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ABSTRACT 

Pacific Northwest Laboratory conducted experiments to produce empirical 
leach rate data for phosphate-sulfate waste (PSW) grout. Effective diffu­
sivities were measured for various radionuclides (90Sr, 99Tc, t4c, 129J, 

t37cs, "Co, 54Mn, and U), stable major components (N~, SOl·, H3B03 , K and 
Na) and the trace constituents Ag, As, Cd, Hg, Pb, and Se. Two types of 
leach tests were used on samples of actual PSW grout and synthetic PSW grout: 
the American Nuclear Society (ANS) !6.1 intermittent replacement leach test 
and a static leach test. 

Grout produced from both synthetic and real PSW showed low leach rates 
for the trace metal constituents and most of the waste radionuclides. Many 
of the spiked trace metals and radionuclides were not detected in any leach­
ates. None of the effluents contained measurable quantities of 137Cs, 60Co, 
54Mn, 109Cd, stcr, 210Pb, 203Hg, or As. For those trace species with detect­

able leach rates, T~J appeared to have the greatest leach rate, followed by 
99Tc, 75Se, and finally U, 14C, and ttc.nAg. Leach rates for nitrate are 

between those for I and Tc, but there is much scatter in the nitrate data 
because of the very low nitrate inventory. 

In some cases, the size of samples leached appeared to affect the effec­
tive diffusion coefficient. Generally, for the slow-leaching constituents 
present in low inventories, greater sensitivity can be achieved by leaching 
larger samples. Some tests were conducted in which the original inventory 
was varied from a baseline value to about 10 times baseline in order to 
differentiate diffusion-controlled from solubility-controlled leaching. For 
these tests, only the data for uranium gave conclusive results: regardless 
of the amount of uranium placed in the grout, its concentration in the 
leachates was very low, implying solubility control. There was no 
significant difference in the leachate chemistry and calculated effective 
diffusion coefficients for species from real and synthetic PSW grouts . 
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EXECUTIVE SUMMARY 

This report identifies empirical leach rates for various radionuclides 
e0sr, 99Tc, 14C, 129 1, 137Cs, 60Co, 5"Mn, and U), stable major components 
(No;, so~-. H3BO,, K and Na), and the trace constituents Ag, As, Cd, Hg, Pb, 
and Se. The leach rate values are direct inputs to performance assessment 
models that are used to forecast environmental impacts resulting from the 

, disposal of grouted waste. 

In general, grout produced from phosphate/sulfate waste (PSW) (both 
synthetic and real waste) shows low leach rates for the trace metal consti­
tuents and most of the waste radionuclides. Many of the spiked trace metals 
and radionuclides were not detected in any leachates. None of the effluents 
contained measurable quantities of 137Cs, 60Co, 54Mn, 109Cd, 51cr, 210Pb, 
203 Hg, or As. 

For those trace species with detectable leach rates, 1 ~1 appears to 
have the greatest leach rate, followed by 99Tc, 75Se, and finally U, 14C, 
and 110"Ag. leach rates for nitrate are between those for I and Tc, but 
there is much scatter in the data because of the very low nitrate inventory. 

Particular attention was placed on studies that address the effect of 
sample size on the effective diffusion coefficient (D,), the effect of 
initial inventory on the effective diffusion coefficient, and comparison of 
actual PSW and synthetic PSW grout. 

The comparisons of results with standard-sized grout specimens (35 ml) 
and large-sized {142 ml} specimens was not conclusive. For a few species {K, 
Na, U) the calculated De values are indistinguishable, but for other species 
(B, I, Tc) size appears to have an effect. The B and I data suggest that D, 
values are lower for larger specimens, while the Tc data suggest the opposite 
(the larger specimen yielded a larger D,). For many of the trace metals the 

• larger specimen led to lower De limiting values when detection limits were 
observed. Thus, from a practical standpoint, for the slow-leaching consti­
tuents present in low inventories, greater sensitivity can be achieved by 
leaching larger samples. 
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The comparison of leach tests where the original inventory varied from a 
baseline value to about 10 times baseline is used to differentiate diffusion­
controlled from solubility-controlled leaching. The only data set with 
variable inventory that gives conclusive results is that for U. Increasing 
the U content of the grout led to much lower D, values. Regardless of the 
amount of U placed in the grout, its concentration in the leachates was very 
low, implying solubility control. The scatter ln the Tc and I data in 
replicates of individual tests is as large as the difference between tests at 
different inventories. Although not statistically meaningful, both species 
yield higher D, with the higher loadings. This trend is similar to that 
observed when increasing the loading of most macro constituents--that is, 
increasing the waste loading generally has an adverse impact on waste form 
leachability. The limited scale-up and variable inventory studies would 
profit from continued work in which larger ranges in size and inventory are 
studied. 

There was no significant difference in the leachate chemistry and cal­
culated effective D,s for species from real and synthetic PSW grouts. We 
note in particular the similar concentrations of total organic carbon in 
leachates from both types of grout. The similar leach rates for trace 
metals, which readily complex with chelating agents, for the two grout types 
further support our conclusion that organic chelates are not an important 
issue for PSW grout. 

The chemistry of the leachates shows that the leachates from the real 
PSW grout are quite similar to those from the synthetic PSW grout. Further­
more, there are no significant differences in the chemistry of leachates from 
small and large grout specimens. Finally, results from the chemical analyses 
of these grouts, which are composed of 70% by volume phosphate waste and 30% 

by volume sulfate waste, are very similar to those for the 60%:40% PSW grouts 
studied previously. 

The report also discusses other chemical analyses and geochemical com­
puter code simulations that were used to identify mechanisms that control 
the release of species from the solid grout waste form during contact with 
ground water. Knowledge of the controlling chemical and physical processes 
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is necessary to justify the extrapolation of the empirical laboratory data to 
long time periods and the very large scale of the grout disposal system. 

It is difficult to explain the observed D, values strictly on diffusion 
theory. For instance, De values generally continue to decrease with time. 
(Diffusion theory predicts a constant effective diffusivity versus time.) 
Furthermore, constituents that are not potentially solubility controlled and 
pH dependent generally show larger leach rates in static leach tests versus 
the ANS 16. I 1 each tests. (The opposite would be expected with diffusion 
theory.) Constituents that show this trend include K, Na, I, and B. For 
species that readily precipitate at highly alkaline pH values, static leach 
tests often yield lower leach rates than do the ANS 16.1 leach tests because 
of the difference in steady-state pH values. The pH of the leachates is 
strongly influenced by the availability of carbonate. In the ANS 16 .1 1 each 
tests, the frequent replenishment of leachant and the bicarbonate in the 
leachant controls the pH at values between 8.3 and 8.5. In the static leach 
tests, where replenishment is limited, the carbonate becomes depleted and the 
precipitation of brucite [Mg(OH) 2] appears to control the pH at about 12. 

Species that appear to be significantly influenced by pH/solubility 
•o 14 " 54 b d If processes are Sr, C, Co, Mn, U, Ag, As, Cd, Cr, Hg, P , an Se. 

diffusion were the only mechanism causing the leaching, theory would predict 
that the static leach tests would yield lower leach rates, or D, values, than 
would the ANS 16.1 leach tests. The lower values forD, in the static leach 
tests should occur because the leached materials accumulate in the leachate 
and lower the driving force (the concentration gradient) for release. In the 
ANS 16.1 leach test, a high concentration gradient is established each time 
the solution is exchanged. The counter-intuitive results for K, Na, I and 8 
might be explained by the precipitation of calcium carbonate on the grout 
surface, thereby reducing grout permeability and diffusion potential. The 
ANS 16.1 leach tests show significantly more precipitation of calcium and 
inorganic carbon than do the static tests. Carbonation of cement is a very 
common reaction, as evidenced by the mineralogic characterization of ancient 
cementitious artifacts (Roy and Langton Ig82, 1983), 20-year-old hydrofrac­
ture grout (Stinton, McDaniel and Weeren 1984), and laboratory tests on 
cement waste forms (Bernard et al. 1982). Characterization of leached PSW 
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grout will be performed at the end of tests to investigate the possible 
presence of a protective film of carbonate minerals. 

Key species that continue to show the greatest leach rates and mobility 
in Hanford sediment-ground water systems include I, Tc, and No;. We now 
conclude that the U, Cr, and nearly all of the other regulated trace metals 
(Ag, As, Cd, Hg and Pb) need not be considered as potentially rapidly 
leached species. Selenium may leach somewhat faster, but probably not as 
fast as I, NO~, or Tc. 
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1.0 INTRODUCTION 

A Grout Treatment Facility (GTF) has been constructed on the Hanford 
Site near Richland, Washington, and is being used to immobilize and dispose 
of low-level liquid, radioactive wastes as a solidified grout. The grout 
disposal program is funded through the U.S. Department of Energy (DOE) and is 
managed by Westinghouse Hanford Company (WHC), with technical support from 

,, Oak Ridge National Laboratory (ORNL) and Pacific Northwest Laboratory 
(PNL). (a) 

In the GTF, low-level liquid wastes are mixed with blends of grout­
forming solids (Portland cement, fly ash, clays, and other components) to 
produce a slurry. This slurry is pumped to near-surface disposal sites 
(engineered vaults) where the grout hardens, thus immobilizing the waste. As 
part of the program to demonstrate the acceptability of grout as a final 
disposal method, performance assessment studies are being conducted. These 
studies yield computer-generated predictions that are used to assess the 
impact of the grout disposal method on long-term public health and safety. 

An assessment of the long-term risks posed by grout requires data on the 
ability of grout to resist leaching of waste species contained in the grout 
via contact with water that percolates through the ground. Data are also 
needed on the ability of soil (sediment) surrounding the grout to retard the 
mobility of any wastes released from grout. Any change that may occur with 
time (up to 10,000 years) in the ability of grout to contain wastes and the 
ability of sediment to retard waste migration must also be factored into a 
credible performance assessment. 

This report describes specific laboratory experiments that are producing 
empirical leach rate data for a particular waste stream, phosphate-sulfate 
waste (PSW). Empirical leach rates are being produced for specific radio­
nuclides {90Sr, 99Tc, 14C, 129 1, 137Cs, 6°Co, 54Mn, and U}, stable major 

components (No;, so;·, H3B03 , K, and Na) and trace constituents (Ag, As, Cd, 
Cr, Hg, Pb, and Se). The leach rate values are direct inputs to the 

(a) Pacific Northwest Laboratory is operated by Battelle Memorial Institute 
for the U.S. Department of Energy under Contract DE-AC06-76RLO !830. 
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performance assessment models used to forecast environmental impacts. In 
addition, the report discusses other chemical analyses and geochemical com­
puter code simulations that were used to identify mechanisms that control 
the release of species from the solid grout waste form during contact with 
ground water. Knowledge of the controlling chemical and physical processes 
is necessary to justify the extrapolation of the empirical laboratory data to 
long time periods and the very large scale of the grout disposal system. 
Particular attention was placed on studies that address the effect of sample 
size on measured effective diffusion coefficients, the effects of starting 
inventory on measured effective diffusion coefficients, and comparison of 
actual PSW and synthetic PSW grout. 

The report is divided into sections that discuss probable hydrologic and 
chemical processes controlling grout leaching and subsequent migration, con­
ceptual leaching models considered, materials used in leaching tests, methods 
used in leaching tests, and laboratory test results and conclusions. Appen· 
dices A through E contain the raw data used to support the analyses. 
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2.0 PROBABLE HYDROLOGIC AND CHEMICAL PROCESSES CONTROLLING 
LEACHATE GENERATION AND SUBSEQUENT MIGRATION 

Hanford grouts are formed by mixing liquid waste with dry solids, 
including cement, fly ash, clay, and sometimes other additives. The cement 
acts as a binder while the fly ash reacts with excess calcium hydroxide from 
the cement, thereby reducing permeability and leach rates. Fly ash also 
improves the pumping characteristics of the slurry. Additives such as clay 
are used as suspending agents and to adsorb or sequester specific contami­
nants. For each specific type of liquid waste, a grout recipe will be 
developed to optimize the waste form's stability and long-term leaching 
characteristics. The wastes and solids used in the formulation may enter 
into reactions that control the rate and chemistry of leachate generation and 
the subsequent migration of leached species. A specific description of the 
PSW grout recipe is given in Section 4.0. 

2.1 REACTIONS DURING GROUT HYDRATION AND SETTING 

The dry Portland cement used in grout formulation is a mixture of tri­
calcium silicate (3CaO•Si02), dicalcium silicate (2CaO·Si02), tricalcium 
aluminate (3Ca0·Al 20,), tetracalcium aluminoferrite (4Ca0•Al 203 ·Fe203), and 
other constituents. Upon wetting, these minerals hydrate, forming polymeric 
chains of mostly amorphous calcium silicates, crystalline aluminoferrites and 
aluminates, and portlandite [Ca(OH) 2]. When other chemicals are present, 
such as sulfate in wastes or bicarbonates in the ground-water leachant, other 
reactions occur, forming compounds such as calcium monosulfoaluminate, 
(3CaO•Al203 ·CaS04 •12H20), gypsum (CaS04 ·2H20), calcite (CaC03), and carbon· 
ated calcium aluminates and ferrites. 

During hydration and curing, the permeability of the grout decreases 
significantly. The decreased permeability serves to physically isolate waste 
components inside the grout from future water contact. Furthermore, some of 
the waste constituents chemically react with the grout minerals or additives 
and become more strongly bound in the grout matrix. Some of the pH-sensitive 
cations such as trace metals and actinides can form highly insoluble hydrox­
ides in the high pH environment inside the grout. Certain clay additives 
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adsorb cations such as cesium. Matsuzuru and Ito (1977) show that the addi­
tion of 10% to ZO% by weight zeolite (a material with clay-like adsorptive 
properties) to the dry grout ingredients can decrease the effective diffu­
sivity of cesium by two to three orders of magnitude. In the PSW grout 
formulation, Indian Red pottery clay is added to adsorb cesium. Thus, some 
waste constituents are sequestered in the grout by strong chemical bonds, 
while other waste constituents are physically isolated in the small pores of 
the grout. 

Z.Z CONTAMINANT LEACHING 

For grouts containing radioactive and chemical hazardous wastes, the 
release of wastes is most often described as an effective diffusion process. 
Pore water in the grout dissolves or desorbs wastes contained in the grout. 
Solubilized wastes then diffuse through the pores, out of the grout and the 
cement vault, and into the surrounding sediments. 
processes that control grout leaching are complex, 

In reality, the actual 
but most of the available 

literature on grout and cement leaching argue fairly conclusively that an 
effective (or lumped} diffusion model satisfactorily explains the observed 
short-term laboratory data (see Section 3.0 for references). With the effec­
tive diffusion model, most radionuclides and, by inference, inorganic hazard­
ous chemicals leaching from cementitious waste forms exhibit a wide range of 
diffusion coefficients ranging from 10"6 to less than 10"12 cm2/sec. In 

water, most cations and anions exhibit a diffusion coefficient of approxi­
mately 10·5 cm2/sec (Dayal, Arora and Morcos 1983). The large range in the 
effective diffusion coefficients observed is a reflection of the other pro­
cesses, such as adsorption, precipitation, and mineral substitution, that 
impede the release of some constituents. 

The effective diffusion model is used because it is simple and yet 
satisfactorily describes the leaching observed in laboratory tests that were 
conducted over time periods ranging from months to a few years. More com­
plicated models may require complete analysis of the chemical and minera­
logical nature of the grout both before and after contact with leachant, and 
a complete chemical characterization of the leachate solution versus time. 

z.z 
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Furthermore, the grout and its interstitial water probably vary both chemi­
cally and physically, with position relative to the grout surface such that 
bulk analyses of the grout solid and bulk leachate are only crude estimates 
of the reacting system. Micro-analytical techniques that allow analyses at 
the surface of the grout and at various depths may be necessary to adequately 
describe all of the interactions and to predict long-term changes in the 
waste retentive properties of the grout. Very few experimenters on low-level 
nuclear waste-form leaching have attempted detailed analyses of the bulk 
solids and leachates, let alone the potentially numerous micro-environments 
that can exist in the grout. 

Should future analyses indicate that leaching of the PSW grout must be 
reduced, a protective barrier could be installed over the grout to provide 
the required protection. Although a protective barrier emplaced over dis­
posed grout can nearly eliminate infiltration of water, moisture will still 
exist in the porous sediment surrounding the grout. Furthermore, although 
water is usually seen as a vehicle for transport (i.e., in advection and dis­
persion processes) it is also a conduit for transport (i.e., by diffusion). 
Therefore, while a moisture barrier is assumed to eliminate the relatively 
rapid release and transport of waste constituents from grout waste forms 
caused by advective transport, releases can still occur by diffusive trans­
port through the virtually immobile soil water. It follows that the diffu­
sive transport pathway would control the release and transport of wastes. 
The grout is also assumed to supply radionuclide concentrations at maximum 
(initial) levels at the grout-sediment interface until the source is 
depleted. Driven by these maximum, constant concentrations, the diffusion­
dominated water pathway conducts contaminants vertically to the unconfined 
aquifer, but also laterally to the advection-dominated water transport path­
ways outside the barrier's influence. 

Release from beneath a properly functioning moisture barrier is assumed 
to occur as a result of diffusive transport through the sediment pore water. 
This transport mechanism will apply if the barrier functions as designed. If 
the barrier fails [barrier failure scenarios have been studied in the Hanford 
Defense Waste Environmental Impact Statement (U.S. DOE 1987)], a coupled 
advection-diffusion transport model will be required to describe release and 

2.3 



transport because both of these processes may provide significant contribu­
tions to the overall release. Such a combined advection-diffusion transport 
model will require detailed hydrologic knowledge of the neighboring unsatu­
rated sediments and an understanding of the mechanisms of release of contami­
nants from the grout surface. Thus, with or without a protective barrier 
installed over the grout, water to varying extents can contact the grout, 
thereby leaching contaminants and serving as a vehicle and/or a conduit for 
moving those contaminants away from the grout. Therefore, the leaching pro­
cess, especially as a function of rate of water contact, must be thoroughly 
understood to forecast rate of release of contaminants from the grout. 

After contaminants from within the grout matrix diffuse to the surface 
and diffuse through or are carried by ground water through cracks in the 
disposal vault, they will contact the partially saturated sediments that 
surround the vault. Upon contacting the sediments, the leached contaminants 
can be advected away by percolating water or diffused away through the pore 
water contained in the partially saturated vadose sediments. By either 
pathway, the wastes will eventually reach the water table. In both the 
vadose sediments and saturated aquifer sediments, chemical reactions, such as 
adsorption and precipitation, and physical processes, such as diffusion and 
dispersion, will change the composition and concentration of the leachate. 
In the semi-arid climate at Hanford, it is likely that the concentrations of 
many chemical constituents in solution at the grout-sediment interface will 
be at their maximum values (i.e., limited by their solubilities}. Also, 
after an initial stabilization period, it is unlikely that redox and pH 
conditions will change dramatically as the leachate is transported away from 
the sediments surrounding the grout. From these two assumptions, it is 
inferred that any dissolution/precipitation reactions that might occur should 
happen near and/or within the surface of the grout, the vault concrete, and 
the sediment directly contacting the vault. 

2.3 RELEVANCE TO THE CURREN! DISPOSAL DESIGN 

Phosphate-sulfate waste grout is disposed in a concrete vault 34 ft deep 
bY 50ft wide by 125ft long. The vault is lined with two layers of geomem­
branes to prevent dewatering and release of fluids over the short term. 
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The laboratory studies described in this report do not simulate the cur­
rent disposal scheme. These initial studies allow the grout to directly con­
tact representative ground water. For the present, the layer of vault 
concrete and liners are not included. The results of these laboratory tests 
should overestimate the release of contaminants in the early period of waste 
form leaching because the vault and liner will provide additional barriers to 
release. In the long term, it is difficult to predict the effectiveness of 
the liners as water barriers, or the possible effects of the liners on the 
chemical reactions that influence leaching. In the long term, the vault con­
crete will react with ground water and the resultant chemical reactions 
should be very similar to reactions investigated in these grout/ground water 
tests. As long as it remains intact, the concrete vault will probably act as 
an additional diffusion barrier across which leached species must pass before 
reaching the sediment. The leached species will likely continue the same 
chemical reactions that occurred within the grout, as the concrete and grout 
are chemically similar. Therefore, these initial tests are useful in 
describing the transport through the concrete vault. It would be useful to 
develop a diffusion-controlled mathematical model that includes an outer 
layer of "clean" concrete surrounding an inner layer of "contaminated" grout. 
By varying the thickness of the outer layer and selecting appropriate effec­
tive diffusion coefficients for the grout and concrete, the net flux rate of 
contaminants to the sediment could be bounded. The effective diffusion 
coefficients for the concrete could also be varied to evaluate the sensi­
tivity of the overall flux rate to the attributes of the concrete. 

A significant issue in developing data for long-term performance assess­
ment predictions is whether the laboratory grout leach experiments, which are 
of relatively short duration, yield relevant data. The aging of grouts may 
either improve (e.g., carbonation) or degrade (e.g., cracking) grout proper­
ties, perhaps resulting in significantly different rates of waste release 

1
1 from those measured on freshly made grout. 

A key in predicting the performance of grout waste forms over extremely 
long time periods (up to 10,000 years) requires an understanding of the grout 
properties at specific ages. Ideally, grouts would be produced that have the 
appropriate 11 aged 11 composition in a reasonable time for testing. However, 
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methods for producing 11 0ld 11 samples have not been developed to a defensible 
state. Historically, the prediction of properties of radioactive waste mate­
rials has been attempted through the study of natural analogs. The basis for 
this comparison is that the analogs have been stable for thousands to mil­
lions of years; therefore their counterparts should also be stable. However, 
cementitious materials, such as grout, in comparison to the relatively static 
systems of nature, are actually dynamic systems since their chemical and 
physical properties change continually with time. While attempts have been 
made to study ancient cementitious materials (Roy and Langton 1983), direct 
comparison with today's materials is impossible because of unknown starting 
compositions of the ancient mortars and different aging conditions. Grout 
durability studies that address this "aging" issue have been proposed and may 
be initiated at a later date. 

In summary, the leach rates discussed in this report likely overestimate 
the actual flux from grout into the sediment given that the proposed disposal 
scheme includes liners, a concrete vault, and a gravel cocoon as an addi­
tional barrier. Future modeling activities and laboratory testing will 
attempt to quantify the actual release rates for the current disposal scheme. 
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3.0 CONCEPTUAL LEACH MODEL 

Before designing and performing the laboratory leaching and adsorption 
tests, we reviewed available literature to identify the types of experiments 
and conceptual models that others have used. The conceptual models or the 
constructs used to analyze the empirical data are especially important 
because they dictate the types of experiments that should be run and what 

•· parameters should be measured or controlled. In another document (Serne et 
al. 1987), we concluded that the semi-infinite solid diffusion leach model 
was most appropriate. This type of diffusion model is the most popular 
release model used to describe the leaching of grouts and other cement waste 
forms. This model is used by researchers at Brookhaven National Laboratory 
(Kalb and Columbo 1984; Arora and Dayal 1984; Dayal, Schweitzer and Davis 
1984; Dayal, Arora and Marcos 1983); at ORNL (Moore, Godbee and Kibbey 1977; 
Godbee, Anders and Nielson 1980; Clark 1977); at the Japan Atomic Energy 
Research Institute (Matsuzuru and Moriyama I982; Moriyama, Dojiri and 
Matsuzuru 1977); and at the United Kingdom Atomic Energy Authority, Harwell 
(Sambell, Smitten and Elsden 1982). This model is used to analyze laboratory 
leach data on cylindrical blocks of cemented or grout waste forms in which 
nuclear wastes are incorporated. This model is endorsed by the American 
Nuclear Society (ANS) and is the basis for their recommended leach test 

• 

ANSI/ANS-16.1, "Measurement of the Leachability of Solidified Low-Level 
Radioactive Wastes, by a Short-Term Test Procedure" (ANS 1986). The theo­
retical equations for diffusion-controlled leaching that follow are based on 
the following assumptions: 

1. Once leaching commences, the concentration of the species being 
leached is zero in the solution at the waste form surface. In 
other words, dissolved waste is swept away from the surface as soon 
as it diffuses out of the waste form. 

2. The leachant solution is continually moving past the waste form and 
its composition never changes significantly. 

3. The solid waste form is homogeneous and remains essentially 
unchanged chemically and physically during the leach process. In 
other words, no significant chemical alterations occur and the mass 
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of constituents removed from the waste form is negligible in com­
parison to the total mass in the waste form. This is known as the 
semi-infinite requirement. 

4. The surface is smooth and does not deteriorate with time or acquire 
a protective layer (i.e., the surface area is constant and equal to 
the geometric surface area). 

5. There are no time-dependent interactions among the leachable 
species, the leachant, and the solid matrix. 

6. The radionuclides and hazardous chemicals of interest are present 
as single chemical species. 

7. The leachable species are mobilized by the leachant such that bulk 
diffusion is the limiting process. 

Although the semi-infinite solid diffusion leach model is based on these 
seven simplifying assumptions, it has been accepted by many researchers. It 
is used to interpret laboratory leach tests on cement and grout waste forms 
in which the leachant is either changed periodically or contacts the solid in 
a once-through flow apparatus. This diffusion model appears to successfully 
describe most empirical data collected to date. 

The mathematical description of a diffusion model that meets the above 
assumptions yields a diffusion coefficient for each leached species. The 
effective diffusion coefficient lumps all of the chemical and physical inter­
actions that may actually be occurring into a single value that defines 
release rate. 

There are two mathematical descriptions of the semi-infinite cylinder 
leach model commonly used to analyze laboratory data: 
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where De • effective diffusion coefficient (cm2/sec) 

a
0 

= amount of species of interest leached during the leach interval 
(e.g., g or ~i) 

A
0 

• total amount of species in solid waste form (e.g., g or ~i) 

V =volume of solid waste form (cm3
) 

S = geometric surface area of waste form (cm2
) 

t • total elapsed time since start of leaching (sec) = ~(at)n • tn 

T = [l/2(jtn + ~)]2 

(atn) = time duration of interval n (sec) 

n = subscript number for each time interval 

N • total number of time intervals = ~. 

Equation (3.1) is used to calculate the cumulative diffusion coefficient 
for species "i," and Equation (3.2) is used to calculate the instantaneous or 
incremental diffusion coefficient for species "i 11 at each leach interval "n.•• 

If the leach experiments satisfy the seven conditions previously mentioned, 
both equations will give the same effective diffusion coefficient at all 
times. 

In the disposal system, the concrete vault into which the PSW grout is 
poured is surrounded by sediment partially saturated with water. The water 
flow rate in the sediments around the vault is expected to be fast relative 
to the diffusion rate of species through the vault concrete and grout. How­
ever, it is doubtful that the flow rate of water around grout is fast enough 
to meet the first assumption--i.e., that dissolved waste·diffusing out of the 
grout will be swept away from the surface and satisfy the boundary condition, 
concentration= 0 at t > 0. If diffusion is the controlling process, the 
results of using this model should over-predict the release of species from 
PSW grout if the leachate is not rapidly swept away from the grout surface, 
because any buildup of concentration near the surface will decrease the 
diffusive driving force. 
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Over a 10,000-year time frame {which is assumed in the HOW-EIS to be the 
duration that the grout disposal system must provide protection of the public 
health and safety), the mass removed from the grout could begin to deplete 
the original waste inventory such that the third assumption, the semi­
infinite solid, would lead to higher calculated releases than would a finite 
solid. Thus, the approach is conservative. ANSI/ANS-I6.I gives correction 
tables for various geometries to correct predicted release rates if the semi­
infinite criterion is violated. Furthermore, Moriyama et al. {1975) and 
Nestor {I980) give exact mathematical expressions for calculating 0, values 
for certain finite geometric shapes. Exact solutions for finite spheres and 
parallelepipeds are also available. To ascertain whether more accurate 
results could be obtained using finite solid corrections, a useful rule of 
thumb is that corrections become important only if more than 20% of the total 
mass of a constituent of interest has leached from the waste form. A second 
check is to test whether the product, o,.;-r-, is much less than r, the char­
acteristic length parameter for a solid shape. If so, to use the semi­
infinite model equations over the time frame of interest is technically 
justifiable. 

The 0, {cumulative values) listed in Appendix B are corrected when 
IanfA0 exceeds 20%. The corrections are based on the characteristic lengths 
{diameter and height) of the sample cylinders per the protocol given by 
ANSI/ANS 16.1 {ANS 1986). 

It seems quite likely that PSW grout and vault concrete disposed in 
Hanford sediments will react with the carbonate-rich ground waters to form 
calcite and carbonate-rich solids similar to those found in the artifacts 
from Cyprus and Greece. Carbonation of cement is a very common reaction, as 
evidenced by mineralogic characterization of ancient cementitious artifacts 
{Roy and Langton 1982, 1983) and 20-year-old hydrofracture grout {Stinton, 
McDaniel and Weeren 1984), and by laboratory tests on cement waste forms 
{Bernard et al. 1982). Whether these reactions would form protective layers 
on the grout that impede diffusion is uncertain. It does appear that chemi­
cal reactions such as these might further lower the release of certain spe­
cies such as 90Sr. The impact over long periods of time is less certain. 
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If Equation (3.1) is rearranged, we can get a relationship that, when 
plotted versus the square root of time, should yield a straight line: 

(3.3) 

It is often found that actual leach data indicate a much faster release 
in the early time periods of the leach test and later satisfy the linear 
dependence on~- Matsuzuru and Moriyama {1982); Godbee, Anders and 
Nielson {1980); Matsuzuru and Ito 1978; and Dayal, Arora and Marcos {1983) 
discuss leach experiments that show the initial rapid release. Data from 
these studies are analyzed using linear regression on Equation (3.4) to pro­
vide a best-fit D value {from the slope) and an empirical "instantaneous 

• 
wash-off fraction, "a, •• from the intercept at t = 0: 

1/2 
v s = 2 {3.4) 

The actual mechanism or cause of the .. instantaneous wash-off,. has not 
been conclusively identified and perhaps could reflect that the experiments 
themselves do not satisfy all seven model assumptions discussed earlier. At 
any rate, after a relatively short time·period, the data start obeying Equa­
tions {3.1) and {3.3)--i.e., leach rate is proportional to the square root of 
time. If we assume that the leach data would continue to follow Equation 
(3.4) for very long time periods, we would predict an initial pulse release 
{the magnitude equal to a) followed by a release rate proportional to the 
square root of time until the inventory is exhausted. 
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4.0 MATERIALS 

The materials used in these experiments (i.e., actual phosphate/sulfate 
liquid waste, synthetic liquid waste, radioactive grout, and ground water) 
are described in this section . 

4.1 LIQUID WASTE STREAM 

The low-level liquid waste stream from which grouts were made for this 
study is comprised of phosphate and sulfate solutions that result, respec­
tively, from a decontamination operation and a fuels storage basin water 
cleanup process at Hanford's N Reactor. The grouts were made using 70% by 

volume phosphate waste and 30% by volume sulfate waste. 

Actual phosphate and sulfate waste streams were obtained and analyzed. 
Some grout was prepared with a 70%/30% mixture of real waste, and other 
grouts were prepared with real liquid waste spiked with 50 mg/L U as 
U02(N03) 2 • Most of the grouts that were prepared for leach testing contained 
synthetic PSWs that were spiked with radioisotopes of elements that appeared 
in preliminary performance assessment calculations to be of greatest concern 
(Sewart et al. 1987). Specific details on the chemical and radionuclide 
content of the liquid wastes follow. 

4.1.1 Analysis of Actual Liquid Wastes 

The sulfate waste was obtained from Rockwell Hanford Operations 
(Rockwell) on December 12, 1986. The sample was designated lOON S04 1212-2. 
The unneutralized phosphate waste was obtained from Rockwell in November 
1983. The subsample for this work was stored in a plastic container for the 
3 years between receipt of the two waste streams. On December 31, 1986, 
about 70 ml was removed from each waste stream. Exactly 1.0 rnl of each waste 
type was diluted to 15.0 mL and counted for gamma emitters. A second aliquot 
was filtered through 0.22-~ membranes and then diluted 1.0 mL, to 15.0-mL 
total. The filter was also saved and counted. The radiocounting results are 
presented in Table 4.1. 
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TABLE 4.1. Radionuclide Content of Liquid Waste Streams (!l(i/L) (a) 

Sulfate Waste Unfiltered Filtered Particles on Filter(b) 

S4Mn 1.12 X JO' 1.42 1.39 X 101 
60Co 9.93 X IO'' 3.05 X 10-1 9.25 X 10'1 

9szr 4.26 X JO'' <5 X 10'2 3. 53 X 10'1 
95Nb 1.03 <5 X 10-z 9.72 X 1 o·' 

144Ce 1.27 <5 X 10-z 1.31 
1o3Ru <5 X 10'2 <5 X 10-z 9.52 X 10'2 

Pho~~hate Waste 
51'Mn 1.16 9.83 X 10-1 4.86 X 10-z 
60Co 1.30 X 102 1.36 X 102 4.25 X 101 

(a) Determined on 12/31/86. 
(b) Counting geometry for filter paper was not established; thus, these 

values are only approximations. 

In May 1984, the phosphate waste was analyzed and found to contain 
8 !l(i/L ''Mn and 265 !l(i/L 60Co. With decay, assuming 2.6 years between 
analyses, the values in December 1986 would have been 1.5 !l(i/L 54Mn and 
190 !l(i/L 60Co. Although the analyses for May 1984 and December 1986 do not 
agree exactly, they are similar. The May 1984 analysis also showed that the 
total alpha activity was <0.3 !l(i/L. 

The total chemical analysis of the real phosphate and sulfate waste 
streams was conducted on January 14, 1987. Previously (1984), the phosphate 
waste stream was analyzed; results from that analysis are shown in paren­
thesis in Table 4.2, next to results from the PNL analysis. 

4.1.2 Synthetic Liquid Waste 

Most of the grout samples used to develop leach rates of important 
radionuclides and trace metals were prepared using simulated liquid waste. 
The recipe for making simulated waste solutions was obtained from Rockwell. 
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TABLE 4.2. Chemical Analysis of Real Waste Streams (mg/L) 

Component Sulfate Waste Phosphate Waste<a) 

pH (units) 7 .54(b) <I.o<•> 

Eh (mV) 390.0 NA<c> 

• Al <0.3 0.65 

B 0.4 0.1 

Ba <0.02 0.07 

Ca 150.0 4.0 (2.7) 
Co <1.0 0.3 

Cr <0.2 1.4 (1.6) 
Cu 0.1 0.7 
Fe 0.1 338.0 (240) 
Mg 14.0 0.9 (0.7) 
Mn 0.03 40.0 (30) 
Na 1850.0 9.6 (7.8) 
Ni <0.2 5.0 (1.9) 
p 1.7 16000.0 
Si 1.2 4.1 (2.4) 
Sr 0.6 <0.02 
Zn 0.2 1.7 (1.2) 
Zr 0.1 0.3 
u <0.05 <0.05 
P04 <10.0 51300.0 (50500) 
so, 4300.0 <20.0 
Citrate NA NA (4500) 
NH• 

4 <0.5 11.2 

(a) Parenthesis indicate results of previous analyses. 
(b) Unneutralized waste streams; prior to making grout, 

both wastes were neutralized to pH-12 with NaOH. 
(c) NA • not analyzed. 
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For this study, several of the trace constituents specified in the Rockwell 
recipe were not added. The recipes used by PNL for the two waste types are 
shown in Tables 4.3 and 4.4. 

The pH 12 solutions contained visible precipitates, perhaps oxides and 
hydroxides. Results from a complete chemical analysis of the slurry {after 
acidification) and a 0.22-pm filtrate are shown in Table 4.5. The values for 
the filtrate are shown in parenthesis where they differ significantly from 
the values for the total slurry. 

4.2 RADIOACTIVE GROUT 

The composition of the radioactive PSW grout is shown in Table 4.6. To 
produce the grout, the liquid waste streams were mixed {70% phosphate/3D% 
sulfate by volume) and blended with grout-forming solids. A ratio of 7 lb of 
solids to I gal of liquid waste {840 g/L) was used to produce the grout. 
Twelve batches of grout were made to facilitate analyses of 1each rates for 

TABLE 4.3. Simulated Phosphate Waste Prepared by PNL {1-L basis) 

I. Add 280-ml distilled water 
2. Add 25.5-ml Turco 4521A-17 {without inhibitor) 
3. Add 0.12-g diethylthiourea 
4. Add 11-mg Cr{N03),-9H20 

0.27-mg Cu S04 ·5H20 
1000.0-mg Fe{N03) 3 ·6H20 
130. 0-mg Fe2 { S04), 

87.0-mg MnS04 ·4H20 
3 .1-mg ZnS04 • 7H20 
9.2-mg Ni{N03) 2 ·6H20 
13.0-mg Ca{N0,) 2·4H20 
26.0-mg NaF 
36.0-mg NaCl 

5. Add 19M NaOH solution until pH • 12.0 ± 0.1 
6. Fill to 1.00 L with distilled water 
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TABLE 4.4. Simulated Sulfate Waste Prepared by PNL (l·L basis) 

I. Add 300-ml distilled water 
2. Add 4.5-g Na2S04 

3. Add 0.54-mg BaCO, 
0.15-mg Cd(N0,)·4H20 
73.0-mg Cr(N0,) 3 ·9H20 
1.3-mg Pb(N0,) 2 

0.13-mg AgN03 

1.2-mg CuS04 ·5H,O 
97.0-mg Fe(N03 ) 3 ·6H20 
160.0-mg Fe2(S04) 3 

10.0-mg MnS04·4H20 
170.0-mg ZnS04 ·7H20 
15.0-mg Ni(N0,) 2 •6H20 
240.0-mg Al(N0,)3 •9H20 
20.0-mg KN03 

68.0-mg CaS04 

88.0-mg NaF 
66.0-mg NaCl 

4. Add 19M NaOH solution until pH = 12.0 ± 0.1 
5. Fill to 1.00-L with distilled water 

specific trace metals and radionuclides. Table 4.7 summarizes the contents 
of each batch; specific details on each batch are described in the following 
paragraphs. 

Batch #I contained 14C spiked into the simulated phosphate/sulfate 
liquid waste. Exactly 250 ml of mixed PSW liquid was traced with 0.01 ml of 
NaH 14C03 sol~tion (pH=9.8). The activity of the 14C spike was 1.76 mCi/mL. 
The dry solids (210 g) were added to the spiked PSW liquid, and grout was 
produced. The 14C activity was approximately 0.5 mCi/L of grout. 

Batch #2 contained stable As, 1®Cd, and ~0Hg spiked into simulated 
phosphate/sulfate liquid waste. Exactly 250 ml of mixed PSW liquid was 
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TABLE 4.5. Chemical Analysis of Simulated Waste Streams (mg/L)(a) 

Component Sulfate Waste Phosphate Waste(•) 

pH 12.0 12.0 
Al 16.8 (II) <0.3 
B 0.08 0.06 
Ba 0.24 <0.02 
Ca 25.0 (2.8) 3.1 (8) '. 
Co <0.1 <0.1 
Cr 9.3 (0.58) 1.6 (<0.2) 
Cu 0.35 0.12 
Fe 327 (<0.5) 157.0 (5.7) 
K 5.0 <3.0 
Li 0.06 0.23 
Mg 0.61 0.54 
Mn 3.8 (<0.2) 23.0 (0. 7) 
Na 2075.0 (2050) 17500.0 (17400) 
Ni 3.1 (<0.2) <0.2 
p <1.0 8350.0 (8270) 
Pb 0.9 (<0.6) <0.6 
Si 0.19 0.32 
Sr 0.075 0.03 
Zn 39.0 (<0.2) 1.0 (<0.2) 
Zr 0.11 0.09 
F NA'" (40) NA (50) 
Cl NA (40) NA (20) 

NO, NA (260) NA (600) 
P04 NA (<5) NA (26000) 

so. NA (4100) NA (100) 

(a) Parenthesis indicate filtrate analysis. 
(b) NA • not analyzed. 
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TABlE 4.6. Composition of Radioactive PSW Grout 

Mg&teri g 1 Era~tion 

Solids Portland type I and II cement 41 wt% 
Class F fly ash 40 wt% 
Attapulgite clay II wt% 
Indian red pottery clay 8 wt% 

liquids Sulfate waste components 30 vol% 
Phosphate waste components 70 val% 

spiked with As (as As205 dissolved in distilled water) to obtain a 5 mg/L 
concentration, 0.002 ml of 2~Hg (8.32 mCi/mL) dissolved in O.IN HCl, and 
0.002 ml of 1 ~Cd (9.137 mCi/mL) dissolved in O.IN HCl. The dry solids 
(2IO g) were added to the spiked solution and grout was produced. The 
approximate concentrations per liter of grout were 3.3 mg/L of As and 
0.05 mCi/L of 2~Hg and 1 ~Cd. 

Batch #3 contained 75Se and 110"Ag spiked into simulated phosphate/ 
sulfate liquid waste. Exactly 250 ml of mixed PSW liquid was spiked with 
0.0022 ml of 75Se (7.55 mCi/mL) as selenate (Na2Se04) dissolved in water, and 
0.0424 ml of 110"Ag (1.7I mCi/mL) as AgN03 dissolved in O.IM nitric acid. 
The dry solids (210 g) were added to the spiked solution, and grout was 
produced. The approximate concentrations per liter of grout were 0.05 mCi/L 
for 75Se and 110mAg. 

Batch #4 contained 125 1, 51 Cr, and 210Pb spiked into simulated 

phosphate/sulfate liquid waste. Exactly 500 ml of mixed PSW liquid was 
spiked with 4.06 ml of 1 ~I (0.00814 mCi/mL) as sodium iodide (I) in dilute 
sodium hydroxide solution, 0.0424 ml of 51Cr (0.766 mCi/mL) as sodium chro­
mate (Cro~·) dissolved in distilled water, and 0.118 ml of 210Pb 
(0.264 mCi/mL) as Pb2

+ dissolved in dilute HN03 . The dry solids (420 g) were 
added to the spiked solution, and grout was produced. The approximate con­
centrations per 1 iter of grout were 0. 05 mC i/L for 125 I and 51 Cr, and 

0.048 mCi/L for 210Pb. 

Batch #5 contained 1 ~I and 51 Cr spiked into simulated phosphate/sulfate 
liquid waste. Exactly 500 ml of mixed PSW liquid was spiked with 0.406 ml 
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TABLE 4.7. Posphate/Sulfate Waste (70% Phosphate/30% Sulfate) Leach Test 
Matrix 

A Size(a) Goal(b) 
Date 

Batch Waste S~ike 0 PreP: a red 

I Syn. "c 0.5 mCi/L STD o, (data only) 2/20/87 
2 Syn. As 3.3 mg/L STD D, (data only) 2/20/87 

"'Hg 0.05 mCi/L 
109cd 0.05 mCi/L 

3 Syn. 75se 0.05 mCi/L STD D, (data only) 3/4/87 
""'Ag 0.05 mCi/L 

4 Syn. "'I 0.05 mCi/L STD/Large Scale-up and A, 3/6/87 
s1cr 0.05 mCi/L 
210 Pb 0.05 mCi/L 

5 Syn. 12s I 0.5 mCi/L STD/Large Scale-up and A, 3/4/87 
51Cr 0.5 mCi/L 

6 Syn. Wrc 0.08 mCi/L STD/Large Scale-up and A, 2/20/87 
7 Syn. 99Tc 0.2 mCi/L STD/Large Scale-up and A, 2/20/87 
8 Syn. U (VI) 5 mg/L STD/Large Scale-up and A, 2/I9/87 
9 Syn. U( VI) 50 mg/L STD A, 2/19/87 

10 Real U(VI) 50 mg/L STD/Large Real vs. Syn., 3/6/87 
A, and Scale-up 

11 Real STD Real vs. Syn. 3/6/87 
12 Syn. STD Mechanisms, 3/6/87 

Solids analysis 

(a) Sizes: standard (STD) • 35 mL; large • 142 mL. 
(b) Goals include a) D, only (obtain leach data for important element only). 

All experiments provideD, data, b) Scale-up--check S/V ratio 
correspondence to theory, c) A0 --see if diffusion theory holds with 
changes in total inventory, and d) Real vs. Syn.--see if real liquid 
waste stream gives the same results as the synthetic waste. 
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of 1 ~I (0.8I4 mCi/ml) as sodium iodide in dilute sodium hydroxide, and 
0.424 ml of 51Cr (0.766 mCi/mL) as sodium chromate solution. The dry solids 
(420 g) were added to the spiked solution, and grout was produced. The 
approximate concentrations per liter of grout were 0.5 mCi/L for 1 ~I and 
51Cr. 

Batch #6 contained "Tc spiked into simulated phosphate/sulfate liquid 
waste. Exactly 500 ml of mixed PSW liquid was spiked with >0.380 ml of 99Tc 
(O.I315 mCi/ml) as pertechnetate {Teo;) in O.IM NH40H. The dry solids 
(420 g) were added to the spiked solution and grout was produced. The 
approximate concentration of 99Tc per liter of grout was 0.077 mCi/L. 

Batch #7 contained 99Tc spiked into simulated phosphate/sulfate liquid 
waste. Exactly 500 ml of mixed PSW liquid was spiked with 0.850 ml of 99Tc 
(0.1315 mCi/mL) as Teo; in O.IM NH40H. The dry solids (420 g) were added to 
the spiked solution and grout was produced. The approximate concentration of 
99Tc per liter of grout was O.I72 mCi/L. 

Batch #8 contained U spiked into simulated phosphate/sulfate liquid 
waste. Exactly 496.75 ml of mixed PSW liquid was spiked with 3.25 ml of 
U02(N03) 2 solution (1000 mg/L U). The dry solids (420 g) were added to the 
spiked solution and grout was produced. The approximate concentration of U 
per liter of grout was 5.0 mg/L. 

Batch #9 contained U spiked into simulated phosphate/sulfate liquid 
waste. Exactly 233.75 ml of mixed PSW liquid was spiked with 16.25 ml of 
U02(N03) 2 solution (1000 mg/L U). The dry solids (210 g) were added to the 
spiked solution and grout was produced. The approximate concentration of U 
per liter of grout was 50 mg/L. 

Batch #10 contained U spiked into real ph~sphate/sulfate liquid waste. 
Exactly 32.5 ml of U as U02(N03) 2 (1000 mg/L U) was mixed with 140.25 ml of 
sulfate waste and 327.25 ml of phosphate waste. The mixture was then neutra­
lized to pH 12 using a 19M NaOH solution. The dry solids (420 g) were added 
to the liquid and grout was produced. The approximate concentration of U per 
liter of grout was 50 mg/L. 
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Batch #II did not contain spikes. Actual phosphate/sulfate liquid 
wastes were mixed (70% phosphate/30% sulfate by volume) and neutralized with 
19M NaOH. Exactly 500 ml of the neutralized slurry was mixed with 420 g of 
dry blend to produce grout. 

Batch #12 did not contain spikes. A 70:30 mixture of synthetic 
phosphate/sulfate liquid waste was prepared, and exactly 500 ml was mixed 
with 420 g of dry blend to produce grout. 

Each batch of grout slurry was poured into plastic containers that were 
capped to prevent moisture loss. The grout samples were then cured at room 
temperature for the periods listed in Table 4.8. According to the test cri­
teria, a 28-day curing period is required prior to testing. The actual cur­
ing times listed in Table 4.8 exceed 28 days. 

Before starting each experiment, each grout sample was removed from its 
container, weighed, and measured. Obvious cracks or defects were noted, and 
severely cracked samples were discarded. Cracking was usually caused by 

TABLE 4.8. Curing Time for Various Tests 

Days of Curing at Room 
Temperature 

Batch in Plastic Containers 

I 123 
2 81 
3 69 

4 67 

5 69 

6 102 
7 102 
8 102 
9 103 

10 109 
11 109 
12 109 
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removing a sample from its hard plastic container. On all the samples, a few 
specks of loose grout clung to the main piece of grout. These specks were 
wiped off before weighing the sample. 

Twelve of the small samples of grout were dried for 3 days at 105'C. 
These samples contained 51.0% water, as determined by simple weight loss mea­
surement. Two subsamples of the dried grout (Batch 2 and Batch 7) were 
submitted for total chemical analyses by total fusion (lithium metaborate) 
and inductively coupled plasma (ICP) measurement, and direct analyses by 
x-ray fluorescence (XRF). Because neither ICP nor XRF analyses provide com­
plete information on all important chemical constituents, a complete mass 
balance is not possible. Table 4.9 contains the available data from the ICP 
and XRF analyses. The data in this table represent the best method when one 
method (1CP or XRF) is clearly superior. The table also contains the chemi­
cal composition of 60:40 synthetic PSW grout used in earlier leach studies 
(Serne et al. 1987). The sum of the chemical constituents (94% to 96%) sug­
gests that there are other unaccounted constituents, or that the data are not 
accurate. However, the values reported in the table were assumed to be 
correct and were used to establish initial inventories, A, in the leach 

0 

equations presented previously [i.e., Equations (3.1) through (3.4)]. Unlike 
many other leach studies, our A0 values reflect the total content of chemical 
constituents in the grout, not just the contribution from the radioactive 
liquid waste streams. For components such asK and Na and certain trace 
metals, the bulk of the mass could be in the dry blend. 

