1992).

2.4.2 Resource Conservation and Recovery Act of 1976

Regulatory standards for the generation, transportation, storage, treatment, and disposal of hazardous
wastes are established in RCRA and relate to ongoing waste management and permitting at those facili-
ties. Ecology and EPA designated the Hanford Site as a single RCRA facility with over 60 individual
liquid and solid waste TSD units. The Tri-Party Agreement (Ecology et al. 1989) recognized that all of
the TSD units cannot be permitted simultaneously and set up a schedule for submitting unit-specific
Part B RCRA/dangerous waste permit applications and closure plans to Ecology and EPA. Of the
60 TSD units, 27 required groundwater monitoring in fiscal year 1997 to determine if operations are
impacting the uppermost aquifer or to assess the nature, extent, and rate of contaminant migration.

The RCRA groundwater-monitoring requirements for the 27 active TSD units fall under one of two
categories: interim status or final status. A permitted or closed RCRA TSD unit requires final-status
groundwater monitoring as specified in 40 CFR 264. Nonpermitted RCRA units require interim-status
groundwater monitoring as specified in 40 CFR 265. Ecology was authorized by the EPA to implement
its dangerous waste program in lieu of the EPA’s. Ecology’s interim-status TSD requirements, estab-
lished in WAC 173-303-400, invoke 40 CFR 265 that governs RCRA groundwater-monitoring activities.
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RCRA final-status TSD units follow WAC 173-303-645, which specifies the groundwater-monitoring
requirements. Table 2.3 provides a list of the 27 active RCRA units requiring groundwater monitoring
and the status of the unit.

This annual report also includes groundwater results for the Environmental Restoration Disposal
Facility. This facility is a landfill authorized under CERCLA that is constructed to meet final-status
RCRA technical requirements (40 CFR 264). The facility is not a RCRA TSD unit but utilizes a
4-well RCRA-style groundwater-monitoring network and conducts monitoring in accordance with
WAC 173-303-645 as outlined in BHI-00070.

RCRA groundwater monitoring is conducted under one of three possible phases: 1) indicator
parameter/detection, 2) assessment (or final-status compliance), and 3) corrective action (via adminis-
trative order or during final status). Initially, a detection-level program is developed to determine and
monitor the impact of facility operations on the groundwater. If the detection-monitoring results indicate
a statistical increase in the concentrations of key indicator parameters or dangerous waste constituents in
the groundwater, then an assessment (or final-status compliance) phase of monitoring and investigation is
initiated. If the source of the contaminants is determined to be the TSD unit; and those concentrations
exceed maximum contaminant levels (i.e., concentration limits) as defined in the monitoring program
plan or permit, then Ecology may require corrective action to reduce the contaminant hazards to the
public and environment. Table 2.3 also indicates when the site is scheduled for incorporation under the
site permit. The comparisons and details of these three phases of groundwater monitoring and the
specific requirements of the interim- and final-status groundwater-monitoring projects are provided in
Appendix B. '

The Groundwater Monitoring Project is currently applying EPA’s data quality objective process
(EPA/600/R-96/055) to develop a strategy that will allow the use of technically improved and more site-
responsible methodology (e.g., groundwater network design, sampling and analysis, statistical analysis)
while maintaining RCRA groundwater compliance. This process will improve the overall efficiency of
monitoring groundwater at multiple facilities/projects and creates a cost-effective, flexible approach
because it will be less restrictive than the current interim-status groundwater requirements.

2.5 Applicable State Regulations

2.5.1 Dangerous Waste Regulations

As stated in Section 2.4.2, Ecology was authorized by EPA to implement state groundwater regula-
tions. WAC 173-303-400 and WAC 173-303-600 provide the requirements for interim- and final-status
TSD units. The state interim-status regulations invoke the EPA regulations (40 CFR 265) that govern the
RCRA groundwater-monitoring activities. RCRA final-status TSD units follow WAC 173-303-645,
which specifies the groundwater-monitoring requirements for operating or closed facilities.

2.5.2 State Waste Discharge Program

Non-RCRA TSD units are regulated by DOE Orders and the Tri-Party Agreement (Ecology et al.
1989). These consist primarily of soil-column-disposal facilities that receive cleaned water (treated
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effluent) derived from liquid waste that was associated with nuclear material processing, refining, and
waste-treatment activities. An agreement was reached in December 1991 to regulate these non-RCRA
TSD units and to include all miscellaneous waste streams and/or any new waste streams discharged to the
groundwater under the waste discharge permit system defined in WAC 173-216. All major discharges of
untreated wastewater were terminated in June 1995.

Groundwater monitoring is conducted at three of the WAC 173-216 permit sites: 4608 B/C ponds
(also called the 400 Area process ponds), 200 Areas Treated Effluent-Disposal Facility, and the 616-A crib
(also called the State-Approved Land-Disposal Site) (Ecology 1995a, 1995b, 1996). Monitoring and
reporting requirements for the latter two facilities are specified in the momtormg plans (DOE/RL-89-12,
Rev 2; WHC-SD-C018H-PLN-004, Rev. 1).

2.5.3 Minimum Functional Standards for Solid Waste Handling

The Solid Waste Landfill is a disposal facility that is not a RCRA hazardous waste site and is not
addressed under the Tri-Party Agreement (Ecology et al. 1989). WAC 173-304 regulates the current
operations of this landfill. A permit application was submitted to the Benton-Franklin District Health
Department in 1991 (DOE/RL-90-38, Rev. 0). Responsibility for the site was subsequently assumed by
Ecology (DOE/RL-90-38, Rev. 1). Groundwater-monitoring activities conducted at this landfill comply
with requirements stipulated in WAC 173-304-490. WAC 173-304 requires that data for specific ground-
water parameters be reported annually. This requirement is fulfilled by the data and interpretations
included in this report.

2.5.4 Model Toxics Control Act — Cleanup

Through WAC 173-340, Ecology defined straightforward cleanup standards that govern the decisions
for toxic waste cleanup. These standards are designed to direct and expedite cleanup at hazardous waste
sites that come under the scope of the Superfund Amendments and Reauthorization Act of 1986. The
funding for this type of waste cleanup is through a state tax on disposal of hazardous substances.

2.6 Regulatory Authority Interface

2.6.1 Regulatory Programs

The RCRA, CERCLA, and WAC regulations and DOE Orders that govern groundwater monitoring,
remedial investigations, and remediation overlap in many areas. The following sections clarify how,
through the Tri-Party Agreement (Ecology et al. 1989), these programs must interface to achieve an
efficient regulatory program to integrate the groundwater projects and to minimize redundancy.

2.6.2 Waste Unit Categories

There are three waste unit categbries and related regulatory authorities addressed in the Tri-Party
Agreement action plan: TSD, RCRA past-practice, and CERCLA past-practice.
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The TSD units requiring groundwater monitoring were listed in Table 2.3. TSD units are defined as
units receiving a RCRA permit (i.e., based on the nature of waste and timing of disposal) for either
operation or postclosure care and must be closed to meet WAC 173-303-610 and the Hazardous and
Solid Waste Amendments of 1984. These units shall remain classified as RCRA TSD units, rather than
CERCLA units, even if they are investigated in conjunction with CERCLA units. All TSD units that
undergo closure, irrespective of permit status, must be closed pursuant to the authorized regulations in
WAC 173-303-610.

The RCRA and CERCLA past-practice units are waste management units wherein hazardous sub-
stances from sources (other than TSD units) have been disposed, as addressed by CERCLA, regardless of
date of receipt at the units.

2.6.3 Waste Unit Management

Since the Hanford Site was placed on the National Priorities List (Appendix B of 40 CFR 300),

Ecology, EPA, and DOE agreed that the units managed as RCRA past-practice units shall address all
CERCLA hazardous substances for the purposes of corrective action. An agreement was also made that
all of the waste regulated by WAC 173-303 (RCRA) will be addressed as part of any CERCLA response
action or RCRA corrective action.

Section 121 of CERCLA requires that remedial actions attain a degree of cleanup that meets applica-
ble or relevant and appropriate federal and state environmental requirements (ARARs). Based on this, the
Tri-Party Agreement (Ecology et al. 1989) requires that 1) all state-only hazardous wastes will be addressed
under CERCLA and 2) RCRA standards for cleanup or TSD requirements (for applicable RCRA TSD
units) will be met under a CERCLA action. This eliminates many discrepancies between the two pro-
grams and lessens the significance of whether an operable unit is placed in one program or the other.

All inactive units within an operable unit are designated as either RCRA or CERCLA past-practice.
This designation ensures that only one past-practice program is applied at each operable unit. The correc-
tive action process selected for each operable unit must be sufficiently comprehensive to satisfy the tech-
nical requirements of both statutory authorities and the respective regulations.

The authority in CERCLA will be used for operable units consisting primarily of past-practice units
(i.e., no TSD units or relatively insignificant units). The CERCLA authority will also be used for past-
practice units in which remediation of CERCLA-only materials is the majority of work to be done in that
operable unit. The RCRA past-practice authority generally is used for operable units that contain signif-
icant TSD units and/or lower-priority past-practice units. Currently assigned RCRA and CERCLA past-
practice designations were shown in Table 2.2.

2.6.4 Waste Unit Interface

There are several cases where TSD units are closely associated with past-practice units, both geo-
graphically or through similar processes and waste streams. A procedure to coordinate the TSD unit
closure or permitting activity with the past-practice investigation and remediation activity is necessary
to prevent overlap and duplication of work, thereby economically and efficiently addressing the con-
tamination. Based on criteria defined in Section 2.6.3, selected TSD groups/units were assigned to
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corresponding operable units and the information necessary for performing RCRA closures/postclosure
within an operable unit is provided in various RCRA facility investigation/corrective measure reports.
The initial work plan contains a sampling and analysis plan for the associated RCRA units and outlines
the manner in which RCRA closure/postclosure requirements are met in the work plan and subsequent
documents. The selected closure/postclosure method and associated design details, submitted as part of
the corrective measure report, must 1) meet RCRA closure standards and requirements, 2) be consistent
with closure requirements specified in the sitewide RCRA permit (Ecology 1994), and 3) be coordinated
with the recommended remedial action for the associated operable unit. Each remedial facility
investigation/corrective measure report closure document must be structured such that RCRA closure/
postclosure requirements can be readily identified for a separate review/approval process and so the
RCRA closure/ postclosure requirements can be incorporated into the RCRA permit.

It was agreed by Ecology, EPA, and DOE that past-practice authority may provide the most efficient

means for addressing mixed waste groundwater-contamination plumes originating from a combination of
TSD and past-practice units. However, to ensure that TSD units within the operable units are brought
into compliance with RCRA and state hazardous waste regulations, Ecology intends that all response or
corrective actions, excluding situations where there is an imminent threat to the public health or environ-
ment, will be conducted in a manner that ensures compliance with the technical requirements of the
Revised Code of Washington 70.105, Hazardous Waste Management.

2.6.5 Lead Regulatory Agency Concept

The EPA and Ecology selected a lead regulatory agency approach to minimize duplication of effort
and to maximize productivity. Either the EPA or Ecology will be the lead regulatory agency for each
operable unit, TSD group/unit, or milestone. Currently assigned lead regulatory agency designations for
groundwater operable units were listed in Table 2.2.
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Table 2.1. Groundwater Management Requirements

Hanford Site Groundwater Tri-Party Agreement
Program - Milestones® Regulations/Orders
Resource Conservation and Recovery Act of 197 CRA
RCRA/TSD unit monitoring M-20-00 40 CFR 264
M-24-00 40 CFR 265
40 CFR 257
WAC 173-303-400, -600
omprehensive Environmental Response, Compensation, and Liability Act of 1 E A
CERCLA operable unit M-15-00 40 CFR 300
remedial assessment 5 M-16-00
monitoring

Atomic Energy Act of 1954

Sitewide environmental DOE Orders 5400.1, 5400.5,
surveillance and operational and 5820.2
monitoring

Liquid Effluent-Disposal Facilitieg

Facility-specific monitoring M-17-00b ' WAC 173-216
(SALDS, TEDF)

400 Area process ponds : WAC 173-216

(a) TPA M-20-00 — Submit Part B permit applications or closure/postclosure plans for all RCRA
TSD units.

TPA M-24-00 — Install RCRA groundwater-monitoring wells at the rate of up to 50/yr (after
1990) as scheduled in interim milestones until all land disposal units and single-shell tanks are
determined to have RCRA-compliant monitoring systems.

TPA M-15-00 — Complete remedial investigation/feasibility study (or RCRA facility
investigation/corrective measure study) process for all operable units.