4.3 HANFORD GROUND WATER 

Using data from the Hanford Ground-Water Monitoring Program, a well was 
identified on the Hanford Site (well #6-S3-25) that is free of cpntamination 
and provides water representative of natural waters in the unconfined aquifer 
underlying Hanford. Periodically, large volumes of water are pumped from 
this well into prerinsed plastic containers. The well water is filtered 
through a 0.22-~ membrane and stored for use in various laboratory experi­
ments. Water from this well was used as the leachant for the leach tests in 
this study. 
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IABLE 4.9 Chemical Composition of Simulated (70%:30%) PSW Grout (wt%) 

Batch 2 Batch 7 Method(a) Average 60:40% PSW Grout 

Al,o, 11.90 11.5 Fusion 11.7 10.5 
B,o, 0. 28 0.31 Fusion 0.3 0.2 
BaO 0.10 0.10 Either 0.1 0.1 
CaO 31.20 31.62 XRF 31.4 25.5 
CuO 0.01 0.013 Either 0.01 0.02 
cr,o, 0.011 0.009 XRF 0.01 --(b) 

Fe203 5.26 5.13 XRF 5.2 4.2 
K,o 0.56 0.60 Either 0.6 0.6 
MgO 1.92 1.87 Fusion 1.9 1.8 
Mn02 0.53 0.52 Fusion 0.5 0.05 
Na20 3.29 3.32 Fusion 3.3 2.6 
NiO 0.03 0. 01 XRF 0.02 
PbO 0.01 <0.01 XRF 0.01 
so, 1.68 1.4 Fusion 1.68 2.2 
Si02 35.80 34.7 Fusion 35.25 31.3 
SrO 0.14 0.14 Either 0.14 0.12 
Ti02 I. 96 1.86 Fusion 1.91 1.9 
v,o, 0.06 0.06 Either 0.06 0.05 
Zr02 0.06 0.06 Either 0.06 0.05 
Cl 0.01 0.01 Either 0.01 
N03 0.043 0.04 Fusion 0.04 0.04 
P04 1.29 0.78 XRF 1.04 1.7 
Li 20 Fusion 0.07 
Zr.O 0.015 0.015 XRF 0.015 0.01 
Vol a tiles/ Meas. 9.16 
Bound water 

94.07 96.15 92.24 

(a) Methods of analysis: 
Fusion - total fusion, acid dissolution, ICP analysis. 

XRF - direct measurement. 
Either - both methods gave same result. 
Meas. - measured by weight loss on sequential heatings. 

(b) -- . Not measured. . 
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A complete chemical analysis of the water is done on each new batch. No 
significant changes in the water composition from batch-to-batch and during 
storage in the laboratory have been observed. The chemical composition of 
three batches of this ground water is shown in Table 4.10. The computer code 
MINTEQ (Felmy, Girvin and Jenne 1984) was used to determine whether this 
ground water is in equilibrium with any common minerals found in Hanford 

TABLE 4.10. Composition of Hanford Well Water 

Date SamQl ed 
Analysis Units 11·10-86 05-!1-87 IJ.JI-87 
pH 8.05 8.36 8.47 
Eh mV 315 351 385 
Al mg/L 0.029 <0.03 0.064 
B mg/L 0.077 0.08 0.089 
H,so, mg/L 0.44 0.46 0.52 
Ba mg/L 0.053 0.056 0.043 
Ca mg/L 51.7 50.6 58.8 
Cd mg/L <0.004 <0.004 <0.004 
Cr mg/L <0.02 <0.02 <0.02 
Cu mg/L 0.005 <0.004 <0.004 
Fe mg/L 0.008 <0.005 0.019 
K mg/L 7.3 8 7.4 
Mg mg/L 13.2 13.4 14.0 
Mn mg/L 0.117 0.087 0.16 
Na mg/L 23.8 25.0 24.8 
p mg/L <0.1 <0.1 0.17 
as P04 mg/L <0.3 <0.3 0.51 
Pb mg/L <0.06 <0.06 <0.06 
Si mg/L 14.6 15. 15.5 
Sr mg/L 0.229 0.236 0.238 
Zn mg/L <0.02 <0.02 <0.02 
F- mg/L 0.68 <0.7 0.57 
Cl- mg/L 21 21 22.5 
No; mg/L <0.1 <0.3 <0.3 
N03_ mg/L <0.5 <0.5 ·<0.5 
so- mg/L 63 67 70.5 
Po'= mg/L <1.0 <1.0 <1.0 4-
Hco, mg/L 251.7 188 174 
co mg/L 0.0 0.0 0.0 
Tolal Al k mg/L 123.8 92.2 85.68 
OH" mg/L 0 0.0 0.0 
TOC mg/L 0.27 0.45 0.84 
IC mg/L 35.2 34.1 33.0 
Cations meq/L 4.90 4.92 5.36 
Anions meq/L 6.07 5.06 4.99 
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sediments and carbon dioxide gas. Using average analyses based on the values 
in Table 4.10, MINTEQ calculations show the Hanford ground water to be 
slightly enriched in dissolved C02 (pC02 • -2.9 atm versus -3.5 atm in 
equilibrium with air). MINTEQ also indicates that the ground water might be 
in equilibrium with several minerals, including barite {Ba504), boehmite 
[AlO{OH)], dolomite [Ca,Mg{C0,) 2], calcite {CaCO,), magnesite {MgCO,), sepio­
lite [Mg4{Si 6015 ){0H) 2 ·6H20], gibbsite [Al{OH) 3], amorphous silica 
{Si02am), MnHP04, willemite {Zn2Si04), otavite {CdC03), cerussite {PbC03), 

and analcime {NaA1Si 206 ·H20). 

Thus, the concentrations of Ca and Mg in the ground water appear to be 
controlled by either their respective pure carbonates or the mixed carbonate 
dolomite. Either gibbsite or boehmite might be controlling the Al concentra­
tion. Amorphous Si02 appears to be controlling Si concentrations. The car­
bonate system might also be controlling Cd and Pb concentrations, and a zinc 
silicate and barium sulfate may be controlling the Zn and Ba concentrations, 
respectively. The concentrations of most trace metals appear to be below the 
solubility limits of common minerals and, thus, may be controlled by adsorp­
tion reactions. 
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5.0 METHODS 

The procedures used to leach the PSW grout are described in this sec­
tion. Two types of leach tests were used: an intermittent solution exchange 
test and a static leach test. 

5.1 ANS 16.1 LEACH TESTS 

The ANSI/ANS-16.1 intermittent replacement leach test (ANS 16.1 leach 
test) consists of a procedure whereby the leachate is sampled and replaced at 
specific intervals (ANS 1986). For all of the ANS 16.1 leach tests involving 
PSW grout, we used intact right cylinders of two sizes: 3.2 em dia. by 
4.2 ± 0.3 em long, and 4.6 ± 0.1 em dia. by 8.5 ± 0.3 em long. The leachant 
was Hanford ground water from well #6-S3-25. The ground water was filtered 
through a 0.22-~ filter prior to use. The ANS 16.1 leach tests were con­
ducted at room temperature. 

To initiate the tests, a volume of ground water equal to 10 times the 
geometric surface area of the grout specimen was added to wide-mouth poly­
ethylene jars. Using unwaxed dental floss, the grout specimens were anchored 
securely to the lids of each jar and then suspended in the leachant. Two 
containers were used for each specimen in a sequence that allowed determina­
tion of the amount of radionuclide adsorbed on the inside surface of the con­
tainers. All the tests were performed in duplicate or triplicate. 

At each sampling interval the leachate was removed, filtered through a 
0.22-~ Millex-GS Millipore filter®, and analyzed. Measurements of pH, Eh, 
and alkalinity were taken as quickly as possible. The pH was measured using 
a Corning Model 130 pH meter® and combination electrode. The Eh was measured 

® 

® 

Millex-GS Millipore filter is a registered trademark of Millipore 
Corporation, Bedford, Massachusetts. 
Corning Model 130 pH meter is a registered trademark of Corning Glass 
Works, Medfield, Massachusetts. 
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using a Corning Model 130 pH meter and a Bradley James combination reference­
platinum electrode®. The alkalinity, reported as milligrams per liter 
carbonate, was measured by standard methods using a Mettler DL40 
memotitrator® and a micro-combination pH electrode [method #403 from 
Greenberg et al. (1981)]. The remaining samples were preserved in 2S-ml 
plastic scintillation vials for additional analyses, as described below: 

I. Approximately 20 ml were provided for ion chromatography (!C) anion 
analyses. 

2. Approximately 20 ml and S ml were provided for ICP emission spec­
trometry and graphite furnace atomic absorption anaJ1sis, respec­
tively. The samples were acidified with Ultrex HCl to a pH of <2. 

3. Approximately IS ml were provided for total carbon (TC) and total 
organic carbon (TOC) analysis. 

4. Exactly IS ml acidified to pH <2 were provided for gamma ray radio­
nuclide counting and uranium measurement; approximately 5 ml (no 
acidification) were provided for beta counting. 

5. To monitor radionuclide and chemical plateout on containers at each 
sampling interval, the containers were rinsed with a solution con­
sisting of 10 ml of deionized water and 10 ml of a pH 2 nitric 
acid. Exactly IS ml and 1 ml of this solution were provided for 
gamma radionuclide and beta counting, respectively. 

The cations in solution were measured using an ICP Jarrell Ash model 
#975 plasma-autocomp spectrophotometer®. The instrument can simultaneously 
measure over 30 elements, but we report data for only the following: Al, B, 

® 

® 

® 

® 

Bradley James reference-platinum electrode is a registered trademark of 
Bradley James Corporation, Santa Ana, California. 
Mettler DL40 memotitrator is a registered trademark of Mettler 
Instrument Corporation, Highstown, New Jersey. 
Ultrex acids are a registered trademark of J. T. Baker Chemical Company, 
Jackson, Tennessee. 
Jarrell Ash model #97S plasma-autocomp spectrophotometer is a registered 
trademark of Allied Analytical Systems, Waltham, Massachusetts. 
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Ba, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, P, Pb, S, Si, Sr, and Zn. A Perkin 
Elmer HGA-5000 graphite furnace atomic absorption spectrophotometer® with a 
Zeeman background corrector was used to measure total As. 

The anions in solution were measured using a Dionex Model #12 ion 
chromatograph8 . The constituents measured were F-, c1·, NO~, No;, 50~2 , and 
Po;'. Partway through the testing we started measuring F- with an ion­
specific electrode because the procedure is more sensitive than rc. 

The TOC and total inorganic carbon (TIC) were measured using a Dohrmann 
DC80 carbon analyzer®. 

The beta emitters 14C, ~c, and 125 I were counted on a Beckman Instru­
ments LS 9800 liquid scintillator8

. Exactly 1.0 ml of sample was added to 
14 ml of Insta-Gel cocktail® (catalog #600-2177). The mixture was counted 
for I hour. 

The ganuna emitters 109Cd, 203Hg, 51 Cr, and 210Pb were counted on a 
Princeton Gamma-Tech intrinsic germanium detector® with a beryllium window. 
The acidified solutions (15 ml in a 25-ml liquid scintillation vial) were 
counted for I to 7 hours, depending on activity. The gamma emitters ~Se, 
110mAg, and 51 Cr were counted on a 5-in. x 5-in. sodium iodide detector. 
Both gamma detectors are connected to a Nuclear Data Model 6700 analyzer®. 
The Nuclear Data system contains a peak search/strip software package that 

® 

® 

® 

® 

® 

® 

® 

Perkin Elmer HGA-5000 graphite furnace atomic absorption spectropho­
meter is a registered trademark of Perkin Elmer Corporation, Norwalk, 
Connecticut. 
Dionex Model #12 ion chromatograph is a registered trademark of Dionex 
Corporation, Sunnyvale, California. 
Dohrmann DCSO carbon analyzer is a registered trademark of Dohrmann 
Division of Xertex Corporation, Santa Clara, California. 
LS 9800 liquid scintillator is a registered trademark of Beckman 
Instruments, Fullerton, California. 
Insta-Gel cocktail is a registered trademark of Packard Instrument 
Company, Inc., Downer's Grove, Illinois (catalog #600-2177). 
Princeton Ganuna-Tech intrinsic germanium detector is a registered 
trademark of Princeton-Gamma-Tech, Princeton, New Jersey. 
Nuclear Data Model 6700 is a registered trademark of Nuclear Data, Inc., 
Schaumberg, Illinois. 
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separates individual spectra. The radionuclides of interest were analyzed at 
the following specific energies: 51 Cr, 320 keV; 75Se, 265 keV; 109Cd, 
88 keV; 11""Ag, 658 keV; and 210Pb, 47 keV. 

The U concentration in solutions was determined on a model UA-3 laser 
fluorescence spectrophotometer® (uranium analyzer) manufactured by Scintrex 
ltd. 

The actual phosphate and sulfate liquid waste streams were counted on 
the intrinsic germanium detector. For the liquid waste streams, both unfil­
tered and 0.22-pm filtered samples were counted. The leachates from real 
grout waste forms were counted on the 5-in. x 5-in. sodium iodide detector 
because the activities were very low. The leachates were also counted on the 
liquid scintillator with the window open from 0 to I MeV to determine whether 
any detectable beta emissions could be found. 

5.2 STATIC LEACH TESTS 

For each batch of PSW grout, two right cylinders of grout were suspended 
in separate wide-mouth polyethylene jars filled with Hanford ground water to 
a volume equal to 10 times the geometric surface area of the grout sample. 
At the prescribed times, 50 ml of leachate were removed from the container 
and filtered through a 0.22-pm membrane. The effluents were analyzed for the 
same constituents and treated exactly as described for the ANS 16.1 test 
leachates. To replenish the leachate removed for analysis, 50 ml of fresh 
Hanford ground water was added and the experiment was continued. Each of the 
specimen leachates were sampled in rotation such that the interval between 
sampling any one container was maximized (e.g., a leachate sample was removed 
from container #1 at 4 days, from container #2 at 18 days, from container #1 
at 48 days, etc.). The sampling schedule to date is shown in Table 5.1. It 
is believed that the impact of replenishing the leachate with 50 ml of ground 

® Model UA-3 laser fluorescence spectrophotometer (uranium analyzer) is a 
registered trademark of Scintrex Ltd., Concord, Ontario, Canada. 
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TABLE S.l. Sampling Schedule for ANS 16.1 Leach Tests and Static Leach Tests 

ANS 16.1 Lgach Tests 
Samgle # Cumulative Time 

I 2 hours 
2 7 hours 
3 I day 
4 2 days 
s 3 days 
6 4 days 
7 18 or 19 days 
8 47 or 48 days 
9 90 days 

10 ISO days 
11 208 or 210 or 211 days 

Samgle # 

I 

2 

Static leach Tests 
Cumulative Time 

4 days 
18 days 

3 47 or 48 days 
4 90 days 
S ISO days 
6 208 or 211 or 223 days 

water should have little effect on the solution chemistry--by the time a 
given leachate is sampled again, the solution is assumed to have re-equili­
brated as if there never was a disturbance. 

S.3 ADDITIONAL ANALYSES OF GROUT SAMPLES 

When the leach tests are completed, the intact grout cylinders will be 
partially characterized. Characterization methods currently being explored 
are thin sectioning followed by x-ray diffraction analyses of sections near 
the surface versus sections from the interior, scanning electron microscopy 
with an XRF microprobe, and petrographic microscopy. Other surface analysis 

techniques may be considered if studies prove they would be useful. 
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6.0 RESULTS AND DISCUSSION 

The results of the leach tests are presented in this section, along with 
an interpretation of the results . Several of these tests are continuing, and 
new interpretations may follow . 

6.1 LEACHATE CHEMISTRY FOR ANS 16 .1 AND STATIC LEACH TESTS 

Data from the ANS 16.1 and static leach tests are provided in Appendices 
A and B. Appendix A lists the chemical composition of the leachate solu­
tions . Appendix B lists the radionuclide counting data , corrected for decay 
and effective diffusion coefficient calculations, for all constituents that 
leached. Tables A.1 through A. 10 and Figure 6.1 show an immediate rise in 
solution pH from the ambient ground-water value of 8.36 upon contact with 
the grout in both tests . For the ANS 16.1 leachates, the 2-hour through 
2-day, 18-day, and 47-day samples show pH values between 9 and 11.2. All 

Ambient GW 

0 ANS 16.1 

!:::. Static 

----------------.----
20 40 eo 80 100 120 140 160 180 200 

Time (davs) 

FIGURE 6.1. pH Values for ANS 16.1 and Static Leach Test Leachates 
from Intact Grout Cylinders 
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of the leachates collected after 150 days show that pH values fell to between 
8.0 and 9.2. In contrast, the pH values from static leach tests stabilized 
between 11.8 and 11.9 after 18 days of contact . The data points in Figure 
6.1 are an average of the six ANS 16.1 test data sets and four static leach 
test data sets listed in Appendix A. In general , no significant differences 
were observed between individual tests of each type, even though both syn­
thetic and actual liquid wastes were used in the ANS 16.1 test. (All of the 
following figures in this section show the average solution concentration of 
the cited constituents for each test type.) 

In both the static leach and ANS 16.1 tests , the portlandite [Ca(OH) 2] 

in the grout probably dissolves, causing the pH to rise as OH- is added to 
the solution. The following equations describe the reactions that occur: 

Ca(OH)2 + HCOi ~ CaCOJ~ + OH- + H20 
Ca(OHh ~ ci• + 20H-

- 9 2-0H + HC03 ~ C03 + H20 

(6 . 1a) 
(6 . 1b) 
(6.2) 

In the ANS 16.1 test, the leachate is intermittently replaced with fresh 
ground water with a pH of 8.36. As a result, the bicarbonate (HC03 ) content 
of the water is intermittently replenished. Repl enishing the HC03 supply 
allows the reaction between the Ca(OH) 2 present in the grout and the HC03 in 
the ground water to proceed longer than in the static experiments (Equation 
6.1a). In the static experiments, after the HC03 content is depleted, the pH 
continues to rise because the release of OH- by the dissolution of Ca(OH) 2 is 
not balanced by the removal of HC03 from solution (Equation 6.1b). 

Changes in the concentrations of Ca and total inorganic carbon in the 
leachates also suggest that the reactions described by the equations are 
occurring. Figure 6.2 shows the average Ca concentrations measured in the 
leachates from the ANS 16.1 and static leach tests. In each test there is a 
net decrease in Ca concentrations compared to the ground-water concentra­
tions. The decrease in Ca and carbonate (see Appendix A) suggests that 
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FIGURE 6.2. Ca Concentration for ANS 16.1 and Static Leach Test Leachates 
from Intact Grout Cylinders 

CaC03 is precipitating. MINTEQ ion speciation/solubility calculations were 
completed on the final leachates sampled in both tests. Table 6.1 summarizes 
the results from these calculations. These calculations suggest that the 
leachates from the static leach test are in equilibrium with dolomite 
[CaMg(C~)2], possibly in equilibrium with aragonite or Mg-calcite, and over­
saturated in calcite. The kinetics of dolomite precipitation are usually 
very slow, so it is more likely that aragonite or a mixed Mg-Ca carbonate is 
precipitating. The final leachates from the ANS 16.1 tests were predicted to 
be in equilibrium with aragonite, calcite, dolomite, and possibly magnesite 
and Mg-calcite. These MINTEQ calculations strongly suggest that at least one 

• carbonate mineral is a solubility control in these experiments. 

Although the ANS 16.1 test leachates exhibit higher concentrations of Ca 
~ and inorganic carbon than do those from the static tests, the actual mass 
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TABLE 6 .1. Saturation Levels of Potential Solubility Controls as Predicted by MINTEQ 

Static Leach Tests ANS 16.1 Leach Tests 

Sarq>le PS\IS 5·4 PS\15 7·4 PS\IS 9·4 PS\15 10·4 PS\IA 5·1 PS\IA 7·1 PS\IA 7·6 PS\IA 9·1 PS\IA 10-1 PSWA 10-6 
Cylinder Size Large Large Small Large Small Small Large Small Small Large 
Days 223 208 208 211 210 208 208 208 211 211 
pH 11.85 11.42 11.78 12.22 9.1 8.3 8.0 8.2 8.2 8.24 

Solid phases 
Portlandi te u<a> u u u u u u u u u 

Calcite 0 0 0 0 E E E E E 0 
Aragonite 0 E 0 E E E E E E E 
Dolomite E E E E E E E E E 0 

0'1 
Mg-Calcite 0 E 0 E E E u E E E . Magnesite u u u u E E u u u E 

~ 

Brucite E E E E u u u u u u 

Diaspore 0 0 0 E 0 0 0 0 0 0 
Boelvnite u u u u u E u E E E 
Gibbsite u u u u u E u E E E 

Hydroxyapatite 0 0 0 0 0 E E E E E 
Mn HP04 (b) (b) (b) (b) E E E E E E 

Gypsun u u u u u u u u u u 
Ettringite u u u u u u u u u u 
Calciun Monosulfate u u u u u u u u u u 
Strontianite 0 0 E E u u u u u u 

(a) u - undersaturated. 
0 - OVersaturated. 
E - Equi l ibriun. 

(b) Mn not entered as component in these MINTEQ calculations. 
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precipitated is larger. This difference occurs because the entire inventory 
of ANS 16.1 test leachate solution is changed at each sampling time (580 to 
1500 ml), whereas in the static leach test, only 50 ml of solution are 
changed in one of the leach vessels at each sampling time. After 210 days, 
the ANS 16.1 standard size (35-ml} samples show a net precipitation of at 
least 183 ± 16 mg of calcium and 49.5 ± 4.5 mg of inorganic carbon, whereas 
the static leach tests show a net precipitation of only 36.8 ± 5 mg of cal­
cium and 20.5 ± 2 mg of inorganic carbon. The large-sized samples (142 ml) 
leached by the ANS 16.1 test procedure show 518 ± 21 mg of calcium and 
183 ± 37 mg of inorganic carbon removal. These calculated precipitation 
values account only for losses from the original leachant and do not account 
for mass that leaches out of the grout and reprecipitates. Appendix C con­
tains estimates of the masses of Ca, carbon, and other constituents either 
leached or precipitated in all the leach tests. 

There are also distinct differences in the Mg, Na, and K leachate con­
centrations between the two tests. Figures 6.3, 6.4, and 6.5 show the leach­
ate concentrations for Mg, Na, and K, respectively. In the ANS 16.1 tests, 
the Mg concentrations show a slight dip from 13.4 to 9.7 to 12.7 mg/l between 
2 hours and 4 days . At the longer times {18 and 47 days), the leachate con­
centration of Mg drops to values below 8, then rebounds to values between 
8 and 8.36 for the ground-water leachant. In contrast, the Mg concentration 
of the static leach test leachate rapidly decreases after 4 days of contact, 
and then remains below the detection limit. MINTEQ code calculations suggest 
that the rapid decrease in Mg concentrations in the static tests is due to 
the precipitation of brucite [Mg(OH)]z and/or mixed Mg-Ca carbonates. 
According to the MINTEQ calculations for the ANS 16 .1 leach tests, the final 
samples taken after 200 days of contact are in equilibrium with dolomite 
[MgCa(COJ)z] and three of the six samples are in equilibrium with magnesite 
(MgC03). It may be possible that some Mg is leaching from the grout in the 

• ANS 16 .1 tests, and precipitating as MgC03 or mixed Mg-Ca carbonates. At a 
minimum, 24 ± 3 and 59 ± 4 mg of Mg precipitated in the ANS 16.1 leach tests 
(standard- and large-sized grout, respectively}, and at least 11.3 mg of Mg 
precipitated in the static leach tests. 
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FIGURE 6.3. Mg Concentration for ANS 16.1 and Static Leach Test Leachates 
from Intact Grout Cylinders 

The ANS 16.1 leach tests show a net release of Na and K from the grout. 
The ambient Na concentration of Hanford ground water is about 25 mg/L, 
whereas most of the leachates show concentrations around 35 to 50 mg/L, and 
the leachates at 47 days of contact show values between 60 and 130 mg/L . 
Mass balance calculations suggest that at least 175 ± 40 and 460 ± 30 mg of 
Na leach from the grout after 210 days of leaching for the ANS 16.1 test 
(standard- and large-sized grout, respectively). This range amounts to 24 ± 
15% and 17 ± 2% of the total Na present in the standard- and large-sized 
grout, respectively. In the static leach test, the Na concentration steadily 
increases with time and after 150 days of leaching shows a value of 300 mg/L. 
Mass balance calculations suggest that at least 230 mg of Na have leached 
from the grout after 210 days, which represents 35 ± 5% of the total. The 
higher Na release in the static test may reflect 1) a different leaching 
process due to the higher pH of the static test (e.g., perhaps a sodium­
bearing mineral from the clay component of the grout is present and is more 
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FIGURE 6.4 . Na Concentration for ANS 16.1 and Static Leach Test Leachates 
from Intact Grout Cylinders 

soluble at high pH), or 2) a thinner CaCOJ rind on the surface of the grout 
cylinder in the static leach test, which allows more of the cylinder to 
leach . Whatever the mechanism, the greater Na leach rate in the static leach 
test versus that in the ANS 16.1 test contradicts the results expected from 
simple diffusion theory, which would predict that a static condition allows 
buildup of material in solution and thus should reduce the diffusive driving 
force . The same results were observed in the 60:40 PSW grout tests reported 
previously (Serne et al . 1987) . 

The K concentrations from the two leach tests show the same patterns as 
the Na data . In the ANS 16.1 test, the K concentrations in the leachates 
rise to values of 9 to 16 mg/ L versus the ambient ground-water value of 
8 mg/ L. Later samples stabilize in the range of 8 to 10 mg/ L. Mass balance 
calculations for the ANS 16 .1 tests show a total of about 19 .4 ± 5.8 and 58.7 
± 1. 2 mg of K released from the grout for standard- and large-sized samples. 
In the static leach tests, K concentrations slowly increase and, after 
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FIGURE 6.5. K Concentration for ANS 16.1 and Static Leach Test Leachates 
from Intact Grout Cylinders 

210 days, show a value near 40 mg/L. Mass balance calculations for the 
static leach test show a release of 26 .5 ± 2.6 mg of K, or 1.4 times more 
than the mass calculated for the ANS 16. 1 test . The total K released to date 
is 19 ± 4%, 11 ± 5%, and 21 ± 3% of the K in the grout for the ANS 16 .1 
standard-sized grout, ANS 16.1 large-sized grout , and static leach tests, 
respectively. 

After CaO, the two largest components of the grout are Al 203 and Si02• 

In the ANS 16 .1 leach test, Al concentrations were consistently below 
0.2 mg/L and the Si concentrations were consistently between 11 to 15 mg/L, 
which is very close to the ambient ground-water value of 15 mg/L . In the 
static leach test, the Al concentration in the leachates slowly increases to 
7 mg/L. The Si concentrations in the static leach test leachates show a 
slight release above the ambient ground-water val ue of 15 mg/L. MINTEQ pre­
dictions suggest that the leachates from the st at ic tests are either over­
saturated or in equilibrium with respect to diaspore, and undersaturated 
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with respect to boehmite and.gibbsite. The leachates from the ANS 16.1 tests 
may be in equilibrium with gibbsite [Al(OH)3] or boehmite [1-AlO(OH)]. Dia­
spore is less soluble than gibbsite and boehmite at high pH values . Thus, 
the Al concentrations in the high pH static leachates do not rise as high as 
might otherwise be predicted. 

Although the grout contains a phosphate-rich liquid component, the 
leachates from both tests show P04 concentrations at or near the detection 
limit (<0.3 mg/L) for all samples. These low concentrations suggest that 
phosphorous concentrations in the leachates may be controlled by the solu­
bility of a phosphate-bearing compound. The MINTEQ data base includes only 
two phosphate compounds, hydroxyapatite [Ca5 (P04)30H] and MnHP04• Other 
common phosphate-bearing compounds found in alkaline soils include fluora­
patite [Ca5(P04) 3F], brushite [CaHP04 ·2H20], and ~-Ca3 (P04 ) 2 • All of these 
compounds could force the P04 concentrations below detection limits given the 
observed pH, calcium, and inferred low fluoride concentrations (Lindsay 
1979). The MINTEQ calculations predict that the static test leachates are 
oversaturated with respect to hydroxyapatite and MnHP04 , while the ANS 16.1 
test leachates are in equilibrium with both of these compounds. 

The sulfate concentrations in the ANS 16 .1 leachates remain fairly 
stable at the ambient ground-water values of 70 mg/L. After 210 days of 
leaching, 16 ± 10 mg of sulfate leached from the standard-sized grouts and 
18 ± 18 mg of sulfate leached from the large specimens. For the static 
tests , 3 ± 6 mg of sulfate leached from the grouts . These data suggest that 
sulfate leaching is very low or nonexistent. The MINTEQ computer code does 
not show that any common sulfate minerals are at equilibrium. Gypsum 
(CaS04 ·2H20) is always significantly undersaturated . The static leachates 
also show fairly constant sulfate concentrations over time . Figure 6.6 shows 
the data for the two tests. Other potential S04 solubility-controlling 
phases include the cementitious phases, ettringite (3CaO·Al 2~·3CaS04 ·32H20) 
and calcium monosulfoaluminate (3CaO·Al 203 ·CaS04 ·12H20). However, MINTEQ 
calculations show that these phases are also undersaturated in the leachates. 
It seems likely that some sulfate-bearing solid phase is controlling the 
observed concentrations; otherwise, S04, being a major component of the waste 
liquid and anionic, should have exhibited measurable release. 
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FIGURE 6.6 . 504 Concentration for ANS 16.1 and Static Leach Test Leachates 
from Intact Grout Cylinders 

The synthetic liquid waste contained approximately 500 mg/ L nitrates 
from the addition of trace metal nitrate salts. The ND3 should act as a 
readily leachable constituent as it is readily soluble and anionic , and thus 
not likely to adsorb on the clay additives or enter significantly into t he 
cement hydration reactions. Tables A.1 through A. 10 show that very little 
nitrate is leaching. The ANS 16.1 leach tests consistently showed nitrate 
concentrations below detection limits, whereas the nitrate levels from t he 
static leach tests showed sporadic concentrations. A calculation of the 
inventory in each grout specimen shows that the small grouts would have only 
13 mg nitrates. The nitrate fluctuations in the leachate likely occur 
because the source term is very low given the detection limit (0 .5 to 
1.0 mg/L) of nitrate using IC . Under static conditions, about 3.2 ± 1.3 mg 
of nitrate (24% of the total inventory) are leached from the synthetic 
grouts , and only 0.01 mg of nitrate are leached from the real grout , which 
likely does not contain nitrate . 
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The stable Sr concentrations in the ANS 16.1 test leachates vary from 
0.03 to 0.23 mg/L and generally are related to effluent pH. The higher the 
pH, the lower the Sr concentration. In general, there is a net loss of Sr 
from the ground-water leachant throughout the test. The static tests show a 
range in leachate Sr concentrations between 0.04 and 0.49 mg/L. Even though 
the static leachates have very high pH values (>11.5), the Sr concentrations 
generally exceed values found in ANS 16.1 tests. Two of the four static test 

~ leachates examined with MINTEQ are in equilibrium with strontianite (SrCO)). 
The ANS 16.1 leachates are undersaturated with respect to strontianite. 

Leachates from both tests generally show no detectable releases of trace 
metals (i.e., Cd, Cr, Cu, Fe, Mn, Pb, Zn, and Zr). The one exception may be 
Cr released from the real waste under static leach test conditions. After 
48 days, the leachate had Cr concentrations of 0.03 to 0.04 mg/L. Besides 
the radiotracers spiked into many of the synthetic grouts, all synthetic 
grouts contained the trace metals listed in Tables 4.4 and 4.5 as part of the 
simulated phosphate and sulfate liquid wastes. Another source of trace 
metals could be the dry solids blend, especially from the fly ash. Thus, it 
appears that no trace metals are readily leached from PSW grout. More quan­
titatively based discussions are presented later. 

The organic carbon contents of leachates from the ANS 16.1 tests range 
between ambient ground-water values (<0.5) to 2.5 mg/L. The average ANS 16.1 
leachate value is 0.9 mg/L, while the static leachates have an average TOC 
content of 2.9 mg/L. In general, the PSW grouts do not leach significant 
amounts of organic carbon. There is no apparent difference in the organic 
content leached from synthetic and real grouts. 

The chemical analyses shown in Appendix A are quite similar to those for 
leachates observed in previous 60:40 PSW grout leach tests (Serne et al. 
1987). Thus, the variation from 60:40 to 70:30 PSW does not appear to 
change the leachate chemistry. Further, there are no significant differences 
in the chemistry of ANS 16.1 leachates from the small-sized (35 ml) and 
large-sized (142 ml) grout cylinders. As the ANS 16.1 test requires that the 
solution volume used be 10 times the geometric surface area of the specimen, 
one would expect the leachate chemistry to remain the same. The data support 
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this expectation. Finally, the data in Appendix A for actual PSW leachates 
are quite similar to that for the synthetic PSW grout leachates. As we do 
not see any significant changes in the chemical attributes of leachates, we 
expect that the leach rates for minor constituents from synthetic PSW grouts 
should accurately reflect the leaching characteri stics of constituents in 
actual grouts of similar composition and produced with similar procedures. 

Laboratory leaching studies on actual and synthetic grouts appear to 
yield similar results. Lokken et al. (1988) suggest that the leach rate of 
Na from samples of grout obtained from a large form of PSW grout are lower 
than leach rates of laboratory-prepared samples. Thus, the issue of whether 
leach tests of laboratory-prepared small specimens yield the same results as 
samples from actual grout production equipment is not resolved. 

6.2 LEACH RATES OF SELECTED SPECIES 

The leach data for the trace metals added to the synthetic PSW grout, 
selected major constituents in both synthetic and real grout, and selected 
radionuclides in the real grout were analyzed using the semi-infinite-solid 
mass transport diffusion model described in Section 3.0. The data on radio­
activity found in the leachates, after correction for radioactive decay to 
the start of the experiments, are listed in Appendix B. The data for the 
cumulative fraction leached and incremental fraction leached at each sampling 
interval for the ANS 16.1 test are also in Appendix B. 

The effective cumulative diffusion coefficients, De, are listed in 
Tables 6.2 and 6.3 for the above categories of constituents for both the 
ANS 16.1 and static leach tests in which Hanford ground water was the leach­
ant. Table 6.2 reports on the synthetic PSW grout, while Table 6.3 reports 
on the real PSW grout. Appendix B also lists values of De ohtained by 
separately evaluating each ANS 16.1 leach test interval. These values, 
called incremental D. values, provide a useful check to see if any one data 
point is an outlier. The cumulative approach would propagate the effect of 
the outlier through all further calculations . 
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TABLE 6.2. D, (Cumulative) Coefficients for Trace Constituents in 
Synthetic PSW Grouts (cm2/s) 

Species 
Time 

(davsl ANS 16.1 Leach Test 

6.67 ± 0.90 X 10·13 

3.22 ± 1.28 X 10.13 

1.79 ± 0.96 X 10·13 

1.21 ± 0.76 X 10. 13 

7.56 ± 4.58 X 10.14 

5.64 ± 3.17 X 10.14 

Statjc Leach Test 

1.38 ± 1.06 X 10·13 

1.84 ± 0.36 X 10.13 

8.18 ± 0.69 X 10.13 

5.23 ± 0.06 X 10·14 

2.75 ± 1.02 X 10.14 

2.72 ± 0.93 X 10.14 

14c 

"'Hg 

75Se 

4 

18 

48 

90 

151 

211 

4 

18 

48 

90 

<1.61 ± o.61 x 1o·• 

<5.08 ± 1.53 X 10·10 

<2.56 ± 0.53 X 10·10 

<1.68 ± 0.16 X 10.10 

ISO <1.21 ± 0.07 X 10.10 

4 

18 

48 

90 

<3.64 ± 3.08 X 10·7 

<1.11 ± 0.94 X 10.7 

<5.42 ± 4.62 x 1o·• 

<4.67 ± 4.52 x 1o·• 

ISO <3.37 ± 3.25 x 10·8 

4 

18 

48 

90 

1.11 ± o.n x 1o·• 

3.24 ± 1.03 X 10·10 

1.26 ± 0.39 X 10·10 

7.58 ± 1.32 X 10. 11 

ISO 4.65 ± 0.80 x 10. 11 

4 

18 

48 

90 

ISO 

7.60 ± 9.90 X 10. 11 

1.71 ± 2.22 X 10. 11 

6.48 ± 8.38 X 10·12 

3.54 ± 4.56 X 10·12 

2.13 ± 2.74 X 10·12 

6.13 

<4.72 ± 4.96 X 10. 11 

<1.82 ± 0.10 X 10.11 

<9.28 ± I. 72 X 10·12 

<3.67 ± 0.30 X 10·12 

<4.30 ± o.os x 1o·• 

<9.04 ± 0.18 X 10·10 

<3.58 ± 0.07 X 10·10 

<1.91 ± 0.04 X 10.10 

3.56 ± 4.99 X 10· 11 

2.24 ± 1.87 X 10·13 

9.70 ± 7.78 X 10.14 

5.64 ± 4.34 X 10· 14 

8.06 ± 11.36 X 10·11 

6.08 ± 0.57 X 10·11 

3. 73 ± 1.56 X 10· 11 

4.48 ± 0.49 X 10.11 



TABLE 6.2. (contd) 

Time 
Sgecies (da~s} ANS 16.1 Le~~b Test St~ti~ Leach Test 

"'r 4 1.46 ± 1.22 X 10·9 4.20 ± 1.2s x 10·9 

18 4.30 ± 4.38 X 1o·" 2.34 ± 0.22 x 10·9 • 
48 1.98 ± 2.20 X 1o·" 1.86 ± o.9s x 10·9 

90 1.14 ± 1.23 X 1o·" 2.68 ± 0.38 X 10·9 . 
ISO 7.40±7.68x 10·11 2.21 ± 0.41 X 10·9 

223 6.06 ± 5.71 X 10·11 5.30 ± 0.58 X 10·9 

"'r 4 4.12 X 1 o· 11 

(1 arge sample) 18 3.35 X 10· 11 

48 2.06 X 1 o·" 

90 1.20 X 10·11 

50 7.91 X 1o·" 

223 1.33 X 10·11 

51Cr 4 <1.03 ± 0.02 X 1o·• <2.94 ± 1.06 X 10·8 

18 <3.14 ± 0.01 x 10·7 <6.19 ± 0.23 X 10·9 

48 <1.54 ± 0.01 X 10·7 <2.45 ± 0.08 X 10·9 

90 <1.05 ± 0.01 x 10·7 <1.30 ± 0.05 X 10·9 

ISO <7 .84 ± o.o1 x 10·8 <7 .84 ± 0.29 X 1o·" 

223 <1.26 ± o.8o x 10·7 <5.28 ± 0.19 X 1o·" 

s,cr 4 <1.33 X 10·7 

( 1 arge sample) 18 <4.02 X 10·8 

48 <I. 97 X 10·8 

90 <1.33 X 10·8 

ISO <9.93 X 10·9 

223 <8. 79 X 10·9 

210 Pb 4 <3.60 ± 0.03 X 10·8 <1.01 ± 0.03 X 10·9 

18 <1.09 ± 0.01 X 10·8 <2.12 ± 0.08 X 1o·" 

48 <S.34 ± 0.04 X 10·9 <8.39 ± 0.31 X 10·11 

90 <3.60 ± 0.03 X 10·9 <4.48 ± 0.16 X 10·11 

ISO <2.66 ± 0.02 X 10·9 <2.68 ± 0.10 X 10·11 
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TABLE 6.2. (contd) 

Time 
Species (days! ANS 16.1 leach Test Static leach Test 

21oPb 4 <4.48 X 10"9 

• (large sample) 18 <1.35 x 1o·• 

48 <6.63 x 10·10 

90 <4.48 X 10·10 

150 <3.32 x 10·10 

1251 4 2.49 ± 1.20 x 1o·• 5.15 x 1o·• 

(A,=IO x ) 18 8.99 ± 3.57 x 10·10 2.41 x 1o·• 

48 4.40 ± 1.46 x 10·10 1.32 ± 1.os x 1o·• 

90 2.59 ± o.61 x 10·10 2.03 ± 1.01 x 1o·• 

150 1.68 ± 0.38 X 10·10 1.66 ± 0.88 X 1o·• 

223 1.22 ± 0.30 X 10·10 3.43 ± 2.30 x 1o·• 

"'r 4 2.72 x 10·10 

(A,=IO X ) 18 9.79 x 10· 11 

(large sample) 48 4.59 X !0" 11 

90 2.68 X 10.11 

150 I. 78 X !0" 11 

223 I. 32 X 10" 11 

51Cr 4 <1.02 ± o .07 x 1o·• <2.75 ± 0.07 X 10·10 

(A,=IO x ) 18 <3.08 ± o.o1 x 1o·• <5.78 ± 0.15 X !0"11 

48 <1.50 ± 0.0! X 1o·• <2.29 ± 0.06 X 10· 11 

90 <1.02 ± 0.0! X Jo·• <1.22 ± 0.03 X 10·11 

!50 <7.55 ± 0.04 X 10·10 <7 .33 ± 0.20 X !0"12 

223 <7 .24 ± 0.04 X 10·10 <4.93 ± 0.!3 X !0"12 

51Cr 4 <I. 42 X 1o·• 

(A,=IO x ) 18 <4.28 X !0.10 

(large sample) 48 <2 .10 X !0.10 

90 <1.42 X 10.10 

!50 <I. 05 X 10·10 

223 <8.54 X !0. 11 
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TABLE 6.2. (contd) 

Time 
Species (days) ANS 16.1 Leach Test Static Leach Test 

99Tc 4 3.30 ± 1.75 X 10'10 2.81 ± 0.79 X 1o·" 

9.59 ± 5.53 X 10'11 10., • 
18 8.12 ± 0.57 X 

48 5.34 ± 4.09 X 10., 7.10 ± 3.83 X 10., 

90 3.04 ± 1.87 X 10., 4.52 ± 1.68 X 10., 

150 1.86 ± 1.17 X 10' 11 3.48 ± 1.13 X 10' 11 

208 1.40 ± 0.87 X 10' 11 3.00 ± 0.88 X 10' 11 

99Tc 4 8. 76 X 10'" 

(large sample) 18 4.24 X 10'" 

48 2.19 X 10'10 

90 1.36 X 10'10 

150 9.32 X 10., 

208 7.32 X 10., 

99Tc 4 6.56 ± 5.98 X 10·10 3.50 ± 0.94 X 10·10 

(A,=10 X ) 18 2.14 ± 2.02 X 10·10 2.41 ± 3.40 X 10·10 

48 1.05 ± 1.03 X 10·10 4.79 ± 6.73 X 10., 

90 6.07 ± 5.93 X 10., 5.81 ± 1.36 X 10·11 

150 3.81 ± 3.64 X 10., 4.44 ± 1.03 X 10' 11 

208 2.83 ± 2.65 X 10., 3.92 ± 0.40 X 10., 

99Tc 4 6.85 X 10·10 

(A,=10 x ) 18 3. 77 X 10·10 

(large sample) 48 2.10 X 10·10 

90 1.32 X 10·10 

150 8.90 X 10·11 

208 6.81 X 10., 

As 4 <3. 91 X 1o·• <1.09 X 10'10 

18 <1.17 X 1o·• <2.29 X 10., 

48 <5.70 X 10·10 <9 ,08 X 10·12 

90 <3.83 X 10·10 <4.84 X 10'" 
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TABLE 6o2o (contd) 

Time 
Species (days l ANS l6ol Leach Test Static Leach Test 

As (contd) ISO <2 o82 X 10-10 <2 o 90 X 10-12 

208 <2 o 29 X 10-10 <I. 95 X 10"12 

u 4 3o92 ± 2o54 X 10-12 4o76 ± 3o27 X !o·16 

18 3o23 ± 1.81 X 10" 12 lo60 ± 1010 x I0- 16 

48 3o29 ± 2o9l X 10" 12 3o68 ± 0o9l X 10-~ 

90 1.33 ± 0o50 X 10- 11 2o74 ± 0o65 X 10-~ 

ISO 2o20 ± 0o83 X 1 o· 11 3o58 ± 2o33 X 10- 14 

208 4o50 ± I. 57 X 10" 11 9o04 ± Oo63 x I0-16 

u 4 3o53 X 10- 11 

(large sample) 18 3ol0 X 10-12 

48 4o40 X 10-12 

90 6ol3 X 10" 12 

ISO 2o46 X 10-11 

208 

u 4 6o72 ± 0o32 X ]0-D 8o29 ± !Oo34 X 10"17 

(A,•IO x ) 18 6o40 ± Oo30 X !0"14 2o79 ± 3.48 X 10-17 

48 3o65 ± 0ol7 X !0" 14 2o78 ± 0o22 X !0"17 

90 lo67 ± 0o26 X 10-D 2o42 ± 0o52 X 
10-18 

ISO 2.40 ± 0o67 X !0-D 5.27 ± 3.46 X 10-15 

208 3o68 ± 1.68 X 10-D 2ol9 ± 2o44 X 10·15 

Na 4 8o76 ± 2o55 X 1 o·• 8ol0 ± 0.95 X 10"' 

18 4o50 ± 1.21 X 10_, 4ol6 ± 1.20 X 10"' 

47 3.13 ± 1.31 X 10-9 4o20 ± 0o23 X 1 o·• 

90 2ol9±1.16x 10-9 3.43 ± 0o54 X IO"' 

150 1.65 ± 0o83 X 10_, 2o66 ± 0ol0 X 10"' 

210 1.26 ± 0o65 X 10-9 1.67 ± 0ol3 X 10"9 

Na 4 8o6l X 10-9 

(large sample) 18 4.42 X Jo·• 

47 2o46 x 1o·• 

6ol7 



TABLE 6.2. (contd) 

Time 
Soecies ldaysl ANS 16.1 Leach Test Static Leach Test 

Na (contd) 90 1.60 X Io·• 

!50 1.15 X Io·• 

210 9.28 X 10_, 

K 4 3.37 ± 1.79 X Io·• 2.24 ± 0.50 X 10-9 

18 1.57 ± 0.93 X Io·• 1.!5 ± 0.37 X 1o·• 

47 1.05 ± 0.50 X Io·• 1.03 ± 0.13 X Io·• 

90 6.77 ± 3.43 X 10_, 8.73 ± 1.31 X 10_, 

!50 4.7! ± 2.63 X 10_, 6.96 ± 0.77 X Io·" 

210 3.60 ± 2.15 X 10_, 4.82 ± 0.62 X 10_, 

K 4 5.37 X Io·• 

(1 arge sample) 18 2.60 X 10-9 

47 1.41 X Io·• 

90 8.66 X 10- 10 

!50 5.67 X 10-10 

210 4.57 X 10"10 

B 4 2.23 ± 1.05 X !0" 11 2.21 ± 0.6! X !0"11 

18 8.05 ± 3.34 X !0-12 9.03 ± 3.09 X !0"12 

47 4.05 ± 0.93 X 10"12 6.64 ± 2.71 X !0"12 

90 2.32 ± 0.28 X 10-12 4.53 ± 0.90 X 10-12 

!50 1.21 ± 0.41 X 10-12 3.48 ± 0.28 X !0"12 

210 8.79 ± 3.00 X !0"13 2.92 ± 0.32 X !0" 12 

B 4 9.93 X 10-12 

( 1 arge sample) 18 4.43 X 10"12 

47 2.03 X 10" 12 

90 1.24 X !0"12 

!50 8.45 X 10-13 

210 6.17 X 10" 13 
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Species 

so, 

so, 
(large sample) 

N03 

Al 

Time 
(days) 

4 

18 

47 

90 

ISO 
210 

4 
18 

TABLE 6.2. (contd) 

ANS 16.1 leach Test 

1.36 ± 1.86 X 10'9 

2.89 ± 3.98 X 10' 10 

1.05 ± 1.47 X 10'10 

6.59 ± 8.43 X 10' 11 

3.79 ± 4.36 X 10'11 

3.34 ± 3.54 X 10' 11 

1.37 X 10-10 

5.68 X 10' 11 

47 J. 59 X 10'11 

90 1.49 X 10' 11 

ISO 8. 73 x 10' 12 

210 9.96 X 10'12 

4 

18 

47 

90 

ISO 
210 

4 

18 

47 

90 

ISO 
210 

(a) NEGATIVE: cumulative amount leached at this 
(i.e., net precipitation has occurred). 

6.19 

Static leach Test 

3.22 ± 5.09 X 10'11 

5.85 ± 5.93 X 10'12 

6.34 ± 5.60 X 10'13 

2.15 X 10'13 

NEGATIVE''' 
7.45 ± 7.05 X 10'13 

1.31 ± 1.60 X 10-8 

7.53 ± 6.92 X 10'10 

8.48 ± 7.17 X 10'10 

9.85 ± 1.03 X 10-10 

8.09 ± 1.40 X 10'10 

1.02 ± 1.62 X 10'10 

8.80 ± 3.05 X 10-!4 

1.58 ± 0.15 X 10-13 

1.50 ± 0.30 X 10-13 

1.38 ± 0.22 X 10-13 

1.02 ± 0.72 X 10- 13 

1.16 ± 0.16 X 10-D 

time is less than zero 



TABLE 6.3. D§ (Cumulativ~ Coefficients for Selected Constituents in Actual 
P W Grouts (c /s) 

ANS 16.1 
Time ANS 16.1 Leach Test Leach Test 

Sg:ecies (da~s} (Small Seecimen} (Large Seecimen} Static Leach Test 

.. c. 4 <1.18 X 15" 12 <I. 51 X 10.13 <3.07 X Jo·" 
18 <3 .57 X 10" 13 <4.57 X 10·14 <6.46 X 10" 15 

48 <I. 75 X 10" 13 <2.24 X 10·14 <2.56 X 10" 15 

90 <1.18 X 10" 13 <1.51 X 10·14 <1.36 X 10" 15 

ISO <8. 75 X 10·14 <1.12 X 10·14 

54Mn 4 <I. 74 X 10·10 <2 .16 X 10" 11 <4.52 X 10·12 

18 <5. 27 X !0"11 <6.53 X 10" 12 <9.52 X !0" 13 

48 <2. 58 X 10·11 <3.20 X .10" 12 <3. 77 X !0"13 

90 <I. 74 X 10·11 <2.16 X 10" 12 <2.01 X 10· 13 

ISO <I. 29 X !0" 11 <1.60 X 10"12 

137cs 4 <4. 43 X !0" 12 <6.31 X !0"13 <I. 26 X 10·13 

18 <1.34 X !0" 12 <I. 91 X 10"13 <2.65 X 10·14 

48 <6.56 X !0" 13 <9 .34 X 10·14 <1.05 X 10·14 

90 <4.43 X !0" 13 <6.31 X 10·14 <5.60 X 10·15 

ISO <3.28 X 10·13 <4.67 X 10·14 

9oSr 4 <4. 59 X 10·16 <6.55 X 10·17 <1.31 X 10" 17 

18 <1.39 X 10·16 <I. 98 X 10" 17 <2.75 X 1 o·" 
48 <6.80 X 10·17 <9. 70 X 10" 18 <I. 09 X 10"18 

90 <4. 59 X 10·17 <6. 55 X 10·18 <5.80 X 10·19 

ISO <3. 40 X 10·17 <4.85 X 10-18 <3.48 X !0" 19 

208 <2.92 X 10"17 <3.95 X 10·18 <2.34 X 10·19 

u 4 4.42 ± 0.63 X 10·11 3.41 X 10" 11 1.73 ± 0.10 X Jo·" 
(50 mg/L 18 4.20 ± 0.57 X 10·12 2.90 X 10·12 5.40 ± 0.!0 X 10·15 

spike) 48 2.08 ± 0.28 X !0" 12 1.67 X !0" 12 3.24 ± 0.08 X 10" 15 

90 2.00 ± 0.31 X !0" 12 J. 72 X !0" 12 1.08 ± 0.03 X 10"15 

!50 1.92 ± 0.36 X !0" 12 I. 73 X 1 o· 12 7.48 ± 0.07 X 10. 16 

208 2.38 ± 0.37 X 10"12 2.39 X 1 o·" 8.22 ± 0.07 X 10.16 

6.20 



TABLE 6.3. (contd) 

ANS 16.1 
Time ANS 16.1 Leach Test Leach Test 

Species (days) (Small Specimen) (Large Soecimenl Static Leach Test 

Na 4 8.09 x 10·9 9.53 x 10·9 1.13 x 1o·• 

19 4.67 x 10·9 4.76 x 10·9 1.10 x 1o·• 

48 5.33 x 10·9 3.71 x 10·9 9.93 x 10·9 

90 3.75 X 10"9 2.42 x 10·9 6.36 x 10·9 

150 2. 78 x 10·9 1.66 x 10·9 4.29 x 10·9 

211 2.11 x 10·9 1.28 x 10·9 2.71 X lo·9 

K 4 3.06 x 10·9 4.55 x 10·9 3.94 x 10·9 

19 1.83 x 10·9 2.01 X lo·9 1.84 x 10·9 

48 !.80 x 10·9 1.48 X lo·9 3.01 x 10·9 

90 J. 23 X 10"9 9.41 X 10." 1. 95 x 10·9 

150 8.79 X lo·" 6.54 X 10." 1. 29 x 10·9 

211 7.02 X 10"" 5.00 X 10" 10 9.16 X 10.10 

B 4 4.38 X 10·12 I. 92 X 10. 11 3.78 X 10· 11 

19 2.71 X 10·12 6.29 X 10"12 1.46 x 10·11 

48 2.54 X 10·12 3.75 X 10.12 1.17 X 10. 11 

90 !.44 X lo·" 2.00 X 10" 12 6.67 X 10" 12 

150 9.29 X 10" 13 1.22 X 10·12 4.30 X 10·12 

211 7.19 X 10·13 8.85 X IO"" 3.27 X 10·12 

so, 4 3.48 X lo·" 1.00 X 10"" 8.42 X 10· 11 

19 6.32 X 10·11 J. 19 X 10·11 1.57 X 10·11 

48 4.28 X 10·11 <10·12 9.36 X 10" 12 

90 !.55 X lo·11 NEGATIVE''' 3.40 X 10.12 

150 9.89 X 10·12 NEGATIVE 5.13 X 10" 12 

211 J. 13 X 10· 11 6.68 X 10·14 6.46 X 10.12 

Al 4 2.34 X 10"13 

19 2.92 X 10" 13 

48 3.84 X 1 o·" 

90 2.95 X 10" 13 
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Time ANS 16.1 

TABLE 6.3. (contd) 

Leach Test 
ANS 16.1 

Leach Test 
Species (days) (Small Specimen} (Large Specimen) Static Leach Test 

Al 150 2.22 X 10'13 

(contd) 211 1.71 X 10'13 

N03 

(a) 

(b) 

4 0 
19 
48 

0 
12(b) 

9.42 X 10' 

90 3.48 X 10'14 

150 2.09 X 10'14 

211 1.48 X 10
.,. 

NEGATIVE: cumulative amount leached at this time is less than zero 
(i.e., net precipitation has occurred). 
The N03 inventory in actual grout was not determined; the same A0 as 
used in the synthetic grout was assumed. 

If leaching were accurately described by the semi-infinite-solid dif­
fusion model, the D, values should be constant with time. Table 6.2 and 
Appendix B show that the cumulative D, values for the ANS 16.1 leach test 
data decrease with time. Appendix 8 also shows that the incremental De 
values generally decrease with time, although certain samples show 
fluctuations. 

In general, both the synthetic and real PSW grout show low leach rates 
for trace constituents. Many of the spiked trace metals and radionuclides 
were not detected in any leachates. None of the effluents contained mea­
surable quantities of 109Cd, 51 Cr, 210Pb, 203Hg, or As. The De values shown 

in Table 6.2 and Appendix B for these species are calculated based on assum­
ing each leachate contained an amount equal to the detection limit. Thus, 
the values should be considered the upper limit and true values likely are 
lower. The detection limit values for the small grout cylinders are greater 
than for the large grout cylinders because the large grouts contain consid­
erably more activity, yet the detection limit for counting leachates remains 
fixed. The cumulative amount leached, ran, is equal in both cases, but the 
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term is larger for the larger grout samples and thus the quotient is 
smaller, resulting in a smaller De. The static leach tests also show smaller 
De values because of minimal solution replacement, which increases the Ian 
term in Equations (3.1) and (3.2) for the ANS 16.1 leach tests. For the 
actual PSW grout, uranium was the only radionuclide detected in leachates. 

For those trace species with detectable leach rates, the 1 ~I appears to 
leach fastest, then 99Tc, 75Se, and finally U, 14C, and 110mAg. The iodine 
leach behavior shows that a tenfold increase in original inventory yields the 
same effective D, as samples with the baseline inventory. This suggests that 
diffusion may be the mechanism that controls the leaching. The effective D, 
of iodine in the two larger grout cylinders appears to be lower than values 
for the standard-sized samples. This suggests that additional testing at 
variable surface area-to-volume ratios should be performed to determine 
whether such small samples are biasing the measured leach rates. Iodine 
leaching under static leach test conditions is significantly faster than 
under ANS 16.1 leach test conditions. Iodine leaching from CRW grouts(•) 
also shows increased leaching under static leach test conditions. Aside from 
the carbonate·armouring hypothesis, the only other obvious difference is pH, 
but we know of no reason iodine should be pH sensitive. 

The technetium leach data for a baseline inventory and a tenfold 
increased inventory show excellent agreement (all tests that differ only in 
an A. term yield the same D, value). This fact also suggests that diffusion 
processes through the grout control technetium leaching. The effective D,s 
for technetium from the large grout samples appear greater than for the 
smaller grouts, which is the opposite trend as found for iodine. We suggest 
that additional leach tests be performed using several sizes of grout to 
resolve the size issue. 

The ~Se leach data suggest that more Se leaches from the static tests; 
however, there is much scatter in the data because of small releases and a 
short half life for the tracer. The '"''Ag leach data suggest that the high 
pH (static leach test conditions) significantly reduces silver leaching. 

(a) 1989 draft report, Pacific Northwest Laboratory, Richland, Washington. 
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The uranium leach data for ANS 16.1 leach tests on synthetic PSW grouts 
show low leach rates. There does not appear to be any difference in leach 
rates versus sample size, but the ANS 16.1 data show that increasing the 
uranium inventory causes much lower leach rates. The data suggest that dif­
fusion is not controlling the leach rate; rather, it appears that solubility 
processes may be controlling the release of uranium. The calculated D, 
values for uranium for the ANS 16.1 leach tests suggest that the leach rate 
decreases for the first 48 days, and then increases steadily through 
208 days. Such a trend is not typical for any other species measured to 
date. 

Because of the atypical leaching trend versus time for uranium, we 
reconsidered our calculations. The data in Tables 6.2 and 6.3 for uranium 
were obtained assuming that the ground water does not contain any measurable 
uranium. The well water collected on 11/11/87 (see Table 4.10) was reana­
lyzed; four replicate analyses yielded a background value for uranium of 4.09 
± 0.24 ~/L. This value is within reason for ground waters in general (Hem 
1970, p. 212) and Hanford well waters in particular (Cline et al. 1985). Of 
particular significance is the uranium concentrations in the grout leachates 
(see Tables A.4, A.5, A.6, A.9, A.10, and A.12), which never rise above 
3 ~/L. Uranium is actually scavenged from the ground water in all tests. 
Thus, as was found for Ca and inorganic carbon, uranium shows a net precipi­
tation. Therefore, the D, values reported in Tables 6.2 and 6.3 are biased 
high. As the leach test proceeds, less uranium is removed from each influx 
of new solution, and the measured leachate concentrations appear to increase 
when in reality less removal is being observed. This process causes the 
apparent increase in leach rates at longer time periods. 

As was found for CRW grouts and other cementitious waste forms (Habayeb 
1985), 14C leaches very slowly from the cementitious waste forms. All 
investigators suggest the same mechanism for this efficient sequestration. 
Cement pore solution environments readily promote the precipitation of 
alkali-earthen carbonates. The 14C in the grout appears to be immobilized by 
such precipitation reactions. 
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The effective diffusion coefficients reported in Table 6.2 for Cd, Hg, 
Cr, and Pb are upper-limit values that assume leachates contain detection­
limit concentrations. The De values for the static leach tests are signi­
ficantly lower because there is minimal solution replenishment in these 
tests . 

Table 6.2 also contains effective diffusion coefficients for the major 
constituents Na, K, B, S04, NO,, and Al. For the ANS 16.1 leach test, only 
Na, K, and B consistently leached from all samples. Sodium leached faster 
than K and both leached significantly faster than sulfate and boron. For Na 
and K the observed De values remain the same when comparing the two sizes of 
samples. There is a large amount of scatter in the sulfate leach data, so it 
is difficult to judge whether the apparent lower D, values for the large 
samples are real. 

The calculated D, values for static leach tests suggest that slightly 
more Na, K, and 8 are leached under the static leach test conditions than are 
leached under the ANS 16.1 leach test conditions. Those results were 
observed previously for the 60:40 PSW grouts (Serne et al. 1987). 

The leach rate of nitrate from synthetic PSW grouts is quite variable 
and could be quantified only for the static leach tests, which allow more 
sensitivity for constituents present in very low initial inventories. The 
calculated D, for nitrate is in the range of 10'10 to 10'9 cm2/s. The major 
source of the nitrate was the inclusion of nitrate salts of trace metals. A 
D, for nitrate of 1.2 ± 0.5 x 10'9 cm2/s was found for the CRW grout, which 
contains very high levels of nitrate. 

The real PSW grouts contained measurable quantities of 51Mn, ~Co, and 
uranium. We assumed 137Cs and 00Sr activities based on data presented in 
Table 4.4 of Sewart et al. (1987). Using total beta and gamma counting, none 
of the leachates from the experiments using real grout contained measurable 
amounts of radioactivity. 

The real PSW grouts spiked with 50 mg/L uranium show low leach rates for 
the ANS 16.1 leach tests, with no significant differences between the two 
sizes of samples (see Table 6.3). The calculated 0, values for the ANS 16.1 
leach tests on real grout are about 10 times larger_ than the De values for 
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the synthetic grouts. The same trend was observed (i.e., decreasing leach 
rates for the first 48 days and increasing leach rates through 208 days). 
For the synthetic PSW grouts, the static leach tests show much lower uranium 
leach rates, but the rate does not increase later in the test as occurred for 
the ANS 16.1 leach test data collected on synthetic grouts. For the static 
leach tests, there is no significant difference in the calculated De values 
for uranium between synthetic and real grout. High pH conditions apparently 
keep uranium solution concentrations in the part-per-billion range or lower. 
As previously described, the test actually removes background concentrations 
of uranium from the ground water, so the leach data presented are biased 
high. 

Table 6.3 also contains the leach data for major constituents Na, K, B, 
S04 , Al, and No;. For the real PSW grout, Na and K leached faster than any 
other constituents. The data also suggest a slightly faster release of Na, 
K, and B under static conditions as was observed for synthetic grouts and 
previous work on 60:40 PSW formulations. There are no significant differ­
ences in leach rates for Na, K, or 8 between specimen sizes or between syn­
thetic or real PSW grout. 

The sulfate data for real PSW grout are as variable as the data for syn­
thetic PSW grout. It is difficult to determine whether S04 actually shows a 
small net leaching or whether the data reflect imprecision in S04 analyses. 

For the static leach test on real grout, very little nitrate was found 

in the leachate, perhaps because the inventory is much lower than it is in 
the synthetic grout. Accurate measurements of the N~ concentration in 
actual liquid wastes were not obtained and no complete dissolution of actual 
grout was attempted. The calculated D, value for No; assumed the same inven­
tory in the real grout as was in the synthetic. We suspect that this assump­
tion is erroneous and that the reported data are not accurate. Because real 
PSW grouts contain very low inventories of No;, useful leach data for N03 are 
not likely to be obtained. 
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Two samples, PSWLA7-6 and PSW 10-4 (a large synthetic specimen spiked 
with ~Tc and leached under ANS 16.1 leach test conditions, and a standard­
sized specimen of real PSW grout leached under static leach test conditions) 
appear to show a small amount of stable Cr leaching. Assuming that all grout 
contained 0.01% Cr203 (see Table 4.9), we calculated effective diffusion 
coefficients for stable Cr. Sample PSWLA7·6 yielded a value of 1.3 x 10" 11 

cm2/s, and sample PSW 10·4 yielded a value of 2.92 x 10"12 cm2/s. These 
values corroborate that Cr is not readily leached from PSW grout. Recall 
that the 51Cr data in Table 6.2 were limited by the tracer's short half life 
and yielded only detection limit values. The stable Cr data also suggest 
that the high pH conditions of the static leach test lowers Cr leach rates, 
perhaps by solubility processes. 

6.3 APPLICATION TO PERFORMANCE ASSESSMENT CALCULATIONS 

The De values generated in these laboratory studies are used directly to 
develop release (source-term) models for constituents in the grout. Previous 
performance assessment work (e.g., Sewart et al. 1987) has relied on con· 
servative values when data were lacking. Generally, a default value of 
I x Io·• cm2/s was assigned when actual values did not exist. Numerous other 
leach tests on 60:40 synthetic PSW, synthetic CRW, and 70:30 synthetic and 
real PSW grouts and DSSF grout have been performed. 

Table 6.4 lists the range of effective D, values generated to date and 
our estimate of probable ranges to use for future performance assessment 

calculations. The proposed ranges are most defensible for PSW-like grouts 
but may be used for preliminary estimates for other grouts, with only a few 
exceptions. 

Recently, an exhaustive list of radioisotopes that may be present in 
defense-related waste has created some interest in Sn, Pa, Nb, Ac, Sb, Pd, 
Mo, Rb, and Be. From chemical analogs we speculate that Ac would act similar 
to lanthanides, Pa similar to U, and Rb similar to Cs. The chemistry of Sn, 
Nb, Sb, Pd, Mo, and Be disposed in grout is considered too problematical for 
comment, other than anionic forms of Sb and Mo are known to exist in natural 
waters. 
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TABLE 6.4. Review of Available D, Values for PSW and CRW Grouts (cm2/s) 

H 

B 
c 

""' F ,, 
so, 
K 

" ... 
Fe 
co 
,; 
cu 
zn 
As 

Se ,, 
" ,, .. 
Cd 

" .. 
Hg 
Pb 

Species 

lanthanides (Ce·Lu) 

Th 
u 
Np 
Pu ... 
"" 

PSW 

-12 -12 
<10 -l2 5 X 10 
5 X 10 
10"10 to 10"9 

·9 
1to3x10 

-12 -11 
10 to 10_

10 
4to9x10 

-12 -10 
10_

13 
to <1~11 

10 to 10 

-13 -11 
10 to 10 

-12 -10 
<10 to <10 

-12 -11 
10 to5xj0 

-13 ·1 
10 to 10 

·11 
4 X j0 
10 ·T to 5 x 10·TT 

-12 ·10 
<10 to <10 

·10 -9 
10 _

14 
to 5 ~,~a 

10 to 10 

·10 ·8 
<10_

11 
to <10_

10 
<10 to <10 

-15 ·11 
10 to 10 

CRW 

-12 -10 
10 to s x 10 

·13 
2 X 10 

·9 
1.5 :!; 0.5 X 10 

-12 -11 
to tos_eto 
6 ± 2 X 10 

-9 ·8 
10 to 10 

·9 
1.3 :t 0.4 X 10 

·12 ·10 
10 !' 10 ·1 

<10 
·12 ·10 

10 to 10 

·9 
3.4 to 34 x.1g 
1to5x1D 

·16 -15 
10 to 10 

·17 ·16 
10 to 10 
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Recannended for 
Performance Assessment 

·• 10 conservative estimate 
·10 

10 
·13 

5 X 10 
2 X 10 "9 

grout ~t 
5 X 10 

grout vndent 
1 X 10 
5 X 0 ·1l 

·1 1 
10-11 
10 analog of Hn 

·12 
10 

·10 
10 conservative estimate 

·11 
10 analog of Mn 

·10 
10 analog of Cd 

·11 
10 -11 
5 X 10 

1 
5 X JD 1 

·1 
10 

1 
analog of u 

10. 0 
·11 

5 ' 10 ·10 
10 

·9 
5 ' jO ·1 
10 ~~~out dependent) 
5 x 10 analog of Sr 

·11 
5 X 10 
5 X 10 

·11 

·11 
5 x jO analog of Pb 

·1 
10 analog of u 

·12 
10 
10 "

11 
conservative estimate 

·15 
10 ·15 
10 ·15 
10 analog to Am 
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The available data on grout leaching, leachate adsorption, and defense 
liquid waste inventories, plus existing knowledge of grout and ground-water 
chemistry, suggest that 1 ~1 and wTc are. problem radioisotopes and nitrate 
is a problem chemical. "Problem" is defined as a species that leaches more 

rapidly than most from the grout and has essentially no adsorption tendencies 
on Hanford sediments. Future performance assessment calculations for spe­
cific inventories and application of the o. values listed in Table 6.4 may 
reveal additional species that merit emphasis. At present, any additional 
grout leach tests should continue to include studies of nitrate, iodine, and 
technetium. 
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7.0 CONCLUSIONS 

This report presented leach data for selected radionuclides and regu­
lated chemicals in PSW grout that could potentially contribute to contamina­
tion of the ground water below the grout disposal site. Prior to this study, 
conservative leach rates were assumed for these species. The actual leach 
data can now be used to refine performance assessment calculations and narrow 
the list of key species that require additional study. 

The effective o.s listed in Tables 6.2 and 6.3 show trends similar to 
those from previous studies. Iodine, Na, and N03 appear to leach fastest; Tc 
and K leach next fastest; the regulated trace metals leach at significantly 
s 1 ower rates; and finally, radi onucl ides such as 14 C, U, 60Co, and 90Sr 1 each 
very slowly. 

Several key issues were partially addressed in this work. There is no 
significant difference in the leachate chemistry and calculated effective o.s 
for species from real and synthetic PSW grouts. We note in particular the 
similar concentrations of TOC in leachates from both types of grout. The 
similar leach rates of trace metals, which readily complex with chelating 
agents, from the two grout types further support our conclusion that organic 
chelates are not an important issue for PSW grout. 

The comparisons of standard-sized (35 ml) with larger-sized (142 ml) 
grout specimens were not conclusive. For a few species (K, Na, and U) the 
calculated De values are indistinguishable, but for other species (B, I, and 
Tc) size appears to make a difference. The data for B and I suggest that o. 
values are lower for larger-sized specimens; however, the data for Tc suggest 
the opposite (the large specimen yielded a larger D.). For many of the trace 
metals, the larger size leads to lower De values when detection limits are 
observed. Thus, from ~a practical standpoint, for slow-leaching constituents 
present in low inventories greater sensitivity is achieved by leaching larger 
samples. 

The comparison of leach tests where the original inventory was varied 
from a baseline value to about 10 times baseline is used to differentiate 
diffusion-controlled from solubility-controlled leaching. The data set for U 
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is the only data set with variable inventory that provides conclusive 
results. Increasing the U content of the grout led to much lower D, values. 
Regardless of the amount of U spiked into the grout, the concentration in the 
leachates was very low, implying a solubility control. The data for Tc and I 
show as much scatter in replicates of individual tests as the difference 
between tests at different inventories. Although not statistically meaning­
ful, both species yield higher D, values with the higher loadings. This 
trend is similar to that observed when increasing the loading of most major 
constituents--that is, increasing the waste loading generally has an adverse 
impact on waste form leachability. The limited scale-up and variable inven­
tory studies would profit from continued study using greater ranges in speci­
men size and constituent inventory. 

Particular attention was given to determining the leach rate of I, Tc, 
N~, U, and Cr because previous performance assessment calculations suggest 
that these species dominate as potential problem species. Also, I, No;, and 
U have been observed to migrate considerable distances from Hanford waste 
disposal sites used in the past (Eddy, Prater and Reiger 1983, Prater et al. 
1984, Cline et al. 1985, and Delegard et al. 1986). We found that I and Tc 
leach relatively rapidly from PSW grout, and previous studies using CRW 
leachate (to be reported) suggest that these elements are not significantly 
retarded by Hanford sediment. PSW grout contains very little No; so it is 
difficult to accurately determine the No; leach rate. The static leach tests 
of synthetic grout suggest that No; leaches somewhat slower than I but faster 
than Tc. Leach rate data determined by spiking grouts with 51Cr yielded 
detection limit values that suggest that Cr is not readily leachable. 
Calculations based on these data suggest effective O,s in the range of 3 x 
!0'12 to 2 x 10'11 cm2/s. Data presented in Table 4.5 suggest that Cr pre­
sent in either the sulfate or phosphate liquid waste precipitates upon neu­
tralization to pH 12. Two plausible mechanisms to promote precipitation are 
formation of insoluble Cr oxides/hydroxides and mixed Fe/Cr hydrous oxides, 
or adsorption onto hydrous Fe oxides. From the available data we speculate 
that Cr will not readily leach from PSW grout or other Hanford grouts. 

All the leach data for U show very low leach rates. In fact, the grout 
tests show that U in the natural ground water (4.09 ~/L) is actually 
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effectively scavenged from solution. As was observed for Ca and inorganic C, 
there is net precipitation as opposed to any leaching. We expect similar 
trends for all Hanford grouts, especially during the early stages when fresh 
grout reacts with ground water. 

Key species that continue to show the greatest leach rates and mobility 
in Hanford sediment/ground-water systems include I, Tc and No;. 
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APPENDIX A 

CHEMICAL COMPOSITIONS OF LEACHATES 



.. 

TABLE A. I. Chemical Composition of Leachates from ANS 16.1 Leach Test: 
Sample PSWAS-1 

181. 
SAI.IPLE f lATER 1 

TilliE d:ays 1.1833 

pH 

Eh " 
AI •gfl 
Ba •g/1 

Ca •g/1 
Cd •g/1 
Cr •g/1 
Cu lg/1 

Fe lg/1 
K •g/1 

Wg lg/1 
Wn •g/1 
Na •g/1 
p •g/1 

as P04 19/l 

Pb •g/1 
Si •gfl 
Sr •gfl 
Zn •g/1 
Zr •g/1 

F- lg/1 
Cl- •g/1 

ND2- •g/ l 
N03- 19/l 
504-- lg/1 
HC03- lg/1 

C03-- •g/1 

CH- •g/1 
B •g/1 

as H3803 19/l 
TDC •g/1 

PD-4--- •g/1 

CATIONS uq/1 
ANIONS eeq/1 

TDT.ALK.• •g/1 

P.ALK •g/1 
IC •g/1 

8.311 

"' (11.13 

1.168 
58.8 

(8.1184 

(1.12 

(1.114 
(1.115 

' 13.4 
1.187 

" (1.1 
(IJ.3 

(1.811 

15 

1.24 
(1!1.12 

{IUJI18 
{1.17 

21 

(1.3 
(11.5 

" 187.9 

• • 
1.118 
1.-41 

1..45 

(8.4 

4. 92 
5.116 

92.111 

• 
34.1 

(---)Data not available. 

8.99 

"' 1.868 
1.129 

24.2 
(I.H4 
(1.12 

(1.1114 

(1.118 
12.3 
11.2 

IJ.ilfl7 

67.3 
(1.1 

(1.31 

(1.16 

14.1 
1.167 
(1.112 

(11.11118 

(lUI ,. 
(1.13 

(1.5 

71 
112.24 

1.11 

1.11 
1.155 

ILBI 
11.88 

(11.15 

4.94 

4.14 
56.2 

• 
19.65 

(•) Total Alkalinity as CD3--. 

2 

1.29 

8.65 

286 
1.148 

1.154 
43.4 

(1.184 
(1.82 

(I.H4 
(1.116 

••• 
13.6 

l.llfl4 

31.4 
(IJ.l 

(1.31 
(1.16 

15 

I. 233 
(1.12 

(1.118 
(1.6 ,. 

(1.13 

(1.5 

76 
129.118 

5.52 
28.58 

1.1188 
11.46 

1.2 

(11.115 

4.911 
4.54 

" 2.76 
31.12 

' 
1 

9.93 
334 

1.137 

1.128 
18.2 

(1.1114 
(1.12 

(I.H4 
(I.H6 

11.7 
11.3 

(I.H2 

53.2 
(1.1 

(1.31 
(11.116 

13.6 

11.153 
(1.12 

(1.11118 
(8.8 

21 

(11.13 
(1.5 

73 

117.89 
5.52 

28.58 
1.132 
tUB 
11.85 

(1.15 

4.37 
4.23 
63.5 
2.76 

17.67 

• 
2 

9.113 
421 

(1.13 

1.1137 
28.9 

(1.114 
(1.12 

(8.114 
(1.118 

11.7 

11.9 
(1.812 

45.5 
(1.1 

(1.31 
(I.H 

14.8 
1.184 
(1.12 

(1.118 
(1.6 

" (1.13 
(1.5 

77 
123.38 

5.52 
28.58 
1.115 
1.54 
1.14 

{1.115 

4.68 
4. 43 
66.2 
2. 76 

18.48 

A.! 

' 
' 
9.19 .,, 

(1.13 

1.139 
28.3 

(1.1114 
(1.12 

(1.114 
(1.118 

••• 
11.7 

(1.1112 

38.1 
(1.1 

(1.31 

(1.16 

14.5 

1.184 
(1.12 

(1.118 
(1.8 

" (1.113 

(1.6 

79 
89.79 
11.14 
57.17 

1.1192 
1.48 
1.67 

(11.15 

4.28 
4.14 
55.2 
6.52 

24.17 

• 
• 
8.83 

412 
(1.13 

1.1142 
32.5 

(1.814 
(1.12 

(1.114 

1.13 

••• 
12.4 

(1.112 

34.1 
(1.1 

(1.31 
(1.18 

14.7 

1.2 
(1.12 

(1.1118 
(1.6 

21 

(1.13 
(1.5 

76 
1.11 

11.14 

57.17 
1.188 
1.46 
1.61 

(1.16 
4.35 
4.27 

63.5 
5.52 

25.37 

7 

lB 

11.2 

"' (1.13 

1.114 

2.41 
(1.114 

(1.12 
(1.814 

1.119 
lB 

1.982 
(1.112 

91.7 
(1.1 

(1.31 
(1.16 

11.4 

1.196 
(1.12 

(1.1118 
(1.6 

" (1.13 
(1.5 

" 1.11 
61.72 

314.41 
1.151 
1.78 
1.16 

{1.15 

4.61 
4.66 

81.14 
49.68 
12.4 

' 
47 

11.76 

'" (1.18 

1.114 

•. 7 
(11.184 

(1.12 
(1.184 
(1.116 

lB 
1.84 

(1.112 ... 
(1.1 

(1.31 
(1.18 

12.6 
1.112 
(1.12 

(1.118 
(1.8 ,. 

(1.13 

(1.5 

" 1.11 
88.28 

343.21 

1.142 
1.74 
2. 51 

(1.15 

5.44 .... 
132.5 
99.38 
15.69 

' .. 
••• 
"' (1.13 

1.13 

8.15 
(1.114 
(1.12 

(1.114 
(1.115 

12.8 
8.72 

(1.112 

71.8 
(1.1 

(1.31 

(1.18 

13.5 

1.17 
(1.12 

(1.118 
(1.9 

23 
(1.13 

(1.6 

" 1.11 
33.12 

171.61 
1.1 

1.62 
1.43 

{1.15 

4.48 
3.96 
66.2 

18.58 
21.14 

.. 
lSI 

8.81 

371 
(1.13 

(1.112 

15.1 
(1.114 
(1.12 

(1.114 
(1.115 

11.7 
11.2 

(I.H2 

58.2 
(11.1 

(1.31 

(1.18 

15.1 

1.229 
(1.12 

(1.818 
(1.18 

19.8 
(1.13 

••• 
64.4 
1.11 

5.52 
28.58 
(1.12 
1.118 
1.36 

(1.15 

4.34 
3.99 

61.72 
2. 78 

23.88 

11 

211 

9.1 

"' (1.13 

1.148 

18.9 
(1.1114 
(8.12 

(I.H4 

(1.116 

11 
11.1 

(1.11112 .. 
(1.1 

(1.31 
(11.118 

13.8 

1.222 
(11.112 

(1.118 
(1.5 

23.8 
(1.113 

(1.6 

71 

1.111 
32.48 

1.88.18 

1.1181 
1.42 

(1.15 

3.89 
3. 77 

48.8 
32.36 



TABLE A.2. Chemical Composition of Leachates from ANS 16.1 Leach Test: 
Sample PSWA7-1 

rru 
SAMPLE f lATER 1 

TIWE days I .1833 

pH 
Eh .. 
AI •gfl 
Bl •g/1 
Ca •gjl 
Cd 1g/l 
Cr •g/1 
Cu •g/1 
Fe 19/l 
K 1gjl 

t.lg •g/1 
lin lg/1 
Na •g/1 
p lg/1 

as P04 •g/1 
Pb lg/1 
Si agfl 

Sr ag/1 
Zn ag/1 
Zr ag/1 
F- ag/1 
Cl- agfl 

ND2- ag/1 

NO!- ag/1 
504-- •g/1 
HC03- ag/1 

coa-- •g/1 
OH- ag/1 
B ag/1 

as H3B03 agfl 
TDC ag/1 

PD-4--- ag/1 
CATIONS aeq/1 
AHIONS aeq/1 

TOT. ALK. • ag/1 
P. ALK ag/1 

IC ag/1 

8.35 

"' (1.13 
1.165 

51.8 
(8.114 
(1.12 

(1.114 

(1.815 
8 

13.4 
1.187 

" (1.1 

(1.3 
(1.18 

16 

I. 24 

(1.12 
(8.118 
(1.17 

21 
(1.3 
(1.5 

" 187.9 

• • 
1.18 
1.41 
1.45 

(1.4 

4.92 

6..118 
92.18 

• 
"'.1 

(---)Data not IYiilable. 

11.81 
881 

1.182 
1.112 

11.12 
(1.114 
(1.12 

(1.114 

<I.HS 
15.8 .... 

(I.H2 
113.8 
(1.1 
(1.3 

(1.1& 

11 

8.187 
(1.12 

(8.888 
(1. 7 

22 
(1.83 

(8.5 

" 22.37 

99.41 
1.11 

1.2<42 
1.25 
1.38 

(ILlS 
5.35 

5.88 
111.4 
49.7 

37.82 

(•) To~al AI hi inity as CD3--. 

2 

1.29 

8. 97 

"' 1.128 
IJ.N9 

42.1 
(1.114 

(1.12 
(1.114 
(1.115 

••• 
12.1 
1.18 

31.5 
(1.1 

(1.3 
(1.18 

13.8 
.225 

(1.12 
(l.lfl8 

(1.8 
22 

(1.13 

(1.5 

" 112.28 
22.18 
1.11 

1.1111 
1.47 
11.88 

(11.15 
4.85 
4.59 
77.3 

11.14 
28.98 

' 
1 

9.17 

"' 1.162 

1.12 
25.5 

(1.114 
(1.12 

(1.114 

(I.HS 

• •• 
11.2 

1.112 

39.1 
(1.1 
(1.3 

(1.18 

12.8 
1.173 
(1.12 

(1.118 
(1.8 

22 
(1.13 
(1. 5 

" 123.48 

11.84 
1.81 

1.125 

1.85 
1.45 

(1.85 

4.88 
4.45 

71.78 
5.52 

19.59 

' 
2 

.... 
"' 1.1159 

1.139 

31.8 
(1.114 

(1.12 

1.118 
(1.115 

11 
11.8 

1.135 
38.3 
(1.1 
(1.3 

(1.18 

13.4 

1.191 
(1.12 

(1.1118 
(1.8 

" (1.13 
(1.5 

71 
123.48 

11.14 .... 
1.112 
1.53 
1.82 

(1.15 

4.31 
4.52 

71.78 
5.52 

28.17 

A.2 

5 

• 
8. 78 

302 
1.154 

1.143 
35.3 

1.147 
(1.12 

1.119 
(1.115 

11 
11.5 

1.139 

35.4 
(1.1 

(1.3 
(1.111 

14.3 
1.2111 
(1.112 

(1.118 
(1.8 

22 
(1.13 

(11.5 

" 123.48 
11.14 .... 
1.197 
1.51 
1.88 

(1.16 
4.61 

4.45 
71.78 
5.52 

27.42 

' 
' 
8.82 

395 
(1.13 

1.148 

41.1 
(1.114 

(1.12 
(1.114 
(I.H5 

••• 
12 

1.162 
32.1 
(1.1 
(1.3 

(1.18 

14.3 

1.214 
(1.12 

(1.118 
(1.8 

23 
(1.13 
(1.5 

" 1.11 

21.21 
58.37 
1.184 
1.43 
I. 711 

(1.15 

4.81 
8.23 

124.2 

113.8 
31.58 

7 

18 

11.81 
417 

1.138 
1.118 

4.53 
(1.114 
(1.12 

(I.H4 

<I.H5 
14 

3.89 
(1.112 

79.5 
(1.1 

(1.3 
(1.18 

13.7 
1.118 
(1.12 

(1.118 
(1.11 

23 
(1.13 
(1.5 

" 1.11 

55.21 
11.95 
1.148 
1.78 
1.94 

(1.15 

4.38 
4.51 

74.52 

48.92 
11.41 

' 
47 

9.13 
352 

(1.13 

1.129 
8. 99 

(1.114 

(1.12 
(1.114 
(1.115 

12 
8.13 

(1.112 .... 
(1.1 
(1.3 

(1.16 

14.1 

1.112 
(1.12 

(1.118 
(1.5 

22 
(8.13 
(1.5 

" 84.18 
5.52 .... 

1.199 
I. 51 
1.82 

(1.15 
3.88 

3.56 
48.92 

2. 78 

18.26 

• .. 
8.42 

351 
(1.13 

1.1147 

24.8 
(1.1114 
(1.12 

(1.8114 

1.112 

••• 
11.5 

(1.112 

43.1 
(1.1 

(1.3 
(1.18 

14.6 
1.21 

(1.12 
(1.818 

••• 
25 

(1.113 

1.3 

71 
117.85 .... .... 
1.178 .... 
1.44 

(1.15 

4.29 

4.17 
57.98 

• 
5.73 

11 11 

151 218 ,. 

8.34 8.33 
347 377 

(1.13 (1.1:~ 

1.144 1.15 

24.7 32.8 
(1.114 (1.1114 
(1.12 (1.112 

(1.114 (1.114 

1.122 (1.185 

8.71 8.11 
12.5 13.2 

1.117 (1.115 

41.7 31 
(1.13 (1.1 

(1.3 (1.3 
(1.18 (1.16 

15 14.2 
8.2fl3 ' '1 

(1.12 ' ... 2 
(1.1118 (1.188 

1.58 8.498 
22.1 23.1 

(1.13 (1.13 

I. 5 4 
68.9 71 

112.24 98.72 
1.111 1.11 
1.11 1.11 

11.177 I.H2 
1.41 1.42 

(1.16 (8.85 
4.28 4.28 
3.94 3.82 
55.2 48.55 

• • 



. 

TABLE A.3. Chemical Composition of Leachates from ANS 16.1 Leach Test: 
Sample PSWLA7-6 

IB.L 
SAMPLE f lATER 1 

TIWE days 1.1833 

pH 

"' " AI agfl 

Ba ag/1 
Ca •g/1 

Cd ag/1 
Cr ag/1 
Cu ag/1 

Fe ag/1 
K ag/1 

Wg •g/1 
lin lg/1 
Na agjl 
p •g/1 

as P04 ag/1 
Pb ag/1 
Si agfl 

Sr ag/1 

Zn ag/1 
Zr •g/1 
F- agjl 

Cl- ag/1 
ND2- agjl 

N03- ag/1 

504-- lg/1 
HC03- ag/1 

CD3-- ag/1 
OH- ag/1 

8 •g/1 
as H3B03 agf I 

TOC ag/1 
P04--- ag/1 

CATIONS aeq/1 
ANIONS aoq/1 

TOT. ALK.' ag/1 

P.ALK agfl 

IC ag/1 

8.35 

"' (1.83 

1.156 

... 6 
(IJ.l!llil4 

(1.12 
(1.114 

(1.115 

6 

13.4 

1.187 

" (1.1 
(11.3 

(1.18 

" I. 24 
(1.12 

(1.1118 

(1.17 
21 

(1.3 
(1.5 

" 187.9 

• • 
1.18 
I. 41 
I. 45 
{1.4 

4. 92 

5.1!16 

92.16 

' 34.1 

(---) Dilh not. available. 

9.48 

"' I. 214 
1.135 

32.3 
(1.114 

(1.12 

(I.IM 
(1.815 

11.3 

12 
1.13 

51.4 
(1.1 

(11.31 
(IJ.IJS 

14.1 

1.179 

(IUI2 

(1.1118 
(1.8 

" (1.18 

{1.5 

71 

58.12 

68.2t 
1 ... 

1.122 
1.63 
11.88 

(1.15 
5.13 

5.28 

93.8 
33.1 

21.72 

(•) Total Alkalinity as C03--. 

2 3 

8.29 I 

9.18 9.41 
414 391 

1.113 1.113 
1.843 1.813 
38.5 15.3 

(1.814 (1.814 
(8.82 1.844 

(1.884 1.888 

(1.885 (1.815 
0.4 12.4 

12.7 11.7 
1.137 (1.812 

38.4 54.8 
(1.1 (8.1 

(8.31 (1.31 
(8.18 (1.18 

14.8 14.2 
1.213 1.132 
(1.112 (8.12 

(8.888 (1.118 

(1.6 (1.8 

23 23 
(11.83 (8.83 
(1.5 (11.5 

67 71 
157.18 112.28 

1.88 22.18 
1.11 1.81 

1.1199 1.13 
8.51 1.67 
1.94 1.83 

(1.85 (11.85 

4.78 4.34 
4.62 4.71 
77.3 77.3 

II 11.114 
25.89 17.86 

' 
2 

.... 
371 

1.1 
1.838 

27.2 
(1.114 

1.15 
1.819 

(1.115 

11.8 
11.2 

1.124 
44.8 
(1.1 

(1.31 
(1.18 

14.1 
1.17 

(1!1.12 

(1.11118 
(1.6 

23 
(1.13 

(1.5 

" 89.83 

33.12 

8.11 

1.117 
I. 55 

1.82 
(11.15 

4. 53 
4.66 

77.3 
16.58 

21.48 

A.3 

• 
3 

9.17 
391 

1.844 
1.138 

28.4 
(1.114 

(1.12 

(1.114 

(1.115 

11.8 

11.3 

1.119 

41.0 
(1.1 

(1.31 

(1.118 

14.5 
1.177 

(1.12 
(1.118 

(1.6 

" (1.13 

(1.5 

" 111 .as 
5.52 

1.11 
1.195 

1.49 

1.69 
(1.16 

4.31 

4.16 
63.48 

2.76 
23.71 

6 

' 
8.81 

391 

1.132 
1.143 
33.2 

(1.114 
(1.12 

(1.114 

(1.116 

11.2 

12 

1.148 

35.7 
(1.1 

(1.31 
(1.18 

14.7 
1.198 
(1.12 

{1.118 
(1.8 

22 
{1.13 

(1. s 

" 84.18 

82.81 
1.11 

1.187 
1.45 
1.98 

(1!1.15 

4.46 
6.16 

124.2 
41.4 

26.91 

7 

16 

11.81 ... 
1.181 

1.118 

6.28 
{I.H4 
(1.12 

(1.114 
(I.HS 

16.4 

8.17 

(I.H2 

86.1 

(1.1 

(1.31 

(1.18 

13.4 

1.122 

1.119 
(1.118 

1.448 

25.4 
(1.13 
(1.5 

71.68 

1.11 

193.21 

12.51 
1.147 
1.78 

1.31 
(11.115 

4.89 

9.39 
215.28 
118.68 
16.39 

6 

" 
9.17 

"' 1.132 

1.123 

7.43 
(1.114 

(1.12 
(1.114 
(1.115 

13 
6.81 

(1.112 

61.2 

(1.1 

(1.31 

(1.88 

12.7 

1.164 
(1.12 

(1.118 

(1.6 

" (1.13 

{1.5 .. 
95.41 
11.14 .... 

1.1 
1.62 
1.95 

(1.15 

3.93 

4.12 

57.96 
5.52 

18.81 

• .. 
8.48 

"' (1.113 

1.135 
16 

(1.114 

(1.12 

(1.114 

(8.115 

11.8 

6.10 

(1.112 

49.8 

(1.1 

(1.31 

(1.18 

13.5 
1.2 

(1.12 

(1.118 

1.5 

" (1.13 

(1.5 

71 

78.61 

11.1!14 . ... 
1.1 

1.62 

1.41 
(1.13 

3.91 
3.84 

49.7 
5.52 

4.22 

11 11 

lSI 218 

8.18 

337 

1.148 

1.142 
21.9 

(1.1114 
{1.12 

(1.884 

1.122 

SI.Sl 
8.38 

(1.812 

47.5 
(1.1 

(8.3 
(1.18 

13.6 

I. 213 

(1.12 

(1.118 

1.61 

21.2 
(1.13 

••• 
68.8 

118.55 

11.11 
1.11 

8. 898 
1.61 

(1.13 

4.116 
3. 78 
52.4 

' 

7.95 

"' (11.113 

8.848 
21.8 

(1.1114 
(1.12 

(1.114 

(1.115 

II 
9.52 

1.132 

39.7 

(1.1 

{1.3 

{1.18 

13.5 
1.236 
(1.12 

(8.118 

1.415 

23.4 
(8.83 

2 
71 

98.72 

1.11 . ... 
1.182 
1.42 

(11.113 

3.85 
3.81 

48.65 

• 



TABLE A.4. Chemical Composition of Leachates from ANS 16.1 Leach Test: 
Sample PSWA9-1 

WB..L 
SAI.IPLE I lATER 1 

TIME days 1.1833 

pH 

Eh " 
AI •g/1 
81 •g/1 
Ca lg/1 
Cd •g/1 
Cr lg/1 
Cu •g/1 
F1 19/l 

I( •g/1 
Ug lg/1 
.... lg/1 
Na •g/1 
p •g/1 

as Pll4 lg/1 

Pb •g/1 
Si •g/1 
Sr •g/1 
Zn •g/1 
Zr -s/1 
F- •g/1 
Cl- •g/1 

Nll2- 1g/l 
N03- •g/1 
504-- lg/1 
HCD3- 1g/l 

COS-- •g/1 

OH- •g/1 
B •g/1 

as H38113 lg/1 

TDC •g/1 
P04--- 1g/l 
CATIONS •eq/1 
ANIONS •eq/1 

TOT.ALK.• ag/1 
P. ALK •g/1 

IC 1g/l 

u PPB 

8.38 11.22 
351 3117 

(1.13 1.43 

1.158 1.119 

58.6 18.9 
(1.114 (1.114 
(1.12 (1.12 

(1.114 {1.114 

(1.115 (1.115 

8 11.9 
13.4 9.55 

1.187 1.815 

25 87.1 
(1.1 (1.1 

(1.3 (1.3 
(I.Be (1.16 

15 12.5 
1.24 1.14 

(1.112 (1.12 

(1.118 (I.HB 
{1.87 (1.8 

21 21 
(1.3 (1.13 
(1.5 (1.5 

87 73 
187.9 112.28 

I 22.18 

I 1.11 
1.18 1.19 
1.41 1.98 
1.45 1.18 
(I. 4 (IJ. IS 
4.92 4.86 

5.18 4.69 

92.18 77.3 
I 11.84 

34.1 18.87 

1.15 

(---) Data not aVIi !able. 

(•) Total Alkalinity IS CD3--. 

2 ' 
1.29 1 

9.12 9.22 
413 381 

1.12 (1.13 
1.147 1.1111 

41 211.4 

(1.114 (1.114 
(1.12 (1.12 

(1.114 (1.114 
(1.115 (1.115 

8.11 9.1 
11.9 11.2 

1.157 I.H5 

31 39.9 
(8.1 (8.1 
(8.3 (1.3 

(1.111 (1.111 

13.11 13.1 
1.22 1.17 

(1.12 (1.12 
(1.118 (1.118 

(1.5 (1.11 

22 23 
(1.13 (1.13 
(1.5 (1.5 

84 89 
.... 123.42 

121.41 1.11 
3.12 1.11 
1.1 1.11 

1.52 1.57 
8.91 1.75 

(1.15 (1.15 

4.61 4.13 
6.18 4.11 

1211.9 61.7 
as. 2 1 

27.92 21.95 

••• 

• 
2 

9.13 ... 
(1.13 

1.139 
32.5 

(1.114 
(1.12 

(1.114 
(1.115 

0.1 

11 

1.138 
38.1 
(1.1 
(1.3 

(1.16 

13.11 

1.2 
(1.12 

(I.IH 
(1.11 

" (1.13 
(1.5 

" 123.48 
11.14 
1.11 

1.1 
1.52 
I. 73 

(1.15 

4.42 
4.44 

71.711 
5.52 

26.38 

1.23 

A.4 

• 
' 
8.59 

"' (1.13 ..... 
35.5 

(I.H4 

(1.12 
(1.114 

(I.H& 

••• 
12 

1.128 

34.7 
(1.1 
(1.3 

(1.16 

14.8 

1.22 
(1.12 

(1.118 

(1.6 

" (1.13 

(1.6 .. 
134.89 

6.52 
I.H .... 
1.47 .... 

(1.16 
4. 56 

4.38 
71.78 
2.78 

28.34 

1.23 

• 
• 
8.53 ... 