TPA M-16-00 — Complete remedial actions for all non-tank farm operable units.

TPA M-17-00b — Complete implementation of best available technology/all known available and
reasonable methods of prevention, control, and treatment for all Phase II liquid effluent streams at
the Hanford Site.

CFR = Code of Federal Regulations.
DOE U.S. Department of Energy.
SALDS = State-Approved Land-Disposal Site.

- TEDF = 200 Areas Treated Effluent-Disposal Facility.

TSD = Treatment, storage, and disposal (units).
WAC = Washington Administrative Code

2.10



AR 5% 1N

Table 2.2. Groundwater Operable Unit Monitoring Status

itoring Requirements

S

P

Tri-Party )
Agreement Groundwater Regulatory Unit Lead Regulatory
Priority® Operable Unit. Monitoring Status Designation Agency
1 1100-EM-1 Contaminant monitoring CERCLA EPA
past practice
2A 300-FF-5 Contaminant monitoring CERCLA EPA
- past practice
4A 100-HR-3 Assessment monitoring for RCRA Ecology
pump-and-treat past practice
containment project
6A 100-BC-5 Contaminant monitoring CERCLA EPA
past practice
7TA 100-KR-4 Assessment monitoring for CERCLA EPA
pump-and-treat containment past practice
project
9 100-NR-2 Assessment monitoring for RCRA Ecology
pump-and-treat past practice
containment project
10A 100-FR-3 Contaminant monitoring CERCLA EPA
past practice
13 200-BP-5 Contaminant monitoring CERCLA EPA
past practice
20A 200-UP-1 Assessment monitoring for RCRA Ecology
pump-and-treat past practice
containment project
20A 200-ZP-1 Assessment monitoring for CERCLA EPA
. pump-and-treat past practice
containment project
20B 200-PO-1 Contaminant monitoring RCRA Ecology
past practice

(a) Listed from highest to lowest.
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980.

Ecology
EPA
RCRA

o

State of Washington Department of Ecology.
U.S. Environmental Protection Agency.
Resource Conservation and Recovery Act of 1976.
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Table 2.3. Interim- and Final-Status Groundwater-Monitoring Projects (as of September 1997)

Interim-Status TSD Unit
Groundwater Monitoring

Final-Status TSD Unit
Groundwater Monitoring

Groundwater Associated Year
Indicator Quality (CERCLA) Scheduled
TSD Units, Parameter Assessment, Groundwater for Part B
Date Initiated Evaluation® date initiated Regulations Operable Units or Closure
1301-N LWDF, X 40 CFR 265.93(b) 100-NR-2 1999®
December 1987 WAC 173-303-400
1324-N/NA LWDF, X 40 CFR 265.93(b) 100-NR-2 1998®™
December 1987 WAC 173-303-400
1325-N LWDF, X 40 CFR 265.93(b) 100-NR-2 1999®
December 1987 WAC 173-303-400
120-D-1 ponds, X 40 CFR 265.93(b) 100-HR-3 1998®
April 1992 WAC 173-303-400
183-H solar WAC 173-303-645(10) 100-HR-3 1994®
evaporation basins,
June 1985
216-8-10 pond and X 40 CFR 265.93(b) >2000®
ditch, August 1991 WAC 173-303-400
216-U-12 crib, X, 1993 40 CFR 265.93(d) 200-UP-1 >2000®
September 1991 WAC 173-303-400
216-B-3 pond, X, 1990 40 CFR 265.93(b) 200-PO-1 2000®
November 1988 WAC 173-303-400
216-A-29 ditch, X 40 CFR 265.93(b) 200-PO-1 2000®
November 1988 WAC 173-303-400
216-A-10 crib,© X, 1997 40 CFR 265.93(d) 200-PO-1 >2000®
November 1988 WAC 173-303-400
216-A-36B crib,® X, 1997 40 CFR 265.93(d) 200-PO-1 >2000®
May 1988 WAC 173-303-400
216-A-37-1 crib,© X, 1997 40 CFR 265.93(d) 200-PO-1 1998®
1997 WAC 173-303-400
X 40 CFR 265.93(b) 200-PO-1 >2000®

216-B-63 trench,
August 1991 -

WAC 173-303-400
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Interim-Status TSD Unit
Groundwater Monitoring

Table 2.3. (contd)

Final-Status TSD Unit
Groundwater Monitoring

i Groundwater Associated Year
Indicator Quality (CERCLA) Scheduled
TSD Units, Parameter Assessment, Detection Compliance Groundwater for Part B
Date Initiated Evaluation® date initiated Evaluation Evaluation Regulations Operable Units or Closure
LERF, July 1991 X 40 CFR 265.93(b) 19979
WAC 173-303-400
LLWMA 1, X 40 CFR 265.93(b) 1997¢
September 1988 WAC 173-303-400
LLWMA 2, X 40 CFR 265.93(b) 19979
September 1988 WAC 173-303-400
LLWMA 3, X 40 CFR 265.93(b) 19979
October 1988 WAC 173-303-400
LLWMA 4, X 40 CFR 265.93(b) 200-ZP-1 19979
October 1988 WAC 173-303-400
WMA A-AX, ‘ X 40 CFR 265.93(b) >2000®
February 1990 WAC 173-303-400
WMA B-BX-BY, X, 1996 40 CFR 265.93(d) >2000®
February 1990 WAC 173-303-400
WMA C, X 40 CFR 265.93(b) 200-PO-1 >2000®
February 1990 WAC 173-303-400
WMA S-SX, X, 1996 40 CFR 265.93(d) 200-UP-1 >2000®
October 1991 WAC 173-303-400
WMA T, X, 1993 40 CFR 265.93(d) 200-ZP-1 >2000®
February 1990 WAC 173-303-400
WMA TX-TY, X, 1993 40 CFR 265.93(d) 200-ZP-1 >2000®
September - WAC 173-303-400
October 1991
WMA U, X 40 CFR 265.93(b) 200-ZP-1 >2000®
October 1990 WAC 173-303-400
NRDWL, X 40 CFR 265.93(b) 200-PO-1 >2000®

October 1986

WAC 173-303-400
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Table 2.3. (contd)

Interim-Status TSD Unit Final-Status TSD Unit
Groundwater Monitoring Groundwater Monitoring
Groundwater Associated Year
Indicator Quality (CERCLA) Scheduled
TSD Units, Parameter Assessment, Detection Compliance Groundwater for Part B
Date Initiated Evaluation® date initiated Evaluation Evaluation Regulations Operable Units or Closure
316-5 process X, 1996 WAC 173-303-645(10) 300-FF-5 1996®

trenches, June 1985

(a) Specific parameters (pH, specific conductance, total organic carbon, and total organic halides) used to determine if a facility is affecting groundwater quality.
Exceeding the established limits means that additional evaluation and sampling are required (groundwater quality assessment). An X in the assessment column
indicates whether an evaluation was needed or an assessment was required.

(b) Closure/postclosure plan; TSD unit will close under final status. :

(c) Combined into one RCRA monitoring unit. RCRA monitoring will be performed according to interim-status groundwater quality assessment requirements.

(d) Part B permit; TSD unit will operate under final-status regulations beginning in year indicated.

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980.
LERF = Liquid effluent-retention facility. :

LLWMA = Low-level waste management area.

LWDF = Liquid waste-disposal facility.

NRDWL = Nonradioactive Dangerous Waste Landfill,

RCRA = Resource Conservation and Recovery Act of 1976.

TSD = Treatment, storage, or disposal (unit).

> = Beyond the year 2000.
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DOE Order 5400.1, General Environmental Protection Program

Environmental Regulatory Guide for Radiological Effluent
Monitoring and Environmental Survelillance (DOE/EH-0173T)

| -1
Hanford Site Envi tal Monitoring Plan (DOE/RL-91- (@)
Site nvironmental Monitoring Plan ( 91-50, Rev. 2)
Enropmente| Pwa§§1°?“|":'<'>;f\|'3x'é?'°" I |
revention Awareness
Program Plan Groundwater Protection Hanford Site
Annual Summary (DOE/RL-91-31, Rev.1) Management Plan RCRA Part B
of Environmental iy Environmental and (DOE/RL-89-12, Rev. 2) pnNL Permit
Occurrence ] | | Waste Management (DOE/RL-28, Rev. 8)
Long-Range Program Hanford Site Groundwater |
Hanford Site B and Five-Year Plan Remediation Strategy
Environmental Con?ggtor (DOE/RL-94-95) ~ BHI
Report Implementation Philosophy and
Hanford Waste Plans ST

Generation and
Pollution Prevention
Progress Report
(Annual and Quarterly)
WMH/PNNL

Hanford Site
Groundwater-Monitoring

Report
PNNL

Hanford Site
Environmental
Permitting

Detailed Information

Activity Data Sheets

Required Program Plan or Report

Requirement Fulfllled by Supporting Documents

Environmental
Survelllance
Operational -J
Environmental
Monitoring

Status Report wmH

5400.1 Comblned Plans or Reports
[ Baood |

WMH/PNNL| Issulng Contractors

BHI = Bachtel Hanford, Inc.

CERCLA = Comprshensive Environmental Response,
Compensation, and Llability Act of 1980

PNNL = Paclfic Northwast National Laboratory

RCRA = Resource Conservation and Recovery Act of 1976

WMH = Waste Managemant Federal Services of Hanford, Inc.

Characterization
and Technology
Development Plans

(a) Al groundwater-monitoring projects are being Integrated through the data quality objectives process.

Figure 2.1. Relationship Between Environmental Protection Programs and Plans

Surface Environmental
Survelllance

Meteorological
Monitoring
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3.0 Hydrogeologic Setting

Understanding the groundwater-flow system is important in assessing the potential for contaminants
to migrate from the site through the groundwater pathway. Hydrogeologic information is used in the
determination of the designs and locations of the monitoring wells. The information also provides the
basis for numerical modeling of groundwater flow and understanding contaminant plume migration.

This chapter provides an overview of the hydrogeology of the Hanford Site and describes ground-
water flow within the unconfined and upper basalt-confined aquifers. The geology and groundwater
hydrology of the Hanford Site are provided in Sections 3.1 and 3.2, respectively. Descriptions of the
water-level-monitoring programs and groundwater flow in the unconfined aquifer system are given in
Section 3.3. A description of the hydrogeology, including unconfined aquifer groundwater flow within
specific areas in and adjacent to the Hanford Site, is provided in Sections 3.4 through 3.9. Groundwater
flow within the upper basalt-confined aquifer is discussed in Section 3.10. Water-level data are presented
in electronic form on the diskette included with this report.

3.1 Geologic Setting
S. P. Reidel

The Hanford Site lies in the Columbia Plateau, a broad plain situated between the Cascade Range to
the west and the Rocky Mountains to the east. The Columbia Plateau was formed by a thick sequence of
Miocene-Age tholeiitic basalt flows, called the Columbia River Basalt Group, that erupted from fissures
in north-central and northeastern Oregon, eastern Washington, and western Idaho (Swanson et al. 1979).
The Columbia Plateau is often called the Columbia Basin because it forms a broad lowland surrounded
by mountains. In the central and western sections of the Columbia Plateau, where the Hanford Site is
located, the Columbia River Basalt Group is underlain by continental sedimentary rocks from earlier in
the Tertiary Period.

The basalt and sedimentary rocks have been folded and faulted over the geologic past, creating broad
structural and topographic basins separated by asymmetric anticlinal ridges. Sediments up to 518 m in
thickness accumulated in some of these basins. Basalt flows are exposed along the anticlinal ridges,
where they have been uplifted as much as 1,097 m above the surrounding area. Overlying the basalts in
the synclinal basins are sediments of the late Miocene, Pliocene, and Pleistocene Ages. The Hanford Site
lies within one of the larger basins, the Pasco Basin, that is bounded on the north by the Saddle Mountains
and on the south by Rattlesnake Mountain and the Rattlesnake Hills. The Yakima and Umtanum Ridges
trend into the basin and subdivide it into a series of anticlinal ridges and synclinal basins. The largest
syncline, the Cold Creek syncline, lies between Umtanum and Yakima Ridges and is the principal
structural basin containing the U.S. Department of Energy’s (DOE’s) waste management areas (WMAs).
Figure 3.1-1 shows the surface geology and major structural features of the Pasco Basin. The geology of
the Hanford Site is described in detail in DOE/RW-0164.

Figure 3.1-2 shows the stratigraphic units underlying the Hanford Site. These include, in ascending
order, the Columbia River Basalt Group, Ringold Formation, Plio-Pleistocene unit (including the early
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Palouse soil), and Hanford formation. A regionally discontinuous veneer of Holocene alluvium,
colluvium, and/or eolian sediments overlies the principal geologic units. The hydrogeologic and geologic
stratigraphic columns in Figure 3.1-2 show differences in stratigraphy, primarily within the Hanford and
Ringold Formations. The geologic column on the right defines the lithostratigraphic units, based on
physical properties of the sediments, modified from BHI-00184. The hydrogeologic column on the left
defines hydrostratigraphic units based on hydraulic properties (PNL-8971). The various stratigraphic
units found within the Hanford Site boundaries are described below.

3.1.1 Columbia River Basalt Group

There are approximately 50 basalt flows beneath the Hanford Site with a combined thickness of more
than 3,000 m (DOE/RW-0164). The most recent, laterally extensive basalt flow underlying the Hanford
Site is the Elephant Mountain Member of the Saddle Mountains Basalt. However, the younger Ice Harbor
Member is found in the southern part of the site (DOE/RW-0164). Sandwiched between various basalt
flows are sedimentary interbeds, collectively called the Ellensburg Formation, which includes fluvial and
lacustrine sediments consisting of mud, sand, and gravel deposited between volcanic eruptions. Along
with the porous basalt flow tops and bottoms, these sediments form basalt-confined aquifers that extend
across the Pasco Basin. The Rattlesnake Ridge interbed is the uppermost laterally extensive hydrogeo-
logic unit of these sedimentary interbeds.

3.1.2 Ringold Formation

The Pliocene-Age Ringold Formation sediments overlie the basalts and are overlain by late Pliocene-
and Pleistocene-Age deposits. Ringold Formation sediments consist of a heterogeneous mix of variably
cemented and compacted gravel, sand, silt, and clay deposited by the ancestral Columbia and Snake
Rivers in the geologic past (Fecht et al. 1987, Reidel et al. 1994, WHC-SD-EN-EE-004). The deposi-
tional system was a braided stream channel with the two rivers joining in the area of the present White
Bluffs. The deposits at the Hanford Site represent an eastward shift of the Columbia River from the west
side of the Hanford Site to the east side. The Columbia River first flowed across the west side of the Han-
ford Site (where Dry Creek is now) crossing over the Rattlesnake Hills. The river eventually shifted to a
course that took it through the gap between Gable Mountain and Gable Butte and south across the present
200-East Area.

Traditionally, the Ringold Formation in the Pasco Basin is divided into several informal units. In
ascending order, these units are the 1) gravel, sand, and paleosols of the basal unit; 2) clay and silt of the
lower unit; 3) sand and gravel of the middle unit; 4) mud and lesser sand of the upper unit; and 5) basaltic
detritus of the fanglomerate unit (DOE/RW-0164, Newcomb 1958, Newcomb et al. 1972, RHO-BWI-ST-4,
RHO-ST-23, SD-BWI-DP-039). Ringold strata also have been divided on the basis of facies types
(RHO-BWI-ST-14) and fining upward sequences (Puget Sound Power and Light Company 1982). More
recently, the Ringold sediment facies have been described on the basis of lithology, stratification, and
pedogenic alteration (WHC-SD-EN-T1-012). The facies types identified include the following:

e fluvial gravel facies — These consist of matrix-supported granule to cobble gravels with a sandy silt
matrix and intercalated sands and muds. The facies were deposited in a gravelly fluvial braldplaln
characterized by wide, shallow, shifting channels.
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e fluvial sand facies — These consist of cross-bedded and cross-laminated sands that are intercalated
with lenticular silty sands, clays, and thin gravels. Fining upward sequences are common. Strata
comprising the association were deposited in wide, shallow channels.

e overbank facies — These consist of laminated to massive sil, silty fine-grained sand, and paleosols
containing variable amounts of pedogenic calcium carbonate. Overbank deposits occur as thin lentic-
ular interbeds in the gravels and sands and as thick, laterally continuous sequences. These sediments
record deposition in proximal levee to more distal floodplain conditions.

e lacustrine facies — These are characterized by plane laminated to massive clay with thin silt and silty
sand interbeds displaying some soft-sediment deformation. Deposits coarsen downward. Strata were
deposited in a lake under standing water to deltaic conditions.

o alluvial fan facies — These are characterized by massive to crudely stratified, weathered to unweath-
ered basaltic detritus. These deposits generally are found around the periphery of the basin and
record deposition by debris flows in alluvial fan settings and in sidestreams draining into the Pasco
Basin.- '

As described and illustrated in the geologic column on the right side of Figure 3.1-2, the upper part of
the Ringold Formation is composed of interbedded fluvial sand and overbank facies, which are overlain
by mud-dominated lacustrine facies (BHI-00184, WHC-SD-EN-EE-004). The lower part of the Ringold
Formation contains five separate stratigraphic intervals dominated by the fluvial gravel facies. These
gravels, designated Units A, B, C, D, and E, are separated by intervals containing deposits typical of the
overbank and lacustrine facies. The lowermost of the fine-grained sequence units, overlying Unit A, is
designated the lower mud sequence. The lithofacies defined in WHC-SD-EN-EE-004 were regrouped
into 9 hydrogeologic units to support development of a layered, three-dimensional, groundwater-flow and
-transport model (PNL-8971, PNL-10195, PNL-10886). A comparison of these units with the strati-

* graphic column of BHI-00184 is shown in Figure 3.1-2. Additional information on the definition of
hydrogeologic units for the model is provided in Chapter 6.0. )

3.1.3 Plio-Pleistocene Unit and Early Palouse Soil

The laterally discontinuous Plio-Pleistocene unit unconformably overlies the Ringold Formation and
is found only in the western part of the Hanford Site (DOE/RW-0164). This unit consists of sidestream
alluvial deposits and buried soil horizons with significant caliche in some areas and is generally above the
current water table.

The Pleistocene-Aged early Palouse soil is a buried eolian unit that overlies part of the Plio-Pleistocene
unit. Because of the difficulty in distinguishing the early Palouse soil from the Plio-Pleistocene unit,
these two are commonly grouped together and called the Plio-Pleistocene unit. The early Palouse soil
consists of up to 20 m of massive, brown-yellow, and compact, loess-like silt and minor fine-grained sand
(DOE/RW-0164, RHO-ST-23). The early Palouse soil is found only in the vicinity of the 200-West Area.
The early Palouse soil and the fine-grained and caliche portions of the Plio-Pleistocene unit, both of
which are found in the 200-West Area, form a low-permeability layer that significantly affects migration
of water through the vadose zone.
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3.1.4 Hanford Formation and Pre-Missoula Gravels

The informally named Hanford formation consists of deposits from a series of Pleistocene-Age cata-
clysmic floods. The floods occurred when ice dams gave way, releasing water from Lake Missoula, a
large glacial lake that formed in the Clark Fork River valley. Flood episodes may have occurred as many
as 40 times, with the released water spreading across eastern Washington. The floodwaters collected in
the Pasco Basin and formed Lake Lewis, which slowly drained through the gap in the Horse Heaven
Hills, called Wallula Gap (Allison 1933). Three principal types of deposits were left behind by the
floods: 1) high-energy deposits, consisting of gravel; 2) low-energy, slackwater deposits, consisting of
rhythmically bedded silt and sand of the Touchet Beds; and 3) coarse- to fine-sand deposits, representing
an energy transition environment. The fluvial pre-Missoula gravels underlie the Hanford formation
gravel deposits in the central part of the Hanford Site. The pre-Missoula deposits are difficult to distin-
guish from the Hanford gravels, so they are usually grouped together.

The Hanford formation is divided into a variety of sediment types, facies, or lithologic packages.
Recent reports dealing with the Hanford formation (WHC-MR-0391, WHC-SD-EN-EE-004) recognized
three basic facies: gravel, sand, and silt dominated. These facies generally correspond to the coarse
gravels, laminated sands, and graded rhythmites, respectively (Baker et al. 1991, DOE/RW-0164,
WHC-SD-ER-TI-003). The Hanford formation ranges in thickness from <1 to >100 m.

Gravel-dominated strata consist of coarse-grained sand and granule to boulder gravel that display
massive bedding, plane to low-angle bedding, and large-scale cross-bedding in outcrop. Matrix com-
monly is lacking from the gravels, giving them an open-framework appearance. The sand-dominated
facies consist of fine- to coarse-grained sand and granules that display plane lamination and bedding and,
less commonly, plane and trough cross-bedding in outcrop. Small pebbles and pebbly interbeds (<20 cm
thick) may be encountered. The silt-dominated facies consist of silt and fine- to coarse-grained sand that
form normally graded rhythmites. Plane lamination and ripple cross-lamination are common in outcrop.

Figure 3.1-3 is a map view of the hydrogeologic units that were intersected by the water table during
1997. The figure shows that the water table lies within the Hanford formation over most of the eastern
and northern parts of the Hanford Site. The Hanford formation lies entirely above the water table in the
western part of the site and in some other localized areas. Figure 3.1-4 shows a geologic cross-section of
the Hanford Site and the location of the water table in 1997. This cross-section represents A-A’ on the
map in Figure 3.1-3. This cross-section shows that the saturated sediments of the Hanford formation
represent a small portion of the total saturated sediments above basalt.

3.1.5 Holocene Surficial Deposits

Holocene surficial deposits, consisting of silt, sand, and gravel, form a thin (<5-m) veneer across
much of the Hanford Site. In the 200-West Area and southern part of the 200-East Area, these deposits
consist dominantly of laterally discontinuous sheets of wind-blown silt and fine-grained sand. They are
generally found above the water table.
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3.2 Hydrologic Setting
P. D. Thorne

This section provides general information on the Hanford Site groundwater-flow system. Additional
details concerning hydrogeologic conditions at each of the Resource Conservation and Recovery Act of
1976 (RCRA) sites is provided in the following sections.

Groundwater is present in both unconfined and confined aquifers at the Hanford Site. The uncon-
fined aquifer is generally located in the unconsolidated to semiconsolidated Ringold and Hanford forma-
tions that overlie the basalt bedrock. In some areas, low-permeability mud layers form aquitards that

create local, confined, hydraulic conditions in the underlying sediments. However, these aquitards are not
continuous across the Hanford Site, and the entire suprabasalt aquifer is hydraulically connected on a site-
wide scale. Consequently, from a regional perspective, the entire suprabasalt aquifer is referred to as-the
unconfined aquifer system in this report. The following discussion focuses on the Hanford Site uncon-
fined aquifer system because, as the uppermost aquifer system, it is the most likely to be affected by
contaminants released from Hanford Site sources. Monitoring data confirm that almost all of the ground-
water contamination is found within the upper part of the unconfined aquifer system. From a local
perspective, the unconfined aquifer is referred to as the saturated zone above low-permeability mud units
for some areas.

The saturated thickness of the unconfined aquifer system is >180 m in areas near the Central Landfill,
west of the 200-West Area, and north of Gable Butte near the 100-B,C and 100-K Areas, but pinches out
along the flanks of the basalt ridges. Depth to the water table ranges from <1 m near the Columbia River
to >100 m near the 200 Areas. Perched water-table conditions have been encountered in sediments above
the unconfined aquifer system in the 200-West Area (PNL-8597, WHC-MR-0206) and in irrigated offsite
areas east of the Columbia River (RHO-BWI-C-56).

Groundwater in the unconfined aquifer system generally flows from recharge areas in elevated
regions near the western boundary of the Hanford Site toward the Columbia River (discussed more fully
in Sections 3.3 and 3.4), which is a discharge zone for the unconfined aquifer on both sides of the river.
The Yakima River lies southwest of the Hanford Site and is generally regarded as a source of recharge to
the unconfined aquifer system between the southern part of the site and the Richland North Area.

A sequence of basalt-confined aquifers is present within the Columbia River Basalt Group beneath
the Hanford Site. These aquifers are composed of sedimentary interbeds and the relatively permeable
tops of basalt flows. The dense interior sections of the basalt flows form confining layers. Groundwater
in the basalt-confined aquifers also generally flows from elevated regions at the edge of the Pasco Basin
toward the Columbia River (PNL-10817). However, the discharge zone locations are also influenced by
geologic structures that increase the vertical permeability of the confining basalt layers. Additional
information on the upper basalt-confined aquifer system is available in DOE/RW-0164, PNL-10158, and
PNL-10817.