(1.13 

1.15 
42.1 

(1.114 
(1.12 

(1.114 
(1.115 

••• 
12.8 

1.183 
31.5 
(1.1 
(1.3 

(1.18 

14.8 

1.22 
(1.12 

(1.818 
(1.8 

" (1.13 
(1.6 .. 

141.31 

1.11 
1.81 
1.19 
1.47 
1.87 

(1.16 

4.74 
4.39 .. 

' 31.33 

1.23 

7 

" 
11.12 ... 
(1.13 
1.118 

6.34 
(1.114 

(1.12 

(1.114 
(1.116 

12.8 
8.92 

(I.H2 

71.5 
(1.1 
(1.3 

(1.111 

14 

1.12 
(1.12 

(1.118 
(1.11 

22 
(1.13 
(1.5 

" 28.15 
55.21 
1.11 

1.125 
1.85 

1.85 
(1.15 

4.23 
4.34 

" 27.8 

111.39 

1.19 

8 

" 
9.18 . .. 

(1.1! 
1.125 

7.57 
(1.18-4 

(1.82 
(1.114 
(1.815 

12 

5.81 
(1.112 

57.9 
(1.1 
(1.3 

(1.18 

13.7 
1.158 
1.128 

(1.118 
(1.5 

22 
(8.13 

(11.5 

" 44.91 
27.61 
I.H 
1.13 
1.87 
1.87 

(1.16 

3.88 

3.65 

49.68 
13.8 

14.25 

1.13 

• .. 
8.04 ... 

(1.13 

1.134 
13.3 

(1.114 
(1.12 

(1.884 
(1.115 

11.11 
7. 95 

(1.812 

51.8 
(1.1 
(1.3 

(1.18 

13.9 
1.18 

(1.12 
(1.118 

I.S ,. 
(1.13 
(1.6 

71 
81.73 
22.18 .... 
1.11 
1.57 
1.54 

(1.15 
3.85 
3.93 

52.44 
11.114 

4.19 

2.68 

11 11 

151 ua 

8.2 

"' (1.13 

1.14 

19.2 
(1.114 
(1.12 

(1.114 

1.1111 
9.53 

11.8 
1.115 

46.5 
(1.1 
(1.3 

(1.18 

14.9 
1.111 

(1.12 

(1.118 

1.54 
22.1 

(1.13 

I.S 
68.11 

182.75 
1.111 
1.11 

I 182 
1.42 

(1.16 
4.18 
4.711 

81.14 

• 
2 

8.18 ... 
<a.e.; 

1.115 

211.8 
(I.H4 
(1.12 

<I.H4 
(1.815 

8.42 
13.3 

(1.812 

32.2 
(1.1 

(1.3 

(1.18 

14.4 
p "'!1 

(1.118 
(1.5 

23.4 
(1.13 

(1. 5 
71 

76.78 
1.11 

1.11 

1.179 
1.41 

(1.15 
4.15 

3.411 
37.76 

• 
0 ' 

1.71 



• 

.. 

TABLE A.5. Chemical Composition of Leachates from ANS 16.1 Leach Test: 
Sample PSWA10·1 

la.L 
SAioiPLE f WATER 1 

TIWE days 1.8833 

pH 

Eh " 
AI agfl 

Sa ag/1 
Ca ag/1 

Cd agfl 
Cr ag/1 

Cu ag/1 

Fe ag/1 
K ag/1 

t.lg ag/1 
Wn ag/1 
!fa ag/1 
p •g/1 

IS P0-4 IQ/1 

Pb ag/1 
Si ag/1 
Sr ag/1 
Zn ag/1 
Zr ag/1 
F- ag/1 
Cl- ag/1 

N02- ag/1 

NIJ3- ag/1 
504-- ag/1 
HCD3- ag/1 

CD3-- ag/1 

DH- agfl 
B ag/1 

as H3B03 ag/1 
TOC ag/1 

Pll4--- ag/1 
CATIONS aeq/1 
ANIONS aeqfl 

TOT.ALK.• agfl 

P. ALK ag/1 

IC ag/1 

u PPB 

8.35 

"' (IU3 

11.1158 .... 
(11.111!14 

(1.12 

(8.1114 

(1.1115 

• 
13.-4 

1.187 

" (IU 

(1.3 

(1.86 

" 1.24 

(1.12 
(1.118 

(1!1.17 
21 

(1.3 
(8.5 

" 187.9 

' • .... 
1.48 

8.45 
{8.4 

4. 92 
5.18 

92.16 

• 
34.1 

(---)Data not available. 

9.95 

413 
1.191 
1.128 

28.2 
(1.114 

(1.82 

(I.IM 

{1.115 

11.8 
11.5 

1.113 

68.1 
{1.1 
(1.3 

(1.118 

13.7 

1.181 
(1.12 

(1.118 

(1.8 

" (1.113 

(1.5 

" 1.11 
11.14 
71.38 
1.168 
1.95 
1..45 

{1.15 .... 
6.65 

135.24 

129.72 
21.13 

(•) Total Alkalinity as C03--. 

2 

1.29 

0.2 

"' 1.285 
1.8-47 
-43.6 

(1.11-4 

(1.12 
(1.11-4 
(1.115 

••• 
17.-4 

1.154 

36.3 
(8.1 
(1.3 

(8.86 

13.9 

1.216 
(1.12 

(8.118 
(1.8 

22 
(1.13 
(1.5 

71 
13-4.69 
18.56 
1.11 

8.111 
8.63 
•. 7 

(1.15 

5.43 
4.88 
82.8 

8.28 

23.43 

1.41 

' 
1 

9.88 

"' 1.218 
1.1132 

28.1 
(8.11-4 

(1.12 
(1.114 
(1.1115 

11.8 
9.87 

11.128 

45.1 
(1.1 
(1.3 

(1.16 

12.5 
1.188 
(11.12 

(11.11118 
(1.8 

22 
(11.83 

(1.5 

" 511.12 

-44.16 

11.111 
1.125 
1.71 
8.6-4 

(1.15 

4.45 
4.45 

71.78 

22.18 
17 

2.17 

' 
2 

~1.18 

"' 8.152 
1.136 
32.1 

(8.814 

(8.12 
(1.114 
(1.115 

• •• 
11.4 

8.148 .. 
(1.1 
(1.3 

(1.88 

12.8 
1.178 
(1.12 

(1.818 

(1.8 

22 
(1.13 

(1.5 

" 134.89 
1.81 
1.11 

1.199 
I. 57 
I. 58 

(1.15 

4.-45 
4. 27 

86.24 

• 
23.42 

1.87 

A.5 

5 

' 
8.37 ,.. 

(1.13 

1.842 
32.2 

(1.114 

(1.12 
(1.114 

(1.115 

••• 
11.8 

1.133 

" (1.1 

(1.3 
(1.18 

14.1 
1.199 
(1.12 

(1.08 

(1.8 

23 
(1.13 

(1.5 .. 
1.11 

33.12 
21.91 
1.89-4 .... 
1.72 

(1.85 

4.48 
4.48 

71.76 
55.2 

28.88 

2.15 

• 
' 
8.87 

382 
(1.13 

1.846 
36.2 

(1.884 

(1.12 
(1.114 
(1.115 

••• 
12.2 

1.144 
32.9 
(1.1 

(1.3 
(1.18 

14.1 
11.218 
(1.12 

(1.118 

(1.8 

22 
(1.13 
(1.5 .. 

151.52 
11.14 

1.11 
1.182 
1.-47 

1.77 
(1.15 

4.47 
-4.85 

85.58 

5.52 
28.29 

8.48 

7 

" 
11.44 

'" (1.13 

1.813 
1. 79 

(8.11114 
(1.12 

(1.114 

(1.115 

" 2.24 
(1.112 

89.5 
(1.1 
(1.3 

(1.18 

13.9 
1.133 
(1.12 

(1.118 
(1.5 

22 
(1.13 
(1.5 

" 1.11 

55.21 
18.77 

1.141 
1.81 
1.45 

(8.15 

4.57 

4.94 
88.32 
88.72 
21.13 

1.8 

8 

" 

(1.13 

1.112 
1.7 

(1.184 
(1.12 

(1.114 

(1.115 

19.4 
1.17 

(1.112 

"' (1.1 
(1.3 

(IUS 

12.9 
1.19 

<1.12 
(1.118 

(1. 7 

23 
(1.13 

(1.5 

71 
1.11 

88.28 
15.85 
1.18 
I. 91 

1.19 
(1.15 

8.21 
5. 99 

115.9 
71.78 
12.55 

1.5 

9 11 11 

91 151 211 

11.12 
315 

(1.13 

1.131 
7.52 

(1.184 
(1.12 

(1.114 

1.1182 
12.1 
8.12 

(1.112 

83.4 

0.1 
(8.3 

(1.88 

13.1 
1.179 
(1.12 

(1.1118 

I. 513 

21 
(1.13 

(1.5 .. 
134.89 
115.92 

1.81 

1.1188 
1.58 

1.39 
(1.13 

4.11 
8.13 

182.18 
57.98 
13.38 

1.17 

9.19 

'" 
8.18 

"' (8.13 

11.148 
18.3 

(8.114 

{11.82 

(8.884 

(8.11115 

11.3 
9.58 

(1.112 

36.8 
(iJ.l 

(1.3 
{11.118 

13.8 

8.228 

{8.12 
(8.1188 

1.52 
23.7 

(8.83 

(8.5 

71.9 

98.72 
32.38 
1.81 

1.1191 
8.52 

{1.13 

3.46 

4.87 

88.91 
16.18 

2 



TABLE A.6. Chemical Composition of leachates from ANS 16.1 Leach Test: 
Sample PSWLA10-6 

18.!. 
SAYPLE f lATER 1 

TUIE daya 1.1833 

pH 

Eh " 
AI 1g/l 
Ba •g/1 
c. lg/1 
Cd •g/1 
Cr •g/1 
Cu •g/1 
Fe •g/1 
K 1g/l 

Wg lg/1 
ltln ag/1 
Ma •g/1 
p •g/1 

as P04 •;/I 
Pb •g/1 
Si •g/1 
Sr •g/1 
Zn •g/1 

Zr •g/1 
F- •g/1 
Cl- 19!1 

H02- 19/l 
N03- 19/l 
504-- •g/1 
HCD3- •g/1 
C03-- 19/l 

DH- •g/1 
B •g/1 

as H3BD3 1g/l 

TOC •g/1 
P04--- 1g/l 
CATIONS 
AHIDNS 

TOT .ALK.• 
P .All< 

IC 

u 

•eq/1 
•eq/1 
•g/1 
•g/1 
lg/1 

"' 

8.38 11.66 

351 .U4 
(1.13 1.189 
1.858 1.136 

51.6 32.8 

(8.114 (I.H4 
(1.12 (1.12 

(1.114 (I.H4 
(1.116 (I.Hii 

8 11.2 
13.4 12.2 

1.187 1.115 

25 48.7 
(1.1 (1.1 

(1.3 (1.31 
(1.88 (1.15 

15 14.8 
8.24 1.185 

(8.82 (8.12 
(8.888 (lUllS 

(8.87 (1.8 
21 22 

(8.3 (1.13 
(8.5 8 

87 71 

187.9 111.12 
I 49.88 
8 t.H 

1.18 1.143 
1.41 1.74 
8.46 1.111 
(1.4 (1.5 
4. 92 .... 

92.18 

' 34.1 

5.15 
5.49 

99.311 

24.84 
22.14 

I.BB 

(---)Dati not aYiilable. 
(•) Total Alkalinity aa CD3--. 

2 • 4 

1 2 

~.31 ~-~7 ~-4~ 

426 41~ 364 

1.17 1.22 1.173 
1.134 1.131 1.131 

28 23.3 21.~ 

(1.114 (1.114 (1.114 
(1.12 (1.12 (1.12 

(1.114 (1.114 (1.114 
(1.116 (I.Hiii (1.116 

11.7 12.1 11.7 
11.~ 11.3 11.7 

1.112 1.117 1.113 
41.2 62.6 46.2 
(1.1 (1.1 (1.1 

(1.31 (1.31 (1.31 
(1.18 (1.18 (8.11 

14.2 13.6 13.6 
1.179 1.168 1.164 
(1. 12 (I. 12 (I. 12 

(1.118 (1.118 (1.118 
(1.8 (1.8 (1.8 

18 22 22 
(1.13 (1.13 (1.13 
(1.6 2 (8.6 

88 73 86 
8~.79 72.98 78.67 
18.68 33.12 27.81 
1.11 1.11 I.H 

1.124 1.146 1.111 
1.84 1.76 1.67 
1.83 1.61 1.68 
(1.6 (1.6 (1.6 
4.36 

3.96 
61.72 

8.28 
23.48 

1.86 

4.81 
4.47 .. 

16.68 
17.44 

1.5 

4.24 
4.18 

68.24 
13.8 

18.83 

1.89 

A.6 

' • 
• 4 

8.86 9.18 

378 3811 
(1.13 (1.13 

1.137 1.144 
27.2 32.11 

(1.114 (8.114 

(1.12 (1.12 
(1.114 (1.114 
(1.116 (1.115 

8. 7 8.8 
11.8 12.5 

1.122 1.133 
39.9 38.2 
(1.1 (1.1 

(1.31 (1.31 
(1.18 (1.811 

13.8 14.4 

1.181 1.211 
(1.12 (1.12 

(I.HB (1.118 
(1.8 (1.8 

21 22 
(1.13 (1.13 

2.3 (1.6 
.. .. 

123.48 123.48 
6.62 6.62 
I.H 1.11 

1.183 1.181 
1.43 1.42 
1.47 1.81 
(8.6 (1.6 
4.29 

4.21 

68.24 
2.78 

27.42 

1.03 

4.48 

4.26 

66.24 
2.78 

27.51 

1.113 

7 8 9 11 11 

" .. H 161 21'1 

11.52 11.89 

379 386 
1.144 (1.13 8.842 
8.114 (1.112 1.14 

4.83 1.81 13.8 
(1.114 (1.114 (1.114 

(1.12 (1.12 (1.12 
(1.114 (1.114 (1.114 
(1.116 (1.116 1.113 

14.8 111 11.8 
8.14 3.32 11.3 

(1.122 (1.112 (1.112 
811.4 95.6 61.1 

(1.1 (1.1 1.13 
(1.31 (8.31 1.31 
(1.18 (8.1111 (1.16 

13.4 11.6 13.6 
1.11 1.133 8.212 

(8.82 (1.12 (1.12 

(8.118 (1.118 (8.118 
(1.8 (1.7 8.678 

23 21 21 
(1.13 (1.13 (1.13 
(8.6 2.6 (1.6 

116 81 83 
1.11 1.18 51.51 

91.84 99.41 132.48 
5.28 3.12 1.11 

1.132 1.14 1.18 
1.88 8.72 1.41 
1.68 1.9 
(8.6 (1.6 (8.5 

4.88 
5.37 

111.12 
55.2 

17.18 

••• 

4. 92 
5.37 

114.9 
55.2 

21.23 

1.81 

4 ... 

7.19 

167.32 
88.24 

2.n 

8.4 
358 

8.24 
373 

(8.15i 

1.161 
21.7 

(1.814 
(1.12 

(1.114 
(1.115 

••• 
11.8 

(8.112 

38.8 
(1.1 

(1.31 
(1.18 

13.8 
,. -.,a 

2 
(1.188 
1.617 

24.1 
(1.83 
(1. 5 

72.4 
197.48 
21.68 
8.11 

1.184 
1.43 

(1.5 

3.89 
8.17 

118.7 
11.79 

- ' 

2.7 



TABLE A.7. Chemical Composition of Leachates from Static Leach Test: 
Sample PSWSS-4 

IEJ.l. 

SAYPLE f lATER 

pH 
Eh 
AI ,, ,, 
" ,, ,, 
Fo 
K .. ,, ,, 
p 

11 P04 
Pb 
s; ,, ,, ,, 
F­
CI­

ND2-
ND3-
S04-­
!IC03-
CD3--

0H­
B 

a:s H3B03 
TOC 

P04--­
CATIONS 

ANIONS 
TDT.ALK.• 

P. ALK 

IC 

" •g/1 
•g/1 
lg/1 
lg/1 
•g/1 
•g/1 
19/1 
•g/1 
lg/1 
•g/1 
•g/1 
•g/1 
•g/1 
•g/1 
•g/1 
•g/1 
•g/1 
•gfl 
•gfl 
•gfl 
19/1 
•g/1 
•g/1 
•g/1 
lg/1 
•gfl 
•g/1 
•gfl 
•g/ I 
•g/1 
llq/1 

•eq/1 
lg/1 
lg/1 
•g/1 

8.38 
3S1 

(1.13 

8.156 .... 
(I.IN 

(1.12 

(8.114 
(1.815 

B 

13.4 
1.187 

25 
(1.1 
(1.3 

(1.1!6 

15 

1.24 
(1.12 

(8.8118 
(1.17 

21 
(8.3 

{1.5 

" 187.11 

• • 
IJ.I8 

I. 41 

1.45 
(8.4 
4. 92 

5.116 
92.18 

I 
34.1 

(---)Data not available. 

I 

' 
11.83 ,., 
1.832 
1.12 

1.71 
(1.114 
(1.12 

(1.814 

(1.115 

19.8 
(8.18 

(8.812 

"' (1.1 
(1.31 
(I.e 

9.78 
1.118 
(1.82 

(1.188 
(1. 7 

23 

(1.13 
(1.5 

76 
1.11 

82.81 

39.11 
I. 295 

1.63 
2.32 

(1.86 
11.63 

7.27 
151.8 

111.4 

28.38 

' 
18 

11.11 

107 

2.89 
1.142 

7.77 
(1.114 
(1.12 

(1.114 
(11.115 

211.8 

(1.16 
(l.llfl2 

'" (8.1 
(1.31 
(1.111 

11.2 
1.237 
(1.12 

(8.118 
(1.7 

" (8.13 

(8.5 

" •••• 
187.88 
78.21 
1.375 

1.94 
2.31 

(1.85 

11.12 

12.91 
325.88 
231.84 

7.87 

(•) Total Alkalinity as C03--. 

A. 7 

3 

47 

11.78 

"' 3.48 
1.152 

17. II 

(1.814 
(1.12 

(I.H4 
(8.115 

" 1.112 
(I.H2 

"' (1.1 
(8.31 

(1.111 
11.51 

1.331 
(1.12 

(1.118 
(1.2 

" (1.13 
3.2 

" 8.11 

44.12 
218.98 
1.3911 

2.17 
3.1 

(IUS 

12.72 
18.18 

431.58 
418.5 

11.52 

' 
" 

11.8 
3BO 

4.48 
1.888 

21.8 
(1.184 
(1.12 

(1.114 
(1.115 

311.4 
(1.8fl 

(1.112 

327 
(1.1 

(1.31 
(8.18 

11.1 
1.44 

(1.82 
(1.888 

(I 

" (1.13 

3.5 

" 1.11 
138.11 
172.14 

I. 51 
2.64 

(1.115 
18.31 
18.58 

441.8 

372.8 

' 
151 

11.!14 ... 
1.1 

1.85!1 

23.3 
(1.114 

(1.12 
(1.814 
(1.115 

" (1.85 
(8.185 

313 

(1.1 
(1.31 

(I.H 
18.5 
8.4!1 

(8.115 

(1.1 
(1. 7 

17 .II 
(1.83 

3.0 

55.3 .... 
88.32 

21!1.58 
I. 582 

2.111 
4.78 

(1.15 

15.83 
18.99 

458.18 

'" 5.84 

' 
"' 

11.85 
375 

6.29 
1.858 

13 
(1.114 
(1.12 

(1.184 

(I.H5 
41.5 

(8.15 

(8.885 

313 

(1.1 

(1.31 
(1.86 

12.4 
1.481 

(I.H5 
(1.1 
(1.3 

21.8 
(1.13 

' 
" 1.88 

117.118 

213.94 
8.614 
3.13 

(8.85 

15.33 
18.31 
485.5 

431.52 



TABLE A.B. Chemical Composition of Leachates from Static Leach Test: 
Sample PSWS7-4 

181. 
SAMPlE I lATER 

pH 

Eh 
AI ,, 
c. 
Cd 
c. 
c, 
Fo 

K .. 
"" ,, 
p 

as P04 
Pb 
s; 
s. ,, ,, 
F­
CI­

N02-
ND3-
504-­

HCD!­
C03--

0H-

' IS H3803 

roc 
P04--­

CATIONS 
ANIONS 

TOT .AUC.• 
P. ALIC 

JC 

" lg/1 
lg/1 
•g/1 
•g/1 
•g/1 
lg/1 
•g/1 
lg/1 
•g/1 
•g/1 
•g/1 
•g/1 
•g/1 
•g/1 
lg/1 
•g/1 
•g/1 
lg/1 
•g/1 
•g/1 
•g/1 
•all 
•g/1 
ag/1 
•g/1 
•a/1 
•g/1 
•g/1 
•g/1 
•g/1 
aeq/1 
leq/1 
•g/1 
•g/1 
lg/1 

8.38 

3S1 

(8.13 

1.158 
51.8 

(1.1114 
(1.12 

(1.114 
(1.116 

8 

13.4 

1.187 

" (1.1 
(1.3 

(1.18 

1S 
1.24 

(1.12 

(1.118 

(1.17 

21 
(1.3 

(1.6 

" 187.9 

• • .... 
1.41 
1.46 

(1.4 

4. 92 

6.18 
92.18 

• 
34.1 

(---) Dat.a not a'llilable. 

1 

' 
11.91 

381 
1.88 

1.117 
6.74 

(1.1115 

(1.12 
(1.114 

(1.115 

" 1.48 

(1.1112 

137 

(1.1 
(1.31 

(I.H 
11.4 

1.1116 
(1.12 

(1.1118 
(1.11 

22 
(1.13 

" " .... 
27.61 

91.72 
1.327 

1.69 

3.15 

(1.15 

6. 79 

8.98 
187.7 

173.9 
9.82 

(•} Total Alkal'1nity as CD3--. 

2 

18 

11.88 

417 

2.41 

1.125 

8.3 
(I.H5 
(1.12 

(1.114 

(I.H5 
23.4 

(1.15 

(1.112 

173 
(1.1 

(1.31 

(1.16 

11.2 
1.188 

(1.12 

(I.H8 
(1. 7 

" (1.3 

1.8 

" 1.88 

55.21 
93.84 

1.32 
1.66 

2.88 
(1.15 

8.54 

9.34 
221.8 

193.2 

6.42 

A.B 

3 

" 
11.g! 

301 
3.83 

1.137 
12.4 

(I.H5 
(1.12 

(1.114 

(1.115 

" (1.18 

(1.112 

271 
(1.1 

(1.31 

(1.16 

13.4 

1.259 

(1.12 
(1.118 

(1.8 

21 
(1.3 

2.4 

" 1.111 
331.21 
82.56 
1.417 

2.16 

2.92 
(1.15 

13.25 

16.61 
441.6 

276 
4.93 

' 
" 
11.78 

299 

••• 
1.183 

11.5 
(1.1115 

(1.12 
(1.114 

(1.115 

36.1 
(1.16 

(1.112 

288 
(1.1 

(1.31 
(1.16 

14.5 

1.26 

(1.12 

(1.118 
(1.6 

22 
(1.3 

3 

88 .... 
83.52 

154.83 
1.44 

2. 28 .... 
(1.15 

13.97 

13.92 

356.4 
314.84 

4. 51 

5 

151 

11.89 

313 
5.97 

1.124 

••• 
(1.116 

(1.82 

(1.814 

(1.816 

39.8 
(1.16 

(1.812 

323 
(1.1 

(1.3 
(1.15 

16.3 

I. 213 
(1.112 

(1.118 

••• 
18.8 
(1.3 

3.2 

81.9 . ... 
44.21 

191.81 
1.492 

2.65 

(1.15 

16.39 

14.57 
381.9 

358.8 

8 

218 

11.42 
320 

8.88 
1.114 

1.11 

(1.115 

(1.12 
(1.114 

(1.115 

39.6 

(1.15 

(1.112 ... 
(1.1 

(1.3 

(1.16 

18.7 

1.154 

(1.82 

(1.118 

(1.3 

22.3 
(1.3 

' 72 

1.81 

216.78 
183.41 

I. 522 
2. 71 

(1.85 

14.87 
21.17 
539.4 

431.52 



• 

TABLE A.9. Chemical Composition of Leachates from Static Leach Test: 
Sample PSWS9-4 

IB.L 

SAI.IPLE I WATER 1 2 3 • ' • 

pH 

Eh 

" ,, 
c. 
Cd ,, 
'" Fo 

K .. 
"" ,, 

p 

as P04 
Pb 
s; ,, ,, ,, 
F­

CI· 
N02-
N03-
SD4-­
HCD3-

coa-­
DH­
B 

as H3803 

TOC 

" •gfl 
lg/1 

•g/1 
•g/1 
•gfl 
•g/1 
19/1 
•g/1 
•gfl 
•g/1 
•g/1 
•g/1 
•g/1 
•g/1 
•g/1 
•9/1 
•g/1 
19/1 
lg/1 
•g/1 
•g/1 
•g/1 
•gfl 
lg/1 
•g/1 
•g/1 
•g/1 
•g/1 
•gfl 

P04--- •g/1 
CATIONS •eqfl 
ANIONS •eqfl 

TOT.ALK.• •gfl 
P. ALK. 19/1 

IC •g/1 

PPB 

• 
8.36 11.64 

351 389 
(1.113 1.18 
1.1156 1.11 

51.6 3.47 
(1.114 (II.BM 
(1.12 (1.12 

(IJ.fll4 (1.111-4 

(1.116 (1.116 

8 17.2 
13.4 1.299 

I .187 (I.H2 
25 122 

(8.1 (1.1 
(1.3 (1.31 

(1.16 (1.86 
15 11.7 

1.24 1.172 

(8.12 (IJ.82 
(1.8118 (1.1118 
(1.17 (1.7 

21 21 
(8.3 (1.13 

(8.5 2.3 
87 87 

18UI I.H 
I 28.81 

I 124.44 

1.18 1.277 
11.41 1.43 
IJ.45 2.93 

18 47 

11.79 11.62 
398 313 

2.41 4 
1.113 1.115 

4.11 4.52 
{1.114 {1.114 
{1.12 {1.12 

{1.114 (1.114 
(1.115 (1.116 

21.8 31 
(1.18 {1.18 

(I .H2 (I .BI2 

158 251 
{1.1 (1.1 

(1.31 {1.31 
{1.18 {1.18 
12.9 17.8 

1.118 1.14 
{1.12 1.127 

{1.118 {1.118 
(1.7 (1.8 

19 21 
{11.13 (1.13 

1.8 1.7 

81 71 
1.11 1.11 

82.81 82.81 
88.12 111.88 

1.313 lU2S 
1.57 2.21 

3.32 

" 
11.87 

"' ' 1.114 

4.14 
(1.114 
(1.12 

(1.114 

{1.115 

33.4 
(1.16 

{I .112 

"' (1.1 

{1.31 
(IUS 

19.8 
1.14 

(1.12 
{1.118 

(1.8 

" {1.13 

3 

" 1.11 
198.72 
98.53 

1.43 
2. 23 

1.44 

161 

11.81 

"' 5.93 

1.111 

4.52 
(1.814 

(1.12 

(1.814 
(1.115 

311.1 

{I.H 
(1.112 

292 
(1.1 

{1.31 
(1.18 

21.3 

1.141 
(11.82 

(1.1118 

1.45 
21.2 

(1.13 

3.2 
88.7 
1.11 

22.11 
193.97 

1.493 
2.55 

218 

11.78 
312 

8.49 
1.11 

3.82 
{1.114 

{1.112 
{1.184 

{1.115 

" {1.18 
{I.H2 ,., 

{1.1 

{1.31 
(1.18 

22.4 
1.142 
{1.12 

{1.118 

{1.17 

22.1 
{1.13 

• 
74 

1.11 
187.88 
183.41 

I. 517 
2.83 

~· ~.~ ~~ ~~ ~.~ ~H ~.~ 
4.92 5.94 7.52 11.89 12.41 13.85 12.81 
5.118 111.31 9.65 11.81 14.53 14.18 18.81 

92.16 248.4 234.6 282.2 372.6 364.3 431.52 
I 234 193.2 221.8 273.24 353.3 377.58 

34.1 13.43 9.83 4.53 

11.14 11.14 lUJl 11.25 11.85 1.13 

(---)Data not available. 

(•) Total Alkalinity as C03--. 

A.9 



TABLE 8.10. Chemical Composition of Leachates from Static Leach Test: 
Sample PSWSI0-4 

IB.i 
SAJ.IPLE f lATER 1 2 ' 4 5 • 

TillE days 4 18 .. .. 151 211 

pH .... 11.7! 11.42 11.84 11.81 12.22 
Eh .. 351 337 ... "' 311 288 
AI lg/1 (1.13 1.311 3.23 6.811 8.-42 7.1 ,, •g/1 1.168 1.117 I.H7 1.1145 1.143 1.138 ,, •g/1 61.8 4.13 1.138 18.9 18.3 11.4 
Cd lg/1 {1.814 (1.884 (8.114 (I.NI4 (11.114 (1.114 ,, •g/1 (1.12 (1.12 (1.12 1.13 1.129 1.138 ,, •g/ I (1.114 (1.114 (I.H-4 (I.IU (1.114 (1.114 ,, lg/1 (1.116 (1.116 (1.116 {I.HS 1.186 (1.115 
K lg/1 8 21.5 27 44.2 44.4 45.2 

"' •g/1 13.4 (1.16 (1.18 (11.18 (1.18 (1.18 

"" lg/1 1.187 (1.812 (I.H2 (1.112 (8.112 (1.112 ,, •g/1 25 143 '" '" '" "' p lg/1 (1.1 (1.1 1.83 (1.1 1.13 (1.1 
II P04 .. ,, (1.3 (1.3 2.64 (1.3 (1.3 (1.3 

Pb lg/1 (1.15 (I.H (1.111 (1.16 (1.15 (1.15 
Si lg/1 15 9.23 11.111 12 12.4 13.11 
s. •g/1 1.24 1.123 1.14 1.37 1.368 1.345 ,, •g/1 (1.12 (1.12 (1.12 (1.12 (1.12 (1.12 ,, lg/1 (1.118 <I.H8 (I.H8 (1.118 (1.118 (1.118 
F- •g/1 (1.11 (1.9 (1.8 (t. 7 1.344 (1. 7 
Cl- 19/1 21 22 21 21 " 21 

N02- lg/1 (1.3 (1.13 (1.13 (1.13 (8.13 (1.13 
N03- •g/1 (I.& (1.& 1.7 (1.& (1.& 1.5 
504-- lg/1 87 74 73 74 72 79 
HC03- •g/1 187.9 1.11 1.11 1.11 1.11 1.11 
CD3-- •g/1 I 38.64 82.81 55.21 498.81 32.21 

DH- •gJI I 21.33 117.31 2JI.21 187.88 282.93 
B •g/1 1.18 1.348 1.448 1.81 1.828 1.669 

IS H3B03 •gJI 1.41 1.81 2.32 3.16 3.25 3.46 
TDC lg/1 1.4& 3.71 3.57 

PD4--- •g/1 (1.4 (1.15 (1.1& (1.115 (11.85 (1.115 
CATIONS •eq/1 4.92 8.97 11.74 17.118 17.26 16.118 
ANIONS •eq/1 5.18 4.85 11.87 15.75 29.68 18.79 

TOT .ALK.• •g/1 92.18 74.52 289.8 418.5 "' 498.2 
P. ALK. lg/1 • 55.2 248.4 381.9 579.8 4811.1 

!C •g/1 34.1 3.34 29.57 

u PPB 1.42 1.22 1.23 1.35 

(---) Data not. avai I able. 
(•) Total Alkalinity as C03--. 

A.IO 



TABLE A. II. Arsenic Concentrations for Batch #2 of PSW Grouts 

ANS STATIC 
SAMPLE # DAYS As(ppbl SAMPLE # DAYS As{ppb) 
A2.J.I 0.83 < s A2-4-l 4 < 3 
A2-l-2 0. 29 < 6 A2-4-2 18 < 3 
A2-l-3 I < s A2-4-3 48 <20 
A2-l-4 2 < s A2-4-4 90 <20 
A2-I-S 3 < s A2-4-S ISO <20 
A2-l-6 4 < 3 A2-4-6 223 <20 
A2-l-7 18 <20 
A2-l-8 48 <20 
A2-l-9 90 <20 
A2-I-IO ISO <20 
A2-l-ll 223 <20 

A.ll 



TABLE A.12. Uranium Concentrations For PSW Grout Samples 

SAMPLE U. CONC. SAMPLE U. CONC. 
ID (!!!JLL) ID (!!!lLLl 

A8-1-1 0.02 A8-3-IO 1.50 
A8-1-2 0.09 A8-3-11 1.38 
A8-l-3 0.12 S8-4-1 0.05 
A8-1-4 0.09 S8-4-2 0.01 
A8-1-5 0.09 S8-4-3 0.01 
A8-l-6 0.10 S8-4-4 2.61 
AB-1-7 0 .IS S8-4-5 0.14 
A8-l-8 0.10 S8-4-6 0.14 
A8-1-9 2. 51 S8-5-1 0.03 
A8-1-10 2.00 S8-5-1 0.14 
AB-1-11 3.28 S8-5-2 0.01 
A8-2-1 0.05 S8-5-3 0.01 
A8-2-2 0.21 S8-5-4 1.58 
A8-2-3 0.20 S8-5-5 0.20 
A8-2-4 0.20 S8-5-6 0.43 
A8-2-5 0. 21 LA8-6-1 0.22 
A8-2-6 0.26 LA8-6-2 0.07 
A8-2-7 0.03 LA8-6-3 0.20 
A8-2-8 1.03 LA8-6-4 0.19 
A8-2-9 2.38 LA8-6-5 0.19 
A8-2-IO 2.38 LA8-6-6 0.14 
A8-2-11 2.33 LA8-6-7 0.11 
A8-3-l 0.14 LA8-6-8 0.80 
A8-3-2 0.27 LA8-6-9 0.84 
A8-3-3 0.24 A9-l-1 0.15 
A8-3-4 0.11 A9-l-2 0.20 
A8-3-5 0.24 A9-1-3 0. 23 

A8-3-6 0.21 A9-1-4 0.23 
A8-3-7 0.09 A9-1-5 0.23 

A8-3-8 0.09 A9-1-6 0.23 
A8-3-9 2.13 A9-1-7 0.19 

A.12 



TABLE A.12. (contd) 

SAMPLE U. CONC. SAMPLE U. CONC. 
ID {!!!lLLl ID {!!!lLLl 

A9-1-8 0.13 59-5-1 0.01 

A9-1-9 2.56 59-5-2 0.04 

A9-1-10 2.00 59-5-3 0.01 

A9-1-11 !. 70 59-5-4 1.69 

A9-2-1 0.17 59-5-4 0.31 

A9-2-2 0.25 59-5-5 0.16 

A9-2-3 0.18 59-5-6 0.25 

A9-2-4 0. 21 A10-1-1 1.66 
A9-2-5 0.24 A10-1-2 2.00 
A9-2-6 0.22 A10-1-3 1.41 

A9-2-7 0.20 A10-1-4 2.07 
A9-2-8 0.13 AI0-1-5 1.87 
A9-2-9 2.42 A10-1-6 2.15 
A9-2-10 2.00 A10-1-7 0.48 
A9-2-11 1.67 A10-1-8 0.15 
A9-3-1 0.20 A10-1-9 2.18 
A9-3-2 0.15 A10-1-10 2.00 
A9-3-4 0.21 A10-1-11 1.77 
A9-3-5 0.26 A10-2-1 1.60 
A9-3-6 0.23 A10-2-2 1.60 
A9-3-7 0.20 A10-2-3 1.17 
A9-3-8 0.13 A10-2-4 1.82 
A9-3-9 2.39 A10-2-5 1.82 
A9-3-10 1.07 A10-2-6 2.07 
A9-3-11 0.08 A10-2-7 2.75 
59-4-1 0.04 A10-2-8 0.16 
59-4-2 0.04 A10-2-9 2.63 
59-4-3 0. 01 A10-2-10 2.63 
59-4-4 0.60 A10-4-11 !.55 
59-4-5 0.65 510-4-1 0.44 
59-4-6 0.13 SI0-4-2 0.42 

A.I3 



TABLE A.I2. (contd) 

SAMPLE U. CONC. SAMPLE U. CONC. 
10 ( !!9LL l 10 (!!9LLl 

SI0-4-3 0.22 All- I -6 0.14 
SI0-4-4 0.35 All-1-7 0.09 
SI0-4-5 0.23 All-1-9 I. 73 
SI0-4-6 0.35 All-I-ll 2.50 
SI0-5-1 0.42 All-2-1 0.12 
SI0-5-2 0.42 All-2-2 0.13 
SI0-5-3 0.25 AII-2-3 0.09 
SI0-5-4 0.23 AII-2-3 0.36 
SI0-5-5 0.23 All-2-4 0.14 
SI0-5-6 0.23 AII-2·5 O.ll 
LAI0-6-1 1.83 All-2-6 0.13 
LA!0-6-2 1.65 AII-2-7 0.08 
LAI0-6-3 !.50 All-2-9 1.77 
LA!0-6-4 1.69 AII-2·ll 3.92 
LAI0-6-5 1.63 Sll -4- I 0.02 
LA!0-6-6 1.63 Sll-4-2 0.01 
LAI0-6-7 0.90 SI! -4-3 0.18 
LAI0-6-8 1.01 Sll -4-4 0.13 
LAI0-6-9 2. 77 Sll -4-6 0.27 
LAI0-6-10 2.70 Sll-5-1 0.02 
LAI0-6-ll 2.70 Sll -5-2 0.03 
AII-I-I O.I! Sll-5-3 0.14 
All-1-2 0.18 Sll-5-4 0.27 
All-1-4 0.12 Sll-5-6 0.55 
All-1-5 0.12 
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APPENDIX B 

CUMULATIVE FRACTION LEACHED AND 
EFFECTIVE DIFFUSION COEFFICIENT DATA 



TABLE B.l-la. Carbon-14 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 1-1) 

SAWPLE ID TOT. LEACH (An) CUll. LEACH TilE DAYS An/Ao C\11 An/Ao 0 inc. 0 CUI. 

PSI 1-1-1 ILII lUI 1.118 2.611E-IJ4 2.61E-84 2.57E-12 2.57E-12 

PSI 1-1-2 lUll 1.88 1.29 S.SSE-85 3.16E-14 l.SlE-13 1.19E-12 

PSI 1-1-3 1.81 IUJl 1.11 S.IIE-85 3.66E-B4 3.7IE-14 4.24E-13 

PSI 1-1-4 8.11 8.11 2.88 1.63E-rll4 5.31JE-rll4 4. 93E-13 4.44E-13 

PSI l-1-5 •••• 1.11 3.81 4.26E-115 5. 72E-14 S.ME-14 3.4SE-13 

PSI 1-1-6 8.11 1.11 4.111 3.89E-14 9.62E-14 6.68E-12 7.31E-13 

PSI 1-1-7 IUJl lli.il2 18..111 5.69E-il4 1.53E-113 2.84E-13 4.12E-13 

PSI 1-1-8 tun 1.113 48.111 4 .117E-114 1.94E-13 7. 2SE-14 2.47E-13 

PSI 1-1-9 lUll 1.113 98.11 2.96E-1!14 2.23E-13 L44E-14 1. 75E-13 

PSI 1-1-Hl 1.1!1111 8.13 151.111 4.27E-15 2.28E-13 7.35E-l6 l.IBE-13 
PSI 1-1-11 8 .II 11.13 21UIIJ LBIE-85 2. 29E-l!l3 2.14E-16 7.89E-14 

TABLE B.!- lb. Carbon-14 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 1-2) 

SAIIIPLE tO TOT. LEACH (An) ClAI. LEACH TUIE. OAYS M/Ao CUI An/Ao D inc. 0 CUI. 

PSI 1-2-1 1.1!11 1.11 1.18 4.31E-14 4.31E-B4 6.8SE-12 II. 85E-12 

PSI l-2-2 l.l'l 1.11 1.29 4. SIE-85 4. 711E-14 9.88E-14 2.39E-12 

PSI 1-2-3 8.18 8.11 1.11 1. 92E-14 8.88E-84 5.28E-13 1.36E-12 

PSI 1-2-4 1!1.88 8.81 2.111 1.38E-IJ4 7. 98E-14 3.12E-13 9. 74E-13 

PSI l-2-5 8.88 8.81 3.88 4.SIE-IJS 8.43E-84 6.12E-14 7. 24E-13 
PSI 1-2-6 1.1111 8.81 4.118 4.SIE-86 8.88E-84 a.BlE-14 6.1J3E-13 
PSI 1-2-7 8.118 8.12 16.\JIJ 2. 77E-IJ4 1.17E-83 4.67E-14 2.31E-13 
PSI 1-2-8 e.ee 1.12 48.11 l.S6E-84 1.32E-83 L84E-14 1.11E-13 
PSI 1-2-9 1.88 1.02 98.81 9.82E-15 1.41E-13 1.29E-15 6.77E-14 
PSI 1-2-18 1.111 1.82 161.11 4.3SE-IJ6 1.46E-IJ3 7. 611E-16 4.32E-14 
PSI 1-2-11 lUll 8.82 211.81 7 .BSE-16 1. 53E-83 3.44E-16 3.41E-14 

TABLE B.l-2a. Carbon-14 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 1-4) 

SAMPLE ID uCi LEACHED TIME DAYS CUI An/Ao 0 CUI. 

PSI 1-4-1 8.111 4.81!1 9.12E-84 6. 36E-13 

PSI 1-4-2 11.12 19.81 1.14E-83 2. 89E-13 

PSI l-4-3 8.112 48.81 1.17E-83 8.67E-14 

PSI 1-4-4 8.82 91.18 1. 24E-83 S.19E-14 

PSI 1-4-5 8.12 151 .liB 1.38E-83 3.47E-14 

PSI 1-4-6 1.82 211.88 1.53E-83 3. 38E-14 
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TABLE B.l-2b. Carbon-14 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 1-5) 

SAWPLE ID uCi LEACHED TIWE DAYS CUI An/Ao 0 CUI. 

1-5-1 1.1n 4.11 5.19E-14 2.13E-13 

1-5-2 1.81 19.11 9. 75£-114 l.SSE-13 
1-5-3 1.11 48.11 l.ISE-13 7.89E-14 

1-5-4 8.12 91.11 l.23E-13 5.28E-14 
1-5-5 1.11 151.81 9.811E-IJ4 2.83£-14 
1-5-6 11.12 211.11 1.11E-13 2.17E-14 
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TABLE B.2-1a. Mercury-203 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 2-1) 

SAWPLE ID 
2-1-1 
2-1-2 
2-1-3 

2-1-4 

2-1-5 
2-1-6 

2-1-7 

2-1-8 
2-1-9 
2-1-11 

TOT. LEACH (An) CUW. LEACH 
5.24E-rll3 
5.2BE-113 
5.29E-13 
5.29E-113 

5.29E-113 
5.2BE-113 

5.33E-13 
5.37E-13 
1.26E-il2 

5.59E-il3 

5.2o4E-13 
l.ISE-12 

l.SBE-112 
2.11E-12 

2.64E-112 
3 .17E-112 

3.711E-il2 

4.24E-82 
5.49E-82 
II.BSE-82 

TIWE DAYS 
8.31E-IJ2 

2.91JE-1Jl 
l.IIE•II 
2.11E•IJIJ 

3.1JIJE•II 

UJIJE•IJIJ 

l.BBE•ill 
4.81E•Il 

8. 91JE•Il 

l.SIJE•IJ2 

An/Ao 
1.47E-11 
1. .SE-11 

1.48E-ill 
1.48E-Il 

l.4BE-11 

1.4BE-111 

l. SIE-111 
1. 51E-IH 

3.62E-81 
1. 57E-Il 

CUI An/Ao 
1.47E-8l 

2. 95E-Il 
4.44E-81 
S. 92E-Il 

7 .41E-11 

B.SBE-81 

l.B4E•III1 

1.19E•IIfl 

1.54E•IIJ 

1. 7IE•II 

D inc. 
7 .89E-il7 

l.IJ3E-i16 

3.8BE-117 
3. 79E-87 

8.44E-87 
8. 98E-17 

1.31E-8B 

9. 31JE-B9 

S.BlE-118 

9.19E·IJ9 

D CUI. 

7 .89E·I7 

8.87E·IJ7 

5.81E·IJ7 

5.18E-IJ7 

S.4BE-IJ7 

5.82E·IJ7 

1. 77E-IJ7 

S.69E-IJ8 

7 .87E-IJ8 

5.67E-IJS 

TABLE B.2-1b. Mercury-203 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 2-2) 

SAWPLE ID TOT. LEACH (An} OM. LEACH TIWE DAYS 

2-2-1 2.66E-13 2.65E-83 8.31JE-82 

2-2-2 

2-2-3 

2-2-4 

2-2-6 

2-2-a 

2-2-7 

2-2-8 

2-2-9 

2-2-liJ 

2. 95E-13 

2.65E-13 

2.65E-13 

2.86E-13 

2 .86E-13 

2.6SE-13 

2.6SE-83 

2.65E-13 

2 .66E-Il3 

6.61E-13 

8. 2SE-13 

1.1l9E-12 

1.36E-12 

l.S2E-IJ2 

l.S9E-IJ2 

2.15E-IJ2 

2.42E-12 

2 .68E-Il2 

2.91E-11 

l.IJIJE•Illl 

2.1JfiE•Illl 

3 .IJfiE•IJII 

4.11E•IIfl 

l.81E•Il 

4.81lE•Il 

8. 911E•Ill 

l.SIIE•Il2 

An/Ao CUI AnfAo 

7. 31E-12 7. !lE-12 

8.13E-12 

7 .!IE-12 

7. 31E-fl2 

7. 31E-12 

7 .31E-Il2 

7.31E-IJ2 

7 .31E-12 

7. 31E-fl2 

7 .31E-Il2 

1. 54E-Il 

2. 27E-Il 

3. IIJE-11 

3. 74E-IJ1 

4.47E-tl 

S.21E-111 

5. 93E-Il 

S.66E-Il1 

7 .39E-IJ1 

D inc. 
1. 91E-Il7 

3.11E-Il7 

7. 41E-Il8 

9.19E-Il8 

1. SSE-17 

2. 21E-IH 

3.13E-19 

2.19E-Il9 

2.51E-89 

1. 99E-Il9 

D CUI. 

1. 98E-Il7 

2.43E-Il7 

1. 53E-117 

1.33E-117 

l.37E-17 

l.47E-117 

4.43E-118 

2.16E-118 

l.47E-88 

1.117E-Il8 

TABLE B.2-2~. Mercury-203 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 2-4) 

SAMPlE ID uCi LEACHED TillE DAYS CUI An/Ao D CUI. 

2-4-1 2.6458E-113 4.1111 7. SSE-82 4.36E-119 

2-4-2 2.6458E-fl3 19.1111 7. SSE-82 9.17E-ll 

2-4-3 2.6468E-113 48.11 7 .SSE-112 3. 63E-11J 

2-4-4 2.6468E-IJ3 91.111 7 .SSE-112 1. 94E-11J 
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TABLE 6.2-2b. Mercury-203 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 2-5) 

SAMPLE ID uCi LEACHED THIE DAYS c~1 AnfAo [) cu.. 

2-5-1 2.6458E-13 4.111 7. S7E-12 4. 24E-19 

2-S-2 2.6458E-13 19.11fl 7 .S7E-12 8.92E-11 
2-S-3 2.11468E-13 48.1!11 7 .57E-12 3.63E-11 

2-S-4 2.6458E-13 98.111 7 .S7E-12 l.BBE-11 
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TABLE B.3-la. Cadmium-109 Fraction Leached for ANS 16 .I Leach Test: Whole 
Grout in Hanford Ground Water (PSW 2-1) 

SAMPLE ID TOT. LEACH (An} CUM. LEACH TillE DAYS An/Ao cu• An/Ao D inc. D cu•. 