3.2.1 Unconfined Aquifer System Recharge and Discharge

Natural recharge to the unconfined aquifer system occurs from infiltration of runoff from elevated
regions along the western boundary of the Hanford Site, infiltration of springwater and upwelling of
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groundwater that originates from the basalt-confined aquifer system, and infiltration of precipitation
falling across the Hanford Site. Some recharge also takes place along the Yakima River. Recharge from
precipitation is highly variable, both spatially and temporally, ranging from near zero to >100 mm/yr,
depending on climate, vegetation, and soil texture (Gee et al. 1992, PNL-10285). Recharge from precipi-
tation is highest in coarse-textured soils with little or no vegetation, which is the case for most of the
industrial areas on the site. A map showing estimated average natural recharge based on distributions of

soil and vegetation types is shown in Figure 3.2-1 (PNL-10285).

Since the start of Hanford Site operations in the mid-1940s, artificial recharge from wastewater-
disposal facilities has been several times greater than the estimated recharge from natural sources. This
caused an increase in the water-table elevation over most of the Hanford Site and the formation of
groundwater mounds beneath major wastewater-disposal facilities. However, since 1988, all production
activities on the Hanford Site have been curtailed, resulting in a decrease in wastewater disposal and
subsequent decreases in water-table elevation over much of the site. As the Hanford Site’s mission
changed to include environmental cleanup and restoration and through the efforts of the Waste Minimi-
zation and Pollution Prevention Program (DOE/RL-91-31, Rev. 1), the volume of wastewater discharged
to the soil column has been greatly reduced. For example, ~34 billion L of liquid effluents were
discharged to the soil column in 1985, ~14 billion L were discharged to the soil column in 1990, and
~6.2 billion L were discharged to the soil column in 1996 (HNF-EP-0527-6). The reduction of waste-
water discharge to the ground was accompanied by elimination of many discharge sites, including the
216-U-10 pond (U Pond) in the 200-West Area (decommissioned in 1985) and Gable Mountain Pond
north of the 200-East Area (decommissioned in 1984-1988). By the end of 1995, only 18 of the original
33 liquid effluent streams identified in WHC-EP-0196-1 were still active. Section 3.3.3 discusses the
locations of the discharge sites associated with the 33 major liquid-effluent streams that were active in
1988.

During fiscal year (FY) 1997, disposal of wastewater from these 18 remaining waste streams was
consolidated to the following facilities:

® 216-B-3C expansion pond (discharge ceased in August 1997)
e 200 Areas Treated Effluent-Disposal Facility (focated east of the 216-3 B pond [B Pond])

e 616-A Crib (located just north of the 200-West Area) (also called the State-Approved Land-Disposal
Site)

e 4608 B/C ponds that discharge to the soil column (also called the 400 Area process ponds)

® 300 Area Treated Effluent-Disposal Facility (located north of the 300 Area that discharges to the
Columbia River).

3.2.2 Unconfined Aquifer System Hydraulic Properties
Hydraulic property data for the unconfined aquifer system are derived mainly from well-pumping and

slug tests and, in a few cases, laboratory permeameter tests of sediment samples. These results were doc-
umented in dozens of published and unpublished reports over the past 50 years. A summary of available
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data for the unconfined aquifer system is provided in DOE/RW-0164, and an updated summary is pro-
vided in PNL-8337 together with an evaluation of selected pumping test analyses. Additional tests were
conducted to support several specific Hanford Site projects. Examples are presented in BHI-00917,
PNL-8332, PNL-8971, PNL-10195, PNL-10422, PNL-10633, WHC-SD-C018H-RPT-003,
WHC-SD-EN-DP-052, WHC-SD-EN-TI-052, and WHC-SD-EN-TI-294.

The distribution of unconfined aquifer transmissivity, which is the product of the vertically averaged
horizontal hydraulic conductivity and the aquifer thickness, is shown in Figure 3.2-2. This distribution
was determined from the results of well-pumping tests combined with a flow-model calibration procedure
(PNNL-11801). The model calibration is discussed in more detail in Chapter 6.0. In Figure 3.2-2,the
zone of high transmissivity that extends from northwest to southeast across the site generally corresponds
with the main flow channel of the catastrophic proglacial floods that deposited the Hanford formation
gravels. Thickness of the unconfined aquifer system, which includes all the saturated sediments above
basalt, is shown in Figure 3.2-3. Where they are found below the water table, the Hanford formation
gravels make up the most-permeable zones of the unconfined aquifer system. The hydraulic conductivity
of these sediments is generally 10 to 100 times greater than the hydraulic conductivity of Ringold Forma-
tion gravels. In some areas of the Hanford Site, including the 200-West Area, the water table is below the
bottom of the Hanford formation (see Figures 3.1-3 and 3.1-4). The aquifer transmissivity in these areas
is generally much lower than the transmissivity in areas where Hanford formation sediments are
saturated.

Agquifer specific yield, which is a measure of the volume of water released from aquifer storage in
response to a change in the water-table elevation, is more difficult to measure than hydraulic conductivity
and generally requires relatively long-duration aquifer-pumping tests with observation wells (PNL-8539)
or slug tests with observation wells (PNL-10835, Spane 1996). Even for these tests, the calculated
specific yield is subject to errors that result from nonideal test conditions, such as aquifer heterogeneity,
anisotropy, and partially penetrating wells (PNL-8539). Specific yield values calculated from several
multiple well tests are listed in PNL-10886. These results range from 0.02 to 0.38 and have a mean of
0.15. For an unconfined aquifer, specific yield is approximately equal to effective porosity, which is
important in calculating contaminant travel times.

3.3 Groundwater Flow
W. D. Webber

This section describes groundwater flow beneath the Hanford Site within the unconfined and upper
basalt-confined aquifers. The primary focus is the unconfined aquifer system because it is the aquifer
most impacted by wastewater discharged to the ground on the Hanford Site and by irrigation practices
offsite and is the most likely path for offsite migration of contaminants in groundwater. An assessment of
a facility’s impact on the unconfined aquifer is required for RCRA groundwater compliance. Groundwater-
flow-system dynamics discussed in this section are used in the determination of groundwater-flow direc-
tions, interpretation of contaminant plume distribution (Chapter 5.0), and modeling of groundwater flow
and contaminant transport (Chapter 6.0).
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3.3.1 Description of Water-Level-Monitoring Program

Water-level data are used to delineate groundwater-flow patterns and to evaluate flow-system dynam-
ics in the unconfined and upper basalt-confined aquifers. Water levels are measured in June of each year
in selected wells completed in the unconfined aquifer system beneath the Hanford Site and outlying areas.
The purpose of the measurements is to monitor changes in water-table elevation that affect the direction
and velocity of groundwater flow and transport of associated contaminants. More frequent measurements
are made at a few of the same wells to monitor seasonal variations. Water-table maps are produced
annually. Water-table maps of the unconfined aquifer system beneath the Hanford Site have been
prepared for selected times since 1944 (see Water-Table Maps in the Historical Bibliography provided on
the diskette included with this report).

Groundwater-monitoring plans for individual RCRA sites specify requirements for water-level moni-
toring. These data aid in determining the direction of groundwater flow beneath the RCRA units and in
determining if the monitoring network is adequate. Water-level-measurement frequency varies from
monthly to semiannually, depending on factors such as the site’s groundwater gradient and the variability
of water levels.

Groundwater-monitoring plans for individual Comprehensive Environmental Response, Compensa-
tion, and Liability Act of 1980 (CERCLA) projects specify requirements for water-level monitoring.
These data aid in determining the direction of groundwater flow beneath the CERCLA projects and the
area affected by groundwater withdrawal and/or injection associated with pump-and-treat operation.
Water-level-measurement frequency varies from hourly to annually, dependmg on the local groundwater
gradient, variability of water levels and project requirements.

Water levels are also measured in the upper basalt-confined aquifer to monitor changes in the poten-
tiometric surface for this aquifer. Changes in the potentiometric surface can affect the direction and
velocity of groundwater flow within the upper basalt-confined aquifer and its potential for hydraulic
communication with the overlying unconfined aquifer system. A preliminary potentiometric map and
an evaluation of the flow-system dynamics for the upper basalt-confined aquifer were prepared and
presented in PNL-8869.

In addition to the water-level measurements described above, where possible, water levels are
measured prior to each groundwater-sampling event.

3.3.1.1 Monitoring Network

Locations of groundwater wells are shown in Plate 1. Wells north and east of the Columbia River
that are numbered by the U.S. Geological Survey’s well-numbering system are not shown in Plate 1 but
can be located by well name, which includes the township, range, and section numbers. These wells are
shown on Plate 1 of PNL-8122. The areas where basalt occurs above the water table were identified by
comparing the top-of-basalt surface with the 1997 water-table surface.

During June 1997, water levels were measured in more than 600 wells completed in the unconfined
aquifer system on the Hanford Site, all in Benton County, and in 38 Bureau of Reclamation wells north
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and east of the Columbia River in Adams, Franklin, and Grant Counties. Monitoring wells used to
measure water levels for the unconfined aquifer system were selected using the following criteria:

e open interval does not extend more than 10 m below the water table and does not monitor perched,
semiconfined, or confined conditions

o well location and elevation are accurately known.

Exceptions were made where no alternative wells exist and vertical gradients are small relative to hori-
zontal gradients. For example, no wells in the B Pond-monitoring network are completed in the upper
part of the aquifer where the water table lies above the Ringold lower mud unit. Therefore, wells
completed below this unit were used. In some areas, not all wells that met these criteria were selected
because an adequate number of nearby wells exist.

In addition to water levels measured during June in wells across the Hanford Site, water levels were
measured more frequently and at more closely spaced wells in the vicinity of the Hanford Site operational
facilities, groundwater remediation projects, and the Richland North Area. These data are used to evalu-
ate local groundwater-flow patterns associated with those areas. Artificial recharge to the unconfined
aquifer system in many of these areas has resulted in groundwater mounding that influences groundwater
flow and is discussed in Sections 3.4 through 3.9.

During June 1997, water levels were measured in 54 wells completed in the upper basalt-confined
aquifer beneath the Hanford Site and outlying areas. Monitoring wells used to measure water levels in the
upper basalt-confined aquifer system are completed in stratigraphic units within the upper Saddle Moun-
tains Basalt (Rattlesnake Ridge interbed, Elephant Mountain interflow contact, Levey interbed).

3.3.1.2 Methods

Procedures developed in accordance with the techniques described in American Society for Testing
and Materials (1988), Garber and Koopman (1968), OSWER 9950.1, and U.S. Geological Survey (1977)
were followed to measure water levels in piezometers and wells across the Hanford Site. Water levels
were measured with steel tapes or laminated steel electric sounding tapes that were standardized by
comparison to a calibrated steel tape. Only those standardized steel tapes that deviated in length from the
calibrated steel tape by <0.03 m for at least 85 m were used. Water levels are reported as elevations
above the National Geodetic Vertical Datum (NGVD29). The more recent National Geodetic Vertical
Datum of 1988 (NGVD88) is not used because many of the wells have not been surveyed to this datum
and conversion of the NGVD29 survey data to the NGVD88 datum for the remaining wells and historic
water levels is not yet complete. In general, NGVD88 is ~1 m greater than NGVD29 but the conversion
is not precisely the same at all locations across the site.

A few wells completed in the upper basalt-confined aquifer are under flowing artesian conditions;
where the potentiometric surface is above the top of the well or piezometer. For these wells, which are
pressure sealed from the atmosphere, a pressure gauge or transducer is used to measure the equivalent
head above the top of the surveyed elevation.
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Pressure transducers and data loggers were used to measure and record the heads in a few wells where
water levels change rapidly (e.g., near the Columbia River and near groundwater-extraction or -withdrawal
wells). Pressure transducer and data loggers were also used to measure river stage to provide spatial and
temporal control as it relates to groundwater levels near the river. River-stage-monitoring stations, which
support CERCLA activities, are located at the 100-B,C, 100-H, 100-N, 100-F, and 300 Areas. The data-
logger systems generally recorded pressure head at 1-hour intervals.

3.3.1.3 Data Quality

The procedures developed for determining water levels were designed to ensure the integrity and
representativeness of the data. Interpretation of water-level data assumes that the measurements are
temporally and spatially representative. However, various sources of error and uncertainty that limit the
accuracy of the data and affect their representativeness include the following:

¢ temporal variations in water table caused by natural external stresses (e.g., barometric pressure fluc-
tuations, earth tides, changes in river stage, recharge) or man-made activities (e.g., wastewater
disposal)

e vertical gradients associated with the length of the screened interval
 vertical gradients associated with the depth of the screened interval
o well deviations from vertical

e errors in surveyed elevations of measuring points

¢ limits of measuring tape precision and accuracy.