PSW 2-1-1 1.111 1.11 1.118 7 .ISE-13 7 .IJSE-13 1. 77E-19 1. 77E-19 

PSW 2-1-2 11.111 1.12 1.29 l.lBE-12 l.BIIE-12 8. 31E-19 3.53E-19 

PSW 2-1-3 1.11 1.13 1.111 9.49E-t3 2.81E-12 1. 25E-89 2.33E-19 

PSI 2-1-4 1.11 1.14 2.11 B.IIBE-113 3.112E-12 1.12E-19 1.94E-19 

PSI 2-1-5 1.11 1.86 3.11 7 .57E-113 4.3BE-12 l.BBE-119 1. 89E-19 

PSW 2-1-6 11.11 1.18 4.11 B.BlE-113 5.28E-112 3.19E-119 2.14E-19 

PSI 2-1-7 1.81 1.17 18.111 8.72E-113 B.l3E-12 4.·47E-ll 8.17E-11 

PSW 2-1-8 lUll 1.18 48.111 7.81E-B3 6.91E-12 2.51JE-ll 2.94E-11 

PSI 2-1-9 IJ.Bl 1.89 89.111 4.52E-113 7 .3BE-12 9.83E-12 l.BIIE-11 

PSW 2-1-11 lUll 8.119 151.11 8.22E-13 7 .99E-12 1.44E-11 1.26E-UJ 

TABLE B.J-lb. Cadmium-109 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 2-2) 

SAt.IPLE ID TOT. LEACH (An) CI.U. LEACH THIE DAYS An/Ao CUI An/Ao D inc:. D CUI. 

PSW 2-2-1 1.11 1.11 1.18 7 .64E-18 7.64E-18 2.18E-89 2.il8E-89 
PSW 2-2-2 tU1 1.11 1.29 4.43E-13 1. 21E-12 9.26E-11 1.49E-89 
PSW 2-2-8 1.11 1.12 Uti S.SSE-13 2.17E-12 1.12E-19 1.28E-89 
PSW 2-2-4 1.11 1.18 2.11 !l.!llE-13 2. 73E-12 7.53E-ll l.liE-89 
PSW 2-2-6 1.11 1.14 3.81 8.89E-13 3.41E-12 L31E-19 1.14E-119 
PSW 2-2-6 1.11 1.16 4.11 S. 99E-13 4.11E-82 1.47E-19 1.18E-19 
PSW 2-2-7 1.11 1.16 18.11 9.4SE-13 4.94E-12 S.25E-ll 4. 18E-11 
PSW 2-2-8 1.11 1.17 48.11 1.12E-12 5.96E-12 4.29E-Il 2.19E-11 
PSW 2-2-9 1.11 1.18 !lg.ilil 9.22E-13 a.agE-112 4.11E-11 1.57E-11 
PSW 2-2-UJ 1.11 8.19 151.118 7. 78E-13 7 .S!IE-82 2.25E-ll 1.16E-11 

TABLE B.3-2a. Cadmium-109 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 2-4) 

SAWPLE ID uCi LEACHED TilliE DAYS CUI An/Ao 0 CUI. 

PSW 2-4-1 1.81 4.88 4.81E-13 L22E-ll 

PSI 2-4-2 8.81 19.81 1.86E-82 L89E-ll 

PSI 2-4-3 8.11 48.81 1.26E-il2 1.8SE-11 

PSI 2-4-4 8.81 911.11 1.81E-82 3. 46E-12 
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TABLE 8.3-2b. Cadmium-109 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 2-5) 

SAMPLE ID uCi LEACHED TIVE DAYS CUI An/Ao 0 CUI. 

PSI 2-S-1 11.111 4.fl 1.16E-12 8.23E-11 

PSI 2-5-2 11.11 19.111 l.ll6E-112 1. 75E-11 

"' 2-5-3 lUll 48.81 l.lSE-112 8.117E-12 

PSI 2-5-4 I.IH 91.18 1.19E-112 3.8BE-12 
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PSW 
PSW 
PSW 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

PSW 
PSW 
PSW 
PSW 
PSW 
PSW 
PSW 
PSW 
PSW 
PSI 

TABLE B.4·1a. Selenium-75 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 3·1) 

SAWPLE ID TOT. LEACH (An) CLU. LEACH TillE DAYS An/Ao CUI An/Ao D inc. 

3-l-1 1.11 1.18 1.1111 2.113E-IB 2.113E-18 2.76E-16 

3-1-2 1.1111 1.11 8.29 2.85E-18 5.69E-il8 3.71E-lll 

3-1-3 1.11 1.11 1.11 1.38E-13 1.39E-13 2. SBE-11 

3-1-4 1.11 1.11 2.11 8.89E-15 1.48E-13 1.31E-13 

3-1-5 1.11 1.11 3.81 a.47E-18 1.48E-13 3.41E-18 

3-1-6 lUll 1.1111 4.11 7.11E-14 2.18E-13 1.95E-11 

3-1-7 1.11 lUIS 18.81 3.48E-111 2.19E-1\13 B.IIBE-18 

3-1-11 lUll 8.1!11 411.118 2.91E-811 2.19E-B3 3.33E-111 

3-1-9 8.118 1.118 151.11 3.13E-18 2.19E-B3 9.88E-19 

3-1-11 lUll IJ.I!I 223.11 3.45E-18 2.28E-13 4. 71E-lll 

TABLE B.4-1b. Selenium-75 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 3-2) 

SAWPLE ID TOT. LEACH (An) Cl.IW. LEACH TIWE DAYS An/Ao CUI An/Ao D inc. 
3-2-1 11.111 1.11 11.18 9. 99E-113 9.99E-113 3.68E-119 
3-2-2 1.11 1.11 1.29 9.611E-114 1.119E-112 4.49E-11 
3-2-3 1.11 11.111 l.J!ll 9.85E-114 Ll9E-112 1.39E-11 
3-2-4 1.111 1.11 2.111 3.14E-116 1.19E-112 1. 7SE-16 
3-2-5 1.111 1.11 3.11 3.15E-116 L19E-12 3.111E-16 
3-2-6 1.111 I.IH 4.81 3 .lSE-86 1.19E-12 4.23E-16 
3-2-7 1.11 1.111 18.11 3.31E-16 1.19E-12 6.63E-18 
3-2-8 1.11 1.111 48.11 3 .23E-IS 1.19E-12 4.42E-18 
3-2-9 1.118 1.111 89.11 3.23E-18 1.21E-12 S.I7E-18 
3-2-lll 1.111 1.111 151.11 3.5SE-18 1.21E-12 4.95E-18 

TABLE B.4-2a. Selenium-75 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 3-4) 

SAWPLE 10 uCi LEACHED TIME DAYS CUI An/Ao 0 CUI. 
PSW 3-4-1 1.11 4.111 S.81E-114 2.49E-13 
PSW 3-4-2 1.82 19.1111 1.75E-112 4.7SE-11 
PSW 3-4-3 8.12 48.1111 1.91E-I!l2 2.22E-11 
PSI 3-4-4 8.114 911.1111 3. 26E-12 3.4SE-11 
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0 CUI. 

2. 76E-111 
3.18E-lli 

S.SIE-12 
3.12E-12 

2.89E-12 
3.39E-12 

7.57E-13 
2.115E-13 

9.13E-14 

ll.lBE-14 

0 CUI. 
3.68E-119 
1. 26E-119 
4.35E-lll 

2.18E-111 
1.46E-111 

1.19E-111 
2.42E-ll 
9.10E-12 
4. 91E-12 

2.91E-12 



TABLE B.4-2b. Selenium-75 Fraction Leached for Static leach Test: Whole 
Grout in Hanford Ground Water (PSW 3-5) 

SAWPLE ID uCi LEACHED TIME DAYS CUI AnfAo D CUI, 

PSI 3-6-1 1.11 4.111 1.33E-12 1.31E-1111 

PSI 3-5-2 1.12 19.11 1.89E-il2 5.56E-11 

PSI 3-5-3 IU3 48.81 2.53E-12 3.93E-11 

PSI 3-5-4 1.14 91.18 3.46E-12 3.92E-ll 
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TABLE B.5-1a. Silver-110m Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 3-1) 

SAWPLE IO TOT. LEACH (An) Cl.lltl. LEACH TIWE DAYS An/Ao c::u• An/Ao D inc. D cu•. 
PSI 3·1-1 1.1899E-fl3 l.IB99E-13 1.118 7 .-41E-14 7. 4111E-84 l.BBE-11 l.BBE-11 

PSI 3-1-2 1.119311E-13 2.1829E-13 1.29 7 .42E-14 1.48E-13 2.51E-11 2.16E-11 

PSI 3-1-3 3.11921E-12 3.3114E-12 1.111 2.11JE-12 2.2SE-IJ2 S.91E-19 1.44E-19 

PSI 3-1-4 1.6743E-12 4.9847E-112 2.18 l.HE-82 3.39E-12 2.1SE-89 1.63E-19 
PSI 3-1-5 1. 7657E-12 8. 7513E-12 3.11 1.21E-112 4.59E-12 UIBE-119 2.118E-19 
PSI 3-1-6 4.8791E-13 7 .2382E-12 4.18 3.31E-13 4.92E-B2 4.36E-111 1. 72E-19 
PSI 3-1-7 1.2144E-13 7 .3S87E-IJ2 18 .ill B.lBE-84 S.liiE-112 3.79E-13 3.9BE-Hl 
PSI 3-1-8 l.HJ24E-IJ3 7 .4689E-12 48 .ill 7.-49E-B4 5.87E-82 2.22E-13 1.53E-ll 
PSI 3-1-9 1.2114BE-83 7 .589-tE-12 89.01 8.18E-0-4 5.16E-02 3.04E-13 8.51E-11 
PSI 3-1-10 1.1879E-13 7. 7082E-12 158.01 8.07E-0-4 5.24E-02 2.35E-13 5.21E-11 

TABLE B.5-1b. Silver-110m Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 3-2) 

SAMPLE 10 TOT. LEACH (An) Cl..U. LEACH TIIoiE DAYS An/Ao CUI An/Ao D inc. D CUI. 

PSI 3-2-1 1.8763E-83 1.8763E-83 0.08 6.90E-04 6.91E-114 1. 7SE-ll 1. 7SE-ll 
PSI 3-2-2 1.8677E-02 1. 9752E-Il2 11.29 1.21E-02 1. 27E-12 7 .08E-19 1.69E-09 
PSI 3-2-3 1.1483E-03 2.0910E-02 1.118 7 .36E-84 1.34E-112 7. 79E-12 5. 49E-18 
PSI 3-2-4 1.086i1E-13 2.19B6E-il2 2.88 6.96E-14 1.41E-82 B.BSE-12 3.14E-ll 
PSI 3-2-5 1.1887E-13 2.3ii75E-02 3.111 6.98E-il-4 1.48E-12 1.48E-ll 2.23E-18 
PSI 3-2-6 2.U69E-82 4 .4534E-12 -4.111 1.38E-82 2.66E-12 8.117E-i19 6. 24E-11 
PSI 3-2-7 l.S44SE-12 5.9979E-12 18.11 9.91E-13 3.85E-12 5.97E-11 2. 51E-11 
PSI 3-2-8 l.IJII45E-13 6.1173E-12 48 .II 7 .ii2E-84 3.92E-12 2.111E-13 9.77E-ll 
PSI 3-2-9 7. 51911E-13 8.8592E-12 69.81 4.82E-i13 4.48E-12 1.13E-ll 6.65E-11 
PSI 3-2-18 1.1513E-83 6. 9744E-il2 168.111 7 .3BE-84 4.HE-112 2.11E-13 -4.08E-ll 

TABLE B.5-2a. Silver-110m Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 3-4) 

SAt.IPLE ID uCi LEACHED TilliE DAYS CUI An/Ao 0 CUI. 

PSI 3-4-1 1.6225E-12 4.11 9.88E-13 7.B9E-11 
PSI 3-4-2 2.35ISE-113 19.11 l.S1E-13 3. SBE-13 
PSI 3-4-3 2.4414E-B3 48.1111 1.67E-03 l.52E-13 
PSI 3-4-4 2.5313E-i13 91.118 1.53E-13 8.71E-14 

B.9 



TABLE 8.5-2b. Silver-110m Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 3-5) 

SAMPLE ID uCi LEACHED TilliE DAYS CUI An/Ao 0 CUI. 

PSW 3-5-1 1.1761JE-13 4.11 11.93E-114 3.67E-13 

PSW 3-5-2 1.16911E-113 19.111 7 .53E-14 9.13E-14 

PSW 3-S-3 1.2589E-113 48.111 B.llE-14 4.19E-14 

PSW 3-S-4 1.3488E-13 98. '"' 
8.69E-84 2.57E-14 

8.10 



PSI 
PSI 

PSI 

PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

TABLE B.6-1a. Iodine-125 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-1) 

SAMPLE ID 
-4-1-1 
4-1-2 

4-1-3 

4-1-4 

4-1-5 
4-1-8 
4-1-7 

4-1-8 
4-1-9 

4-1-11 

4-1-11 

TOT. LEACH (An) Cl.N. LEACH 
8.11 1.11 

lUll 
1.11 
I.IJI 
1.11 

1.11 
Ull 

B.IJIJ 

1.11 

IJ. '"' 
1.1111 

1.111 
1.11 

1.11 

1.11 
1.11 
1.11 

IJ.Il 
1.12 

1.12 
11.12 

TilliE DAYS 
1.18 

1.29 
1.111 

2.11 
3.11 
4.11 

18.1111 
48.11 
91.81 

151.11 

223.1111 

An/Ao 
2.98E-14 

2.98E-14 

1.87E-IJ2 

7 .38E-14 

6. 7BE-14 

5.78E-14 
5. 78E-84 

1.14E-13 
2.39E-B3 

2.66E-83 
7 .12E-IJ3 

CUI An/Ao 
2.98E-84 

S.97E-14 

1. 93E-12 

2.81E-12 

2.88E-82 

2.12E-82 
2.17E-12 

2. 29E-12 
2. 53E-82 

2. 79E-12 

3.5BE-12 

D inc. 
3.17E-12 

4.19E-12 

4. 83E-89 
9.33E-12 

9.76E-12 

L37E-ll 
1. 96E-13 

5.34E-13 

2.58E-12 

2.73E-12 

2.18E-11 

0 CUI. 

3.17E-12 

3.62E-12 

l.UiE-89 
5. 91JE-18 
4.17E-Ul 

3. 38E-lll 

7.75E-ll 

3.22E-ll 
2.119E-ll 

1.53E-ll 
1.63E-ll 

li = +21.2::!:1.2 

TABLE B.6-1b. Iodine-125 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-2) 

SAWPLE ID 
4-2-1 
4-2-2 
4-2-3 
4-2-4 
4-2-5 
4-2-6 
4-2-7 
4-2-8 
4-2-9 

4-2-ll 
4-2-11 

TOT. LEACH (An) ClAI. LEACH 

1.111 1.111 
11.1111 1.11 
11.11 1.113 
1.1111 1.113 
1.111 1.113 

lUll 1'-113 
1.11 
1.111 
1.11 
1.11 
lUll 

1.13 
1.13 
1.13 
1.13 

1.14 

TillE DAYS 

11.18 

1.29 
1.11 
2.11 
3.11 
4.111 

18 .ill 
48 .Ill 
911.1!11 

1511.111 

223 .Ill 

An/Ao 
2.21E-12 

2.97E-114 
1.7SE-112 
S.75E-B4 
s .64E-14 
S. 75E-114 
S.57E-B4 
1.1BE-13 
2.34E-83 
2.64E-83 

7 .119E-113 

CUI An/Ao 
2.21E-12 
2.24E-82 
3.99E-112 
4.115E-112 

4.liiE-112 
4.16E-12 
4.22E-12 
4.33E-12 
4.56E-12 
4.82E-82 

s.s3E-B2 

0 inc. 

1. 74E-IIB 
4.14E-12 

4.24E-19 
5.69E-12 
9.29E-12 
1.36E-11 
l.B2E-13 
4.78E-13 
2.47E-12 

2.711E-12 
2.8BE-ll 

0 CUI. 

l. 74E-118 

5.12E-119 
4. 71E-119 
2.42E-i19 
l.BBE-119 

I. 28E-B9 
2.92E-UJ 
l.lSE-111 
6.82E-ll 
4.58E-ll 

4.115E-U 

LI "' li.B:t:l. 7 

TABLE B.6-lc. Iodine-125 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-3) 

SAMPLE ID 
4-3-1 
4-3-2 
4-3-3 
4-3-4 
4-3-5 
4-3-6 

4-3-7 
4-3-8 
4-3-9 

4-3-111 
4-3-11 

TOT. LEACH (An) ClAI. LEACH 
8.112 1.112 
il.ilil 8.112 
11.111 
11.11 
1.1111 
1.118 

8.11 
1.111 
11.111 

11.811 
11.1111 

11.113 
11.114 
11.14 
1.114 

1.15 
11.115 
11 . .86 

8.86 
11.116 

TUIE DAYS 
11.118 
8.29 
1.11 
2.111 
3.1111 
4.118 

18.111 
48.81 
911.11 

1511 Ill 
223.111 

An/Ao 
2.43E-112 
3. 7BE-113 

1.79E-112 
9.96E-113 
1.92E-113 

2.32E-113 
1.34E-1112 
1.83E-82 

2.3BE-113 
2.62E-13 
6.72E-113 

CUI AnfAo 
2.43E-112 
2.81E-112 
4.611E-112 
S.BIIE-112 
5. 79E-82 

6.112E-112 
7.36E-12 

8.39E-82 
8.63E-B2 
8.89E-1!2 

9. SBE-112 

D inc. 

2.18E-IIB 
6.911E-18 
4. BlE-119 
1. 77E-119 
1.12E-lil 
2.29E-III 

1.119E-11 
4.4BE-ll 
2.BIIE-12 

2. 75E-l2 
1. 92E-ll 

0 CUI. 

2.18E-118 

8.31E-119 
B.47E-119 
4. 79E-119 
3.41E-119 

2. 77E-119 
9.21E-lll 

4.4BE-111 
2.53E-18 

l.SlE-111 
l.25E-UI 

LI "' 9.5±1.2 

B.l! 



PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

TABLE B.6-1d. lodine-125 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-6) 

SAWPLE ID TilT. LEACH (An) ClAI. LEACH TIWE DAYS An/Ao CUI An/Ao 0 inc. D CUI. 

4-11-1 1.11 1.11 11.16 8.84E-IS 6.114E-1115 3. 91E-13 3.91E-13 
4-11-2 11.11:1 1.111 1.29 7 .95E-14 S.SlE-84 7.41E-11 l.BBE-11 

4-6-3 1.81 1.81 1.11 2.19E-13 2.95E-83 l.SlE-11 S.UE-11 
4-11-4 1.11 1.11 2.11 1.13E-113 4.89E-13 S.SJE-11 8.15E-ll 

4-6-5 IJ.IJIJ 1.81 3.88 4.19E-84 4.SIE-il3 1. 28E-11 4.98£-11 

4-8-8 1.111 11.11 4.111 2. 24E-14 4. 73E-113 5.17E-12 4.12E-ll 

4-6-7 1.81 11.83 18.811 4.32E-83 9.8SE-il3 2. 74E-11 3.35E-ll 

4-8-8 lUll 8.113 48.118 2. 53E-113 l.lSE-12 6.53E-12 UlSE-11 
4-8-9 11.118 8.114 98.88 5.21E-114 1.21E-112 3.il5E-13 l. 211E-11 

4-6-11 1.118 8.84 151.111 S. 91E-il4 1.27E-82 3.37E-13 7.91E-l2 
4-8-11 1.82 l.llill 223.88 7 .JBE-113 2.11E-112 5.56E-ll 1.33E-ll 

LI = 11.1±1.1 

TABLE B.6-2a. Iodine-125 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-4) 

SAWPLE 10 uCi lEACHED THIE DAYS cu• An/Ao D cu•. 
PSI 4-4-1 11.114 4.11 a .47E-Il2 3.32E-89 
PSI 4-4-2 11.118 19.11 1.22E-111 2.49E-19 
PSI 4-4-3 11.13 48.11 1.96E-11 2.53E-B9 
PSI 4-4-4 8.19 91.11 2.98E-111 2. 95E-19 
PSI 4-4-5 IJ. 22 151.11 3.44E-111 2 .SIIE-19 
PSI 4-4-6 1.41 223.111 6.34E-81 S.11E-19 

TABLE B.6-2b. lodine-125 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-5) 

SAt.IPlE ID uCi LEACHED TIWE DAYS cu• An/Ao D cu•. 

4-5-1 1.115 4.1111 7 .98E-112 S.B3E-119 

4-S-2 1.118 19.1111 1.14E-IIl 2.1BE-119 

4-S-3 1.19 .(8.1111 1.34E-IIl 1.18E-119 

4-5-4 11.17 98.111 2. 62E-IIl 2.41E-19 

•-s-s 11.211 158 .Ill 3 .112E-IIl 1 92E-119 

.(-5-6 11.39 223.1!11 5. 87E-IIl .(. 89E-19 

B. 12 



PSW 
PSW 
PSW 
PSW 
PSW 
PSW 
PSW 
PSW 
PSW 
PSW 
PSW 

PSI 

PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

PSI 
PSI 
PSI 

PSI 
PSI 
PSI 
PSW 
PSW 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

TABLE B.7-la. Chromium-51 Fraction leached for ANS 16.1 leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-1) 

SAWPLE ID 
4-1-l 

4-1-2 

4-1-3 
4-1-4 

4-1-5 

4-1-6 

4-1-7 

4-1-S 

4-1-9 
4-1-111 

4-1-11 

TOT. LEACH (An) Cl.ll. LEACH 
1.18 1.118 
1.88 8.11 

1.88 1.17 

1.18 

1.18 
1.18 
IUJB 

1.88 
1.116 
1.116 

IJ.iiB 

1.22 
1.28 
11.33 

IJ.39 

1.45 

1.51 

1.56 
1.85 

Tlt.IE DAYS 
1.18 
1.29 
1.11 
2.88 
3.11 

4.11 

18.11 
48.1JI 
a.Be 

158.11 
223.11 

An/Ao 
1.97E-Ill 

1.97E-Il 
1.97E-ill 
1.97E-rlll 

1.97E-Il 
1.97E-Il 

1.97E-11 

1. 97E-ill 

2.11E-IJ1 

2.19E-11 

2.97E-Il 

cu• An/Ao 
1.97E-Il 

3.93E-11 

5.91E-11 

7 .87E-Il 

9.84E-IJ1 

l.tae~ee 

1.38E•II 

1. SBE•II 

1. 79E+IIJ 

2.BBE•II 

2.29E•BI 

D inc. 
1.38E-16 

1.82E-118 
S.38E-87 

6.68E-il7 

1.13E-18 

l.BIE-118 
2.28E-IB 

1. 59E-88 

UI2E-118 
1.89E-IJ8 

3.81E-18 

TABLE B.7-lb. Chromium-51 Fraction leached for ANS 16.1 leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-2) 

SAWPLE ID 

4~2~1 

4~2-2 

4~2-3 

4-2-4 

4-2-6 

4-2-6 

4-2-7 

4-2-8 

4-2-9 

4-2-111 

4-2-11 

Cr-51 

TOT. LEACH (An) CJAI. LEACH 
1.18 1.18 

IUI8 

1.18 
1.18 

1.16 
1.18 
1.18 
1.18 

1.18 
1.18 

1.49 

1.11 
1.17 

1.23 

1.28 

1.34 

1.39 

1.46 

1.61 

1.57 

1.16 

TIWE DAYS 
1.18 

'·" 1.11 

2.11 

3 .II 

4.11 
18.18 

48.11 

91.11 

151.11 

223.11 

An/Ao 
1. 98E-Il 

1. 98E-Il 

1.9BE-Il 

1.9BE-Bl 

1.98E-Il 

1.99E-11 

1.99E-81 

1. 99E-11 

2.113E-11 

2.18E-Il 

I.72E~ee 

CUI An/Ao 
1. 9BE-Il 

3.95E-Il 

5.93E-Il 

7 .91E-11 

9 .98E-Il 

1.19E•II 

1.39E•II 

1.59E•IIJ 

1. 79E•II 

2.l!li!IE•II 

3. 72E•IJI 

D inc. 
1.39E-18 

1.84E-B6 

5.43E-17 

6. 74E-17 

1.15E-IB 

l.B2E-18 

2.34E-18 

1.83E-BB 

1.87E-IJB 

1.54E-88 

I. 22E-116 

TABLE B.7-lc. Chromium-51 Fraction leached for ANS 16.1 leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-6) 

SAWPLE 1D 
4-6-1 
4-5-2 

4-8-3 
4-8-4 

4-6-5 

4-6-6 

4-6-7 

4-6-8 

4-6-9 

4-6-11 

4-8-11 

TOT. LEACH (An) CIAI. LEACH 
1.116 11.16 

1.18 

11.18 

1.18 

1.18 

1.18 
1.18 

1.118 

1.118 

!US 

I .18 

II .11 

11.17 

11.23 

1.28 

1.34 

8. 48 

1.46 

1.61 

8.57 
11.86 

TIWE DAYS 
1.18 

I. 29 

1.88 
2.1111 

3.1111 

4.11 

16.11 

48.11 

91.11 

151.111 

223.11 

B .13 

An/Ao 
4.47E-il2 

4.47E-12 

4.47E-IJ2 

4.47E-82 

4.46E-12 

4.49E-112 

4.49E-112 

4 .49E-82 

4.49E-82 

4.85E-12 

8. 61E-12 

Clll An/Ao 
4.47E-112 

8.94E-12 

1.34E-81 

1. 79E-IIl 

2.24E-01 

2.89E-81 

3.13E-81 

3.58E-81 

4.13E-11 

4. SIIE-11 

5 .16E-111 

D inc. 
1. 77E-87 

2.3SE-17 

B. 91E-88 

8.58E-IiJ8 

1. 46E-87 

2.17E-87 

2. 95E-19 

2.86E-19 

2. 27E-B9 

2.19E-89 

4.46E-19 

D cu•. 
1.38E-88 

l.SBE-86 

l.ii3E-IJB 

9.15E-IJ7 
9.5-4E-17 

1.13E-IJII 

3.12E-il7 

1. 53E-07 
l.BSE~IiJ7 

7.84E~IiJ8 

6.96E~I8 

a cu•. 
1. 39E-16 

1. 59E-18 

1.14E-118 

9.25E-87 

9.84E-17 

1.114E-16 

3.16E-87 

1. SSE-17 

1.15E-87 

7. 85E-88 

1.83E-17 

D Cl/1. 

1. 77E-117 

2. 13E-17 

1. 32E-17 
l.lBE-17 

1. 23E-17 

1. 33E-17 

4. 12E-18 

1. 97E-18 

1. 33E-18 

9. 93E-il9 

9.79E-19 



TABLE B.7-2a. Chromium-51 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-4) 

SAMPLE ID uCi LEACHED TIVE DAYS CUI An/AO 0 CUI. 

PSI -4-4-1 S.SIHBE-112 UJIJ 1.95E-Bl 3.ii2E-B8 

PSI 4-4-2 5.5818E-112 19.11 1.9SE-Il S.JSE-119 

PSI 4-4-3 S.SillSE-12 48.111 1.96E-81 2. SlE-19 

PSI 4-4-4 S.SilBE-112 911.11 1. 96E-IJ1 1.34E-119 

PSI 4-4-5 5. SIJlBE-12 151.11 1.9SE-Il B.ISE-11 

PSI 4-4-6 5. 5818E-112 223.11 1.95E-Il 5.41E-18 

TABLE B.7-2b. Chromium-51 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-5) 

SAt.IPlE ID uCi LEACHED TINE DAYS CUI AnJAo 0 CUI. 

PSI 4-5-1 S.SIJlBE-82 4.111 1.91E-111 2.87E-88 

"' 4-5-2 5.5818E-12 19.118 1.91E-Il 8.113E-89 

"' 4-5-3 5 .SIJlBE-82 48.118 1.91E-IIl 2 .39E-89 

PSI 4-5-4 S.SIJlBE-12 91.1111 1.98E-1111 1.27E-IJ9 

"' 4-5-5 5. SllBE-82 151.111 1.91E-111 7 .64E-111 

"' 4-S-8 5. SillBE-82 223.1111 1.91E-111 5 .14E-18 

B.14 



PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

TABLE B.B-1a. Lead-210 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-1) 

SAWPLE ID 
-4-l-1 
4-1-2 
4-l-3 

4-1-4 

4-1-S 

4-1-6 
4-1-7 

4-1-8 

4-1-9 
4-1-11 

4-1-11 

TOT. LEACH {An) CtAI. LEACH 

8.14 8.14 
1.14 1.17 
1.14 ..... 
1.14 
1.14 
IUI4 

11.14 

IJ.IJ4 

1.84 
11.14 

1.11 

1.15 

11.19 

11.22 
11.26 

1.31 
11.33 

1.37 
1.41 

THIE DAYS 
1.18 
1.29 
1.111 

2.11 

3.11 
4.11 

18.811 

48.1111 

91.111 
151.11 

223.11 

An/Ao 
3.69E-12 

3.69E-Il2 

3.69E-12 

3.69E-12 

3.69E-12 

3.89E-12 

3.69E-12 

3.89E-12 

3.69E-12 

3.89E-112 
3.89E-112 

CUI An/Ao 
3.69E-12 

7 .38E-12 

l.llE-11 
1.48E-Il 
l.SiiE-11 

2.22E-111 
2. SBE-11 

2. 9SE-11 

3.32E-11 
3.69E-111 
4.116E-111 

D inc:. 
4.8SE-88 

6.42E-18 

1.89E-118 

2.3SE-88 

3. 99E-118 

S.BlE-118 
S.lllE-111 

5. SSE-111 

S.ISE-11 

5.29E-111 

5.59E-ll!l 

TABLE B.8-1b. Lead-210 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-2) 

SAMPLE ID 
4-2-1 
4-2-2 

4-2-3 
4-2-4 

4-2-5 
4-2-8 
4-2-7 

4-2-8 

4-2-9 
4-2-18 

4-2-11 

TOT. LEACH (An) ClAI. LEACH 
1.14 1.14 

1.14 1.17 

1.84 1.11 

1.14 1.16 

1.14 

1.14 

1.14 

1.14 

1.14 

1.14 

1.16 

1.19 

1.22 

1.26 

1.31 

1.33 

1.37 

I .42 

TIME OAYS 

1.18 

1.29 

1.18 

2.81 

3.11 

4.11 

18.11 

48.111 

9fi.IIJ 

151.81 

223.88 

An/Ao 
3.87E-12 

3.67E-12 
3.67E-82 

3.67E-12 
3.87E-12 

3.87E-12 

3.67E-12 

3.67E-12 

3.67E-12 

3.87E-12 

S.IIE-112 

CUI An/Ao 
3.67E-12 

7 .34E-12 

1.11E-11 
1.47E-11 

1.84E-11 

2.21E-11 

2.67E-11 

2.94E-81 

3.38E-111 

3.67E-1Jl 

4.17E-81 

0 inc. 
4. 88E-18 

6.35E-18 
1.87E-88 

2.32E-88 

3.94E-88 
6. 66E-88 

1. 92E-11 
5.52E-11 

S.IIBE-18 

5.23E-111 

1.112E-119 

TABLE B.8-1c. Lead-210 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-6) 

SAMPLE 10 
4-8-1 

4-8-2 

4-8-3 

4-8-4 

4-8-5 

4-8-8 

4-8-7 

4-8-8 

4-8-9 

4-8-11 

TOT. LEACH (An) CI.Jiol. LEACH 
1.114 8.114 
8.114 8.87 

8.114 1.11 

8.84 8.16 

1.114 8.19 

1.14 8.22 

8.14 8.28 

8.14 

8.14 

8.14 

8.31 

8.33 

8.37 

TIME DAYS 

8.88 
8.29 

1.88 

2.81 

3 .II 

4.81 

18.81 

48.81 

91.11 

15~.·· 

B.15 

An/Ao 
8.22E-il3 
8.22E-il3 

8.22E-il3 

8.22E-13 

8.22E-13 

8.22E-113 

8.22E-13 

8 .22E-il3 

8.22E-il3 

8.22E-i13 

CUI An/Ao 
8.22E-il3 

l. 84E-il2 

2.47E-il2 

3.29E-112 

4.11E-12 

4.93E-12 

S.76E-12 

8.58E-12 

7 .411E-12 

8.22E-82 

D inc. 

5. 99E-IJ9 

1. 93E-119 

2.34E-89 

2. 91E-89 

4. 92E-19 

8. 93E-89 

9.89E-11 

8.9ilE-ll 

1. 88E-11 

6.S3E-11 

0 CUI. 

4.85E-18 

S.SSE-88 

3.62E-118 

3. 22E-18 

3.38E-18 

3.62E-i18 

1.18E-118 

S.37E-19 

3.82E-IJ9 

2.68E-IJ9 

2.19E-19 

0 CUI. 

4.88E-i18 

6.49E-88 
3.58E-88 

3.19E-118 
3. 32E-118 

3.58E-88 

1.88E-88 

5.31E-il9 

3.58E-89 

2.65E-89 

2.31E-89 

0 CIJI. 

5. 99E-89 

6.86E-89 

4.48E-89 

3. 98E-il9 

4.14E-i19 

4.48E-il9 

1.3SE-19 

8.63E-11J 

4.48E-18 

3.32E-ll 



TABLE B.8-2a. Lead-210 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-5) 

SA'IIPLE ID uCi LEACHED THIE DAYS CUI An/Ao 0 CUI. 

PSI 4-5-1 3.6889E-IJ2 4.111 3.52E-112 9.81E-ll 

PSI 4-S-2 3.6189E-B2 19.11 3.62E-12 2.BBE-11 

PSI 4-S-3 3.6189E-12 48.111 3.52E-112 a .HE-n 
PSI 4-5-4 3.6BB9E-12 91.11 3.52E-12 4.311E-11 

PSI 4-5-S 3.6189E-12 1511.111 3.52E-12 2.81E-ll 

TABLE B.8-2b. Lead-210 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 4-4) 

SAMPLE ID uCi LEACHED TniE DAYS CUI An/Ao 0 CUI. 

PSI 4-4-1 3.BIJB9E-12 4.81 3 .BlE-12 1.13E-19 

PSI 4-4-2 3.6BB9E-112 19.11 3.61E-12 2 .17E-11 

PSI 4-4-3 3.6189E-82 48.11 3.61E-12 B.lllE-11 

PSI 4-4-4 3.11189E-12 91.81 l.BlE-12 4.59E-ll 

PSI 4-4-5 3.6889E-12 151.11 3.81E-82 2.7SE-11 

B .16 



• 

PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

PSW 
PSW 
PSW 

"' "' PSI 

"' "' PSI 
PSW 
PSW 

TABLE B.9-1a. Iodine-125 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 5-1) 

SAt.IPLE 10 
5-1-1 

5-1-2 

5-1-3 

5-1-4 
5-1-6 
5-1-6 

5-1-7 

5-1-8 

5-1-9 
5-1-lil 

5-1-11 

TOT. LEACH (An) ClJI. LEACH 
1.17 1.17 
1.13 1.21 

1.11 
1.11 
11.15 
1.112 

1.13 
I .19 

11.15 

11.15 
1.16 

lUI 

1.21 

IJ.25 

1.27 

t'-41!1 
1.-49 

1.54 
11.58 

1.8-4 

Tlt.IE DAYS 

111.18 
1.29 
l.BI 
2.11 
3.18 

4.88 

18.1JIJ 

48.111 

91.1!1 
151.88 
223.111 

An/Ao 
2.77E-12 

4.37£-113 
7. 76E-15 

5.87E-14 
7.38£-83 
2.114E-13 
2.11£-12 

1.41£-112 
7 .S9E-il3 
7. 28E-13 

8.87£-83 

CUI An/Ao 
2. 77E-82 
3.21£-82 
3.22E-12 

3.27E-12 

4.81£-82 
4.27E-82 

8.38£-82 
7. 78E-12 

B. 54E-B2 

9.27E-82 

UI2E-81 

D inc. 
2. 76£-18 

9.89£-111 
8.44E-14 

S.BIE-12 

l.BIJE-119 

2.91E-111 

2.113E-lil 

8.19E-ll 
2.63E-ll 

2.18£-11 

3.2SE-ll 

0 CUI. 
2. 76E-18 

1.16E-IJ8 

3.19E-119 

1.61E-19 

1. 61E-89 

1.36E-119 

6. 75E-11 

3.77E-18 

2. 42E-111 

1. 71E-ll 

1. 38E-ll 

LI" 9.9±1.6 

TABLE B.9-1b. lodine-125 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 5-2) 

SAWPLE ID 
5-2-1 

5-2-2 
5-2-3 

5-2-4 

5-2-5 
5-2-8 

5-2-7 
5-2-8 

5-2-9 
S-2-111 

5-2-11 

TOT. LEACH (An) ClAI. LEACH 
1.25 1.25 

1.14 1.29 

1.12 1.41 

1.13 1.43 

IJ.II 1.44 

1.11 1.44 

1.11 1.58 

1.115 1.62 

1.11 1.62 

ILil 1.64 

1.11 8.64 

TIME DAYS 
1.18 

1.29 

1.11 

2.111 

3.11 

4.11 

18.11 

48.11 

9fl.ll 

151.11 
223 .II 

AnfAo 
4 .IIIE-12 

8.38E-13 

1.89E-12 

3.98E-13 

5. 93E-15 

1.49E-13 

1.82E·I2 

9. 76E-13 

4.43E-14 

2. 24E-13 

7 .27E-14 

CUI An/Ao 
4 .IIE-12 

4.63E-12 

6.52E-12 

8.92E-12 

8.93E-12 

7 .18E-12 

8.91E·12 

9.88E-12 

9. 92E-12 

l.llE-11 

1.02E-Il 

0 inc. 
5. 74E-18 

1. 94E-19 

5.11E-19 

2.78E-11 

1.14E-13 

9.22E-11 

1.97E-ll 

3.94E-11 

8.9BE-14 

1. 96E·12 

2.19E-13 

0 CUI. 
5.74E-18 

2.21E-18 

1. 27E-IB 

7 .lSE-119 

4. 7BE-19 

3.74E-19 

1.31E-19 

6.17E-111 

3.26E-11 

2.1l5E-111 

1.41JE-lt 

LI ::: 111.1:1::2.8 

TABLE B.9-)c. Iodine-125 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 5-3) 

SAMPLE 1D 
5-3-1 

5-3-2 

S-3-3 
S-3-4 

5-3-S 

5-3-8 

S-3-7 

S-3-8 

5-3-9 

5-3-11 

5-3-11 

TOT. LEACH (An) CUM. LEACH 
1.17 1.17 

1.13 1.21 

1.19 1.29 

1.14 

1.12 

1.81 

1.18 

1.16 

1.14 

8.11 

1.111 

1.33 

1.34 

1.36 

1.41 

1.48 

1.51 

•. 51 

I. 51 

TIME DAYS 
1.118 

•. 29 

1.111 

2.111 

3.111 

4.11 

18.11 

48.111 

91.11 

lSI.IJIJ 

223.111 

An/Ao 
2.68E-12 

4.61E-IJ3 

1.39E-12 

6.14E-13 

2. 76E-13 

2.12E-13 

9.24E-13 

7 .95E-13 

S.BlE-13 

1.17E-13 

6.45E-IIS 

CUI An/Ao 
2.68E-12 

3.14E-12 
4. SJE-12 

5 .14E-12 

5.42E-12 

5.62E-12 

6. SSE-12 

7 .34E-12 

7. 92E-112 

8.14E-112 

B.IISE-112 

D inc. 

2.57E-Il8 

l.ll1E-Il9 

2. 73E-119 

6.56E-11 

2.25E-11 

1. 711E-11 

5.17E-11 

2.62E-11 

1. 54E-11 

5.33E-13 

1. 72E-15 

0 CUI. 
2. S7E-t8 

1. tlE-08 

6. 13E-19 

3. 95E-19 

2. 92E-19 

2.3BE-19 

7 .UE-11 

3. 3SE-ll 

2.11BE-UJ 

1.29E-11 

8.66E-ll 

Ll::: 9.5±1.1 

B.!7 



PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

TABLE B.9-1d. Iodine-125 Fraction Leached for ANS 16.1 Leach Test: Whole, 
Large Grout in Hanford Ground Water (PSW 5-6) 

SAWPLE ID TOT. LEACH (An) ClJt LEACH TIIoiE DAYS M/Ao CUI An/Ao D inc. 0 CUI. 

5-6-1 IJ.lS 1.15 1.18 o4.78E-113 4. 7BE-13 2.13E-19 2.B3E-19 
5-8-2 8.113 1.18 1.29 l.llE-113 5. 79E-13 1. 21E-ll B. 52E-11 
5-6-3 I .12 lUI 1.11 3. 79E-13 9.59E-13 4. 9BE-11 s.ne-u1 
5-8-4 1.14 11.34 2.11 1.17E-13 l.IBE-12 5. 91E-11 4.2BE-11-

5-6-5 ILlS 1.37 3.111 8.28E-14 l.lBE-82 S.BIE-11 3.31E-Ul 

5-6-6 1.12 1.38 4.1111 5. 7SE-14 1.22E-82 3.41E-11 2.72E-11J 
5-6-7 1.11 1.49 18.111 3.31E-83 l.SSE-82 l.BIE-11 9.79E-11 
5-6-8 1.16 It .54 48 .ill 1.83E-13 1. 73E-B2 3.41E-12 4.59E-ll 

5-6-9 11.82 8.57 91UB 7 .17E-14 l.BIE-82 6 .87E-13 2.68E-ll 
5-6-lil IJ.II3 8.61 158.88 1.12E-13 1. 98E-12 9.86E-13 l. 76E-ll 
5-6-Il 1.83 8.83 223.1111 l.IIBE-13 2.111E-fl2 1. 03E-12 1.32E-ll 

LI " 11.4±1.1 

TABLE B.9-2a. lodine-125 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 5-4) 

SAMPLE 10 uCi LEACHED TIME DAYS CUI Afi/Ao 0 CUI. 

PSI S-4-1 11.11 4.11 5.53E-15 2.34E-15 

PSI 5-4-2 1.111 19.1111 5.99E-IS 5 .7BE-18 

PSI 5-4-3 1.62 48 .Ill 9.49E-12 5. 74E-11 

PSI 5-4-4 1.26 91.11 1.93E-111 1. 27E-19 

PSI 5-4-5 1.47 151.11 2. 25E-111 1.113E-19 

PSI 5-4-8 2.37 223.11 3.64E-111 1.81E-119 

TABLE B.9-2b. Iodine-125 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 5-5) 

SAt.IPL.E ID uCi LEACHED TIME DAYS CUI An/Ao 0 CUI. 

PSI 5-5-1 1.53 4.18 8.36E-112 5.15E-19 

PSI 5-S-2 I. 78 19.11 1.26E-81 2.41E-19 

PSI 5-5-3 1.15 48.1!11 l.B3E-81 2.88E-19 

PSI S-5-4 1.63 91.11 2 .92E-81 2 .79E-19 

PSI 5-s-s 2.14 151.11 3.48E-11 2.28E-89 

PSI 5-S-8 3.88 223.118 6.16E-11 5.16E-89 

B.18 

• 



TABLE B.IO-la. Chromium-51 Fraction Leached for ANS 16 .I Leach Test: Whole 
Grout in Hanford Ground Water (PSW 5-1) 

SAWPLE ID TOT. LEACH (An) CIM. LEACH Tit.IE DAYS An/Ao CUI An/Ao D inc. 0 CUI. 

PSW 5-1-1 tUB 1.18 1.18 1.94E-Il2 1.94E-12 1.38E-88 1.38E-18 

PSW 5-1-2 8.1111 lUl 11.29 1.9-4E-12 3.89E-12 l.BIE-118 l.SBE-88 

PSW 5-1-3 8.88 1.17 1.18 1.94E-112 S.BlE-12 S.311E-119 l.llE-118 

PSW 6-1-4 1.88 1.22 2 .II 1.94E-12 7 .77E-112 8. 57E-19 9.12E-19 

PSW 5-1-5 1.18 1.28 3.11 1. 94E-12 9. 72E-82 1.12E-88 9. 41E-89 

PSW 6-1-8 1.18 1.33 4.11111 l.94E-IJ2 1.17E-11 1.57E-118 l.llE-118 

PSW 5-1-7 11.116 8.39 18.81 1.94E-112 1.38E-81 2. 24E-18 3.87E-19 

PSW 5-1-8 8.116 B . .U 48.1JIJ 1.94E-112 l.SSE-11 1.57E-Ht 1. SIE-119 

PSW 5-1-9 1.811 IJ.58 911.118 1.95E-112 1. 7SE-81 1.73E-11 1. 62E-89 

PSW 5-l-11 IJ.86 8. 55 1511.81 1. 98E-82 1. 95E-ill l.SBE-18 7. 53E-UJ 

PSW 5-1-11 8.11 8.88 223.88 3. 76E~B2 2.32E~B1 5.86E-lB 7. 21E-11! 

TABLE B.IO-lb. Chromi urn- 51 Fraction Leached for ANS 16.1 Leach Test: Whole 
Grout in Hanford Ground Water (PSW 5-2) 

SAWPLE ID TnT. LEACH (An) Clll. LEACH THIE DAYS An/Ao cu• An/Ao D inc. D cu•. 
PSW 5~2~1 1.!!16 1.86 1.18 1.95E~B2 l. 95E-12 1.37E~il8 1. 37E-IB 
PSW 5-2~2 1.88 1.11 8.29 1.95E~B2 3. 9BE-B2 1.81E~I8 1. S6E-18 
PSW 5~2~3 1.88 1.17 1.11 1.95E-B2 5.85E~I2 S.33E~il9 1. il2E-18 
PSW S-2-4 1.88 1.22 2.111 1.9SE-B2 7 .81E~il2 8.81E~I9 9. il7E-19 
PSW 5-2~5 1.18 1.28 3.18 1.95E-12 9.75E-il2 · 1.12E~I8 9.45E-19 

"' 5-2-8 1.18 1.33 4.11 1.95E-12 1.17E-Il 1.58E-il8 1.12E~I8 
PSW 5-2-7 1.18 1.39 18.11 1.95E-12 1.38E~Il 2.25E-11 3.19E-19 
PSW 5-2-8 1.18 1.44 48 .II 1. 95E-12 1.56E-11 1.57E-11 1. 51E~19 
PSW 5~2-9 l.il8 I. 58 91.11 1.98E-B2 1. 78E-Il 1. 75E-ll 1.B2E-il9 
PSW 5-2-UJ l.il6 1.55 151.11 1.96E-il2 1.95E-11 1.51E-11 7 .58E-11 
PSW S-2-11 il.11 1.86 223.11 3. 78E-12 2.33E-81 5.91JE-11 7.28E-11 

TABLE B.IO-lc. Chromium-51 Fraction Leached for ANS 16.1 Leach Test: Whole, 
Large Grout in Hanford Ground Water (PSW 5-6) 

SAt.IPLE ID TOT. LEACH (An) CIM. LEACH THIE DAYS An/Ao cu• An/Ao D inc. D cu•. 
PSW 6-6-1 !!1.16 8.18 1.!!16 4.62E-13 4.82E-13 1. 89E-il9 1. 89E-19 

"' 5-6-2 il.l6 il.ll 1.29 4.62E-IS 9. 24E-IS 2.51E-19 2.17E-19 
PSW 5-6-3 1.18 1.17 l.ill 4.82E-13 1.39E-12 7.38E-ll 1. 41E-19 
PSW 5~6-4 1.86 1.22 2.81 4.62E~13 1. 85E-il2 9.17E-11 1. 28E-19 
PSW 5-6-5 1.!!16 1.28 3.11 4.62E~I3 2. 31E-12 1. S6E~il9 1.31E-19 
PSW 5-8-8 1.16 11.33 4.11 4.62E-13 2. 77E~I2 2.19E-il9 1. 42E-19 
PSW 5-8~7 I .16 8.39 18.88 4.62E-13 3.23E-82 3.13E-ll 4.28E-11 
PSW 5-8-8 !!I .16 il.44 48.!!11 4.82E-13 3. 78E-12 2.18E-11 2.11E~ll 

PSW 5-6-9 11.18 .. "' 98.Bil 4.62E-IJ3 4.16E-82 2.41E-ll 1.42E-11 
PSW 5-6-liJ 1.86 !!1.55 158.11 4.64E-83 4.62E-12 2.86E-ll 1.8SE-18 
PSW 5~6-11 1.86 8.61 223.11 4.68E-83 S.IBE-82 2.16E-11 a.S4E-ll 

B.19 



TABLE B.10-2a. Chromium-51 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 5-4) 

SAWPLE IO uCi LEACHED TIME DAYS CUI An/Ao 0 CUI. 

PSI 6-4-1 1.18 4.01 l.BBE-82 2.71E-lil 
PSI 5-4-2 1.118 19.111 l.BBE-12 S.BBE-11 
PSI 5-4-3 1.118 48.118 l.BBE-12 2.26E-11 
PSI S-4-4 1.18 91.11 l.BBE-12 1.21E-ll 
PSI 5-4-6 1.18 151.11 l.BBE-112 7 .19E-12 
PSI 5-4-8 1.18 223.18 l.BBE-82 4.84E-12 

TABLE B.10-2b. Chromi urn-51 Fraction Leached for Static Leach Test: Whole 
Grout in Hanford Ground Water (PSW 5-5) 

SAWPLE ID uCi LEACHED Tlt.IE DAYS CUI An/Ao 0 CUI. 

PSI 5-S-1 11.118 4.11 1.95E-12 2.BIIE-11 

PSI 5-5-2 1.18 19.111 1. 9SE-12 S.B9E-11 

PSI 6-5-3 IUS 48 .II 1. 9SE-12 2.33E-11 

PSI S-5-4 1.88 91.tl 1. 95E-12 1.24E-11 

PSI 5-5-5 1.88 1511.11 1. 9SE-12 7.47E-12 

PSI S-5-8 11.118 223.fl 1. 95E-82 5.12E-12 

8.20 



TABLE B.ll-a. Sodium Fraction Leached from ANS 16.1 Leach Test: Whole, 
Small Grout in Hanford Ground Water (PSW AS-I) 

SAMPLE 
PSWA S-1-1 

PSWA S-1-2 
PSIA 5-1-3 

PSWA 5-1-4 
PSWA S-1-5 

PSWA 5-1-6 
PSWA 5-1-7 
PSWA S-1-8 

PSWA S-1-11 
PSWA 5-1-lil 
PSWA 5-1-11 

19 LEACHED 

1.114E•ill 

3.84E•tl 

l.IIIIE•Il 
1.23E•Il 

7 .86E•II 
5. 48E•IIJ 
4 .IIIIE•ill 

4.118E•Bl 

2.81E•Il 
L87E•ill 

LIISE•Il 

An/Ao 
3.12E-il2 

S.lSE-13 
2.72E-12 

t.IIBE-12 

1.27E-82 

a. 711E-aa 
a . .ue-12 
8 .112E-112 
4 .52E-112 
3 .IHE-112 

1. 74E-112 

CUI. AnfAo 
3.12E-112 
3. 74E-82 

8.411E-il2 

8.44E-82 

9.11E-12 

l.BBE-81 

1. 71JE-81 
2.SIJE-81 
2.96E-81 

3.26E-11 

3.43E-Bl 

TilliE days 

8.33E-82 

2. IIIE-81 

l.BBE•IJI 

2. 8BE•88 
3.18E•BI 

4.1JIIE•88 

l.BIIE•ill 
4.71lE•ill 

II.BIIE•ill 

1. 58E•il2 

2.11E•82 

0 inc:. 0 CYI. ({1.2) 

3. 57E-88 3. S7E-il8 

1.87E-BII 1.47E-118 

1. 87E-88 1. 2BE-118 

8. IIIIE-1111 l.IJIIE-88 

4.8SE-89 9.81E-89 

3. 29E-119 8. 57E-89 

2. 52E-il9 4. 93E-19 

2.88E-119 4.46E-89 

9.113E-lll 3.51E-19 

3.64E-11J 2.61E-It9 

1. 84E-ll 1. 99E-19 

TABLE B. li-b. Potassium Fraction Leached from ANS 16.1 Leach Test: Whole, 
Small Grout in Hanford Ground Water (PSW AS-I) 

5At.IPLE 

PSIIA 5-1-1 

PSIA 5-1-2 

PSIIA 5-1-3 

PSIIA 5-1-4 
?SIA 5-1-5 

?SIA 5-1-6 
PSIA 5-1-7 

PSIA 5-1-8 

PSIA 5-1-9 

PSIA 5-1-18 

PSWA 5-1-11 

ng LEACKED 
2.5aE~ee 

8.411E-111 

2.22E~IIIJ 

1.82E~ee 

8.411E-11 

3.811E-81 

4. 88E•BI 

4.88E~BB 

2.88E•88 

2. 22E•88 

1. 211E•BB 

An/Ao CUI. An/Ao Tlt.IE days 

8.33E-82 

2. 98E-81 

t.eeE~ee 

2.1111E•illl 

3.110E•IIII 

4.118E•II8 

1.88E•IJ1 

4. 71JE•IJ1 

9.118E•IIl 

1. 50E•II2 

2.1.11E•82 

D inc. D cu1. ({11.2) 
2 .15E-02 2 .15E-112 1. 69E-BB 1. 69E-i18 
8. 99E-03 2. 85E-112 2. 39E-89 8. 54E-89 

l.BSE-02 4. 89E-82 4. 911E-89 8. 73E-il9 
1. 35E-82 6 .114E-112 3. 24E-B9 5. 58E-119 
6. 99E-il3 6. 74E-B2 1. 48E-il9 4. 63E-89 
3 .eeE-113 1 .114E-e2 3.82E-111 3.79E-il9 
3. 99E-82 1.111E-111 9.711E-111 2.87E-il9 
3. 99E-12 1. SIIE-01 7.14E-111 1.47E-119 
2.41E-82 1.74E-81 2.54E-111 Ul3E-il9 
1.85E-112 1.93E-81 1.37E-111 7.57E-18 
9. 98E-83 2. 83E-81 8.86E-11 5.98E-1il 

TABLE B.ll-c. Boron (as H~BO~) Fraction Leached from ANS 16 .I Leach Test: 
Whole, Smal G out in Hanford Ground Water (PSW 2-1) 

SA!.IPLE 1119 LEACHED An/Ao CUI. AnfAo Tit.IE days D inc. 0 CUI. ({8.2) 
PSIIA 6-1-1 2. 34E-01 1.76E-03 1.78E-03 8.33E-B2 1.14E-111 1.14E-lil 
PSIIA 6-1-2 3 .IIIIE-02 2.26E-04 1.99E-113 2.911E-B1 2.58E-12 4.18E-11 
PSWA 5-1-3 l.62E-il1 1.22E-il3 3.21E-il3 1.811E·00 2.14E-11 3.15E-11 
PSWA 5-1-4 7 .BBE-112 5.88E-114 3.88E-83 2.BIIE•ilil B.lBE-12 2.21E-11 
PSIIA 5-1-5 4.211E-82 3.17E-84 4.12E-113 3.118E•II8 3.83E-12 1. 73E-11 
PSIA 5-1-8 2. 411E-112 1.81E-114 4 .30E-il3 4.88E•81J 1.39E-12 1.41E-ll 
PSWA 5-1-7 2.22E-01 1.87E-83 5.97E-83 1. BIIE•Bl 1. 78E-12 8.115E-12 
PSWA 5-1-8 1. 98E-01 1.49E-03 7 .46E-03 4.70E•Ill 9.98E-13 3.82E-12 
PSIIA 5-1-9 S.BIIE-02 4. 97E-84 7. 96E-B3 9.08E•01 1.89E-13 2.15E-12 
PSIIA 5-1-18 -2.46E-01 -l.BSE-03 6.11E-03 1. 50E•02 1.38E-12 7.60E-13 
PSWA 6-1-11 8.110E-il3 4 .52E-B5 6.15E-il3 2.10E•il2 1. 24E-15 S.SlE-13 
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TABLE 8.11-d. Sulfate (SOf) Fraction Leached From ANS 16.1 Leach Test: 
Whole, Smal Grout in Hanford Ground Water (PSW AS-I) 

SAMPLE 19 LEACHED An/Ao CUI. An/Ao TilliE days D inc. 0 CUI. ({1.2) 

PSIA S-1-1 2.4BE•ill S.IIJE-63 S.IIJE-13 11.33E-112 l.liiE-89 l.liiE-119 

PSWA S-1-2 4.81E•BIJ 1.13E-112 1.69E-B2 2.9BE-ill II. 22E-B9 3.01E-B9 

PSWA S-1-3 3.1111E•BI 8.45E-03 2. 54E-12 1.!\IIE•IIIil UJJE-09 1. 97E-B9 

PSWA S-1-4 ll.lflE•BB l..UE-112 3. 94E-82 2.BIE•Iil 3. S4E-09 2.38E-il9 

PSWA 5-1-S 7 .2BE•IIB 1.119E-il2 S.IIJE-62 3.i1BE•IIB B.IISE-69 3. 24E-B9 

PSWA 5-1-11 4.8BE•iiB 1.13E-112 II. 711E-it2 UIIE•ilil S . .UE-89 3.49E-119 

PSWA 5-1-7 -II.BBE-11 -l..UE-83 11.62E-B2 l.BIIE•ill L 21E-12 7.-44E-ll!l 

PSWA 5-1-8 -II.IIJE-111 -1.41E-B3 11.48E-S2 4.71!E•IIl B.BBE-13 2.73E-1B 

PSWA S-1-9 l.BBE•ilil 4.23E-B3 II. 9BE-02 9.8BE•ill 7.89E-12 1.112E-16 

PSWA 5-1-lB -l.S6E•BB -3.66E-B3 6.S4E-B2 1. SBE•B2 5.38E-12 6.71E-11 

PSWA 5-1-11 2.41JE•BB S.63E-B3 7 .lBE-112 2.111E•il2 l. 93E-11 7.34E-11 
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TABLE B.12-a. Sodium Fraction Leached from Static Leach Test: Whole, 
Small Grout in Ground Water (PSW SS-4) 

SAt.IPLE •g LEACHED CUI. AnfAo TINE days 0 CUI. ({1.2) 

PSWS 5-4-1 8.84E•I1 l.I7E-11 4.11E•II 8.89E-19 

PSWS 5-4-2 1.16E•12 1.81E-Il 1. BIE•Il S.SIE-19 

PSWS 5-4-3 1.52E•I2 2.37E-11 4.8iiE•Il 4.12E-19 
PSWS S-4-4 2.118E•II2 3.23E-11 9.11E•Il 4.14E-119 

PSIS S-4-S 2.14E•82 3.34E-Il 1.SIE•I2 2.68E-89 

PSWS 5-4-8 2.14E•il2 3.34E-IIl 2.23E•il2 1. 75E-19 

TABLE B.12-b. Potassium Fraction Leached from Static Leach Test: Whole, 
Small Grout in Ground Water (PSW SS-4) 

SAMPLE 19 LEACHED CUI. AnfAo TIWE days 0 CUI. ((1.2) 

PSIS 5-4-1 8. 98E•II S.lllE-82 4.811E•II 2. 48E-89 

PSWS S-4-2 1.19E•Il 9.55E-112 1.88E•Il 1. SSE-89 

PSWS S-4-3 1.47E•Il 1.19E-11 4.88E•Il 8.95E-lil 

PSWS S-4-4 2.1SE•Il 1. 73E-81 9.811E•Il l.IJlE-119 

PSIS S-4-S 2.41E•IIl 1. 93E-Il l.SIE•I2 7.61E-111 

PSWS 5-4MB 2.43E•Il 1. 98EMI1 2.23E•I2 5.25EM11 

TABLE B.12-c. Aluminum Fraction Leached from Static Leach Test: Whole, 
Small Grout in Ground Water (PSW SS-4) 

SAI.IPLE 19 LEACHED CUI. M/Ao TillE days D CUI. ((1.2) 
PSIS 6M4-l 4.81E-Il 2.97E-14 4.BIIE•B8 !1.72E-14 
PSIS 5-4-2 1.!14E•III l.llE-13 1.8BE•Il 1. 73E-13 
PSIS 5-4-3 2.23E•II 1.37E-13 4.811E•Bl 1. 211E-13 
PSIS 5-4-4 3.81E•III l.BBE-113 9.BBE•81 1.17E-13 
PSIS 5-4-5 1.57E•III 9.67E-14 1.61E•I2 1.91E-14 
PSIS 5-4-11 4.32E•II 2.66E-13 2.23E•I2 9. 73E-14 

TABLE B.12-d. Nitrate (N03) Fraction Leached from Static Leach Test: 
Whole, Small Grout in Ground Water (PSW SS-4) 

SAt.IPLE 119 LEACHED CUI. An/Ao TIME dilys 0 CUI. ((0.2) 
PSIS 5-4-1 I.BIJE•II B.IIIE•BB 4.88E•IIJ IJ.BIIE•IIJ 
PSIS 5-4-2 IJ.IIE•II I.IIE•II 1.88E•Il 11.88E•88 
PSIS 6M4-3 1.62E•II 1.49E-ill 4.88E•ill 1.42E-119 
PSIS 5-4-4 1.94E•ilil 1. 78E-IIl 9.18E•Il l.IBE-09 
PSIS S-4-5 2.33E•II 2 .14E-Il l.SIE•il2 9.64E-lil 
PSIS 5-4-8 2.98E•BII 2.75E-IIl 2.23E•B2 1. 21E-119 
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TABLE B.l2-e. Sulfate (S04) Fraction Leached from Static Leach Test: 
Whole, Smal 1 Grout in Ground Water (PSW S5-4) 

SAMPlE 19 LEACHED CUI. Afl/Ao TIWE days 0 CUI. ((I. 2) 
PSIS 5-4-1 4.8BE•II 1.89E-t2 4.BIE•II 9.119E-ll 
PSIS S-4-2 1.61E•II 3.64E-13 1. SIE•Il 2.2SE-12 
PSIS S-4-3 -6.11E+II -1.39E-12 4. SIE•ill 1. 22E-ll 
PSIS 6-4-4 -3.!15E•II -8.29E-13 9.11E•Il 2.34E-12 
PSIS 5-4-5 -7 .37E•II -1.67E-12 1.61E•I2 5. 72E-12 
PSIS 6-4-6 S.SIE-11 1.93E-13 2.23E·12 5.12E-14 

TABLE B.l2-f. Boron (as H3BO~) Fraction Leached from Static Leach Test: 
Whole, Small Grout in Ground Water (PSW S5-4) 

SAWPLE 19 LEACHED CUI. An/Ao THIE days 0 CUI. ((II. 2) 

PSIS 5-4-1 6. 72E-1Jl 4. 91E-il3 4.11E•III 1. 98E-11 

PSIS 5-4-2 9.74E-Il 7 .llE-113 l.BIE•Il S.BSE-12 

PSIS 5-4-3 1.13E•II 8.23E-113 4.81E•8l 4.47E-12 

PSIS S-4-4 1.57E•II l.lSE-112 9.11E•Il 4.82E-12 
PSIS 5-4-5 1.83E•II 1.33E-12 1. 51E•I2 3. 76E-12 

PSIS 5-4-8 2.19E•III 1. 52E-12 2.23E•I2 3.29E-12 
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PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

PSI 
PSI 
PSI 

"' PSI 
PSI 
PSI 
PSI 

"' PSI 
PSI 

PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

TABLE B.13-1a. Technetium-99 Fraction Leached for ANS 16.1 Leach Test: 

SAMPLE ID 
8-1-1 
6-1-2 
6-1-3 
6-1-4 
6-1-5 
6-1-11 

6-1-7 
8-1-8 

6-1-9 
6-1-11 
6-1-11 

Whole Grout in Hanford Ground Water (PSW 6-1) 

TOT. LEACH (An) Cl.U. LEACH 
1.12 1.112 

1.11 
1.11 
1.18 
1.81 

1.81 
11.81 

11.11 
8.111 
8.118 

8.11 

1.83 

1.13 

1.13 

1.83 
1.114 

1.84 
8.84 
1.85 

1.15 
1.16 

TIWE DAYS 
1.118 
1.29 
1.11 
2.11 
3.11 
4.11 

18.18 
47.88 
91.11 

1511.81 
2118.111 

An/Ao 
l.IBE-82 
1.22E-83 

2.38E-13 

7.611E-84 

2.59E-14 

9.47E-114 

1.83E-13 

1.12E-13 

3.11E-13 

1.27E-84 

4.82E-14 

c:u1 AnfAo 
l.IIIE-12 
l.lBE-12 
1.42E-12 

1.49E-12 

1.52E-82 

l.lllE-12 

l.BIE-12 
1.91E-12 

2.21E-12 
2.22E-112 

2.27E-12 

D inc. 
4. 27E-IJ9 
7 .SIE-11 

8.45E-11 

1.14E-11 
2.11E-12 

3.98E-11 

2.11E-12 

5.84E-13 

4.13E-12 

6. 72E-16 
1. SSE-13 

0 CUI. 

4.27E-19 

1.52E-119 
8.38E-11 

a.saE-11 
2.43E-lrll 

2.18E-11 

S.BBE-11 

2.45E-ll 
1. 72E-ll 

1.84E-ll 

7.85E-12 

li"' 18'.8±1.2 

TABLE B.13-1b. Technetium-99 Fraction Leached for ANS 16.1 Leach Test: 

SAWPLE ID 
6-2-1 

6-2-2 

6-2-3 

6-2-4 

6-2-5 

6-2-6 

6-2-7 

6-2-8 

6-2-9 

6-2-18 

6-2-11 

Whole Grout in Hanford Ground Water (PSW 6-2) 

TOT. LEACH (An) CUW. LEACH 

1.84 1.14 

8.11 1.114 

1.1111 1.114 

1.111 1.115 

I .Ill 1.15 

1.11 

1.11 

1.12 

1.81 

1.11 

8.1111 

8.15 

8.16 

1.18 

1.18 

1.18 

1.118 

THE DAYS 

1.18 

8.29 

1.11 

2.11 

3.11 

4.11 

18.81 

47 .II 
91.11 

158.111 

288.81 

An/Ao 
1.85E-IJ2 

3.74E-14 

1.44E-13 

1.54E-13 

l.BlE-113 

5.113E-14 

3. 77E-13 

7. 27E-13 

2.111E-14 

5. 33E-114 

7 .26E-114 

CUI An/Ao 
l.BSE-112 

1.89E-112 

2.13E-112 

2.18E-12 

2.35E-82 

2.41E-12 

2.77E-12 

3.511E-12 

3.52E-112 

3.57E-12 

3.65E-12 

D inc. 
1.31E-118 

7.114E-12 

3.19E-11 

4.37E-ll 

8.117E-ll 

l.llE-11 

8. 93E-12 

2.45E-11 

2.111E-14 

1.18E-13 

3.52E-13 

[) CUI. 

1.311E-118 

3.88E-19 

1.31E-19 

7. SSE-11 

5.811E-ll 

4.54E-11 

1.36E-11 

8.24E-ll 

4.36E-11 

2.69E-11 

2.12E-11 

LI" 11.7±1.5 

TABLE B.13-1c. Technetium-99 Fraction Leached for ANS 16.1 Leach Test: 

SAWPLE 1D 
6-6-1 

6-6-2 
6-6-3 

6-6-4 

6-6-5 

6-6-6 

6-6-7 

6-6-8 

8-6-9 

8-6-111 

8-6-11 

Whole, Large Grout in Hanford Ground Water (PSW 6-6) 

TOT. LEACH (An) Cl.ll. LEACH 
1.119 1.119 

8.112 8.12 
1.14 

1.12 

1.12 

1.11 

1.11 

1.15 

11.13 

IU3 

1.112 

1.16 

1.18 

1.19 

11.21 

11.31 

1.36 

1.38 

11.41 

1.43 

TIWE DAYS 

1.18 
11.29 

1.1111 

2.111 

3.11 

4.11 

18.111 

47.11 

91.111 

151.11 

218.111 

An/Ao 
9.83E-13 

2.52E-13 
4.24E-113 

1.89E-13 

1. 74E-B3 

1.36E-13 

1.12E-82 

5.14E-83 

3.42E-13 

2. 71E-13 

1.86E-13 

CUI An/Ao 
9.83E-13 

1.24E-12 

l.BBE-12 

l.BSE-112 

2.112E-112 

2.16E-12 

3.18E-112 

3. 71E-12 

4 .114E-12 

4.31E-12 

4. SIJE-112 

[) inc. 
8. 77E-119 

7. 63E-ll 

6.34E-ll 

1.57E-ll 

2.2SE-ll 

1. 9SE-11 

1.57E-lll 

2. 92E-11 

1. 27E-11 

7. 2SE-12 

S.SIJE-12 

[) CUI. 

8.77E-19 

3. 96E-19 
2.17E-119 

1.29E-19 

1.13E-19 

8. 76E-ll 

4.24E-11 

2.19E-111 

1.36E-11 

9.32E-ll 

7.32E-11 

LI = 9.6jj)l.6 
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TABLE 8.13-Za. Technetium-99 Fraction Leached for Static Leach Test: 
Whole Grout in Hanford Ground Water (PSW 6-4) 

SAWPLE ID uCi LEACHED THIE DAYS CUI An/Ao 0 CUI. 

PSI 11-4-l 1.14 4.18 LIIIIE-12 2.25E-11 
PSW 11-4-2 1.15 18.11 2.1JIIE-12 7.72E-11 
PSI 11-4-3 1.16 47 .II 2.51E-12 4.39E-11 

PSW 11-4-4 11.87 91.11 3.1J3E-12 3.33E-11 

PSI 11-4-S 1.18 1511.111 3. SIE-12 2.118E-ll 

PSW 11-4-6 1.19 218.111 3.89E-12 2.38E-ll 

!ABLE 8.13-Zb. Technetium-99 Fraction Leached for Static Leach Test: 
Whole Grout in Hanford Ground Water (PSW 6-5) 

SAMPLE 10 uCi LEACHED TilE. DAYS CUI An/Ao 0 CUI. 

PSW 11-5-1 1.14 4.11 2.113E-12 3.37E-ll!l 

PSW 6-S-2 lUIS 18. '"' 
2.18E-IJ2 B.52E-11 

PSW 6-5-3 1.18 47 .ill 3.7SE-12 9.811E-11 

PSW 11-5-4 1.18 91.1111 3.911E-12 5.71E-11 

PSI 11-S-5 1.89 151.11 4.43E-12 4.28E-11 

PSW 8-5-8 1.11 2118.81 4 .BIIE-82 3.113E-ll 
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PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

TABLE B.14-1a. Technetium-99 Fraction Leached for ANS 16.1 Leach Test: 

SAWPLE ID 
7-1-1 
7-1-2 
7-1-3 

7-1-4 
7-1-6 
7-HI 
7-1-7 
7-1-8 

7-1-9 
7-1-11: 

7-1-11 

Whole Grout in Hanford Ground Water (PSW 7-1) 

TOT. LEACH (An) CUW. LEACH 
1.14 1.14 
1.81 1.14 
1.11 1.16 
1.11 1.17 
1.11 1.18 
1.11 1.18 

1.14 1.23 
IJ.B3 IJ.28 

1.11 1.27 
1.11 1.28 
8.11 8.28 

TniE DAYS 
IJ.IIB 

1.29 
1.11 

2.88 
Ull 
4.11 

18.18 
47.1111 
98.111 

158.111 
218.11 

A.n/Ao 
3.17E-82 

B.llE-116 

3.24E-13 

2.51E-13 

2.35E-13 

l.83E-13 

9.16E-13 

7 .liiE-113 

2. 71E-13 
8.84E-14 

S.lBE-114 

cu• An/Ao 
3.17E-12 

3.1BE-12 

3.41E-112 
3.85E-12 

3.88E-12 

4.115E-112 

4.95E-12 

6.66E-112 
5. 94E-B2 

6.12E-112 
8.17E-12 

D inc. 
3.71E-B8 

1.9SE-13 

1.82E-111 
1.19E-11 
1. 79E-ll 

1. 21E-111 
5.35E-11 

2.42E-ll 
3.4BE-12 

3.21E-13 

LBBE-13 

0 CUI. 

3. 71E-16 

1.17E-18 

3. 78E-IJ9 

2.18E-Il9 

1.65E-19 

1.34E-119 

4.46E-11 

2.23E-18 

1.28E-ll 

7.91E-11 

5.81E-ll 

Ll "' 11.2±1.4 

TABLE B.14-1b. Technetium-99 Fraction Leached for ANS 16.1 Leach Test: 

SAWPLE ID 
7-2-1 
7-2-2 
7-2-3 

7-2-4 

7-2-6 
7-2-8 
7-2-7 
7-2-8 

7-2-9 
7-2-11 

7-2-11 

Whole Grout in Hanford Ground Water (PSW 7-2) 

TnT. LEACH (An) CUW. LEACH 
1.18 1.18 

1.11 

1.11 

1.11 

1.11 
I .II 

1.12 

1.12 

1.11 

1.11 
IJ.II1 

1.18 

1.19 

1.11 
1.11 

1.11 
1.13 

1.16 
1.16 

1.17 
1.18 

Til.£ DAYS 

1.18 

1.29 

1.11 

2.11 

3.11 

4.11 

18.11 
47.11 

91.11 

151.11 

218.81 

An/Ao 
1.68E-12 

8.13E-14 
1. 51E-13 

1.86E-13 

1.13E-13 

a. 79E-14 

4.55E-13 

3.52E-13 

2.85E-13 

1.94E-13 

1.14E-13 

CUI An/Ao 
1.88E-12 

1. 78E-12 

1.91E-12 

2.11E-12 

2.21E-12 

2.31E-12 

2. 75E-12 

3.11E-12 

3.39E-12 

3.59E-12 

3. 71E-12 

D inc. 
1.11E-18 

3.14E-11 

3.11E-11 
5. 96E-11 

3.74E-11 

3.18E-ll 

1. 21E-11 

5.35E-12 

3.47E-12 
1.46E-12 

B.lSE-13 

0 CUI. 

1. llE-18 

3.17E-19 

l.IBE-19 

6.58E-lil 

4.82E-1t 

3. 91E-11 • 

1.24E-ll 

8.18E-11 

3.77E-ll 

2.53E-ll 

1.94E-ll 

LI "' 111.4±1.11 

TABLE B.14-lc. Technetium-99 Fraction Leached for ANS 16.1 Leach Test: 

SAt.IPLE 10 
7-3-1 

7-3-2 

7-3-3 
7-3-4 

7-3-5 
7-3-8 

7-3-7 

7-3-8 

7-3-9 

7-3-111 

7-3-11 

Whole Grout in Hanford Ground Water (PSW 7-3) 

TOT. LEACH (An) CIAI. LEACH 
11.114 8.114 

11.111 11.115 
11.112 

11.111 

1.11 
1.11 

1.11 
1.11 

1.11 

1.111!1 

lUll 

1.17 
1.17 
1.118 

11.18 

1.11 

1.11 
1.11 

".111 
1.11 

Tlt.IE DAYS 
1.18 
1.29 

1.11 

2.11 

3.18 

4.11 

18.111 

47 .II 
91.88 

151.81 

218.81 

B.27 

An/Ao 
9.32E-83 

1. 71E-13 

3.28E-13 

1.64E-13 
1.88E-13 

5.81E-IJ4 

3.17E-13 

1.15E-13 

8.1SE-85 

S.97E-IS 

3.91E-Il4 

CUI An/Ao 
9.32E-13 

l.liE-12 

1.43E-12 

1.61E-Il2 
1. 78E-IJ2 

1. 76E-12 

2.117E-82 

2.18E-12 

2.19E-Il2 

2.211E-12 

2. 23E-12 

D inc. 
3. :ZIE-89 

1. 42E-18 

1. SSE-lll 
4.82E-11 

3.51E-ll 

1.44E-ll 

5. 73E-12 

S. 96E-13 

1.87E-15 

1. 43E-1S 

9.89E-14 

0 CUI. 

3. 28E-IJ9 

1. 28E-IJ9 

B.:ZSE-111 

3.89E-lil 

2.96E-111 

2.37E-lil 

7.27E-ll 

3.11E-11 

1.63E-ll 

9.83E-12 

7. 34E-12 

Ll"' 18.9±1.8 



T8BLE B.14-1d. Technetium-99 Fraction leached for ANS 16.1 leach Test: 
Whole, large Grout in Hanford Ground Water (PSW 7-6) 

SAWPLE ID TOT. LEACH (An) Cl.U. LEACH THE DAYS M/Ao CUI An/Ao D inc. 0 CUI. 

PSI 7-8-1 1.11 1.11 1.18 -4.97E-83 4.97E-83 2.34E-89 2.34E-119 

PSI 7-6-2 8.111 1.11 1.29 3.41E-15 S.IIBE-83 1. 46E-13 6.78E-HI 

PSI 7-6-3 8.12 8. 23 1.11 6.74E-113 1.117E-82 l. 21E-19 9.117E-lB 
PSI 7-8-4 1.87 1.31 2.11 3 .14E-13 1.39E-112 4.53E-111 7.67E-ll 
PSI 7-6-6 11.16 1.36 3.81 2 .BSE-83 1.68E-82 B.SIE-11 7.37E-UI 

PSI 7-6-6 1.84 1.48 4.88 l.BSE-13 1.87E-82 3.93E-1111 S.BSE-18 

PSI 7-B-7 8.23 1.63 18.88 1.117E-82 2.94E-112 l.BflE-11 3. 77E-l!!l 

PSI 7-8-8 1.13 8.76 47.111 B.BBE-113 3.S4E-112 4.15E-ll 2.18E-ll 

PSI 7-6-9 1.88 11.83 98.88 3.51E-B3 3 .BSE-112 1.41E-11 1.32E-UI 

PSI 7-6-11 ILlS 11.88 151.1111 2.31E-IJ3 4.12E-112 S.SI!E-12 8.9flE-ll 
PSI 7-6-11 8.13 8.91 2fl8.11 1.23E-13 4.24E·I2 2.52E-12 8.81E·ll 

li : 9.9±1.3 

TABLE B.14-2a. Technetium-99 Fraction leached for Static leach Test: 
Whole Grout in Hanford Ground Water (PSW 7-4) 

SAMPLE ID uCi LEACHED TIME DAYS CIJI An/Ao D CIJI. 

PSI 7-4-1 I.IQ 4.11 1.86E·12 2 .aaE-11 

PSI 7·4-2 1.26 18.11 5.1SE-112 4 .82E-11 

PSI 7-4-3 1.18 47.11 a. 71E·12 Q.SSE·ll 

PSI 7·4·4 1.21 Ql.ll 4. 31E-12 6. 77E-11 

PSI 7·4-6 1.24 151.11 4 .87E-12 5.17E-11 

PSI 7-4-6 1.25 288.11 5.11E·82 4. 21E-11 

I8BLE B.14-2b. Technetium-99 Fraction leached for Static leach Test: 
Whole Grout in Hanford Ground Water (PSW 7-5) 

SAt.IPL.E ID uCi LEACHED TillE DAYS CUI An/Ao 0 CIJI. 

PSI 7-5·1 1.11 4.18 2.2SE-112 4.18E-11 

PSI 7-5-2 1.11 19.11 1. 93E-113 6.44E-13 

PSI 7-5-3 1.11 48.81 1. 94E-113 2.58E-13 

PSI 7-5-4 1.18 91.118 3.85E·II2 4.85E-ll 

PSI 7-5-5 fl.28 158 .II 4.12E·12 3.71E·ll 

PSI 7-5-8 8.24 2111.88 4.83E-12 3.84E-11 

8.28 



TABLE B.15-a. Sodium Fraction Leached for ANS 16.1 Leach Test: Whole, 
Small Grout in Hanford Ground Water (PSW A7-1) 

SA'-IPLE 
PSWA 7-1-1 

PSWA 7-1-2 

PSWA 7-l-3 

PSIIA 7-1-4 

PSWA 7-1-5 

PS'IIA 7-1-5 
PSWA 7-1-7 

PSWA 7-1-8 

PS'II.'. 7-1-9 

PSWA 7-1-Ul 
PSWA 7-1-11 

1119 LEACHED 
4.13E•IH 

3.31i1E•Iili! 
8 .4SE•IiiB 
6. 78E•IB 
8 .24E•i18 
4 .26E•IiliJ 
3 .27E•Bl 

1.9BE•Il 
l.B9E•il1 

9.42E•I8 
3.60E•00 

An/Ao cu•. An/Ao TIME days 
6. 92E-112 6. 92E-02 8. 33E-02 

5. 54E-Iil3 7. 48E-02 2. 91E-Bl 

1. 42E-82 8. 98E-1112 1. IIIE•II 

1.14E-il2 l.IIIE-11 2.18E•ill 
1. iiSE-02 l.llE-111 3 .IIIIE•II 
7 .lSE-03 l.lBE-81 4.1lilE•II 

5. 49E-Iil2 1. 73E-Il 1. BIE•tl 

3 .lBE-82 2. IISE-81 4. 7i1E•Il 
1.82E-112 2. 23E-Bl 9. IIE•ill 
1. SBE-112 2. 39E-81 1. 51E•02 

Ul4E-03 2.4SE-81 2.18E•Iil2 

0 inc. 0 CUll. ({0.2) 

1. BBE-17 1. BBE-117 

l.SlE-09 8.31E-118 
3. 09E-Iil9 2. 59E-88 
2. 47E-119 1. SSE-118 

3. SSE-119 l. 34E-08 

2.33E~B9 l.14E~B8 

1.96E~09 5.43E-B9 

4.85E-10 3.38E-39 

1. 57E-U 1. 78E-09 

1. 07E-13 1. 29E-09 

2.52E-11 l.illE-119 

TABLE B.15-b. Potassium Fraction Leached for ANS 16.1 Leach Test: 

SAMPLE 

PS'IIA 7-1-1 

PSWA 7-1-2 

PSWA 7-1-3 

PSWA 7-1-4 

PSWA ,7-1-5 

PSWA 7-1-6 

PSWA 7-l-7 

PSWA 7-1-8 

PSWA 7-1-9 

PSWA 7-1-18 

PSWA 7-1-ll 

TABLE B.15-c. 

SA.\IPLE 

PSWA 7-1-1 

PS'IIA 7-1~2 

PS'IIA 7-1-3 

PSWA 7-1-4 

PSWA 7-1-5 

PSWA 7-1-6 

PSWA 7~1-7 

PS'IIA 7-1-8 

PSWA 7~1-9 

PS'IfA 7-1-111 

PSWA 7-1-11 

Whole, Small Grout in Hanford Ground Water (PSW A7-1) 

19 LEACHED 
4 .68E•Il0 

5.411E-01 

9.80E-31 

1.2aE•Illl 

1.20E•IIII 

3.50E-at 

3.60E•Ill 

2.48E•BI 

6.41E-01 

4.25E-Il1 

8.611E-02 

An/Ao CUI. An/Ao TII.IE days 

4 .IISE-112 4 .IISE-112 8. 33E-112 

4. 58E-113 4. 52E-02 2. 9BE-IH 

8. 32E-113 5 .38E-02 1. ltllE•Itll 

1.114E-B2 6. 40E-02 2 .IIIIE•IIII 

1. il4E-112 7. 44E-02 3 .IIBE•IIII 

3 .l2E-113 7. 7SE-82 4 .IIIE•IIII 

3 .12E-112 1. 09E-IIIl 1. 811E•II1 

2.08E-B2 1.30E-11 4.711E•01 

4. 68E-113 1.34E-11 9. 80E•111 

3 .89E-113 1.38E-Il l. SIIE•II2 

5. 72E-114 1.38E-01 2. 08E•II2 

D inc. D curL ((11.2) 

6.46E-08 6.46E-118 

l.lSE-119 2. 31E-08 

l.IISE-09 9.39E-119 

2.116E-09 6. 70E-119 

3.51E-09 S.IIJE-119 

4.44E-lll 4.91E-119 

6.34E-lll 2.1SE-119 

2.117E-UJ 1.17E-09 

l.114E-11 6.55E-111 

5.66E-12 4.15E-lll 

2.28E-13 3.112E-111 

Boron (H~B03 ) Fraction Leached for ANS 16.1 Leach Test: 
Whole, Small Grout in Hanford Ground Water (PSW A7-1) 

mg LEACHED 
5.114E-ill 

3.seE-02 

1.44E-01 

7 .211E-il2 

s. 411E-112 

1.2ilE-112 

2 .liiE-111 

S.IIIIE-112 

-6.118E-il3 

-6.00E-113 

6.00E-113 

An/Ao CUI. An/Ao TillE days 

3. 96E-03 3. 96E-03 8. 33E-02 

2. 83E-04 4. 24E-B3 2. 9ilE-01 

l.lJE-03 5. 37E-83 1. BIE•ilil 

5.65E-04 5.94E-83 2.BilE•00 

4. 24E-04 6. 36E-il3 3. ilBE·00 

9. 42E~05 6. 46E-il3 4. 00E•00 

1.65E~it3 8 .10E-03 1. 80E•01 

4. 71E-04 8 .58E-03 4. 7BE•Bl 

-4. 7lE-B5 8. 53E-Ii!3 9. BIIE•Bl 

~4. 71E-B5 8.48E-03 1. SIIE•B2 

4.71E-Il5 8.53E-03 2.18E•B2 

B.29 

0 inc. 0 CUll. ((11.2) 

S.lSE-10 6.15E-lfl 

4.19E-12 2.1l3E-lll 

1. 96E-11 9. 44E-11 

S.lllE-12 5.77E-1l 

5.83E-12 4 41E-ll 

4.115E-13 3 41E-ll 

l. 77E-12 1.19E-ll 

l.llSE-13 5.12E-12 

l.ll5E-15 2.64E-12 

9.53E-16 1.57E-12 

1. 54E-15 1.14E-12 



TABLE 8.15-d. Sulfate (SOf) Fraction Leached for ANS 16.1 Leach Test: 
Whole, Smal Grout in Hanford Ground Water (PSW A7-l) 

SAUPI.E 119 LEACHED An/Ao cu•. An/Ao Tlt.IE days D inc. D CIJI. ({0.2) 

PSWA 7-1-l 4 .BIIIE•BI l.l7E-IJ2 1.17E-82 a.aaE-12 5. 41E-89 S . .UE-89 

PSWA 7-1-2 B.IIE•II I.BIE•II 1.17E-82 2.911E-IIl II. 01E•IJ8 l. 56E-il9 

PSWA 7-1-3 1.20E•II 2. 93E-93 l.HE-82 l.JIIE•81il 1. 32E-10 7. ISE-18 

PSWA 7-1-4 2.411E•ill 5.87E-13 UlSE-82 2.88E•88 8.57E-ll 6.91E-lil 

PSWA 7-1-5 1.21E•ill1 2. 93E-113 2.3SE-12 3. IIIE•II 2. 79E-lil 5.01E-Ul 

PSWA 7-1-6 1. 21E•BB 2.93E-113 2.64E-112 4. BIIE•BB 3.93E-lil 5. 71E-lil 

PSWA 7-1-7 -6. lilE-ill -1.47E-113 2.49E-112 1. BilE•ill 1. 40E-l2 1.13E-lil 

PSWA 7-1-8 -6 .IH!E-81 -l.47E-113 2.35E-il2 4. 7BE•ill l.i13E-l2 3.84E-ll 
PSWA 7-1-9 2.40E•80 5.87E-03 2. 9SE-02 9.0BE•Il 1.63E-ll 3.13E-11 

PSWA 7-1-lil l.l4E~B0 2. 79E·B3 3.21E·B2 l.SBE•02 3.34E·12 2. 25E·11 

PSWA 7·1·11 1.8BE~B0 4 .4BE·B3 3 .85E·B2 2.B8E•B2 L34E·11 2.1BE·11 

8.30 



TABLE B.l6-a. Sodium Fraction Leached for ANS 16.1 Leach Test: Whole, 
Large Grout in Hanford Ground Water (LA PSW7-6) 

SA~PLE 119 LEACKED An/Ao CUll. An/Ao TIME days D inc. D CUll. 

PSWLA 7-6-1 4.2.2.E•fll LSIE-02 l.SlE-82 a.aae-12 2.15E-88 2.15E-il8 

PSWLA 7-8-2 2.UE•Il 7.55E-13 2.28E-12 2. !lli!IE-111 7 .39E-1!1 1.40E-18 

PSWLA 7-5-3 4.74E•IH l.S!IE-112 3. 97E-02 l.IIBE•ill l.IIBE-08 LNE-88 
PSWLA 7-5-4 3.17E•IH 1.13E-02 S.UIE-12 2.BIE•88 5.87E-Il!l l.ii2E-BB 

PSWLA 7-6-5 2.54E•ill 9 .ll!IE-113 S.iUE-82 3.ili1E•IIJII 8.43E-119 9.46E-il9 

PSWLA 7-6-6 l. 71E•IH 8.12E-83 8.82E-il2 4.118E·il8 4. UlE-119 8.61E-09 

PSlllA 7-8-7 9.62.E·ill 3 .HE-02 l.illE-61 1.88E•Bl l.BSE-11!1 4.42E-il9 

PS\ILA 7-5-8 5.79E•IH 2.07E-il2 1. 21E-81 4.70E•Bl 4.93E-H! 2.46E-Il9 
PSWLA 7-6-9 3.97E•ill L42E-82 l.35E-ill 9. ll8E•ill 2.28E-lll l.Se!E-09 
PSWLA 7-6-UI 3.61lE•U l.29E-Il2 l.-48E-B1 1. SBE•82 1. 71E-18 1.15E-il9 
PSWLA 7-6-11 2.35E•Ill 8.-40E-83 l. 57E-81 2.88E•82 Ll7E-ll 9.28E-U!I 

TABLE B.l6-b. Potassium Fraction Leached for ANS 16.1 Leach Test: Whole, 
Large Grout in Hanford Ground Water (LA PSW7-6) 

SAUPLE 119 LEACHED An/Ao c:u1. An/Ao TIUE days D inc:. 0 CUI. 

PSWLA 7-8-1 5.2BE•Il8 9. 75E-83 9. 75E-IlJ 8.JJE-Il2 8. 97E-Il9 8. 97E-89 
PSWLA 7-6-2 2.24E•Il8 -4 .14E-83 1.39E-Il2 2.91lE-81 2 .15E-Il9 5.2JE-89 
PSWLA 7-5-3 7 .ll-4E·Illl 1.31lE-82 2.89E-82 1.38E·88 8.24E-Il9 5.58E-Il9 
PSWLA 7-8-4 s. 75E•Ilil 1.05E-Il2 3.75E-Il2 2. ililE•Illl 5 lSE-119 5.53E-Il9 
PSILA 7-5-5 -4 .4BE•ill a. 27E-Il3 -4.SBE-il2 3. IIBE•Il8 5.32E-il9 5.-49E-09 
PSI LA 7-8-8 3 .52E•Il8 8. Si!E-83 5.23E-il2 -4.1l8E•illl -4.83E-Il9 5.37E-il9 
PSWLA 7-6-7 1.3-4E•81 2. -48E-02 7. 7lE-Il2 1. 88E•il1 9.5JE-lil 2. 60E-89 
PSWLA 7-6-8 8 .llllE•il8 l.-48E-02 9 .19E-82 -4. 7ilE•il1 2.51E-lll 1. -41E-B9 
PSI LA 7-6-9 -4 .16E•8B 7 .BBE-!!3 9.98E-12 9.18E•ill 6. 71E-ll 8.66E-lll 
PSWLA 7-8-lil 2.-42E•88 -4 .-46E-Il3 1.8-4E-Ill 1. 58E•Il2 2.85E-ll 5.67E-11 
PSWLA 7-6-11 3 .2ilE•88 5. 91E-03 1.18E-81 2.08E•il2 s.aeE-11 -4.57E-18 

TABLE B.l6-c. Boron (as H~BO~) Fraction Leached for ANS 16.1 Leach Test: 
Whole, Larg G out in Hanford Ground Water (LA PSW7-6) 

SAMPLE 1119 LEACHED AnjAo cui. An/Ao Tlt.IE days D inc:. 0 CUI. 

PSWLA 7-6-1 3. 52E-Ill 5.69E-Il-4 5.89E-B-4 8.33E-il2 3.27E-ll 3.27E-11 
PSWLA 7-6-2 1.60E-ill 2. 68E-Il4 8.56E-0-4 2.90E-Ill IU2E-12 1. 99E-11 
PSWLA 7-6-3 -4 .16E-Ill B. 96E-Il4 l.SSE-83 1.8ilE•Il0 1. 79E-11 l. 89E-11 
PSWLA 7-6--4 2.2-4E-ill J. 75E-il-4 1.93E-03 2.1lilE•il0 6.43E-12 L-45E-11 
PSWLA 7-6-5 1.28E-81 2 .14E-il-4 2 .l-4E-Il3 3. ililE•ilil 3.57E-12 l. 20E-ll 
PSWLA 7-8-8 6 -4ilE-Il2 l.ll7E-0-4 2.25E-il3 -4.1lilE•ilil 1. 28E-12 9.93E-12 
PSWLA 7-6-7 5 .60E-01 9 .37E-il-4 3.18E-03 l.BilE•ill 1.37E-12 -4.43E-12 
PSWLA 7-8-8 1. 76E-Il 2.94E-0-4 3.-48E-IlJ 4.71lE•Bl 9.98E-1-4 2.03E-12 
PSWLA 7-6-9 1. lf!E-IH 2.9-4E-Il-4 3. 77E-Il3 9. illlE•Ill 9.B-4E-l-4 1.24E-12 
PSWLA 7-6-H! l.44E-01 2. -41E-il-4 -4.illE-il3 1.50E•02 5.99E-14 8.-45E-13 
PSWLA 7-6-11 1.6i!E-il2 2.68E-35 -4 .i!-4E-il3 2.88E•il2 1.19E-15 5.17E-13 

B.31 



TABLE B-16.d. Sulfate (so3) Fraction Leached for ANS 16.1 Leach Test: 
Whole, Larg Grout in Hanford Ground Water (LA PSW7-6) 

SAf.IPLE 119 LEACHED An/Ao CUI. An/Ao TIWE days 0 inc. 0 CUI. 