To reduce the effect of seasonal and other long-term water-level changes, water-level measurements
for the site water-table map were made within a 1-month period (June 1997). The most significant short-
term water-level changes measured within this period were in wells influenced by fluctuations in
Columbia River stage. These short-term water-level fluctuations in wells introduce uncertainty in
representing the water-table surface adjacent to the river. Therefore, the water-table-elevation contours
adjacent to the river have a lower confidence in representing the water-table surface for June 1997 than
other contours.

The effect of open-interval depth below the water table on water levels depends on the vertical gradi-
ent in a given area. For the scale and contouring interval of the site map and of most local maps, any well
screened within 10 m of the water table is acceptable (see Section 3.3.1.1). '

The sources of error listed above generally are only significant in areas of very low horizontal gradi-
ents (e.g., the 200-East Area). In some of these areas, water-level data alone are insufficient to determine

the direction of groundwater flow, and other information (e.g., contaminant plume configuration, regional
groundwater-flow patterns) must be used.
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Water-level data were screened for outliers (obvious errors and extreme data) before producing the
water-table maps presented in this report. Outliers were not used in preparation of or plotted on the
water-table maps shown in this report but are included in the data tables provided on the diskette included
with this report. Outliers were generally included on the water-level trend plots; however, outliers outside
the limits of the plot scale were removed. Data from data-logger and pressure-transducer systems were

compared to manual measurements to evaluate and correct for transducer drift.
3.3.1.4 Data Management

The Hanford Environmental Information System (HEIS) database is used to store and maintain
manual hydraulic head measurements. In FY 1997, ~3,040 hydraulic head measurements were entered
into this database. Through HEIS, hydraulic head data are made available to federal and state regulators
for retrieval. Pressure transducer data were stored in project databases.

3.3.1.5 Interpretive Techniques

The June 1997 water-level measurements were used to construct contour maps that show the eleva-
tion of the potentiometric surface for the unconfined aquifer system, which is referred to as the water
table. The water-table-contour map primarily represents groundwater head conditions in the upper part of
the unconfined aquifer system. Assuming isotropic hydraulic conductivities, uniform fluid density, and
no vertical flow, the direction of groundwater flow is perpendicular to contours of equal potentiometric
surface elevation. Potentiometric surface maps can be used for the following

e identify the recharge and discharge areas
e evaluate the influence of wastewater discharges on groundwater-flow patterns
e evaluate the influence of river stage on groundwater flow (i.e., river-stage effecfs)

e determine the hydraulic gradient, which can be used to estimate the average linear velocity of
groundwater and contaminants

e provide information required to calibrate groundwater-flow and contaminant-transport models

e improve the design of the monitoring well network.

Maps showing the June 1997 water-table-elevation contours for the unconfined aquifer system are
presented in Plate 2. A contour interval of 2 m is used to show regional water-table features on the
Hanford Site. The inset maps of operational areas use a contour interval of 0.5 m to show detail.
Selected FY 1997 water-level data, including the measured depth to water, the reference-point elevation,
and the calculated water-table elevation for each well can be located on the diskette included with this
report.

The contour map was constructed by preparing a water-level-elevation grid to represent the water-
table surface for the Hanford Site from which contours were derived using the computer program
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EarthVision™ (Dynamic Graphics Inc., Alameda, California). Preparation of the water-table-elevation
grid usirig EarthVision™ includes the following:

o selection of data (see Sections 3.3.1.1 and 3.3.1.3)

calculation of mean water-level elevation for June 1997 at each selected well

calculation of simulated, mean, river-stage elevations for June 1997 along the Hanford Reach of the
Columbia River

determination of grid boundary and break lines

computer-automated gridding of selected water-level elevations
e manual editing of the grid using utilities supplied in the EarthVision™ software.

Editing of the water-level-elevation grid is done to add control where data distribution is insufficient for
automated gridding. When editing is complete, contour lines are generated from the grid. Contour lines
are then posted with mean water-level elevations and reviewed. Final editing of the contour lines is done
where the grid resolution was insufficient to represent the local water-table features.

Because water-table elevations north and east of the Columbia River are much greater than on the
Hanford Site and water-level changes are small relative to the regional water-table gradient, water-level
measurements are not collected in all offsite monitoring wells each year. The June 1997 map of water-
table elevations for the Hanford Site and outlying areas is presented in Figure 3.3-1. The contour inter-
vals are 2 m on the Hanford Site west and south of the Columbia River. A 50-m contour interval was
used north and east of the river because the water-table gradients are much steeper. Contours of the
water-table surface north and east of the Columbia River were constructed based on June 1995 and June
1997 water-level measurements. Changes in the elevation of the water-table surface in this area is
strongly controlled by recharge from canal seepage and applied irrigation (Drost et al. 1997). The water
table in some parts of Franklin County has risen by more than 150 m since 1948, when the South
Columbia Basin Irrigation District began operation. However, trend plots indicate that water levels in
most wells in this area have reached a state of equilibrium (Drost et al. 1997) and thus do not change
significantly, relative to the water-table gradient, from year to year.

A preliminary map of the potentiometric surface for March 1993 was provided in PNL-8869. An
updated map was prepared using data for June 1996. The map was constructed by manually contouring
the values of water-level elevations. The contour intervals are 3 m on the Hanford Site west and south of
the Columbia River and are variable north and east of the river. Groundwater flow in the upper basalt-
confined aquifer is discussed in Section 3.10. .

The RCRA regulations require an annual determination of the direction and rate of groundwater or
contaminant movement for sites in assessment- or compliance-level monitoring (40 CFR 265.94[b][2],
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WAC 173-303-645[10][e]). For most of the RCRA sites described in this chapter, the rate of ground-
water flow is estimated using a form of the Darcy equation

V =Ki/n, , 3.1

where V = average linear groundwater velocity, m/d

K = hydraulic conductivity, m/d
i = hydraulic gradient
n. = effective porosity.

Representative values of hydraulic conductivity, effective porosity, and current (FY 1997) hydraulic grad-
ient were used for each site. Values of hydraulic conductivity were taken from published hydrologic test
results that best represent the uppermost part of the unconfined aquifer. The value for effective porosity
was chosen within the range of values (i.e., 0.1 to 0.3) typical for unconfined aquifer conditions. The
hydraulic gradient was estimated from the wells monitoring the RCRA facility. However, for some sites
where the slope of the water table is too gentle, the hydraulic gradient was uncertain; thus, it was esti-
mated from the regional water-table contours.

Estimates of groundwater-flow rates and directions for the RCRA facilities are presented in
Table 3.3-1. In some cases, other methods were used to estimate groundwater- or contaminant-flow rates
and direction, including the migration of contaminant plumes or numerical groundwater-flow modeling.
Contaminant plume maps were used to estimate groundwater-flow directions to confirm or provide better
confidence than flow directions determined by the water-table contours. Groundwater-flow meters have
been used in the past, but are not currently used regularly.

3.3.2 Interpretation of Water-Table Data

The June 1997 water-table map for the Hanford Site was shown in Figure 3.3-1 and Plate 2. Fig-
ure 3.3-1 also showed the water table north and east of the Columbia River. This section describes
general groundwater-flow patterns on the Hanford Site. Water-table features at various locations are
discussed in more detail in Sections 3.4 through 3.9.

The water table for the unconfined aquifer system beneath the Hanford Site is generally located in the
unconsolidated to semiconsolidated Ringold and Hanford formations (see Figure 3.1-3). The Ringold and
Hanford formations have vastly different hydrologic properties (see Section 3.2.2). Steep gradients in the
western region of the Hanford Site are due to groundwater recharge at the western edge of the Pasco
Basin and to lower hydraulic conductivities than at the eastern region of the site. Possible sources of
recharge include infiltration of runoff from rain and snowmelt at higher elevations and irrigation of offsite
agricultural land in the Cold Creek Valley. Steep gradients north and east of the Columbia River are
attributed to recharge associated with irrigation of agricultural land. Regionally, water-table elevations
decrease while approaching the Columbia River from either side, indicating that groundwater flow con-
verges and ultimately discharges at the river. However, unusually high-river stage along the Hanford

Reach in FY 1997 resulted in increased bank storage and diverted groundwater flow near the riverbank.

Wastewater discharge to the ground associated with Hanford Site operations resulted in groundwater
mounding and significantly affected the groundwater-flow system on the Hanford Site. Past discharges at
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U Pond and smaller discharges to other 200-West Area disposal facilities are apparent from the shape of
the contours passing through the 200-West Area. The steep gradient just east of the 200-West Area
results partially from this groundwater mounding and partially from the relatively low transmissivity
(from low hydraulic conductivity and aquifer thinning) of the aquifer in this area. The hydraulic gradient
decreases abruptly between the 200-West and 200-East Areas, corresponding to an increase in transmis-
sivity caused by the presence of the highly permeable Hanford formation sediments below the water table.
The steep gradient in the gap between Umtanum Ridge and Gable Butte results partially from recharge
coming from Cold Creek Valley, groundwater mounding in the 200-West Area, and restriction of the
unconfined 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,
except for the groundwater mound around B Pond where process cooling water and other liquid wastes
were discharged to the ground. The presence of highly permeable sediments of the Hanford formation
below the water table results in a relatively flat water table in spite of the large discharges in past years.
For the past several years, the annual volumes of discharges to the soil column resulting from 200-East
Area operations is significantly higher than discharges from 200-West Area operations (see Sec-
tion 3.2.1).

A local groundwater mound exists ~2 km north of Gable Mountain (between Gable Mountain and the
100-F Area). Jenkins (1922) reported the area of elevated groundwater levels, which have persisted to the
present, long before the Hanford Site was established. Data suggest that this mound is associated with a
subsurface topographic “high” of low-permeability sediments (primarily clay) of the Ringold Formation.
One likely source of recharge is conveyance losses associated with past seasonal irrigation use of the
Hanford Canal that transversed the groundwater mound area between 1908 and 1943. Other potential
sources of recharge that may contribute to the groundwater high include upwelling from the upper basalt-
confined aquifer and infiltration from surface runoff. The slow dissipation of the recharge water is attrib-
uted to the presence of significant thicknesses of clay in the Ringold Formation sediments. There is
insufficient information to distinguish whether the groundwater in this area is locally perched or is part of
the regional unconfined groundwater-flow system.

The elevation of the water table in the region between the Yakima and Columbia Rivers is lower than
the Yakima River stage elevation, which is ~122 m above mean sea level at Wanawish (formerly Horn
Rapids) Dam. This implies that infiltration from the Yakima River recharges the unconfined 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 offsite areas east of the Yakima
River may also recharge the unconfined aquifer system in this area. Operation of the City of Richland’s
North Well Field recharge basins resulted in a groundwater mound in the Richland North Area.

3.3.3 Changes in Water Levels

This section describes changes in the water table over the periods 1944-1979, 1979-1995, and 1996-
1997. 1944 was chosen to illustrate the water table before it was affected by Hanford Site effluent dis-
charges, 1979 is representative of maximum, steady volumes of effluent discharge. 1995 marks the
reduction and consolidation for many waste streams. The 1996-1997 changes are discussed to illustrate
the most recent variations in Hanford Site water-table elevations. A discussion of variations in the water-
table from 1995-1996 can be found in Section 5.3 of PNNL-11470.
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Between 1944 and 1979, water-level elevations at the Hanford Site increased in most areas, with the
greatest increases occurring near facilities where wastewater was discharged to the ground (Figure 3.3-2).
Groundwater mounds associated with wastewater discharge to the ground formed in the 100, 200, and
300 Areas and in parts of the 600 Area. The two most prominent formed near U Pond in the 200-West
Area and near B Pond in the 200-East Area. Figure 3.3-3 shows the volume of wastewater discharged to
the ground in each of the major Hanford Site operational areas and net recharge (infiltration less pump-
ing) of Columbia River water at the City of Richland’s North Well Field recharge basins from 1944
through 1996. This figure does not include large volumes of water discharged at the 100 Areas in the
1940s, 1950s, and 1960s. Figure 3.3-3 indicates that, in the past, the largest volumes discharged to the
soil column occurred in the 200-East and 200-West Areas, which corresponds to the two most prominent
groundwater mounds. These mounds altered the natural flow pattern of the unconfined aquifer system.
Water levels in the unconfined aquifer system changed continually during Hanford Site operations
because of variations in the volume and location of wastewater discharged to the ground. Consequently,
the movement of groundwater and its associated constituents also changed with time. Figure 3.3-4 shows
the discharge locations of the major past and present waste streams at the Hanford Site.

Reduced wastewater discharge to the soil column resulted in declining water levels for most of the
Hanford Site. Figure 3.3-5 indicates that the greatest water-level-elevation decline from 1979 through
1995 occurred in the 200-West Area near U Pond. The trend of declining water levels in most areas of
the Hanford Site continued from June 1995 through June 1997. The declining trend between June 1995
and June 1996 is shown in Section 5.0 of PNNL-11470. The areas of greatest water-level-elevation
decline between June 1996 and June 1997 occurred in the 200-West Area near the former location of
U Pond, in the area near B Pond, and in the area near the city’s north well field (Figure 3.3-6).

The Columbia River stage was unusually high throughout most of FY 1996 and FY 1997, resulting in
a rising water table near the river. Unusually high-river stage resulted in increased bank storage and
diverted groundwater flow near the riverbank. River stage was higher than the elevation of the adjacent
water table throughout most of FY 1997, which indicates that groundwater flow did not discharge to the
river during those times. River stage affected groundwater flow in the 100, 300, and Richland North
Areas and is discussed in Sections 3.5 and 3.8.

3.4 Hydrogeology of Upper Cold and Dry Creek Valleys
D. R. Newcomer, S. P. Reidel

The upper Cold Creek Valley is a narrow valley that lies between Umtanum Ridge to the north and
Yakima Ridge to the south. The valley is controlled by the Yakima Ridge fault, a thrust fault along the
north side of Yakima Ridge. A thin veneer of sediments overlies the basalt bedrock in the upper valley.
Springs occur along the valley floor, are controlled by the fault, and provide limited recharge to Cold
Creek. To the east where the valley widens, the veneer of sediments above the basalt thickens into the
Cold Creek depression. Upper Cold Creek sediments are primarily alluvia; farther east, the basalt is
overlain by the Ringold and Hanford formations. Sporadic flash flooding in upper Cold Creek has
resulted in debris flows at the surface on the western part of the Hanford Site.

Dry Creek Valley lies between the Rattlesnake Hills-Snively Basin area to the south and Yakima
Ridge to the north. The upper portion of Dry Creek flows on a thin veneer of alluvium overlying
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Columbia River basalt; farther east, these sediments increase in thickness into the Cold Creek depression.
Suprabasalt sediments consist of the Ringold Formation; the Hanford formation Touchet Beds; alluvial
fan deposits shed off the Rattlesnake Hills; and a thick, ~10-m deposit of post-Missoula flood alluvium.
The suprabasalt sediments have been incised 10 m in the past 10,000 years by Dry Creek. Dry Creek
emerges from the sediments as a spring (Rattlesnake Spring) and flows east for several kilometers until it
disappears beneath the Hanford formation. Secondary streams supplied by spring lines along faults on the
Rattlesnake Hills provide water for Dry Creek.

The water table in the western part of the Hanford Site may have responded to irrigation practices in
the upper Cold Creek Valley (PNL-5506). Figure 3.4-1 shows a hydrograph of well 699-43-104, located
downgradient from the irrigated fields in upper Cold Creek Valley. The hydrograph indicates that the
water table declined steadily between 1988 and 1997. The water-level decline between 1988 and
1997 may have been caused by decreased recharge resulting from changes in irrigation practices at
Ste. Michelle Vineyards, upgradient of the site. Between 1982 and 1983, the vineyards converted their
irrigation system from sprinkler to drip, which reduced consumption between 40% and 50% (PNL-7498).
Declining water levels in the unconfined aquifer also may have been associated with decreases in the
hydraulic heads of the underlying confined aquifers in this area. It is estimated that the hydraulic heads in
the upper basalt-confined aquifer dropped more than 55 m in the Cold Creek Valley since the early 1900s
(DOE/RW-0164). Thus, the upward gradient from the confined to the unconfined aquifer is not as strong
as it once was. Well construction may also be a factor. Well 699-43-104 was open originally to both the
unconfined and the upper basalt-confined aquifers (1957 to 1978). In 1978, a cement plug was placed in
the well but was removed sometime before 1994. In 1994, a cement plug was placed in the bottom of the
well casing to isolate the basalt section and prevent aquifer intercommunication (PNL-10195). In 1997,
the water level rose ~0.4 m. At this time, it is uncertain what the causative factors are for this recent
increase in water level.

The relationship of the water table to the top of the basalt surface in upper Dry Creek Valley was
reevaluated for this report. Based on an elevation contour map of the top of basalt and the June 1997
water-level data from wells 699-26-89 and 699-19-88, it was inferred that groundwater exists above the
basalt surface in a small saddle at the western end of the Yakima Ridge extension (see Plate 2).

3.5 Hydrogeology of 100 Areas
M. J. Hartman, J. W. Lindberg, D. R. Newcomer,
M. D. Sweeney

The 100 Areas include 6 separate areas where retired plutonium-production reactors and associated
support facilities are located. The hydrogeology of these areas is somewhat unique because of their loca-
tion along the Columbia River in the northern part of the Hanford Site. The unconfined aquifer in the
100-B,C, 100-K, 100-N, and 100-D Areas is composed of either the Unit E Ringold gravels or Unit E
combined with the Hanford gravels, depending on the location of the water table (BHI-00917). In the
100-H and 100-F Areas, Ringold Unit E graveél is missing and the Hanford formation lies directly on the
paleosol/overbank deposits of the Ringold Formation. In most of the 100 Areas, this unit forms a local
aquitard, and the Ringold gravels below this mud are locally confined. Additional information on the
hydrogeology of the 100 Areas is presented in BHI-00917, WHC-SD-EN-TI-023, and
WHC-SD-EN-TI-294.
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The water table in the 100 Areas is shallower than in the more-elevated central regions of the Hanford
Site. The depth to groundwater ranges from <1 m adjacent to the river to >30 m farther inland. Ground-
water flow is generally toward the river in these areas, particularly during low-river stage. However, in
some areas along the river (e.g., west of 100-B,C Area), groundwater flow appears to approximately
parallel the river during most of the year. This may reflect the influence of buried river-channel deposits.
Groundwater mounds resulting from previous disposal of wastewater also influenced groundwater flow in
some areas in the past.

In FY 1997, the greatest groundwater-level changes in the 100 Areas were in response to Columbia

River stage (see Plate 2). Changes in Columbia River stage also cause periodic reversals in the direction
of groundwater flow immediately adjacent to the river. River stage was unusually high in the spring and
summer of 1997, as shown in the river-stage hydrographs constructed from pressure transducer data for
the 100-B,C, 100-N, 100-H, and 100-F Areas (Figure 3.5-1). When the river stage is higher than the
water table in the adjacent aquifer, water moves into the banks of the river, resulting in bank storage.
When the river stage drops, water moves back toward the river, often appearing as riverbank seepage.
The distance that water moves into the aquifer from the river depends on the magnitude in river stage
above groundwater elevation, the hydraulic properties of the aquifer, and the duration of the elevated river
stage. The reversal of flow adjacent to the river also causes a pressure pulse in the aquifer that affects
water levels in wells up to several hundred meters inland. The effects of bank storage on contaminant
transport in the 100 Areas are discussed in Chapter 5.0.

3.5.r 100-B,C Area

The stratigraphy beneath the 100-B,C Area consists of the Hanford and Ringold Formations. The
thickness of the Hanford formation is uncertain because the contact between it and the underlying
Ringold Formation is not well defined. The Hanford formation, a gravel-dominated sequence with sandy
and silty intervals, was reported to range from ~14 m near the Columbia River to over 30 m thick in the
southern part of the area (Newcomb et al. 1972, WHC-SD-EN-TI-133). The Ringold Formation includes
Unit E and the underlying paleosols and overbank deposits (BHI-00917, WHC-SD-EN-TI-133). UnitE,
which varies in thickness across the 100-B,C Area, is dominated by silty, sandy gravel with subordinate
sand- and silt-dominated interbeds.

The unconfined aquifer beneath the 100-B,C Area lies within silt, sand, and gravels belonging

primarily to the Ringold Formation and is ~34 m thick. The upper portion of the unconfined aquifer lies
locally within the lowermost Hanford formation. The top of the paleosols and overbank deposits of the
Ringold Formation form the bottom of the unconfined aquifer. The depth to the water table varies from
<1 m near the river to >30 m farther inland. Local confined aquifers lie within the Ringold Formation
between the paleosol/overbank deposits and the top of the basalt.

River-stage fluctuations dominate groundwater flow beneath the 100-B,C Area. The direction of
groundwater flow within the unconfined aquifer is generally north toward the Columbia River. However,
the flow direction periodically shifts to the southeast when river stage is high (see inset on Plate 2).
During this high-river stage, the groundwater gradient was estimated to be 0.0004. Hydraulic conduc-
tivity of the unconfined aquifer in the 100-B,C Area ranges from 4.3 to 17 m/d (BHI-00917). Using this
range for hydraulic conductivity, the 0.0004 gradient, and an estimated effective porosity of 0.2, the
groundwater-flow velocity ranges from 0.03 to 0.009 m/d.
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3.5.2 100-K Area

Geologic units beneath the 100-K Area from the surface downward include eolian silty sand, Hanford
formation (sandy gravel, gravelly sands, sand), Ringold Formation Unit E (sandy gravel, gravelly sand),
and Ringold Formation paleosols and overbank deposits (silt, sandy silt) (WHC-SD-EN-TI-155). The
water table is at ~22 m below ground surface near the 105-KE and 105-KW Reactor buildings, within
Unit E. Locally, the bottom of the unconfined aquifer is the top of the paleosols and overbank deposits at
~49 m below ground surface (WHC-SD-EN-TI-294).

Groundwater in the unconfined aquifer generally flows from the southeast to northwest toward the
river in the 100-K Area. However, the flow direction occasionally changes when the river stage is high.
In FY 1997, the unusually high-river stage caused groundwater to flow east near the riverbank and north
to northeast farther inland (see Plate 2). Effects of river stage on groundwater levels typically range over
a 2-m rise along the riverbank and gradually decrease to a fraction of a meter at 1,000 m from the river-
bank. In FY 1997, groundwater levels ranged over a 3-m rise near the river. The horizontal hydraulic
gradient typically varies between 0.003 (high-river stage) and 0.005 (low-river stage), depending on
Columbia River stage. Hydraulic conductivity of Ringold Formation Unit E ranges from 0.98 to 44 m/d
(BHI-00917, WHC-SD-EN-TI-294). Using a geometric mean of 6.1 m/d for hydraulic conductivity, the
0.003 to 0.005 gradient, and an estimated 0.2 effective porosity, the average groundwater velocity ranges
from 0.09 to 0.15 m/d.

3.5.3 100-N Area

The 100-N Area is the most recently active of the reactor areas and includes three RCRA-regulated liquid
waste-disposal facilities that affected groundwater flow (1301-N, 1324-N/NA, and 1325-N; see Plate 1).
All of the wells monitoring these facilities are completed at shallow depths, but deep boreholes drilled for
characterization in the 1970s provided information on stratigraphy.

The unsaturated zone in the 100-N Area lies in the Hanford formation and the upper part of the
Ringold Formation. The unconfined aquifer is contained in the sands and gravels of Ringold Unit E. The
depth to the water table in the 100-N Area varies from <I m near the Columbia River to ~21 m farther
inland. The base of the unconfined aquifer is a clay-rich unit ~12 m beneath the water table. One well is
completed in a thin sand unit within this clay. Although no wells are completed in sandy units deeper in
the Ringold Formation, information from deep boreholes near the 100-N Area indicate that these units
may also act as local confined aquifers. Basalt lies at a depth of ~150 m below ground surface. The
hydrogeology of the 100-N Area is described in more detail in WHC-SD-EN-EV-027.

When the major liquid-waste-disposal units in the 100-N Area were active, the water table in the
entire area was elevated by up to 7 m (see Figure 3.13 in WHC-SD-EN-EV-027). Discharge to all the
facilities ceased by 1991, resulting in a sharp water-table decline in the early 1990s and stabilization by
1994. The water table fluctuated up to 2.5 m beneath the 100-N Area RCRA sites during FY 1997 in
response to changes in river stage (Figure 3.5-2).

Groundwater normally flows toward the northwest (toward the river) beneath the 1301-N and
1324-N/NA facilities and toward the north beneath the 1325-N facility (Figure 3.5-3). During the past
year, however, high-river stage affected the gradient, resulting in changes in groundwater-flow directions.
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In June 1997, the hydraulic gradient sloped toward the southeast beneath 1301-N and toward the east
beneath 1324-N/NA (see Plate 2). The water-table map indicates that flow beneath 1325-N converged
from the northwest and southwest and flowed to the east. In FY 1997, estimated groundwater-flow rates
ranged between 0.001 and 1.1 m/d during high-river stage and between 0.007 and 0.84 m/d during low-
river stage (see Table 3.3-1)." These groundwater-flow rates are based on a hydraulic conductivity range
of 6.1 to 37 m/d (PNL-8335).