PSWLA 7-8-1 8.-40E•ilil 3 .33E-B3 3 .33E-13 B.JJE-112 l.IJSE-19 l.BSE-119 

PSWLA 7-8-2 i!.ililE•IB 0 .IIE•BB 3.33E-13 2. 911E-ill l.llllE•III J.illE-10 
PSWLA 7-6-3 8.40E•Ilil 3 .33E-13 6.67E-03 l.IIE•8il 4.10E-10: 3. SiiE-10 
PSILA 7-8-4 3. :ZIE•ilil 1.87E-03 8.33E-03 2.00E•II 1. 27E-10 2. 73E-ll 

PSWLA 7-6-5 8.110E•ill l.iliiE•ill a .aaE-113 3.10E·i!il I.IIE•ill 1.82E-lil 

PSWLA 7-6-6 iJ.ililE•Iil 0 .ililE•ill 8 .33E-B3 4.BIE•II ll.ililE•80 1.37E-Hl 

PSWLA 7-6-7 5 .89E•ill 3.07E-il3 1. HE-1!2 LBflE•IH l.-47E-11 S.BBE-11 

PSWLA 7-6-8 -3. 2ilE•ill!l -1.87E-03 9.74E-i!3 4. 7ilE•0l 3. 211E-12 L 59E-ll 

PSWLA 7-6-9 5 .4ilE•ilil 3.33E-il3 l.JlE-112 9 .lilE•fll 1.25E-11 1. 49E-ll 

PSWLA 7-6-Hl -3. 2BE-Bl -l.57E-B4 1.29E-B2 1. 5BE .. B2 2.87E-l4 a. 73E-12 

PSWLA. 7-8-11 8 .4BE•BB 3.33E-B3 1.62E-B2 2.BBE•02 l.BSE-11 9.96E-12 

8.32 



TABLE B.l7-a. Sodium Fraction Leached for Static Leach Test: Whole, 
Small Grout in Ground Water (PSW S7-4) 

SAJ.IPLE 19 LEACHED CUI. An/Ao TIME days 0 CUI. ((1.2) 
PSIS 7-4-1 B. 72E•Il 1.86E-Il 4.ri!lri!IE•II B.BlE-119 
PSWS 7-4-2 9.44E•Il 1.49E-111 1.88E•IJ1 3. 7BE-119 

PSWS 7-4-3 1.!11E•82 2.64E-ill 4. 7BE•Bl 4.46E-19 

PSIS 7-4-4 1.83E•I2 2. 89E-Bl 9.0BE•Il 3. 24E-89 

PSWS 7-4-5 2.17E•il2 3.43E-81 l.SIJE•82 2. 78E-89 

PSIS 7-4-6 2.113E•B2 3.2ilE-81 2 .BBE•82 1. 75E-09 

TABLE B.jl-b. Potassium Fraction Leached for Static Leach Test: Whole, 
Small Grout in Ground Water (PSW S7-4) 

SAMPLE •g LEACHED CUI. A.n/Ao TilE days 0 CUI. ((8.2) 
PSIS 7-4-1 7 .21E•III S.BBE-112 4.111E•ill 2.84E-B9 
PSIS 7-4-2 9.84E•IJI 8.83E-B2 l.BilE•ill l.lBE-19 
PSIS 7-4-3 1.84E•IJ1 1.34E-Bl 4.7BE•ill l.liiE-89 
PSIS 7-4-4 1. 96E•Il 1. 59E-IJ1 9.18E•IIl 8.69E-lll 
PSWS 7-4-6 2.31JE•Ill l.BBE-81 1.68E•Il2 7 .17E-18 
PSIS 7-4-8 2.3BE•IIl l.BBE-11 2.1JBE•I2 5.17E-lil 

TABLE B.l7-c. Aluminum Fraction Leached for Static Leach Test: Whole, 
Small Grout in Ground Water (PSW S7-4) 

SAIIIPLE 19 LEACHED CUI. AnJAo THolE days 0 CUI. (<II. 2) 

PSWS 7-4-1 4.98E-IH 3 .llE-1!4 4.!11!1E•Itl 7.39E-14 

PSWS 7-4-2 1.47E•Itlt 9.18E-1!4 1.81tE•Il 1.43E-13 

PSWS 7-4-3 2.44E•II 1.52E-113 4. 711E•Il l.SlE-13 

PSWS 7-4-4 3.21E•Itl 2.1!1E-83 9.BIJE•Il l.37E-13 

PSWS 7-4-5 4.15E•illl 2.S9E-B3 1. 58E•I2 1.37E-13 

PSWS 7-4-8 4.89E•ill 2.93E-1!3 2.BBE•IJ2 l.28E-13 

TABLE B.ll -d. Nitrate (N03) Fraction Leached for Static Leach Test: 
Whole, Small Grout in Ground Water (PSW 57-4) 

SAIIIPLE 19 LEACHED CUI. An/Ao TIWE days 0 CUI. ({1.2) 

PSWS 7-4-1 2.18E•i18 2.1!1E-ill 4.80E•IIIJ 3.10E-88 

PSWS 7-4-2 9.81JE-1!1 8.95E-112 l.BIJE•Il 1.38E-19 

PSWS 7-4-3 1.38E•II 1.29E-1!1 4. 71E•Il l.HE-19 

PSWS 7-4-4 1.84E•III 1. HE-ll 9.00E•IJ1 9. 99E-11J 

PSWS 7-4-5 2.08E•II 1. 94E-Il l.SIIE•IJ2 7. 71JE-111 

PSWS 7-4-8 2.58E•II 2.39E-81 2.118E•82 9.29E-18 

B.33 



TABLE B.17-e. Sulfate {S04) Fraction Leached for Static Leach Test: 
Whole, Small Grout in Ground Water {PSW S7·4) 

SAWPLE 19 LEACHED tUI. An/Ao TilliE days 0 CUI. ((IL2) 

PSIS 7-4-1 1.2BE~ee 2. 75E-B3 4.BIE•Iil 5.82E-12 
PSIS 7-4-2 -1. 711E•IIJ -3.91E-03 l.BIIE•ill 2.8BE-12 
PSIS 7-4-3 1. 75E•BI 4.113E-il3 4 .711E•Il l.IISE-12 

PSIS 7-4-4 -5. iliiE-ill -l.lSE-83 9.01E•Il 4.49E-14 

PSIS 7-4-6 -3.61E•IIJ -8. JIIE-1!13 1.5iiE•I2 1.41E-12 

PSIS 7-4-6 3.85E•II1 7 .12E-B3 2.06E•B2 7. 23E-13 

TABLE B.l7-f. Boron {as H3BO~) Fraction Leached for Static Leach 
Whole, Small Grout in Ground Water {PSW S7-4) 

SAI.IPLE 1g LEACHED CUI. An/Ao TUIE days 0 CUI. ({1.2) 

PSIS 7-4-1 8.34E-111 8.17E-83 4.1BE•ill 2. 91E-ll 

PSIS 7-4-2 l.lSE•iiiJ 8.47E-B3 l.BIE•IIl 1. 22E-11 

PSIS 7-4-3 l.BSE•tl 1.22E-82 4.70E•Bl 9 .BBE-12 

PSIS 7-4-4 1. 70E•Irll 1. 26E-Il2 9.iliiE•Il S.39E-12 

PSIS 7-4-5 1. 77E•BB L31E-il2 l.SBE+02 3.48E-12 

PSIS 7-4-6 1.83E•BB 1.35E-il2 2 .i!BE•i12 2.69E-12 

6.34 

Test: 



TABLE B.18-1a. Uranium (total U) Fraction Leached for ANS 16.1 Leach Test: 

SAMPLE 
A-B-1-1 

A-B-1-2 

A-8-1-3 
A-8-1-4 
A-8-1-5 
A-8-1-8 
A-B-1-7 
A-8-1-8 

A-8-l-9 
A-8-1-111 

A-8-1-11 

Whole, Small Grout in Hanford Ground Water (PSW A8-1) 

•g LEACHED 
t.21E-15 
6.41E-16 
7 .211E-15 

6.411E-15 
5.41E-15 

S.IIE-16 
9.11E-85 
8 .IIE-116 
l.SlE-113 
1.21E-13 

1.97E-13 

An/Ao cu•. An/Ao TilliE days 

7. 28E-16 7. 28E-IS 8. 33E-12 
3. 28E-14 UJIJE-114 2. 92E-Il 
4.37E-14 8.37E-14 l.IIIJE•II 
3. 28E-114 l.lBE-13 2. HE•III 

3.2BE-14 1.49E-13 3.81E•Ifl 
3.84E-14 l.BBE-13 4.HE•Bil 

5.46E-114 2.41JE-13 l.BIIE•ill 
3. 84E-114 2. 77E-13 4. 71E•IH 
9 .14E-113 1.19E-12 9. ilBE+IH 

7. 28E-13 l. 92E-12 1. SIE•l!l2 

1.19E-12 3 .llE-112 2. IBE•I2 

D inc. 

l.BBE-13 
S.llE-12 

2.11BE-12 
l.BSE-12 

3.14E-12 

5.46E-12 

1. 7SE-13 
s. 73E-14 
3.68E-11 

2.15E-11 

8.9BE-11 

D cu•. 
l.BBE-13 

2.27E-12 

2.92E-12 

4.111E-12 

6.58E-12 

1.112E-ll 

1. 22E-12 

7.79E-13 

9. 73E-12 

l. StE-ll 

4.93E-11 

TABLE B.18-1b. Uranium (total U) Fraction Leached for ANS 16.1 Leach Test: 
Whole, Small Grout in Hanford Ground Water (PSW A8-2) 

SAWPlE 

A-8-2-1 

A-8-2-2 

A-8-2-3 

A-8-2-4 

A-8-2-5 

A-8-2-8 

A-8-2-7 

A-8-2-8 

A-8-2-9 

A-8-2-111 

A-8-2-11 

19 LEACHED 
3.118E-115 

t.28E-114 

1.21E-14 

t.21E-14 

t.28E-14 

1.58E-14 

l.BIE-15 

S.lBE-114 

t.UE-118 

t.43E-13 

t.48E-13 

M/Ao cu1. M/Ao 

t.B2E-14 1.82E-14 

7 .64E-14 9.46E-84 

7. 28E-84 1. 67E-13 

7 .28E-14 2.411E-13 

7.64E-14 3.17E-13 

9. 46E-14 4 .UE-83 

1. 19E-14 4. 22E-13 

8. 75E-118 7. 97E-13 

8.66E-13 l.SSE-12 

8.88E-83 2.53E-82 

B. 48E-83 3. 3BE-il2 

TIWE days 

8.33E-il2 

2. 92E-It 

1.111E+II 

2.1111E+II 

3.111E•II 
4.111E+II 

1.81E•Il 
4. 71E•I1 

9.111E•Il 

1. 51E•I12 

2.18E•82 

D inc. 

1.17E-12 

2.73E-11 

7.48E-12 

9.12E-12 

1. 71E-ll 

3.88E-11 

7 .lfE-15 

S.IBE-12 

3.211E-11 

2. 91E-11 

4.49E-11 

D CUI. 

1.17E-12 

1. 27E-11 

1.17E-11 

1. 78E-ll 

2.96E-ll 

5.118E-11 

3.78E-12 

6.47E-12 

1. 91E-11 

3.15E-11 

5.81E-ll 

TABLE B.18-1c. Uranium (total U) Fraction Leached for ANS 16.1 Leach Test: 

SAWPlE 

A-8-3-1 
A-8-3-2 

A-8-3-3 

A-8-3-4 

A-8-3-5 

A-8-3-8 

A-8-3-7 

A-8-3-8 

A-8-3-9 

A-8-3-11 

A-8-3-11 

Whole, Small Grout in Hanford Ground Water (PSW A8-3) 

19 LEACHED 
8.41E-il5 
1.62E-114 

1.44E-114 

II.SIE-85 

1.44E-114 

1. 26E-14 

5.41E-15 

5.41E-15 

t.28E-13 

9.11E-14 

8.28E-14 

An/Ao cu1. An/Ao THIE days 
S.liiE-14 5 .liE-14 II. 33E-12 

9. 83E-114 1.49E-13 2. 92E-Il 

8. 74E-14 2 .37E-13 l.IIE•IIil 
4 .IIIE-114 2. 77E-13 2. IIIE+IIII 

8. 74E-114 3 .64E-13 3.11E•ilil 

7 .84E-84 4.41E-13 4.11E•IIil 

8. 28E-14 4. 73E-83 1. BIE•Il 

3. 28E-14 5 .IBE-13 4. 71E+lH 

7. 75E-13 1. 28E-12 9. IIE•Il 

5. 48E-13 1. 83E-112 1. 51E•I2 

5.12E-13 2.33E-12 2.18E•II2 

6.35 

D inc. 

9.21E-12 

4.51E-11 
UJ7E-11 

2. 78E-12 

2.23E-11 

2.41E-11 

6.31E-14 

4.84E-14 

2.SBE-11 

l.lSE-11 

1. SBE-11 

D CUI. 

9.211E-12 

3.18E-ll 
2.33E-11 

2.26E-11 

3. 91E-11 

5. 73E-ll 

4. 72E-12 

2.81E-12 

1.13E-11 

1. 64E-11 

2. 76E-11 



TABLE 8.18-1d. Uranium (total U) Fraction Leached for ANS 16.1 Leach Test: 

SAWPLE 
LA-8-S-1 

LA-8-6-2 

LA-8-6-3 

LA-8-6-4 

LA-8-6-S 

LA-8-8-6 

LA-8-6-7 

LA-8-6-8 

LA-8-6-9 

LA-8-6-Ht 

Whole, Large Grout in Hanford Ground Water (PSW LAB-6) 

19 LEACHED 
3.52E-14 

1.12E-14 

3.21E-14 

3 .rli4E-14 

3.114E-14 
2.24E-14 
1. 78E-rll4 

1.28E-113 
1.34E-113 
8.13E-13 

An/Ao 
4.66E-14 

1.48E-Il4 

4.24E-14 

4.13E-14 

4.13E-IJ4 
2. 97E-14 
2.33E-14 

1.711E-113 
1.78E-il3 

7.99E-13 

CUI. An/Ao 
4.6BE-il4 

B.lSE-114 

1.14E-13 

1.-UE-13 

1.84E-83 
2 .UE-13 

2.37E-13 

4.17E-13 

5 .BSE-43 
1.38E-12 

TilliE d1ys 
8.33E-12 

2. 92E-11 

l.IIE•BIJ 

2.BIE•II 

3.1JIIE•II 
4.1JIE•Iil 
l.BBE•ill 
4.71E•ill 

9.BIE•II1 

1. 511E•I2 

D inc. 
2.11E-ll 

2.68E-I2 
8.64E-12 

7. 2BE-12 
1. 24E-ll 
9.44E-12 

8.32E-14 

3.24E-12 

3.52E-12 

8.45E-11 

D CUI. 

2.11E-11 

1. 41!1E-ll 
l.l7E-11 
1. BIE-11 

2.62E-ll 
3.53E-ll 
3.1BE-12 

4.4ilE-12 

8.13E-12 

2.46E-11 

TABLE B.18-2a. Uranium (total U) Fraction Leached for Static Leach Test: 
Whole, Small Grout in Hanford Ground Water (PSW 8-4) 

SAWPI..E 1g LEACHED CUI An/Ao TilliE days 0 CUI. 
S-6-4-1 3 .IIE-16 1.62E·15 4.11E•01 2.4SE-16 
S-8-4-2 3.25E-116 1.97E-15 1.811E•Il 8.211E-17 
S-8-4-3 g .IIE-116 5.46E-18 4.71E•Il 3.14€-18 

. S-8-4-4 9.51E-116 5. 76E·16 9.1111E•01 2. 28E-18 
S-8-4-5 1. 71€-113 1.13E-13 1. SIE•I2 6.23E-14 

S-8-4-6 2.2SE-114 1.36E-14 2.18E•I2 9.49E-16 

TABLE B.18-2b. Uranium (total U) Fraction Leached for Static Leach Test: 
Whole, Small Grout in Hanford Ground Water (PSW 8-5) 

SAMPLE 19 LEACHED CUI An/Ao TJ),j£ chtys 0 CUI. 
S-8-5-1 5.11E-15 3.19E-15 4 .lt'IE•II 7.17E-16 
S-8-S-2 5.53E-IS 3.3SE-15 1.81E•I1 2.37E-16 
S-8-5-3 1.118E-IS 6.62€-16 4. 71E•Il 4. 33E-IB 
S-8-5-4 1.13E-IS 6.82€-116 9.1JIJE•IJ1 3.21JE-18 
S-8-5-6 l.IJE-113 6. 26E-14 1. 511E•IJ2 1. 93E-14 

S-8-6-6 2 .HE-14 l.JBE-84 2 .88E•82 8.58E-16 

B.36 



TABLE B.l8-2c. Uranium (total U) Fraction Leached for Static Leach Test: 
Whole, Small Grout in Hanford Ground Water (PSW BATCH 9-4) 

SAWPlE 19 LEACHED CUI An/Ao TilE days 0 CUI. 

S-11-4-1 2.UE-15 1.46E-15 4.111E•II 1.66E-1B 

S-9-4-2 2.SIE-15 l.SBE-116 l.BIE•Il 5.26E-17 

S-9-4-3 2.BIE-16 1. 71E-115 4. 71E•Il 2.94E-17 

S-11-4-4 l.ISE-16 8.37E-BB 9.11E•Il 2.79E-18 

S-9-4-6 3. 94E-14 2.39E-14 l.SIE•I2 2. B2E-15 

S-9-4-8 4. 57E-14 2. 77E-14 2.11BE•I2 3.91E-1S 

TABLE B.18-2d. Uranium (total U) Fraction Leached for Static Leach Test: 
Whole, Small Grout in Hanford Ground Water (PSW BATCH 9-5) 

SAI.IPlE ag LEACHED CUI An/Ao TilliE days 0 CUI. 

S-11-5-1 B.IIIE-18 3.84E-IB 4.11E•II 9.7BE-18 
S-9-5-2 B.SIE-18 3.94E-IB l.BIE•Il 3.2BE-18 
S-9-5-3 2.65E-15 l.BlE-16 4. 71E•Il 2.83E-17 
S-11-6-4 II.IIIE-118 5.48E-118 II.IIE•Il 2.16E-18 
S-11-5-6 11.53E-114 3.98E-14 l.SIE•I2 7.72E-15 
S-11-5-8 1.57E-114 11.52E-116 2.18E•I2 4.82E-18 

B.37 



TABLE B.19-a. Uranium (total U) Fraction Leached for ANS 16.1 Leach Test: 

SAI.IPLE 
A9-1-l 

A9-l-2 
A9-l-3 
A9-1-4 

A9-l-6 
A9-1-6 

A9-l-7 
A9-1-8 

A9-1-9 
A9-1-ll 
A9-1-ll 

Whole, Small Grout in Hanford Ground Water (PSW A9-1) 

•g LEACHED 
9.11E-IS 

1.21E-14 
1.38E-14 
1.38E-84 

1.3BE-14 

1.3BE-14 

1.14E-84 
7 .BIE-115 
l.S4E-il3 

l.:ZIE-13 

1.12E-Iil3 

An/Ao 
S.BBE-116 
7 .S7E-15 
B. 71E-16 

a. ne-as 
a. ne-as 
a. 71E-15 

7 .19E-15 
4.92E-B5 

9.89E-14 
7 .57E-114 
8.44E-14 

CUI. An/Ao 
S.IIBE-86 

1.32E-14 
2.21E-14 

3.87E-14 
3. 94E-14 
4.81E-84 

5.53E-114 
6.112E-14 

1.57E-13 
2.33E-83 
2.97E-Il3 

Tlt.IE days 
8. 33E-12 
2. 92E-11 

l.IIE•II 
2.8BE•81 
3.BIIE•81 

4.HE•BI 
LBBE+Bl 
4.711E+IH 

9. iliiE•ill 

1. 51E•I2 
2.1JBE•I2 

D inc. 
1.14E-13 
2.88E-13 
1. BBE-13 
1.38E-13 

2.22E-13 

3.12E-13 

3.14E-15 
l.BSE-15 

4.111E-13 

2. 22E-13 
2.59E-13 

0 CUI. 

1.14E-13 
2.49E-13 
UllE-13 
2.78E-13 

4.58E-13 
11.83£-13 

6. -4-4E-l-4 
3.BIIE-l-4 
1.71E-13 

2.67E-13 
-4.SBE-13 

TABLE B.l9-b. Uranium (total U) Fraction Leached for ANS 16.1 Leach Test: 

SAMPlE 
All-2-1 

All-2-2 
All-2-3 

All-2--4 
All-2-5 

All-2-6 
All-2-7 
All-2-8 

All-2-11 
All-2-18 

All-2-11 

Whole, Small Grout in Hanford Ground Water (PSW A9-2) 

19 LEACHED 
1.12E-8-4 

l.SIE-8-4 
l.IBE-8-4 

1.2BE-I-4 
l.UE-1-4 
1.32E-I-4 

1.21E-I-4 
7 .BIE-15 

1.-45£-13 
1.21E-83 
l.IBE-83 

An/Ao 
6.6-4E-15 
II. 76E-85 
7 .13E-85 

8.21JE-85 
9.37E-t5 

B.SIIE-15 
7 .BlE-15 
5 .t7E-15 

9.-45E-I-4 
7.BlE-1-4 

6.52E-11-4 

CUI. An/Ao 
6.6-4E-115 
l.B-4E-1-4 
2.3-4£-1-4 

3.16£-11-4 
-4 .li!E-11-4 

-4.9BE-I-4 
5. 7-4E-11-4 
6.25E-I-4 

1.57E-113 
2.35E-13 

3.1111£-13 

TIWE days 
9. 33E-82 

2. 112E-IIl 

l.IIIIE•I8 
2. IIIE•II 
3. BIIE•II 

-4.111E•II 
l.BIE•Il 

'.78E•Il 
II.BIE•Il 
1. 51E•I2 

2.118E•I2 

D inc. 

1.51E-13 
-4.31E-l3 

B.BSE-1-4 
1.12E-13 
2.-48E-l3 

2.93E-13 
3.-4SE-1S 

1.88£-15 
3.67E-13 
2. ZBE-13 

2. SBE-13 

0 CUI. 

1. 51E-13 
3.68E-13 

2.21E-13 
2.86E-13 
-4. 79E-13 

7.11E-U 
6. 71E-14 
3.83E-14 

1.63E-13 
2.62E-13 
-4.43£-13 

TABLE B.19-c. Uranium (total U) Fraction Leached for ANS 16.1 Leach Test: 

SAWPLE 
All-3-1 
All-3-2 

A9-3-3 

A9-3-4 
A9-3-5 

A9-3-6 

A9-3-7 
A9-3-B 

A9-3-9 
A9-3-18 

A9-3-ll 

Whole, Small Grout in Hanford Ground Water (PSW A9-3) 

19 LEACHED 
1. 21E-84 

II.IIE-115 

1.26E-8-4 
1.5BE-14 

1.3BE-84 

1.38E-84 
1.28E-84 

7 .BIIE-86 
1.-43£-83 

6.42E-84 
-4.81E-85 

An/Ao CUI. An/Ao 
7 .18E-86 7. H'IE-IS 

5.33E-15 1.24£-84 

7. -46E-85 1. 99E-14 
9. 2-4E-85 2 .111E-I-4 

8 .17E-115 3. 73E-14 
8 .17E-115 -4. 66E-11-4 
7 .liE-IS 5. 26E-114 

-4.62E-86 5.72E-84 

8. 49E-84 l. 42E-13 
3. BIIE-84 1. 88E-113 
2. 84E-IIS 1. 83E-113 

B.38 

TIWE days 
8.33£-82 
2. 92E-11 

1.8BE•II 
2. IIE•II 

3.11BE•II 
4. IIBE•II 
1. 88E•81 

4. 7BE•Il 
"i.BIIE•81 

1.51E•il2 
2 88E•il2 

D inc. 

l.BSE-13 
1.37E-13 

8.114E-l-4 

1. 52E-13 
2.112E-13 

2.84£-13 
3.117E-16 

II.SSE-16 
3.18E-13 
S.BIE-14 

S. 22E-16 

0 CUI. 

1. BSE-13 

2.27E-13 

1. 71E-13 
2.59E-13 

4.25E-13 
6.32E-13 
6.1-4E-1-4 

3.-45E-1-4 
1. 44E-13 

1.BSE-13 
1. 76E-13 



TABlE B.~O-a. Sodium Fraction Leached for ANS 16.1 Leach Test: Whole, 
Small Grout in Hanford Ground Water (PSW A9-1) 

SAt.IPLE 19 LEACHED An/Ao CUI. AnfAo TilliE days D inc. 0 CUI. ({11.2) 

PSJA 9-1-1 2.53E•Il 4.1SE-12 4.1SE-B2 8.33E-1112 6. 32E-18 8.32E-18 

PSWA 9-1-2 3.61E•II S. 91E-113 4. 74E-12 2.911E-IIl 1. 71E-i19 2.37E-18 

PSWA 9-1-3 8 .94E•II 1.47E-B2 8.21E-12 l.IIIE•BI 3.lilE-119 l.lBE-118 

PSWA 9-1-4 7.811E•IIJ 1.29E-12 7 .SIIE-112 2.118E•II 2. 97E-19 8. BIE-119 

PSIA 9-1-5 5.82E•II !I.SBE-13 8.45E-12 3.11E•ill 2. 77E-19 7 .29E-IKI 

PSWA 9-1-11 3.91E•II 8.41E-13 9.11JE-82 4.HE•IIII 1. 7SE-19 6.32E-19 

PSWA 9-1-7 2. 73E•Il 4.48E-12 1.38E-11 l.SIE•Il 1. 22E-119 3.13E-i19 

PSWA 9-1-8 1. 97E•IIIl 3.24E-12 l.SBE-11 4. 71E•I!Il 4.71E-Hl 1. B4E-119 

PSWA 9-1-9 l.BlE•Il 2.84E-IJ2 1. 95E-Il 9.BIE•81 J.IBE-18 1. 29E-19 

PSWA 9-1-11 1.23E•I1 2.12E-12 2 .15E-11 1.51E•I2 1.64E-11J 1.17E-19 

PSIA 9-1-11 4.32E•ill 7 .19E-13 2.22E-11 2.18E•I2 3.25E-11 7.69E-11 

TABLE B.20-b. Potassium Fraction Leached for ANS 16.1 Leach Test: Whole, 
Small Grout in Hanford Ground Water (PSW A9-1) 

SAMPLE 

PSWA 9-1-1 

PSIA 9-1-2 

PSIA 9-1-3 

PSIA 9-1-4 

PSIA 9-1-5 

PSIA 9-1-8 

PSJA 9-1-7 

PSIA 9-1-8 

PSIA 9-1-9 

PSWA 9-1-11 

PSIA 9-1-11 

TABLE B.20-c. 

SAMPLE 

PSWA 9-1-1 

PSIA 9-1-2 

PSIA 9-1-3 

PSIA 9-1-4 

PSIA 9-1-5 

PSIA 9-1-8 

PSIA 9-1-7 

PSIA 9-1-8 

PSIA 9-1-9 

PSWA 9-1-111 

PSIA 9-1-11 

19 LEACHED 
2.34E•II1 

3.88E-Il 

B.BIE-11 

II.SIE-81 

4.88E-Il 

5.48E-81 

2.88E+II 

2.41E•II 

1.511E+II 

9.18E-11 

2. 52E-11 

AnfAo CUI. AnfAo 

1. 99E-12 1. 99E-12 

3. ISE-13 2. 29E-82 

5. SIIE-13 2 .85E-82 

5. 611E-113 3 .41E-12 

4. 17E-13 3 .82E-12 

4. 58E-13 4. 28E-82 

2.44E-12 8.72E-12 

2 .114E-82 8 .76E-12 

1.32E-82 1.11E-11 

7.79E-83 1. 19E-11 

2.14E-13 l.llE-111 

THolE days 

8.33E-82 

2.91E-81 

1.111E•I111 

2.811€·811 

3 .lfiE•88 

4.81E•I111 

l.BIE•Il 

4.71E•IH 

9.88E•I11 

1.51E•I2 

2.11BE•I12 

0 inc. 0 Clll. ((8.2) 

1. 45E-18 1. 45E-118 

4.57E-11 5.54E-19 

4.51E-111 2.49€-19 

5.59E-ll 1.78E-19 

5.12E-111 1.49E-89 

8.95E-11 1.41E-19 

3.63E-111 7.68E-111 

l.BBE-18 4.99E-18 

7.74E-ll 3.45E-111 

2.44E-11 2.411E-11 

2.96E-12 l.SIE-11 

Boron (as H~BO~) Fraction Leached for ANS 16.1 Leach Test: 
Whole, Smal G out in Hanford Ground Water (PSW A9-1) 

19 LEACHED M/Ao CUI. An/Ao TIME days D inc. 0 CUI. ((8.2) 
3.42€-111 2.63E-83 2.63E-113 a. 33E-82 2.54E-111 2.54E-11 
B.BIJE-112 5.17E-84 3.14E-IJ3 2.98E-81 1. 26E-ll 1. 84E-lll 
9.68E-82 7.38E-84 3.88E-83 1.111E•811 7.82E-12 4. 59E-11 
6.81E-12 5.17E-14 4.38E-83 2.18E•111 4.59E-12 2. 94E-11 
3.81E-12 2.77E-14 4.88E-13 3.HE•III 2.32E-12 2.21E-11 
3.68E-82 2. 77E-fl4 4. 94E-113 4.111E•BI 3.26E-12 l.BBE-11 
1.44E-Il l.llE-83 8.14E-13 l.SIIE•IIl 7. 45E-13 6.28E-12 
1. 58E-Il 1.21JE-83 7. 24E-13 4.711E•81 6.44E-13 3.41E-12 
9.61E-12 7.3BE-114 7 .98E-13 9. 811E•81 2.41E-13 2.16E-12 
B.IJIE-113 4.61E-IS 8.113E-113 l.SIE•82 8.54E-16 1.31E-12 
11.11E•flfl ll.fliE•IIJ 8.83E-113 2.1JBE•I2 8. iliE•II 9.47E-13 

B.39 



TABLE B.20-d. Sulfate (SOf) Fraction Leached for ANS 16.1 Leach Test: 
Whole, Smal Grout in Hanford Ground Water (PSW A9-J) 

SAMPLE •g LEACHED An/Ao CUI. An/Ao Tit.IE cl11ys D inc. 0 CUI. ({8.2) 
PSIA 9-1-1 3.61E•BB 8.62E-83 8.62E-13 8.33E-82 2.73E-19 2. 73E-119 

PSIA 9-1-2 -l.BIIE•BIJ -4.31E-B3 4.31E-13 2.911E-IIl 9.UIE-18 1. 98E-1B 
PSWA 9-1-3 1.21E•ill 2.87E-13 7 .lBE-83 l.IIIE•ilil 1.19E-ll 1. SBE-11 
PSWA 9-1-4 I.IIE•BI I.IIIE•IIJ 7 .lSE-83 2 .IIIE•IIhll il.ili1E+01 7 .89E-11 

PSWA 9-1-5 -l.BIIE•BI -4.31E-13 2.87E-13 3. IBE•III 5.82E-lfl 8.42E-12 
PSIA 9-HI 1.21E•III 2.87E-13 S. 7SE-13 4.1JIE•II 3.52E-ll 2.52E-ll 
PSIA 9-1-7 II.IIE-111 l.UE-83 7 .lSE-13 l.BIIE•Il 1. 28E-12 8.77E-12 

PSIA 9-1-8 -S.IIJE-81 -1.44E-83 5. 75E-83 4. 78E•ill 9.25E-13 2.15E-12 
PSIA 9-HI 2.41E•Bil S.75E-83 l.lSE-82 9.8BE•IIl 1.46E-ll 4.49E-12 
PSIA 9-1-11 l.l4E+ill 2. 73E-il3 1.42E-il2 1. Si1E+il2 2.99E-12 4.12E-l2 

PSIA 9-1-11 2.41E+II s. 75E-113 2.ii11E-12 2.18E+il2 2.14E-11 S.SSE-12 
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TABLE B.21-a. Sodium Fraction Leached for Static Leach Test: Whole, 
Small Grout in Ground Water (PSW S9-4) 

SAMPLE 19 LEACHED CUI. An/Ao TIME daya D cu. 
PSIS 9-4-1 S.82E•IIl 9.74E-12 4.11E•II 7 .HE-19 

PSIS 9-4-2 8.34E•I1 1.41E-Il t.BIE•Il a. 21E-19 
PSIS 9-4-3 1.46E•I2 2.45E-Il 4.7fE•Il 4.48E-IHI 
PSIS 9-4-4 1.64E•I2 2. 75E-11 9.11E•Il a.HE-19 
PSIS 9-4-5 1. 95E•I2 3.26E-11 t.SIE•12 2.111E-19 
PSIS 9-4-6 1.81E•I2 3.13E-11 2.18E•I2 1.52E-19 

TABLE 6.21-b. Potassium Fraction Leached for Static Leach Test: Whole, 
Small Grout in Ground Water (PSW S9-4) 

SAI.IPLE ag LEACHED CUI. An/Ao TIME days D CUI. 

PSIS 9-4-1 6.52E•II 4.77E-112 4.IIIE•II l.SBE-19 

PSIS 9-4-2 8.l4E•II 7 .1114E-112 l.BIE•Il 8.13E-11 

PSIS 9-4-3 1.49E•Il 1.29E-11 4. 71E•IIIl 1.114E-19 

PSIS 9-4-4 1. 75E•Il l.SlE-11 9.11E•Il 7.51E-ll 

PSIS 9-4-5 2.14E•Il 1. 76E-81 l.SIE•I2 S.UE-111 

PSIS 9-4-6 2.13E•Il 1.76E-81 2.88E•I2 4. 38E-18 

T86LE 6.21-c. Aluminum Fraction leached for Static Leach Test: Whole, 
Small Grout in Ground Water (PSW S9-4) 

SAWPLE 1g LEACHED CUI. An/Ao TIME days D CUI. 

PSWS 9-4-1 ll.lBE-11 4.19E-14 4.1JIE•II 1. 23E-13 

PSWS 9-4-2 1.48E•IIJ 9. 79E-14 l.BIE•Il 1. 57E-13 

PSWS 9-4-3 2.55E•II 1.69E-13 4. 78E•Il 1. 79E-13 

PSWS 9-4-4 3.35E•IIJ 2. 22E-IJ3 9.11E•Il 1. 81E-13 

PSIS 9-4-6 4 .16E•IIJ 2. 75E-IJ3 l.SIE•12 1.49E-13 

PSWS 9-4-6 4.49E•IIJ 2. 97E-13 2.18E•12 1. 2SE-13 

TABLE B.21-d. Nitrate (N03) Fraction Leached for Static Leach Test: Whole, 
Small Grout in Ground Water (PSW S9-4) 

SAWPLE 19 LEACHED CUll. An/Ao THIE days D CUI. 
PSWS 9-4-1 l.IBE•II 1.17E-Il 4 . .11E•II 8.39E-19 
PSIS 9-4-2 7 .SIE-11 7 .41E-12 l.SIE•Il 8.99E-II 
PSIS 9-4-3 2.65E-Il 2.82E-12 4. 71E•Il 4.31E-ll 
PSWS 9-4-4 1. 66E•IIJ 1.63E-Il 9.1JIIE•ill 8. 78E-11J 
PSWS 9-4-S 1.911E•IJIJ l.SSE-111 l.SIIE•II2 8.93E-IIJ 
PSWS 9-4-8 2.38E•IIII 2. !SE-81 2.88E•I2 9.29E-lll· 
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TABlE B.21·e. Sulfate (S04) Fraction Leached for Static leach Test: Whole, 
Small Grout in Ground Water (PSW S9-4) 

SAMPLE 111 LEACHED CUI. An/Ao TIWE days 0 CUI. 

PSWS 11-4-1 I.IJilE•ill I.IIE•II -4.11E•II I.IIJE•ill 

PSIS 9-4-2 -3.111E•IIII -8. 78E-IJ3 l.BIE•Il 1. 27E-ll 
PSIS 9--4-3 1. ~IE•II 3.116E-13 4. 711E•Il 8.41E-13 
PSIS 11-4-4 1.16E•IIJ 2.511E-13 II.IIE•Il 2.16E-13 

PSIS 9-4-6 -2.31E-II -S.SIE-14 l.SIIE•I2 8.211E-1S 

PSIS 11-4-6 4 .lSE•II l.llE-12 2.18E•I2 1.46E-12 

TABLE B.21-f. Boron (as H3B01 ) Fraction leached for Static leach Test: 
Whole, Small Grout in Ground Water (PSW S9-4) 

SAWPlE 19 LEACHED CUI. An/Ao TlloiE days 0 CUI. 

PSIS 11-4-1 11.12E-Il 4. 711E-IJ3 4.18E•II 1.82E-ll 
PSIS 9-4-2 7.47E-Il S.BSE-83 l.SIIE•Il 8.82E-12 
PSIS 11-4-3 l.lBE•IIJ 9 .27E-13 4.711E•Il 5.78E-12 

PSIS 11-4-4 1.29E•IJI l.illE-12 9.81E•Il 3.59E-12 
PSIS 9-4-5 1.57E•II 1.23E-82 l.SIIE•82 3.28E-12 
PSIS 9-4-6 1. 73E•II 1.35E-12 2.118E•IJ2 2.711E-12 

-
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TABLE B.22-l~. Manganese~54 Fraction Leached for ANS 16.1 Leach Test: 
Whole Grout in Hanford Ground Water (PSW 10-1) 

SAMPLE ID TOT. LEACH {An) C\.11. LEACH TIME DAYS An/Ao CUI An/Ao D inc. 0 CUI. 

PSW 11-1-1 3.52E-14 3.52E-14 1.18 2.47E-13 2.47E-13 2.33E-ll 2.33E-11 

"' 11-1-2 3.62E-14 7.13E-14 .... 2.47E-13 4.96E-13 3.18E-11 U17E-ll 

PSW ll-1-3 3.52E-1-i l.ISE-13 1.81 2.47E-13 7 .42E-13 i.IBE-11 1. 74E-11 

PSW llil-1-4 3.62E-14 1.41E-IB 2.11 2.47E-13 9.89E-13 1.13E-11 l.SSE-111 

PSW 11-1-5 3.52E-14 1.78E-13 3.11 2.47E-13 1.24E-12 1. 91E-11 l.BlE-18 

PSW 11-1-8 3.52E-14 2.11E-13 4.11 2.47E-13 1.48E-12 2. 89E-111 1.74E-11J 

PSW 11-1-7 3. 62E-84 2.46E-113 18.111 2.-HE-13 1. 73E-12 3.85E-12 6.27E-ll 

PSW 111-1-8 3.52E-14 2.81E-13 48.18 2.47E-13 1.98E-12 2.8BE-12 2.58E-ll 

PSW 111-1-9 3.52E-1114 3 .17E-13 91.1!11 2.47E-13 2.23E-12 2.95E·12 l. 74E-11 

PSW 11-1-11 3.52E-84 3.52E·13 151.18 2.47E·13 2.47E-12 2.54E-12 1. 29E-11 

TABLE ~.22-lb. Manganese-54 Fraction Leached for ANS 16 .I Leach Test: 
Whole Grout in Hanford Ground Water (PSW 10-6) 

SAWPLE 10 TOT. LEACH (An) Cut.l. LEACH TI\IE DAYS An/Ao CUI An/Ao D inc. 0 CUI. 

PSW 18·6·1 3.52E-14 3.52E-84 1.18 5.65E·14 5.65E·14 2.69E·ll 2.B9E·ll 

PSW 18-6-2 3.52E-14 7 .13E-14 1.29 5.8SE-IJ4 1.13E-13 3.83E-11 3.31E-ll 

PSW H'l-6-3 3.52E-14 1.16E-13 1.11 5.65E-14 1.69E-13 1.13E-11 2.18E·11 

'" 11-6-4 3.52E-84 1.41E-13 2.11 5.8SE-84 2.26E-13 1.411E-11 1.92E-11 

PSW 11-6-S 3.52E-14 1. 76E-13 3.11 5.6SE-B4 2.62E-13 2.3BE-11 2.1BE-ll 

PSW 18-6-6 3.52E-B4 2.11E-13 4.11 5.65E-84 3.39E-13 3.34E-11 2.16E-11 

PSW 11-6-,7 3.52E-14 2.46E-13 18.11 5.6SE-14 3.9SE-13 4.77E-13 8.53E-12 
PSW 11-6-8 3.52E-14 2.81E-13 48.11 S.BSE-114 4.52E-13 3.33E-13 3. 21E-12 

PSW 11-6-9 3.52E-B4 3.17E-13 91.11 5.65E-14 S.IBE-13 3.67E-13 2.16E-12 

PSW 18-8-11 3.52E-14 3.52E-13 151.11 S.BSE-14 S.BSE-13 3.15E-13 1. 61E-12 

TABLE B.22-2a. Manganese-54 Fraction Leached for Static Leach Test: 
Whole Grout in Hanford Ground Water (PSW 10-4) 

SAIIIPLE 10 uCi LEACHED TilliE DAYS CUI Att/Ao 0 CUI. 

PSW 11-4-1 3.5173E-14 UJI 2.47E-13 4.52E-12 
PSW 11-4-2 3. S173E-14 19.11 2.47E-13 9.52E-13 
PSW 11-4-3 3. S173E-14 48.11 2.47E-13 3. 77E-13 
PSW 11-4-4 3.5173E-14 91.11 2.47E-13 2.11E-13 

•• 
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TABLE B.23-la. Cobalt-60 Fraction Leached for ANS 16.1 Leach Test: 
Whole Grout in Hanford Ground Water (PSW 10-1) 

SAWPLE ID TOT. LEACH (An) CUY. LEACH Tlt.IE DAYS An/Ao CUI A.n/Ao D inc. 0 CUI. 

PSI 11-1-1 4.53E-14 4. SlE-14 1.1!18 2.84E-14 2.1J4E-14 1. SBE-12 l.SBE-12 

PSI 11-1-2 4.53E-84 i.IBE-14 1.29 2.14E-114 4.rJ7E-IJ-4 2.19E-12 1. BlE-12 

PSI 11-1-3 4. 53E-14 1.38E-13 l.IJI 2.14E-14 S.llE-84 a.lSE-13 l.lBE-12 

PSI 18-1-4 4. SlE-114 l.BlE-13 2.11 2.14E-14 B.lSE-14 7.85E-13 l.ISE-12 
PSI 11-1-5 4.53E-14 2.28E-13 3.111 2.14E-14 1.12E-IJ3 t.liiE-12 t.f9E-12 
PSI 11-1-8 4.53E-14 2.72E-13 4.11 2.14E-14 1.22E-13 1.83E-12 l.lBE-12 
PSI 18-1-7 4.53E-14 3.17E-13 18.111 2.14E-14 1.43E-83 2.81E-14 3.57E-13 
PSI 11-1-8 4.53E-14 3 .82E-113 48.111 2.14E-84 1.63E-83 1.82E-14 1.75E-13 

PSI 111-1-9 4 .53E-14 4 .ISE-13 91.111 2 .IJ4E-14 1.83E-13 2.BBE-14 1.18E-13 

PSW lil-1-lil 4. SSE-14 4.53E-13 151.11 2.14E-14 2.1J4E-IJS 1. 72E-14 8. 7SE-14 

TABlE B.23-lb. Cobalt-60 Fraction Leached for ANS 16.1 Leach Test: 
Whole Grout in Hanford Ground Water (PSW 10-6) 

SAitiPLE ID TOT. LEACH (An) Ctll. LEACH TilliE DAYS An/Ao tUI An/Ao D int. D tUI. 

PSW 111-6-1 4.115E-14 4.115E-14 1.18 4. 77E-15 4. 77E-15 2.12E-13 2.12E-13 

PSW 11-6-2 4 .IISE-84 9.311E-14 11.29 4. 77E-115 9.55E-IJ5 2.58E-l3 2.31E-13 

PSI 11-6-3 4.55E-114 1.39E-113 1.1111 4. 77E-15 1.43E-84 7.88E-14 1. S1E-13 

PSI 111-6-4 4.6SE-14 1.86E-113 2.81 4. 77E-11S 1. 91E-14 9. 76E-14 1.34E-13 

PSI 11-6-S 4.6SE-14 2.32E-113 3.111 4. 77E-11S 2.39E-14 1. 611E-13 1. 41E-t.~ 

PSW 11-11-6 4.6SE-14 2. 79E-13 4.118 4. 77E-IS 2.86E-14 2.34E-13 l.SlE-t 

PSI 111-6-7 4.65E-14 3.25E-83 18.11 4 .77E-IS 3.34E-14 3.34E-1S 4.S7E-14 

PSW 11-11-6 4.55E-14 3. 72E-13 48.11 4. 77E-15 3.82E-14 2.33E-1S 2.24E-14 

PSI 11-8-9 4.115E-114 4.18E-13 91 .II 4. 77E-15 4.31E-84 2.56E-15 1. !ilE-14 

PSW 11-6-11 4 .65E-84 4.65E-13 151.81 4. 77E-15 4.77E-14 2.2BE-15 1.12E-14 

TABLE B.23-2a. Cobalt-60 Fraction Leached for Static Leach Test: 
Whole Grout in Hanford Ground Water (PSW 10-4) 

SAIIIPLE ID uCi LEACHED TilliE DAYS tul AnfAo D tUI. 

PSW 4-4-1 4.5292E-14 4.11 2.14E-14 3.17E-14 

PSI 4-4-2 4.5292E-14 19.18 2 .14E-14 8.46E-15 

PSW 4-4-3 4.5292E-14 48.81 2 .14E-14 2.56E-16 

PSI ' 4-4-4 4.5292£-14 98 .It 2.84E-14 l.SSE-15 

•. 
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T8BLE B.24-la. Strontium-90 Fraction Leached for ANS 16.1 Leach Test: 
Whole Grout in Hanford Ground Water (PSW 10-1) 

SAWPLE ID TOT. LEACH (An) CUY. LEACH TilliE DAYS An/Ao CUI An/Ao D inc. D CUI. 

PSI 111~1-1 l.!I!IE-16 l.!I!IE-16 8.18 4.11E-B!I 4.11E-18 11.14E-16 6.14E-16 

PSI 11-1-2 1.99E-18 3.98E-86 1.29 4.11E-18 8.13E-16 8.13E-l8 7.13E-16 

PSI 11-1-3 1.99E-16 5.97E-18 1.11 4.111E-86 1.211E-IS 2.39E-16 4.59E-16 

PSI 11-1-4 l.!I!IE-111 7 .98E-111 2.11 4.11E-111 l.BlE-15 2. 97E-111 4.18E-16 

PSI 111-1-5 1.99E-16 9.95E-18 3.11 4.11E-18 2.11E-t6 S.ISE-18 4.25E-16 

PSI 11-1-8 1.99£-18 l.l!IE-15 Ull 4.11E-18 2.41E-15 7 .liE-18 4. 59E-18 
PSI UJ-1-7 1.99E-18 1.39E-15 18.81 4.11E-18 2.81E-85 l.llE-17 1.39E-16 

PSI 11-1-8 1.99E-118 1.59E-i15 48.81 4.11E-i18 3.21E-15 7.17E-18 B.BIE-17 
PSI Ul-1-9 1.99E-il6 1.79E-116 911.81 4.11E-18 3.81E-115 7. 79E-18 4.S9E-17 
PSI 111-1-111 1.99E-116 1. 99E-115 1511.11 4.11E-116 4.11E-IIS 6.69E-18 3.411E-17 
PSI 111-1-11 1.99E-116 2.19E-115 211.81 4.111E-116 4.42E-115 9.82E-18 2.92E-17 

TABLE B.24-jb. Strontium-90 Fraction Leached for ANS 16.1 Leach Test: 
Whole Grout in Hanford Ground Water (PSW 10-6) 

SAWPLE ID TOT. LEACH (An) Cl.ll. LEACH TillE DAYS An/Ao CUI An/Ao D inc. 0 CUI. 

PSI 111-6-1 1.99E-116 1.99E-16 1.18 9.83E-17 9.83E-17 8.76E-17 8. 76E-17 
PSI 111-6-2 1.99E-18 3.98E-18 1.29 9.83E-17 1.97E-16 1.16E-16 l.IIIE-16 
PSI 111-6-3 1.99E-18 5.97E-IJ6 1.18 9.83E-17 2.95E-18 3.42E-17 6.5SE-17 
PSI 111-6-4 1.99E-16 7.98E-16 2.11 9.83E-17 3. 93E-16 4.24E-17 5.82E-17 
PSI Iil-8-5 1.99E-18 9. 95E-16 3.111 9.83E-17 4.91E-116 7. 211E-17 6.16E-17 
PSI 18-6-6 1.99E-16 1.19E-15 4.111 9.83E-17 5.911E-116 l.lllE-16 6.55E-17 
PSI 11-6-7 1.99E-18 1.39E-15 18.11 9.83E-17 B.BBE-116 1.45E-18 1.9BE-17 
PSI UJ-6-8 1. 99E-116 1.59E-115 48 .II 9.83E-17 7 .88E-1111 1.111E-18 9.71E-18 
PSI 111-11-9 1.99E-IIII 1. 79E-115 911.11 9.83E-117 B.BSE-118 l.llE-18 8.55E-18 
PSI 111-8-111 1.99E-18 1.99E-15 1SI.IJIJ 9.83E-17 9.83E-18 9.64E-19 4.8SE-18 
PSI 111-6-11 1.99E-116 2.19E-115 223.18 9.83E-117 UIBE-115 l.lllE-18 3.95E-I8 

TABLE B.24-2a. Strontium-90 Fraction Leached for Static Leach Test: 
Whole Grout in Hanford Ground Water (PSW 10-4) 

SAWPLE ID uCi LEACHED THolE DAYS CUI An/Ao 0 CUI. 

PSI 111-4-1 1. 98911E-16 4.81 4. 21E-116 1.31E-17 
PSI 111-4-2 1. 9891E-16 19.11 4. 21E-116 2.75E-18 
PSI 11-4-3 1.9891E-116 48.81 4.21E-18 1.119E-18 
PSI 11-4-4 1.98911E-18 91.81 4.21E-118 S.BIE-19 

.. 

B.45 



TABLE B.25-1~. Cesium-137 Fraction Leached for ANS 16.1 Leach Test: 
Whole Grout in Hanford Ground Water (PSW 10-1) 

SAMPlE 10 TOT. LEACH (An) Cl.ll. LEACH THIE DAYS An/Ao CUI AnfAo D inc. 0 CUI. 

PSI 11-1·1 3.17E-14 3.17E-14 1.18 3.94E-14 3.94E-14 5. 92E-12 5. 92E-12 

PSI 11-1-2 3.17E-14 6.34E-14 1.29 3.94E-14 7 .SBE-14 7.84E-12 6.7BE-12 

PSI 18-1-3 3.17E-14 9 .52E-14 1.11 3.94E-14 1.18E-13 2.31E-12 4.43E-12 

PSI 111-1-4 3.17E-14 1.27E-13 2.88 3.94E-14 l.SBE-83 2.87E-12 3.93E-12-

PSI 111-1-5 3.17E-14 1.59E-113 3.111 3.94E-14 1.97E-13 4.87E-12 4.111E-12 
PSI 111-1-6 3.17E-14 1.91E-13 4.111 3.94E-14 2.37E-113 S.BSE-12 4.43E-12 

PSI 111-1-7 3.17E-Il4 2.22E-13 18.11 3. 94E-84 2. 76E-13 9. 78E-14 1.34E-12 

PSI UH-8 3.17E-84 2.54E-13 48.111 3. 94E-14 3.15E-113 8. 82E-14 8.56E-13 

PSI Ul-1-9 3 .17E-14 2 .BSE-113 !HI.BI 3 .94E-114 3 .SSE-113 7.51E-14 4.43E-l3 

PSI 111-1-111 3.11E-14 3.17E-13 15UJ8 3. 94E-14 3.94E-13 6. 45E-14 3.28E-13 

TABLE B.25-1b. Cesium-137 Fraction Leached for ANS 16.1 Leach Test: 
Whole Grout in Hanford Ground Water (PSW 10-6) 

SAWPLE ID TOT. LEACH (An) CLU. LEACH THE DAYS An/Ao CUI An/Ao 0 inc. D CUI. 