A pump-and-treat system was active in the 100-N Area during FY 1997. Water was extracted from
wells near the 1301-N facility and reinjected into a well or wells near the 1325-N facility (see Plate 1).

Vertical gradients are not well known in the 100-N Area. Wells adjacent to the Columbia River show
an upward gradient in the unconfined aquifer (WHC-SD-EN-EV-027).- Farther inland, there is no signifi-
cant difference in head between wells completed at the water table and wells completed at the base of the
aquifer, which are ~6 m deeper. Limited data prevent a clear comparison of vertical heads in the uncon-
fined and shallowest locally confined Ringold Formation aquifers.

3.5.4 100-D Area

The unsaturated zone in the 100-D Area lies in the Hanford formation and the upper portion of the
Ringold Formation. The unconfined aquifer is a sand and gravel unit, ~3 to 9 m thick, which corresponds
to Ringold Unit E. Depth to the water table varies from <1 m near the river to ~25 m farther inland. The
base of the aquifer is a fine-grained overbank interval; which is ~15 m thick. The deeper Ringold
Formation is believed to comprise more layers of clay, silt, and sand, based on interpolations between
wells elsewhere in the 100 Areas. The depth to basalt is inferred to be ~125 m (DOE/RL-92-71).

Groundwater in the unconfined aquifer beneath the 100-D Area generally flows toward the north and
northwest (Figure 3.5-4). However, prolonged high-river stage resulted in a reversed gradient with flow
toward the southeast in 1997 (see Plate 2).

The 120-D-1 ponds are a small RCRA site that was formerly used for disposal of effluent from a
water-treatment plant in the 100-D Area. Water levels in three of the wells that monitor these ponds are
plotted in Figure 3.5-5. The water table responded to changes in river stage and fluctuated up to 1.7 m
during FY 1997. During times of high-river stage, the head in the downgradient wells, as defined in the
RCRA groundwater-monitoring plan, is higher than in well 199-D5-13, defined as an upgradient well
(WHC-SD-EN-AP-048). Estimated groundwater-flow rates ranged between 0.0084 and 0.8 m/d
(reversed gradient) during high-river stage and between 0.0014 and 0.14 m/d during low-river stage
(see Table 3.3-1).

Groundwater remediation of a chromium plume in the 100-D Area began in the summer of 1997.
Water was extracted from wells in the northern part of the area near the river (see Plate 1), treated, and
reinjected in the 100-H Area.

An upward vertical gradient was estimated to range from 0.007 to 0.02 between wells 199-D8-54A
and 199-D8-54B in 1993 (Section 3.3 in DOE/RL-93-88). Well 199-D8-54A is completed across the
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water table, and well 199-D8-54B is completed 22.6 m deeper than well 199-D8-54A in a thin layer of
silty sand that is confined beneath 15 m of clay. Well 199-D8-54A is now an extraction well, increasing
the upward gradient in the vicinity.

3.5.5 100-H Area

The unsaturated zone in the 100-H Area lies completely in the Hanford formation. The unconfined
aquifer in the 100-H Area resides in unconsolidated sands and gravels of the Hanford formation. Depth to
the water table ranges from <1 m near the river to ~12 m farther inland. The saturated portion of the
Hanford formation ranges in thickness from 2 to 6 m (Peterson and Connelly 1992). Hydraulic conduc-
tivity is high, ranging up to 1,800 m/d (PNL-6728). This hydrogeologic unit is underlain by the more-
consolidated fluvial sands and overbank deposits of the Ringold Formation, which have much lower
hydraulic conductivity. Ringold gravels below this unit are locally confined. Depth to basalt is ~96 m.

A comprehensive description of 100-H Area stratigraphy is presented in WHC-SD-EN-TI-132.

The 183-H solar evaporation basins were used to treat and dispose RCRA waste during the 1970s and
1980s. The general direction of groundwater flow beneath the basins under normal river-stage conditions
is toward the east (toward the Columbia River) (Section 3.3 in DOE/RL-94-136). The prolonged period
of high-river stage in 1997 influenced groundwater flow in the area, credting a potential for groundwater
to flow toward the southwest (see Plate 2). Estimates of groundwater-flow rates during FY 1997 ranged
between 0.12 and 3.2 m/d during high-river stage and between 0.13 and 3.5 m/d during low-river stage
(see Table 3.3-1). Water levels in three of the wells that monitor the basins are plotted in Figure 3.5-6.
The water table responded to changes in river stage and fluctuated up to 3.5 m during FY 1997. When
river stage is very high (e.g., June 1997), the head in wells 199-H4-3 and 199-H4-4, defined as down-
gradient wells according to the RCRA groundwater-monitoring plan, is higher than in well 199-H3-2A,
defined as an upgradient well (WHC-SD-EN-AP-180).

Groundwater remediation of a chromium pjume in the 100-H Area began in the summer of 1997.
Water was extracted from five wells, treated, and reinjected into three wells in the southwestern part of
the area (see Plate 1).

3.5.6 100-F Area

The unsaturated zone and unconfined aquifer in the 100-F Area lie in the Hanford formation
(BHI-00917). The unconfined aquifer in the 100-F Area lies within uncansolidated sediments in the
lower part of the Hanford formation. Sandy gravel and silty sandy gravel dominate these sediments.
Underlying the Hanford formation are the Ringold paleosols and overbank deposits, which are dominated
by silt and clay with sandy interbeds. The top of the paleosol/overbank deposits locally forms the bottom
of the unconfined aquifer in the 100-F Area. The unconfined aquifer thickness ranges up to a maximum
of 9 m. Depth to the water table ranges from <1 m near the river to ~14 m farther inland. The depth to
the top of the basalt is estimated to be ~110 m below ground surface.

River-stage fluctuations dominate groundwater flow beneath the 100-F Area. The general direction
of unconfined groundwater flow beneath the 100-F Area under normal river-stage conditions is east
toward the Columbia River (BHI-00917). However, prolonged high-river stage resulted in groundwater:
flow toward the southwest near the river and toward the southeast farther inland (see inset on Plate 2).
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During the high-river stage in June 1997, the groundwater gradient was estimated to be 0.0003 near the
center of the 100-F Area where flow is to the southeast. Hydraulic conductivity of the Hanford formation
in the 100-F Area ranges from 9.1 to 69 m/d (BHI-00917). Using this range for hydraulic conductivity,
the 0.0003 gradient, and an estimated effective porosity of 0.2, the groundwater-flow velocity ranges from
0.01 to 0.10 m/d.

3.6 Hydrogeology of 200 Areas

J. W. Lindberg, B. A. Williams, F. N. Hodges, R. B. Mercer,
M. D. Sweeney, D. B. Barnett, S. M. Narbutovskih

The 200-East and 200-West Areas, jointly referred to as the separations areas, are located on the cen-
tral plateau of the Hanford Site. The geology and hydrology of these areas have been extensively studied
because they contain major sources of groundwater contamination; RHO-ST-42 describes the hydrology.
The hydrogeology, of these areas was described in WHC-SD-EN-TI-019 and WHC-SD-EN-TI-014,
respectively. These documents provide references to many other studies conducted to support specific
projects.

The 200-West Area is underlain by sediments of the Hanford formation, the Plio-Pleistocene unit, and
the Ringold Formation. The unconfined aquifer in this area lies almost entirely in Ringold Unit E gravels,
the saturated portion of which varies from ~65 to >150 m. The Ringold lower mud unit, the top of which
defines the base of the unconfined aquifer in much of the 200-West Area, is absent in an area immediately
north of the 200-West Area (WHC-SD-EN-TI-014). Where the lower mud unit is absent, the top of the
basalt defines the bottom of the unconfined aquifer. The depth to the water table in the 200-West Area
varies from ~50 to >100 m.

In the 200-West Area, groundwater flows from the basalt ridges and Cold Creek Valley to the west of
the Hanford Site and flows out primarily to the north and east (see Plate 2). The groundwater mound
associated with U Pond dominates the water table in the 200-West Area. Water-level data, beginning in
1948 for well 699-39-79 located near U Pond, indicate that elevations rose steadily until 1957, then
fluctuated somewhat until 1984, after which they began to decline steadily (Figure 3.6-1). The maximum
elevation of this mound, which last occurred in 1984, was ~146 m above mean sea level (~20 m above
preoperational conditions). Since 1984, water levels declined over 6 m because of reduced discharges to
cribs and unlined trenches and are expected to continue to decline. Groundwater withdrawal and injection
at pump-and-treat systems in the 200-West Area affected water levels locally. These systems are
discussed in Section 5.9. .

The 200-East Area is located on the southern flank of the Gable Mountain anticlinal structure (see
Figure 3.1-1). Sediments lying on this structure in the 200-East Area include the Hanford and Ringold
Formations. In the past, the water table was within the Hanford formation in much of the northern part of
the 200-East Area (WHC-SD-EN-TI-019). However, as a result of recent declines in the water table, the
water table in this area is now primarily contained within the Ringold Formation. In the central and
northern parts of the 200-East Area, the unconfined aquifer lies mostly in Ringold Unit A gravels but also
within remnants of the Ringold lower mud unit. In the southern part of the 200-East Area, the unconfined
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aquifer lies primarily in Ringold Unit E gravels. The depth to the water table in the 200-East Area varies
from ~65 to 100 m. The thickness of the saturated zone above the top of the basalt varies from <10 m in
the north to ~80 m in the south.

In most of the 200-East Area, the unconfined aquifer lies within gravels of the Hanford and Ringold
Formations. Therefore, the aquifer transmissivity is generally higher. However, the water table has
dropped below the bottom of the Hanford formation in much of the 200-East Area during the last few
years. This has decreased the aquifer transmissivity in this area and altered groundwater-flow patterns
(WHC-SD-EN-TI-019). Groundwater-flow patterns in the 200-East Area are also influenced by lower
permeability units of the Ringold Formation, which extend above the water table in some areas of the
200-East Area.

In the 200-East Area, groundwater flows primarily to the northwest through Gable Gap (located
between Gable Mountain and Gable Butte) and to the southeast toward the Columbia River (see Plate 2).
The location of the divide between flow to the northwest and flow to the southeast is not discernible using
water-level-elevation data because the water table in most of the 200-East Area and vicinity is nearly flat.
The very gently sloping water table corresponds to a high transmissivity zone that extends through the
200-East Area (see Figure 3.2-2).

The water table in the 200-East Area and vicinity is nearly flat, except for a groundwater mound
beneath B Pond (see Plate 2). At B Pond, groundwater flows radially outward from the mound. This
mound is attributed to wastewater discharge to B Pond; however, hydrogeologic conditions beneath
B Pond are controlling factors in the magnitude and extent of the mound. The aquifer beneath B Pond
lies primarily within the Ringold Formation, which has significantly lower transmissivity than the
Hanford formation. The aquifer beneath B Pond is locally confined to the south and southeast.

Water-level data beginning in 1949 for well 299-E26-1, located in the northeastern portion of the
200-East Area, indicate that water levels rose until 1965, declined slightly from 1972 to 1983, rose to a
maximum elevation in 1988, and declined steadily from 1988 through 1997 (Figure 3.6-2). The water-
table elevation has been declining since 1988 because wastewater discharges to disposal facilities in the
200-East Area and B Pond were reduced. During FY 1996, however, this decline in water-table elevation
slowed, as indicated by the hydrographs of wells 299-E32-2 (northwestern corner of the 200-East Area)
and 299-E34-2 (northeastern corner of the 200-East Area) (Figure 3.6-3). During FY.1997, the rate of

decline increased.

The water-level declines in the 200-West and 200-East Areas affected the integrity of the monitoring
well network for some of the RCRA facilities. For some monitoring wells, the head dropped below the
bottom of the well screens. In other monitoring wells, the head is low and is expected to drop below the
bottom of the well screens within the next few years, assuming the rate of water-level decline continues.
The monitoring well network for these RCRA facilities is discussed in the following subsections.

An area of increased intercommunication between the unconfined aquifer and the upper basalt-
confined aquifer was identified in the area north of the 200-East Area based on chemical and hydraulic
" head evidence (PNL-6313, RHO-RE-ST-12P). The increased communication is likely caused by local
erosion of the upper basalt-confining layer in this area (RHO-RE-ST-12P).
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3.6.1 216-S-10 Pond and Ditch

The stratigraphic section at the 216-S-10 pond and ditch, as represented by data from well 299-W27-2,
includes the Hanford formation, the Plio-Pleistocene unit, and the Ringold Formation
(WHC-SD-EN-DP-052). The Hanford formation is composed predominantly of sand with minor
amounts of gravel and of rhythmically bedded silt and fine sand at the base. The Plio-Pleistocene unit
contains caliche-cemented gravel. The Ringold Formation consists of the upper Ringold unit, Unit E, and
the lower mud unit. The upper Ringoldd unit contains predominantly sand with minor amounts of
gravelly sand. Unit E contains predominantly sandy gravel and gravelly sand. The lower mud unit
contains predominantly silt.

The water table is in the lower part of the upper Ringold unit at a depth of ~68 m and is declining at
~0.4 m/yr (Figure 3.6-4). During the operation of U Pond, the groundwater-flow direction at this facility
was toward the southeast to east-southeast because of the influence of the large groundwater mound
emanating from U Pond. Now that the wastewater discharges have ceased to U Pond, the mound is declin-
ing and the groundwater-flow direction in the vicinity of this facility is returning to its prior direction (i.e.,
from west to east). The groundwater-flow rate is estimated to be 0.007 to 0.3 m/d (see Table 3.3-1).

3.6.2 216-U-12 Crib

The unsaturated sediments beneath the 216-U-12 crib are composed of unconsolidated sandy gravel
and sand of the Hanford formation, sandy silt and silt of the Plio-Pleistocene unit, and silty sandy gravel
to gravelly sand of Ringold Unit E. The unconfined aquifer is within the silty, sandy gravels of lower
Ringold Unit E and is ~54 m thick. The depth to the water table is ~74 m below ground surface. The top
of the Ringold lower mud unit defines the base of the unconfined aquifer beneath the crib. Details of the
stratigraphy beneath the crib may be found in WHC-SD-EN-AP-108.

Water levels declined an average of 0.65 m during FY 1997 under this crib (Figure 3.6-5), just
slightly greater than in FY 1996. Water levels continued to drop at this increased rate since 1995. The
water table beneath this crib during June 1997 is illustrated in Plate 2, indicating that the groundwater
flow is still in an east-southeast direction. While the direction of groundwater flow beneath the crib is
relatively unchanged from FY 1996 to FY 1997, the average groundwater velocity has been slowly
decreasing as a result of a slight flattening of the water table in the vicinity of the crib. The average
gradient in FY 1997 was 0.0017. Estimates of linear groundwater velocity for September 1997 are
0.53 m/d (see Table 3.3-1). :

3.6.3 200-West Area Single-Shell Tank Farms

In general, the single-shell tank WMAs in the 200-West Area are underlain by the Hanford and
Ringold Formations. Groundwater monitoring wells in these WMAs are screened primarily in Ringold
Unit E gravels, which contain the water table in these areas. A description of the stratigraphy beneath
these tank farms may be found in Section 4.1.3 of DOE/RL-93-88, which also contains numerous cross-
sections through the 200-West Area. Details of the stratigraphy beneath these tank farms may be found
in WHC-SD-EN-AP-012, Rev. 0 and Rev. 1.
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3.6.3.1 WMAs S-SX and U Single-Shell Tank Farms

The unsaturated sediments beneath WMAs S-SX and U are composed of the unconsolidated glacial
flood deposits of the Hanford formation, the silts and sands of the Plio-Pleistocene unit, and the sands and
gravels of Ringold Unit E. Depth to the water table is ~64 and ~68 m below ground surface at WMAs
S-SX and U, respectively. The unconfined aquifer beneath these WMAs is contained entirely within the
sands and gravels of Ringold Unit E and is ~65 and ~70 m thick, respectively. The top of the Ringold
lower mud unit defines the base of the unconfined aquifer.

The strongest influence on groundwater levels and flow directions beneath these WMAs has histori-
cally been the groundwater mound beneath U Pond. Water-table elevations in the vicinity of these
WMAs have fallen rapidly since the decommissioning of U Pond in 1985. Figure 3.6-6 shows hydro-
graphs for wells 299-W19-1, located ~50 m southeast of the WMA U boundary, and 299-W23-4, located
~90 m west of the WMA S-SX boundary. These hydrographs indicate a 7.3- to 7.6-m drop in the water-
table elevation between 1984 and 1995. Hydrographs in Figure 3.6-7 illustrate the water-level declines
and elevation relationships between wells monitoring WMA S-SX. The hydrographs indicate that water-
table elevations beneath WMA S-SX continue to decline at a rate of ~0.5 m/yr between June 1996 and
June 1997 and during the remainder of FY 1997. Figure 3.6-7 also shows that the hydraulic gradient
decreased with time. Plate 2 shows the water-table map of the 200-West Area, which includes these
WMAS, for June 1997.

When U Pond was decommissioned in 1985, effluent discharge was diverted to other facilities,

. particularly the 216-Z-20 crib, which is located north of WMA S-SX. The result of the discharge to this
crib was a shift in the peak of the declining groundwater mound northward toward the crib, thus changing
the groundwater-flow direction under the WMA from approximately west to east to its present direction
of southeast. Estimates of linear groundwater velocity beneath the WMA range from 0.004 to 0.55 m/d
(see Table 3.3-1). The estimates of hydraulic conductivity used to calculate these velocities are believed
to represent the lower range of hydraulic conductivity expected for Ringold Unit E; therefore, these
groundwater velocities should be considered lower limits (Section 4.11 in DOE/RL-96-01).

Since the monitoring well network for WMA U was established in the early 1990s, the groundwater-
flow direction under WMA U changed from slightly north of east to slightly south of east (see Plate 2).
The rate of decline in the water-table elevation slowed as the result of several large discharges to the
216-U-14 ditch, located near U Plant, in 1991 and 1993 (WHC-EP-0698). In the case of the 1993 dis-
charge, the recharge influx to groundwater temporarily reversed the direction of groundwater flow beneath
WMA U toward the northwest (Section 4.11 in DOE/RL-96-01). This reversal in flow direction was
facilitated by the greatly reduced discharge to the 216-Z-20 crib at that time (WHC-EP-0595). This reversal
is illustrated graphically in Figure 3.6-8, which shows hydrographs for monitoring wells 299-W18-25 and
299-W19-32, located, respectively, in the southwestern and southeastern corners of WMA U (see Plate 1).
While the water-table elevations were declining, the rate of decline in well 299-W19-32 slowed relative to
that in well 299-W18-25, reversing the up- and downgradient relationships within the monitoring network
in mid-1993. In late 1995, the original relationship was reestablished as a result of an increased rate of
water-level decline in well 299-W19-32 relative to that in well 299-W18-25. The 216-Z-20 crib was
active until 1995.
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The effect of discharge to the 216-U-14 ditch is complicated because of the existence of perched
water beneath the ditch. Figure 3.6-9 shows hydrographs of two wells (299-W19-91 and 299-W19-92)
that monitor the perched water table beneath the ditch. The result of the 1993 discharge was a rapid 6-m
rise in the level of the perched water table from a depth of ~34 to ~28 m below ground surface. The
effect of this rapid rise is a greater lateral distribution of water as it drains downward from the perched
water table. This is implied by the water-level trends following the 1993 discharge event, which shows a
gradual decline in water levels (see Figure 3.6-9).

Estimates of groundwater-flow velocity within the unconfined aquifer beneath WMA U range from
0.1 to 0.7 m/d (see Table 3.3- 1)

3.6.3.2 WMAs T and TX-TY Single-Shell Tank Farms

The unsaturated sediments beneath WMAs T and TX-TY are composed of the unconsolidated glacial
flood deposits of the Hanford formation, the silts and sands of the Plio-Pleistocene unit, and the sands and
gravels of Ringold Unit E. Depth to the water table is ~71 and ~66 m below ground surface at WMAs T
and TX-TY, respectively. The unconfined aquifer beneath these WMAs is contained entirely within the
sands and gravels of Ringold Unit E and is ~60 m thick. The top of the Ringold lower mud unit defines
the base of the unconfined aquifer.

The groundwater-flow direction beneath WMAs T and TX-TY was primarily to the north when the
groundwater mound developed beneath U Pond. As the mound began to recede following decomrnis-
sioning of U Pond in 1985, the groundwater-flow direction shifted from the north to the northeast. In
FY 1997, the groundwater-flow direction was to the northeast (see Plate 2). With further decline of the
U Pond mound, the direction of groundwater flow beneath these WMAs is expected to shift to the
regional west-to-east direction. At WMA T, the hydraulic gradient is 0.0013, and the estimated
groundwater-flow velocity is 0.13 m/d (see Table 3.3-1). The gradient beneath WMA TX-TY is 0.0006,
and the groundwater-flow velocity is estimated to range from 0.09 to 0.33 m/d (see Table 3.3-1).

Water-level-elevation trends for wells monitoring WMAs T and TX-TY are presented in Figures 3.6-10
and 3.6-11, respectively. The water-level trends are similar for both sets of hydrographs and show sharp
increases in the rate of water-level decline in 1995. However, the hydraulic gradient at WMA TX-TY
decreased; at WMA T it has not. The rates of water-level declines increased from ~0.2 to ~1.2 and ~0.3
to ~1.3 m/yr at WMAs T and TX-TY, respectively. These changes in the rate of decline coincide with
the cessation of surface effluent discharge in the 200-West Area. In FY 1997, the rates of water-level
declines slowed to ~0.6 and ~0.5 m/yr at WMAs T and TX-TY, respectively.

3.6.4 200-West Area Low-Level Burial Grounds

Burial grounds 218-W-3A, 218-W-3AE, and 218-W-5 make up Low-Level Waste Management
Area 3 (LLWMA 3), which is located in the north-central portion of the 200-West Area (see Plate 1).
LLWMA 4 is located in the south-central portion of the 200-West Area and comprises burial grounds
218-W-4B and 218-W-4C. LLWMA 5, located in the north-central portion of the 200-West Area, has not
been monitored for groundwater since FY 1996 because the burial ground never received waste.

3.25




Groundwater Momtormg for F Y ] 997

The 200-West Area burial grounds (LLWMA 3, 4, and 5) are underlain by the Ringold and Hanford
formations. The unconfined aquifer is entirely within Ringold Unit E. There are indications that the
aquifer is locally semiconfined beneath the northern portions of LLWMAs 3 and 5. Depth to the water
table is ~67 and 64 to 74 m below ground surface at LLWMAs 3 and 4, respectively. The saturated
thickness is ~62 to ~75 m beneath LLWMA 3 and is ~62 to ~72 m beneath LLWMA 4. At LLWMA 3,
because of stratigraphic discontinuity, either the top of the Ringold lower mud unit or the top of the basalt
defines the base of the unconfined aquifer.

The groundwater-flow direction beneath LLWMA 3 is to the northeast (see Plate 2). The eastward
component is increasing with time, as expected, resulting from the decreased liquid disposal in the
200-West Area. The rate of groundwater flow beneath LLWMA 3 is estimated to be ~0.0003 to 0.14 m/d
(see Table 3.3-1).

Water-level data from the two groundwater wells that monitor the base of the unconfined aquifer
beneath LLWMA 3 indicate that the vertical groundwater gradient in this area is downward. The water-
level elevations in shallow downgradient well 299-W7-2 are consistently greater, ~0.25 m, than those in
nearby deep well 299-W7-3; this results in a downward gradient of ~0.004. Water-level elevations in
shallow upgradient well 2909-W10-13 are generally 0.15 m greater than in deep well 299-W10-14, for a
downward gradient of 0.0027.

The groundwater-flow direction beneath LLWMA 4 has changed dramatically in the past year. Prior
to FY 1996, the groundwater-flow direction had been primarily to the west, trending to northwestin
the northern portions and slightly to the southwest in the extreme southern portion (Section 4.10 in
DOE/RL-96-01). This flow direction was the result of past disposal practices in the 200-West Area.

The groundwater mound created by liquid disposal has been declining in recent years, and the flow
direction beneath LLWMA 4 in FY 1996, although uncertain, was estimated to be west-to-northwest.

In FY 1997, the groundwater-flow direction reversed and is now primarily from west to east. The start
of Phase II of the 200-ZP-1 Operable Unit carbon tetrachloride pump-and-treat program, which began

in August 1996, further affects the groundwater-flow regime. Although the change in flow direction
observed in FY 1997 was expected despite the pump-and-treat program, the pump-and-treat program may
have hastened the change. Extraction at wells 299-W15-32, 299-W15-33, 299-W15-34, 299-W15-35,
299-W15-36, and 299-W15-37 to the east and injection at wells 299-W15-29, 299-W18-36, 299-W18-37,
299-W18-38, and 299-W18-39 to the west of LLWMA 4 are expected to influence groundwater flow in
this area. More information on the pump-and-treat system, including a su<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>