PSI 11-6-1 3.1721JE-14 3.1721E-IJ4 1.18 9.65E-15 9.6SE-IS 8.44E-13 8.44E-13 

PSI 11-8-:2 3.1721E-14 e.3441E-14 1.29 9 .liSE-IS 1. 93E-14 1.12E-12 9.87E-13 

PSI 11-6-3 3.1121E-14 9.5161E-14 1.11 9.85E-15 2.89E-14 3.29E-13 8.31E-13 
PSI 11-6-4 3.1721E-14 1. 2888E-13 2.11 9 .8SE-IS 3.86E-14 4.118E-13 S.61E-13 

PSI 18-8-S 3.11211E-14 1.5861E-13 3.11 9.66E-15 4.82E-IJ4 6.94E-13 5.84E 
PSI 11-6-e 3.17211E-14 1. 91132E-113 4.11 9.6SE-15 5.79E-14 9.76E-13 8.31E· 
PSI 111-6-7 3.1721E-14 2.2214E-13 18.11 9 .8SE-IS 8.75E-14 1.39E-14 1.91E-13 
PSI 111-6-8 3.1721E-14 2.5378E-13 48.11 9.65E-15 7. 72E-14 9. 72E-15 9.34E-14 
PSI 111-6-9 3.172ilE-14 2.8648E-113 911.11 9.65E-15 8.88E-14 1.87E-14 6.31E-14 

PSI 11-8-11 3 .1721E-14 3.1721E-113 158.11 9.65E-115 9.85E-il4 9.2BE-1S 4.87E-14 

TABLE B.25-2a. Cesium-137 Fraction Leached for Static Leach Test: 
Whole Grout in Hanford Ground Water (PSW 10-4) 

SAMPlE ID uCi LEACHED TillE DAYS CUI An/Ao 0 CUI. 

PSI 11-4-1 3 .17211E-14 4.11 4.13E-14 1. 2BE-13 
PSI 11-4-2 3.17211E-14 19.111 4.13E-14 2.65E-14 
PSI UJ-4-3 3.17211E-14 48.11 4.13E-14 l.ISE-14 

PSI 11-4-4 3.1721JE-14 911.11 4.13E-14 S.61E-15 
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TABLE B.26-la. Uranium {total U) Fraction Leached for ANS 16.1 Leach Test: 
Whole, Small Grout in Hanford Ground Water {PSW AI0-1) 

SAMPLE 
A-UJ-1-1 

A-11-1-2 

A-11-1-3 
A-11-1-4 
A-111-1-5 
A-111-1-6 

A-11-1-7 

A-liH-8 
A-UJ-1-9 

A-11-1-11 

A-UI-1-11 

•g LEACHED 
9. 96E-14 

1.211E-13 
8.48E-IJ4 

1.24E-83 
1.12E-113 
1.29E-13 

2.88E-14 

9.1BE-IJS 
1.31E-13 
1.21JE-13 

l.IIBE-83 

An/Ao cu1. AnfAo TIWE d1y1 
8.84E-IJ4 8.B4E-14 8.33E-112 

7. 28E-84 1. 33E-1113 2. 92E-11 
6 .13E-84 1. BSE-113 l.IIE•IJI 

7. 53E-IJ4 2. SIE-13 2 .IBE•BI 
6. BlE-84 3. 28E-83 3. HE•ill 
7 .83E-84 4.86E-13 4.1liJE•Ill 

1.7SE-14 4.24E-83 1.88E•Il 

5. 48E-85 4. 29E-113 4. 71E•Bl 
7. 93E-114 S. BBE-13 9. IBE•Il 

7. 28E-14 5 .BlE-83 1. SIIE•il2 
8. 44E-114 8 .48E-83 2. 88E•Il2 

D inc. 

1. 29E-11 
2.4BE-11 

3.68E-12 

9. 77E-12 
1.3SE-ll 
2.52E-11 

1. 79E-14 

1. 29E-15 

2.89E-13 
2.115E-13 

2.59E-13 

D CUI. 

1. 29E-11 

2.52E·ll 
l.o42E-11 

1. 99E·ll 
3.18E-11 
-4. 87E-11 
3.79E-12 

l.SSE-12 

1. 78E-12 
1.58E-12 
2.12E-12 

TABLE B.26-lb. Uranium {total U) Fraction Leached for ANS 16.1 Leach Test: 

SAYPLE 
A-11-2·1 
A-111-2-2 

A-18-2-3 
A-18·2--4 
A-11-2-5 
A-11-2-6 

A-18·2-7 
A-18-2-8 
A-11-2·9 
A-11-2-18 
A-18-2-11 

Whole, Small Grout in Hanford Ground Water {PSW AI0-2) 

19 LEACHED 
9.811E·Io4 
9.61JE-Io4 

7 .82E·U 
1.89E-113 

1.89E-113 
1.2o4E-13 

1.65E·13 
9.68E-15 
1.58E-13 
1.58E-13 

9.31E·B4 

An/Ao CUI. AnfAo 
5.82E-U 5.82E-Io4 

5. 82E·Io4 1.18E-83 
o4. 26E-Io4 1. 59E-13 

8.82E-Io4 2.25E·13 
6 .82E-1Jo4 2. 92E-83 
7 .53E-U 3.87E-113 
1. 81E-13 o4 .87E-13 

5 .82E-15 o4. 73E·13 
9.57E-1Jo4 5.89E-13 

9.57E-8o4 6.6o4E-13 
S. 6o4E-Io4 7. 21E-13 

TilliE days 

8.33E·12 
2.92E-11 
1.11E•II 

2. IIE•II1 
3.81E•IJI 
o4.HE•II 

1.81E•I1 
-4. 71E•Il 
9.111E•Il 

1. SIE•I2 
2.18E•I2 

D inc. 
1.21E-11 

1.58E-11 
2.53E-12 

7. SSE-12 

1. 28E·ll 
2. 33E-11 
S.BBE-13 
l.UE-15 
3.91E-13 
3.5SE-13 

1. 99E-13 

D CUI. 
1. 21E-11 

1. 92E-11 
l.ISE-11 

1.5fiE·ll 
2. SlE-11 
3.98E-ll 
4.611E-12 

2.28E-12 
2.22E-12 
2.17E-12 
2.6o4E-12 

TABLE B.26-2a. Uranium {total U) Fraction Leached for ANS 16.1 Leach Test: 

SAYPLE 
LA-11-8-1 
LA-111-8-2 
LA-111-8-3 
LA-11-6--4 
LA-11-8-5 

LA-111-8-6 
LA-111-8-7 
LA-11-6-8 
LA-18-8-9 

LA-18-8-11 
LA-111-8-11 

Whole, Large Grout in Hanford Ground Water {PSW LAI0-6) 

19 LEACHED 
2. 93E-13 
2 .64E-13 
2.41E-83 
2. 711E-13 
2.81E-13 

2.81E-113 
l.o4o4E-13 
1.62£-13 
o4.o43E-13 

o4.32E-13 
4.a2E-fl3 

An/Ao CUI. An/Ao TilliE d1ys 

3. 88E-Io4 3. 88E-14 8. a3E-IJ2 
a. SIE-IJ-4 7. aeE-1-4 2. 92E-Il 
a .lBE-U l.ISE-13 1.11E•I11 
a.SBE-U 1.41E-113 2.111E•II 
a. 46E-Io4 1. 78E-83 a.II1E•81 

3.o48E-14 2.11E-83 o4.111E•II 
1.91E-Io4 2.31E-13 l.BIE•Il 
2 .UE-1-4 2. 51E-8a o4. 71E•I1 
5. 87E-Io4 3 .liE-Ia 9 .IIIE•I1 

5. 72E-Io4 a .87E-13 1. SIE•I2 
5. 72E-14 4. 2o4E-8a 2. 88E•I2 

B.47 

D inc. 
l.a9E-11 
1.49E-ll 
3.88E-12 

5. 76E-12 
9.11E-12 

1. 28E-11 
5. S7E-lo4 
5.17E-lo4 
3.83E-la 

3.31E-13 
5.33E-13 

D CUI. 
La9E-ll 
2.11E-11 
l. 21E-11 
l.So4E-11 
2.38E-ll 

3.o41E-ll 
2.91E-12 

1.87E-12 
1.72E·12 
1. 73E-12 

2.39E-12 



TABLE B.27·a. Sodium Fraction Leached for ANS 16.1 Leach Test: Whole, 
Small Grout in Hanford Ground Water (PSW A10·1) 

SAMPlE 

PSWA H!-1-1 
PSWA UH-2 

PSWA llil-1-3 
PSWA Ul-1-4 
PSWA 18-1-5 
PSWA HI-l-S 

PS'IIA lB-1-7 
PS'IIA lll-1-8 

PS'IIA 11-1-9 

PSWA 111-1-lil 

PSWA 111-1-11 

1119 LEACHED 
L87E•ill 
!1.7BE•IIB 

I.21E•ill 
9.011E•ilil 
7 .BBE•ilil 

4. HE•SS 

3.87E•ill 

s. 24E•ill 

2 .3"E•I11 
l.SSE•Bl 

8.98E•88 

An/Ao cua. An/Ao 

3. 2iiE-12 3. 21JE-112 

l.lBE-02 4. JBE-02 

2. 87E-il2 6. 42E-IJ2 

1. 54E-il2 7. 97E-02 
1. 34E-112 9. 30E-It2 

a .12E-83 l.illE-Ill 
8. BJE-82 1. 67E-01 

l.IHE-01 2.74E-01 

3.95E-02 3.14E-!H 
2. 57E-02 3. 39E-Il 

1.19E-il2 3.SlE-IJl 

Tit.IE days 
8.33E-il2 
2.911E-IJ1 

1.08E•Iil 
2.1li1E•ilil 
3.ililE•SII 

4.illlE•ilil 
1. 9i1E•Ill 

4. BllE•I!l 

9 .llilE•ill 

1. 5i1E•II2 

2.11E•Il2 

D inc. D cu•. (<1!1.2) 
3.88E-08 3.88E-08 

6.84E-09 2.07E-08 

8. 34E-09 l. 31E-88 

4. 38E-09 l. illlE-118 
5. 59E-09 9 .12E-19 

2. 91E-19 8. B9E-19 

2. SiiE-119 4. S7E-119 

S. 48E-119 S. 33E-119 

7.S3E-10 3.75E-119 

2. 74E-11iJ 2. 78E-119 

8.66E-ll 2.11E-09 

TABLE B.27-b. Potassium Fraction Leached for ANS 16.1 Leach Test: Whole, 
Small Grout in Hanford Ground Water (PSW A10-1) 

SAJ.IPLE 

PSWA 10-1-1 

PSWA 11-1-2 

PSWA 10-1-3 

PSWA 11-1-4 

PSWA 11-1-S 

PSWA 11-1-6 

PSWA 11-l-7 

PSU 11-l-8 

PSWA 11-1-9 

PSWA 111-1-11 

PSWA 111-l-11 

TABLE B.27-c. 

SA!.IPLE 

PS'IIA 18-1-1 

PS'IIA 10-1-2 

PS'IIA 10-1-3 

PS'IIA U1-1-4 

PS'IIA 18-1-6 

PSWA 11-1-6 

PSWA 11!-1-7 

PSWA 10-1-8 

PSWA 10-1-9 

PS'IIA 18-1-10 

PSWA lil-1-11 

mg LEACHED 
2.2BE•II 

8. 41E-11 

1. SSE•IIII 

1.14E•IIfl 

8.41E-IJ1 

3.61JE-1Jl 

4.81E•Ir'll 

8.84E•II 

2.46E•Ir'll 

1.92E•II 

1.38E•ill 

An/Ao CUI. AnjAo 

2. 12E-IJ2 2 .112E-12 

7 .44E-IJ3 2. 7SE-82 

l.38E-82 4 .15E-02 

l.lr'llE-12 6 .16E-il2 

7 .44E-03 S.90E-02 

3 .19E-13 6. 22E-12 

4. 25E-12 1. 05E-11 

S.ISE-02 1.65E-11 

2 .lBE-02 1. 87E-IIl 

1. 70E-02 2. 14E-81 

1.22E-112 2.16E-Ir'll 

TillE days 

8.33E-112 

2.911E-IIl 

l.BIIE•IB 

2.0BE•Bil 

3.00E•BI 

4.00E•00 

1. 90E•Bl 

4. B0E•Bl 

9. 80E•01 

1. 50E•02 

2 .l1E•02 

D inc. D CUI. ({11.2) 

1.55E-BB l.SSE-118 

2.81E-09 8.33E-89 

2.84E-09 5.44E-09 

1. BBE-119 4. 20E-09 

1.73E-09 3.67E-09 

4.48E-18 3.06E-09 

1.03E-09 1.83E-119 

1. 76E-09 1. BIIE-09 

2.29E-10 1.23E-119 

1.211E-l0 8.79E-10 

9.11E-ll 7.02E-10 

Boron (as H~BO~) Fraction Leached for ANS 16.1 Leach Test: 
Whole, Smal G out in Hanford Ground Water (PSW A10-1) 

m9 LEACHED An/Ao CUll. An/Ao TI!.IE days D inc. 0 CUll. ({8. 2) 

2. 94E-111 2.36E-03 2.3SE-B3 8.33E-82 2.11E-111 2.11E-111 

1.02E-81 8.18E-14 3 .18E-03 2.91lE-ll1 3 39E-11 1.1BE-111 

-2.23E-Il1 -1. 79E-83 1.39E-B3 1. iliiE•IB 4. 73E-11 6.12E-12 

8 .SBE-02 S.29E-il4 1.92E-B3 2. 01lE•Ir'll1 5.17E-12 5.83E-12 

4 .SIE-112 3.86E-04 2.38E-03 3. i!IE•IB 4.64E-12 S.SSE-12 

8.00E-03 4. BlE-85 2.35E-03 4.1lilE•IUJ l.il2E-13 4.38E-12 

2 .l0E-01 l.SBE-83 4.114E-Il3 1. 91E•Il l.SlE-12 2. 71E-12 

2. 71E-31 2.17E-83 8.28E-13 4. BilE•il1 2. 25E-12 2.54E-12 

2 .40E-02 1. 92E-114 8.39E-il3 9.00E•01 1. 79E-l4 1. 44E-12 

3 .BIE-02 2.41E-Il4 8.64E-03 1.5ilE•il2 2.4ilE-14 9.29E-13 

3 .SBE-02 2.89E-Il4 6.92E-Il3 2.11E·B2 S.iiSE-14 7.19E-13 

B.48 

• 



TABLE 8.27-d. Sulfate (SOt) Fraction Leached for ANS 16.1 Leach Test: 
Whole, Smal Grout in Hanford Ground Water (PSW A10-1) 

SAt.IPlE 1119 LEACHED An/Ao CUll. An/Ao TilliE days D inc. D CUI. ((8.2) 
PSWA lB-1-1 a.aee~ee B. 99E-13 8.99E-13 8.33E-02 3.17E-B9 3.117E-B9 
PS'IIA lil-l-2 2.411E•II S. 99E-il3 l.SBE-02 2.9BE-IH l.B2E-B9 2.45E-il9 
PSIA l!!-l-3 1.2BE•I!II 3.BBE-03 l.BBE-112 l.llilE•Iil 1.33E-lil Ul2E-il9 

PSWA 18-l-4 1. 2BE•ill1 3.BilE-03 2.1BE-il2 2. IIBE•BI l.66E-1B 6.96E-10 
PSWA 18-1-5 6 .0BE-ill 1. SBE-13 2.25E-112 3. BBE•Iill U13E-11 S.33E-1B 
PSWA UH-6 -6. BBE-111 -1. SBE-13 2.1BE-02 4.0BE•ilil 9.91E-ll 3.48E-lll 
PSWA 111-1-7 -6.B0E-ill -1. SIIE-83 1.96E-02 1. 90E•ill 1.28E-12 6.32E-ll 
PSWA 10-1-8 2. 4BE•Iilil 5.99E-B3 2.55E-02 4.8BE•IH 1. 72E-11 4.28E-11 
PSliiA Hl-1-9 -1. BilE•IIII -4.50E-03 2. HIE-02 9.!UlE•IIl 9. 77E-12 1. SSE-11 
PSWA U!M1MH! 2. 7iJEM01 6.7 .. EMiJ4 2.17EMil2 1. 5ilE•il2 1. 89E-13 9.89E-12 
PSWA 10-1-11 2.34E•ilil 5.84E-03 2.75EMil2 2.11E•il2 2.08E-ll l.lJEMll 

8.49 



TABlE B.28-a. Sodium Fraction Leached for ANS 16.1 Leach Test: Whole, 
Large Grout in Hanford Ground Water (LA PSWI0-6) 

SAWPLE 19 LEACHED An/Ao CUI. An/Ao TilliE days D inc. 0 CUI. 

PSWLA 11~8-1 3.79E•81 1.4BE-112 1.48E-82 8.33E-82 1. 99E-118 1. 99E-88 
PSWLA 18-8-2 2.59E•I1 l.llE-112 2.511E-82 2. 98E-81 1.24E-88 1.62E-88 
PSWLA Ul-8-3 4.48E•Il 1. 72E-Iil2 4 .22E-82 l.IIE•II l.ISE-118 1.34E-18 
PSWLA 18-8-4 3.23E•IIl 1.2BE-12 S.48E-82 2.118E•BI 7.111E-19 1.13E-88 
PSWLA 111-8-6 2.38E•81 9 .33E-83 8.41E-12 3.11BE•ill 6.48E-119 1.113E-18 
PSWLA lB-8-8 1. 79E•81 7 .lllE-113 7 .12E-82 4.111E•II S.lSE-119 9. S3E-119 
PSILA 11!1-6-7 9.82E•81 3.B4E-112 l.lBE-Bl 1. 98E•81 2.88E-89 4. 7BE-119 
PSWLA lil-8-8 1.13E•82 4 .42E-112 1.54E-81 4. BIIE•Il 2.23E-119 3. 7IE-89 
PSWLA 11-8-9 4.18E•Il l.B3E-82 1. 711E-Ill 9.88E•Il 3.117E-111 2. 42E-119 
PSWLA 18-6-11 3.12E•Il 1.1SE-12 l.B2E·Il 1. 51E•It2 1.37E-19 1.66E-19 
PSILA 10-6-11 1. 86E•I1 7 .26E-il3 1.69E-111 2.11E•il2 7.64E-11 1. 28E-99 

TABLE B.28-b. Potassium Fraction Leached for ANS 16.1 Leach Test: Whole, 
Large Grout in Hanford Ground Water (LA PSWI0-6) 

SAMPLE 

PSILA 11-6-1 

PSWLA 111-8-2 

PSWLA 11-6-3 

PSILA 111-8-4 

PSWLA 111-6-5 

PSWLA 111-6-6 

PSWLA 111-6-7 

PSWLA 111·6-B 

PSWLA 11-6-9 

PSWLA 11-6-11 

PSWLA 11-6-11 

TABlE B.28-c. 

SA.IIPLE 

PSILA 11-6-1 

PSWLA 111-6-2 

PSWLA 16-6-3 

PSWLA 18-8-4 

PSWLA 16-8-6 

PSWLA 11-8-8 

PSWLA 11-6-7 

PSWLA 111-6-8 

PSWLA 18-6-9 

PSWLA 111-8-11 

PSILA 18-6-11 

ag LEACHED 
S.12E•IJI1 

4.32E•iJI 

6.56E•IJI 

5 .92E•IIJ 

1.12E•II 

1.2BE•IJI 

1.119E•I1 

1. 2BE•Il 

4 .4BE•Iil 

4.111E•II 

2. IIBE•II 

An/Ao CUI. An/Ao 
1. 13E-112 1.13E-12 

a. 73E-113 1. 91E-12 

1. 33E-12 3. 23E-12 

1. 21E-12 4. 43E-12 

2. 28E-113 4. BBE-1!12 

2. S9E-13 4. 92E-112 

2. 21E-12 7 .12E-12 

2. S9E-12 9. 71E-112 

9 .IBE-13 l.IBE-11 

8.19E-13 1.14E-111 

4.21E-113 1.18E-11 

TilliE days 

8.33E-82 

2. 91E-Il 

1. IIIE•IJIJ 

2.11E•II 

3.1lltE•IJI 

4.11E•II 

1. 91E•I11 

4.BIJE•11 

9. IIIE•I1 

1. 51E•It2 

2.11E•I2 

Leached for ANS 

D inc. 
9.6SE-B9 

9.21E-119 

6.22E-19 

6.28E-119 

3.B2E-11 

7.112E-11 

8. S4E-lll 

7. 83E-ll 

9.43E-11 

6.46E-11 

2.56E-ll 

16.1 Leach 

D CUI. 
9.68E-119 

9.45E-19 

7.87E-S9 

7.39E-119 

S.UE-89 

4. SSE-119 

2.11E-f9 

1.48E-119 

9.41E-11 

8.54E-11 

S.SIE-11 

Test: Boron (as H~BO~) Fraction 
Whole, Larg G out in Hanford Ground Water (LA PSWI0-6) 

19 LEACHED An/Ao CUI. An/Ao Tlt.IE days D inc. 0 CUI. 
5. 2BE-111 9.67E-114 9.67E-114 8.33E-112 8.4SE-ll 8.45E-ll 
3.68E-111 8.74E-84 l.B4E-13 2.911E-Bl 5.48E-ll 6.99E-ll 
5.44E-B1 9. 9BE-14 2.64E-B3 1. BIIE•Iil 3.51E-ll 5.23E-ll 
2.56E-Il 4.89E-B4 3.11E-B3 2.111E•BI 9.64E-12 3.83E-ll 
3 .21E-12 5 .88E-15 3 .1BE-B3 3.BIE•IIJ 2.58E-13 2. 61E-ll 
1.81E-92 2.93E-B5 3 .19E-B3 4. SIE•81 9.11BE-14 1. 92E-ll 
4 .32E-Il 7. 91E-14 3.98E-13 1. 911E•Il a. 47E-13 B.29E-12 
4.98E·il1 9.BBE-IJ4 4.89E-13 4.811E•Bl 9.41E-13 3. 7SE-12 
B.IIE•BB IJ.IIBE•01 4.89E-83 9.911E•Il II .IIE•BB 2.8BE-12 
1.68E-B2 2.93E-IIS 4.92E-83 1.51E•B2 8.48E-18 1.22E-12 
3. 2BE-112 5 .86E-B5 4. 98E-113 2.11E•82 4.98E-15 B.BSE-13 

8.50 



TABlE 8.28-d. Sulfate (SO~) Fraction Leached for ANS 16.1 Leach Test: 
Whole, Larg Grout in Hanford Ground Water (LA PSW10-6) 

SAMPLE 1g LEACHED AnfAo CUI. An/Ao THIE diiiys D inc. 0 CUI. 

PSWLA 111·11-1 4.81E•ilil 2. 74E-BS 2.74E-13 8.33E-82 s. 77E-lil 8.77E-11 
PSWLA 111-8-2 l.SIIE•iiB 9 .13E-B4 3.85E-83 2. 98E-ill 1. IIIE-111 3.48E-lil 

PSWLA 111-6-3 9.88E•BB 5.48E-il3 9.13E-83 l.BIIE•Irll l.IIISE-09 11.27E-18 
PSILA 111-8-4 -3. 28E•SI -1.83E-83 7 .38E-83 2.8iiE•IIII L46E-lil 2.81E-18 

PSWLA 1111-8-6 -l.SIIE•IIJ -9.13E-B4 8.39E-83 3.8BE•88 8. 20E-11 l.ii2E-18 

PSWLA Ul-6-6 l.SIE•II 9.13E-84 7 .38E-i13 4.811E•IIII 8.73E-11 1. BIE-111 
PSILA 11-6-7 -3.2BE•BI -1.83E-83 5.48E-83 1. 911E•Il 4.51E-12 1.19E-ll 

PSILA Ul-6-8 -9.8i1E•IIJ -S.48E-83 2.53E-19 4. BIIE•Bl 3.42E-ll l.lllE-44 
PSILA 16-8-9 -6.411E•II -3.65E-83 -3.85E-i13 9.ii8E•Bl L 63E-11 l.UE-12 
PSILA HHS-111 B.iiBE-11 4. 6BE-14 -3 .19E-B3 1. 6i1E•il2 2.iiBE-I3 6 .12E-13 

PSILA 11-B-11 8.iiiE•II 4. 6BE-13 1.37E-13 2.11E•I2 3.ii2E-ll B.BSE-14 

• 

8.51 



TABLE B.29-a. Sodium Fraction Leached for Static Leach Test: Whole, 
Small Grout in Ground Water (PSW SI0-4) 

SAIIIPLE 19 LEACHED CUI. An/Ao TilliE days 0 CUI. ( (111.2) 
PSIS 10·4-1 7 .IBE•IH 1.21E-IIl 4 .I!IE•BII 1.1aE-ea 
PSIS 11-4-2 1.43E•I2 2. 48E-IIl 1. 911E•IIl l.lBE-88 
PSIS Hl-4-3 2 .il9E•I2 3. S9E-ill 4.81E•111 9. 93E-119 
PSIS 11-4-4 2 .3BE•B2 3. 93E-Bl 9 .IIBE•IIl 6.36E-B9 
PSIS 18-4-5 2.39E•it2 4.18E-ill 1.5iiE•B2 4. 29E-B9 
PSIS UJ-4-8 2 .33E•B2 3. 99E-ill 2.11E•il2 2. 7lE-il9 

TABLE B.29-b. Potassium (K) Fraction Leached for Static Leach Test: 
Whole, Small Grout in Ground Water (PSW SI0-4) 

SAWP!..E 19 LEACHED CUI. An/Ao TII.lE days 0 CUI. ((11.2) 
PSWS 111-4-1 8.1BE•III 7.17E-12 4 .lilE•BB 3. 94E-09 
PS'IIS UJ-4-2 1.21E•Bl Ul?E-11 L9i1E•0l 1. 84E-il9 
PSIS ll!-·4-3 2.33E•IIl 2.117E-01 4.8BE•Il 3.i11E-119 
PSIS lll-4-4 2.53E•Il 2.24E-ill 9 .ililE•Bl 1. 95E-i19 
PS'IIS 11!-4-5 2.73E•Il 2. 42E-ill 1.511E•B2 1. 29E-09 
PSIS 10-4-6 2. 76E•Bl 2.44E-Bl 2.11E•il2 9.16E-111 

TABLE B.29-c. Aluminum (Al) Fraction Leached for Static Leach Test: 
Whole, Small Grout in Ground Water (PSW SI0-4) 

SAWPLE 119 LEACHED CUI. An/Ao TIWE daya 0 CUI. ({II. 2) 

PSIS 111-4-1 8.16E-81 5 .53E-14 4 .illlE•Il8 2.34E-13 

PSIS 111-4-2 1. 99E•811 1.35E-83 1. 98E•81 2.92E-13 

PSIS 111-4-3 3 .62E•II 2 .46E-83 4 .88E•81 3 .B4E-13 

PSIS 11-4-4 4 .34E•IIJ 2. 94E-113 9 .iii!IE•ill 2. 95E-1J 

PSIS 11-4-5 4.87E•iiiJ J .3iiE-IIJ 1.5iiE•il2 2.22E-1J 

PSIS 11-4-6 5.ii7E•ill!l 3.44E-IIJ 2 .11E•il2 1. 71E-1J 

TABLE B.29-d. Nitrite (N03 ) Fraction Leached for Static Leach Test: 
Whole, Small Grout in Ground Water (PSW SI0-4) 

SAUPLE mg LEACHED CUI. An/Ao rif,jE days 0 CUI. ((II. 2) 
PSIS 10-4-1 II.IIIIE•II8 lt.88E•I10 4 .00E•'Il0 il.llllE•Illli 
PSIS 18-4-2 il.il0E•88 0.illlE•il0 1. 911E•I11 il.ilBE·Bil 
PSIS 18-4-3 L20E-Bl 1. 21E-02 4 .811E•I11 9.411E-12 

PSIS 111-4-4 l.ltllE-112 l.illE-113 9.1111E•I11 3.48E-14 

PSIS 111-4-S 1. iliiE-112 l.IHE-03 1. 511E•I12 2.1l9E-14 

PSIS 10-4-8 l.lllliE-112 1. lllE-113 2.11E•Il2 1.4BE-14 

B.52 



TABLE B.30-a. Sulfate (SOf) Fraction Leached for Static Leach Test: 
Whole, Smal Grout in Ground Water (PSW Sl0-4) 

SAt.IPlE 1119 LEACHED CUI. An/Ao TIME days 0 CUI. (<ll.2) 
PSWS Hl-4-1 4. 21E•BIJ 1.0SE-12 UlilE•Illl 8.42E-ll 
PSWS 18-4-2 3.96E•08 9.87E-03 1. 9BE•Ill 1. 57E-ll 
PSWS Ul-4-3 4.86E•IJIJ 1.21E-02 4. BIIE·~'Il 9.38E-l2 
PSIS 1111-4-4 4.i!HilE•IJIJ l.BI!IE-02 9.1lilE•01 3.41JE-l2 
PSIS 111-4-5 a .ase.ee 1. 59E-02 1. 5i!E•il2 5.13E-12 
PSWS HH.-6 8.45E•IJIJ 2.11E-02 2.11E•Il2 6.46E-12 

TABLE 8.30-b. Boron (as H~BO~) Fraction Leached for Static Leach Test: 
Whole, SmalT Grout in Ground Water (PSW Sl0-4) 

SAt.IPlE •g LEACHED CUI. An/Ao TilliE days 0 CUI. (<tl.2) 
PSWS 18-4-1 8. 78E-IJ1 1 .eaE-ea 4.BiiE•IIIJ 3. 7BE-ll 
PSWS lll-4-2 1.19E•ill 9.53E-IJ3 1. 9i1E•IH L48E-ll 
PSWS 111-4-3 1.89E•IJ0 1.36E-02 4.81lE•01 1.17E-11 

PSIS 18-4-4 1. 7SE•IJI 1.41E-112 9 .iliiE•!ll 6.67E-12 
PSIS 111-4-S 1.81E•II0 1.-45E-02 1.50E•il2 4.31lE-12 
PSWS lil-4-8 1. 87E•IliJ l. SBE-02 2.11E•il2 3.27E-12 

B.53 



TABLE B.31-a. Uranium (total U) Fraction Leached for Static Leach Test: 
Whole, Small Grout in Hanford Ground Water (PSW S10-4) 

SAI.IPLE ag LEACHED CUI An/Ao THE days 0 CUI. 

S-11-4-1 2.64E-14 l.IIIE-14 4.11E•II 1.89E-14 

S-111-4-2 2.BIIE-14 1.73E-14 L91E•Il 5.93E-15 
S-11-4-3 2. 95E-14 1.79E-14 4.BIE•Il 3.28E-15 

S-11-4-4 t.BIIE-14 1.13E-14 9.81E+Il 8.95E-18 

S-11-4-5 2.81E-14 1. 71E-14 l.SIE•I2 1.44E-15 

S-11-4-6 2.21E-114 1.34E-14 2.11E•I2 B. 71E-111 
0 

TABLE B.31-b. Uranium (total U) Fraction Leached for Static Leach Test: 
Whole, Small Grout in Hanford Ground Water (PSW S10-5) 

SAMPLE ag LEACHED CUI An/Ao T!WE days 0 CUI. 

S-11-5-1 2.62E-14 1.53E-14 4 IIE•III 1. 73E-14 
S-UJ-6-2 2. 73E-14 l.BBE-14 1 91E•Il 5.41E-15 
S-11-5-3 2 .94E-14 1. 78E-14 4 BIIE•Il 3.24E-15 
5-11-6-4 2.14E-14 1.24E-14 i.JIE•Il l.IIBE-16 
S-11-5-6 2.14E-14 1.24E-14 1. SIE•I2 7. S4E-18 
S-111-6-8 2.1SE-14 1.31E-14 2.11E•II2 8.27E-18 

B.54 
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APPENDIX C 

MASS BALANCE CALCULATIONS (ESTIMATES OF TOTAL MASS LEACHED 
BASED ON CHANGES IN SOLUTION) 



• 

TABLE C. I. Mass Balance Calculations for PSW 5-l (ANS 16.1 leach Test) 

,, 
SAt.IPLE NO. EFFLUENT HGW CONC. B..UTED 

-------- PPI Ca pp1 Ca 19 Ca 

S-1-1 

5-1-2 
5-1-3 
5-1-4 

5-1-5 

5-1-6 
5-1-7 

5-1-8 

5-1-9 
5-1-lil 
5-1-11 

24.211 51.68 -15.84 

43.41 51.61 -4.32 
18.28 58.611 -19.44 
28.911 511.68 -13.12 

28.38 511.61 -13.38 

32.51 511.68 -11.86 
2.41 51.81 -28.91 

3.71 51.61 -28.14 
8.15 511.611 -28.87 

15.18 51.61 -21.311 

16.91 51.61 -21.22 

K 

SAMPLE NO. EFFLUENT HGW CDNC. B..UTED 

-------- PP• K pp1 K 19 K 

S-1-1 12.31 B.IJB 2.58 
5-1-2 9.48 8.111 11.84 

5-1-3 11.78 8.81 2.22 
5-1-4 11.78 8.1111 1.82 
5-1-5 9.48 8.11 11.84 

5-1-8 8.61 8.!118 1.38 
5-1-7 18.111 B.IJIJ 4.81! 

5-1-8 liUII B.BIJ 4.88 

5-1-9 12.81 B.IJIJ 2.88 
5-1-lil 11.71 8.118 2.22 

15-1-11 111.1111 8.811 1.21 

Si 

SIAl B..UTED I S.A.WPLE NO. 
19 Ca I --------

1 
-15.84 15-1-1 

-21.16 15-1-2 
-39.61 15-1-3 
-52.62 15-1-4 
-66.11 IS-1-5 

-76.86 I S-1-6 
-115.77 15-1-7 

-133.91 15-1-8 
-161.58 IS-1-9 
-181.88 IS-1-11 

-21112.11 15-1-11 

SUU B...UTED I S.A.NPLE NO. 

19 K I --------
1 

2.58 15-1-1 
3.42 15-1-2 

5.84 15-1-3 
7.26 15-1-4 

8.11 15-1-5 
8.46 15-1-8 

13.26 15-1-7 
18.18 15-1-8 

21.94 15-1-9 

23.16 15-1-11 
24.36 15-1-11 

I SAMPLE NO. EFFLUENT HGI CDNC. B..UTED SUW B..UTED ISAWPLE NO. 
I --------
1 

IS-1-1 

IS-1-2 
IS-1-3 
I 5-1-4 

15-1-5 
15-1-6 

IS-1-7 

15-1-8 

15-1-9 
15-1-11 
IS-1-11 

19 Si 

14.11 15.111 -6.54 
15.01 15.01 0.00 
13.61 15.10 -0.84 
14.81 15.00 -0.12 
14.51 15.00 -0.30 

14.70 15.01 -1.18 
11.40 15.il0 -2.16 

12.81 15.1118 -1.32 
13.50 15.11111 -0.9111 

15.11 15.1110 0.08 
13.88 15.88 -11.72 

mg 5i I --------
1 

-1.54 15-1-1 

-11.54 15-1-2 
-1.38 jS-l-3 

-1.51 15-l-4 
-1.81 15-1-5 
-1.98 15-1-6 

-4.14 15-1-7 
-5.46 15-1-8 

-8.36 15-1-9 
-6.30 IS-1-10 
-7.02 15-1-11 

C.! 

,, 
EFFLUENT HGW CONC. B..UTED SUW B..UTED 

pp1 Na pp1 Na 19 Na 19 Na 

57.30 25.18 19.38 

31.41 25.18 3.84 
53.21 25.81 16.92 
45.50 25.88 12.38 
38.11 25.1111 7.86 

34.18 25.!!18 5.46 
91.7!!1 25.01 41.12 

1118.11 25.11 49.88 
71.80 25.01 28.18 
58.20 25.111 18.72 

43.08 25.00 111.88 

AI 

EFFLUENT HGW CDNC. 8.UTED 
PP• AI pp• AI •g AI 

0.!!17 1.13 11.12 
I .IS 1.13 1.11 
0.14 11.03 11.16 

0.13 1.03 1.111 
1.113 11.1113 0.1111 

1.113 1.03 0.18 
0.13 8.113 I. II 

11.03 1.13 111.118 

8.83 8.13 11.18 

11.03 0.03 8.811 
11.03 I. 13 1.111 

•• 

19.38 

23.22 
48.14 

52.44 
61.311 

85.76 
1115.78 
155.58 

183.68 
202.38 

213.18 

SIM 8.UTED I 

•9 .A. I I 
I 

11.12 1 
11.03 1 

11.11!1 1 

1.111 1 

1.111 1 
0.10 1 

11.18 1 
1.10 I 

11.18 1 
I .Iii I 
0.111 1 

EFFLUENT HGI CONC. B..UTEO SIAl B..UTED 
ppl Wg ppl Wg 119 !.lg 119 Wg 

11.28 13.411 -1.32 -1.32 

13.68 13.48 8.12 -1.20 
U.30 13.48 -1.66 -3.116 

11.911 13.48 -8.91 -3.96 
11.711 13.48 -1.82 -4.98 
12.411 13.40 -8.611 -5.58 

8.98 13.4111 -7.45 -13.03 

1.84 13.40 -6.94 -19.97 

8.72 13.40 -2.81 -22.77 

11.28 13.48 -1.92 -24.89 

11.10 13.48 -1.38 -26.87 



TABLE C.!. (contd) 

H3BD3 504 

jSAWPLE NOEFFLLENT HGI CONC. aurED SUW a.UTE SAWPLE HDEFFLUEHT HG'I CDNC. aUTED SIAl aVTEI 

--------· PPI 504 PPI 504 19 504 •g 5n4 I 
I 

1-------- PPI 8 PPII B •gB 1gB 

I 
15-1-1 
IS-1-2 

15-l-3 

)5-1-4 
IS-1-5 

1 s-t-s 
15-1-7 

IS-1-8 
1 s-t-9 
15-1-11 
jS-1-11 

1.81 

1.48 
1.68 
I. 54 

8.48 

11.45 

I. 78 

I. 74 

8. 52 

1.88 

1.42 

1.41 1.23 
8.41 1.13 

1.41 11.18 
1.-41 1.18 
iJ .41 1.114 

1.41 8.12 

IJ . .U 11.22 
8.41 I. 21 
1.41 1.87 

1.41 -8.25 
1.41 tUJI 

IC 

8.23 

1.28 
1'-43 

lUI 

8.55 

8.57 

8. 79 

1.99 

1.88 
1.81 

8.82 

5-I-1 

5-1-2 
5-1-3 
5-1-4 

5-1-5 
5-1-8 
5-1-7 

5-1-8 

5-1-9 
5-1-111 

5-1-11 

11.1111 67.11 2.41 2.41 1 

75.11 67.18 4.88 1.21 1 
73.1!1! 67.1!1! 3.61! 11!.88 1 
77.1!1! 67.1!1! 6.1!1 16.81! 1 

79.1!1! 67.1!1! 1.211 24.11 1 
75.1!1! 67.1!11! 4.81 28.81! 1 
66.1!1! 67.1!11 -1!.61! 28.21! 1 

66.118 67.1!1! -1.611 27.61 1 
71!.1!11 67.1!1! 1.81 29.41 I 
64.41 67.11 -1.sa 27.84 1 
71.1!1! 67.81 2.41 31.24 1 

TOC 

I SAWPLE NO EFFLUENT HGW CONC. 

1-------- pp1 IC pp1 IC 

I 

B..UTED SUW B..UTEISAWPlE NOEFFLUENT HGW CONC. B..UTED 
1g IC 1g IC 1-------- pp1 TOC PPI TnC 19 TOC 

I 

Slll a.UTEI 
19 TOC I 

I 
1!.25 1 
1.71 1 
e .94 1 

1.35 I 
I .48 I 
1.58 1 
1. 94 1 
3 .ta 1 

3. 77 1 

4.31 1 

IS-1-1 
I S-1-2 
jS-1-3 

)S-1-4 
IS-1-S 

16-1-8 

15-1-7 
I 5-1-8 

]5-1-9 
IS-l-UI 

19.115 34.11 
31.12 34.11 

17.87 34.18 
18.48 34.11 

24.17 34.111 
26.37 34.18 
12.41 34.11 

15.89 34.111 
21.14 34.11 

23.88 .:U.ll 

17.33 17.33 15-1-1 

-2.39 14.94 15-1-2 
-9.86 5.88 15-1-3 
-9.37 -4.29 15-1-4 

-6.12 -11.31 15-l-5 
-5.24 -15.54 15-1-6 

-13.12 -28.56 15-1-7 
-11.15 -39.61 15-1-8 
-8.44 -48.15 15-1-9 
-6.13 -54.18 15-1-11 

C.2 

11.66 

1.211 
8.85 
1.14 

1!.67 
8.61 

1.1!6 
2.51 
1.43 
1.36 

11.45 
1.45 
8.45 

1!.45 
11.45 
I. 45 

1!.46 
11.45 
e. 45 
1!.45 

1.25 
IUS 
8.24 

1.41 
1!.13 

lUI! 

"· 37 
1.24 
B. 59 
1.55 

• 



• 

TABLE C.2. Mass Balance Calculations for PSWA 7-1 (ANS 16.1 Leach Test) 

c. ,, 
I 

SAMPLE NO. EFFLUENT HCI CONC. B..UTED 

-------- pp1 Ca ppl Ca 19 Ca 

SIJI B..UTED I SAMPLE NO. 
•g Ca I --------

1 

EFFLUENT HGI CDNC. aUTED Sill~ aUTED 

PP'I Na pp1 Na 19 N11 19 N11 

7-1-1 
7-1-2 

7-1-3 

7-1-4 
7-1-5 
7-1-6 
7-1-7 

7-1-8 

7-1-9 

7-1-111 

7-1-11 

jSAWPLE NO. 

I ·----·--
1 

17-1-1 

17-1-2 

17-1-3 
17-1-4 

17-1-5 

17-l-6 
17-1-7 

17-l-8 
17-1-9 

17-1-11 

17-1-11 

ISAWPLE NO. 

I --------
1 

17-1-1 
17-1-2 

17-1-3 

17-1-4 

]7-1-5 

17-1-6 

]7-1-7 

17-1-8 

]7-1-9 

]7-1-111 

17-1-11 

9.12 51.61 -24.95 -24.95 17-1-1 93.811 25.11 41.28 

42.18 58.68 -5.18 -31.15 17-1-2 31.511 26.18 3.311 

25.51 5111.61 -15.86 -45.11 17-1-3 39.18 25.1111 8.46 

31.811 511.611 -11.28 -56.39 17-1-4 36.11 25.1111 6.68 

35.38 511.611 -9.18 -85.57 17-1-5 35.41J 25.1111 6.24 

411.111 511.611 -6.31! -71.87 17-1-6 32.11 25.18 4.26 

4.53 511.611 -27.64 -99.51 17-1-7 79.511 25.11 32.71 

8.99 58.68 -24.97 -124.48 17-1-8 56.611 25.11 18.98 

24.88 58.68 -15.48 -139.911 17-1-9 43.111 25.11 UJ.88 

24.78 58.88 -15.54 -155.51 17-1-11 41J. 711 26.18 9.42 

32.811 51!1.81 -18.88 -188.18 17-1-11 31.ilfl 26.ilil 3.611 

K AI 

S:FLUENT HGI CONC. B..UTED SUW B..UTED ]SAMPLE Nil. EFFLUENT HGI CIINC. ELUTED 

19 AI pp1K pp1K 1gK 1gK I -------- pp1 AI pp1 AI 

15.811 

8. 911 

9.611 

111.1111 

111.1111 

8.611 

14.1111 

12.111 

8. 911 

8. 71 

8.11 

8.111 

8.811 

8.811 

8.811 

8.1111 

8.11fl 

8.11fl 

8.111 

8.11 
8.11 

8.011 

Si 

4.68 

0.54 

0.96 

1.20 

1.20 

IJ.36 

3.60 

2.40 

8.54 

0.43 

0.17 

I 
4.68 17-1-1 

6.22 17-1-2 

8.18 ]7-1-3 

7.38 17-1-4 

8.58 ]7-1-5 

8.94 17-1-6 

12.64 17-1-7 

14.94 17-1-8 

15.48 17-1-9 

15.91 17-1-11 

15.97 17-1-11 

8.18 

1.13 

e .16 

IJ .116 

e.ll5 

11.13 

'-" 
II.IJ3 

ll.e3 
11.13 

IJ.e3 

e. 113 

e.l3 

11.83 

8.e3 

r.1.e3 

l.e3 

0.83 

8.83 

8.83 

8.13 

8.03 

,, 

ll.e3 

1.86 

1.112 

1.112 

8.111 

e.lll 
e. 1e 

e. 1e 
e.0e 
1!.08 

11.111 

4t. 2s 1 

44. sa 1 

53.1J4 J 

59.111 1 

65.94 1 

1e.21J 1 

1112. 9e 1 

121.86 1 

132.72 1 

142.14 1 
146.74 1 

I 
SLJI ELUTED I 

19 AI I 

1.113 

8.19 

8.11 

11.13 

11.14 

r.1.14 

1.15 

r.1.15 

IJ.15 

8.15 

11.16 

EFFLUENT HGI CIINC. El...lJTED 5Ut.l ELUTED ISAWPLE Nil. EFFLUENT ftGW CDNC. ELUTED SUM ELUTED 

PPI Si PPI Si 

11.08 15.1111 

13.68 15.11e 

12.88 15.88 

13.48 15.811 

14.31 15.81 

14.38 15.11J 

13.711 15.011 

14.10 15.88 

14.61 15.80 

15.18 15.110 

14.211 15.111 

19 Si 

-2.411 

-11.84 

-1.32 

-11.96 

-0.42 

-8.42 

-11.78 

-1.54 

-0.24 

e.llll 
-8.48 

19 Si I -------- PPI t.lg ppl 1119 19 lolg 19 t.lg 

I 
-2.4e 17-1-1 5.08 13.48 -4.99 -4.99 1 

-3.24 17-1-2 12.1e 13 48 -11.78 -s. 11 1 

-4.56 17-1-3 11.28 13.411 -1.92 -7.69 1 

-5.52 17-1-4 18.88 13.411 -1.56 -9.25 1 

-5.94 17-1-5 11.51 13.48 -1.14 -18.39 1 

-6.36 17-1-6 12.118 13.4e -r.1.84 -11.23 I 
-7.14 17-1-7 3.89 13.48 -5.71 -16.94 1 

-7.58 17-1-8 8.1J3 13.41 -3.22 -21.16 1 

-7.92 17-1-9 11.50 13.4e -1.14 -21.31 1 

-7.92 17-1-11! 12.50 13.48 -11.54 -21.64 1 

-8.4e 17-1-11 13.211 13.411 -11.12 -21.96 1 

C.3 



TABLE C.2. (contd) 

H3803 '" I 
JSAWPLE NDS:FLUENT HGI COHC. B_UTED SUW B..UTE!SAWPLE NOEFFLUENT HG1 CDHC. B_UTED SLU B..UTEJ 

1·------- PPI B PPI 8 og B •o B 1-------- pp1 504 PPI 504 119 504 19 SD4 I 
I I I 
17-1-1 1. 25 1.41 I. SIJ 8.511 17-1-1 75.11 57.111 4.88 4.811 I 
17-1-2 1.47 11.41 IJ .114 111.54 17-1-2 87 .II 67.1111 1.1111 4.811 I 
17-1-3 1.115 11.41 1.14 1.68 17-1-3 89.1111 87.11 1. 21 s.ee 1 
17-1-4 11.53 11.41 11.17 1.76 17-1-4 71.18 87.811 2.41 8.41 1 

)7-1-5 11.58 1.41 11.85 1.81 17-1-5 89.88 67.88 1.28 9.81!1 1 

17-1-8 1.43 1.41 lUll 1.82 17-1-8 69.88 87.18 1. 211 liJ.BIJ I 
17-1-7 I. 78 •. 41 1.21 1.83 17-1-7 88.118 67.118 -IJ.68 111. 21 I 
17-1-8 IUl 11.41 I .118 1.89 17-1-8 88.111 67.88 -1.88 9.611 I 
17-1-9 11.48 8.-41 -11.11 1.19 17-1-9 71_,,. 87.811 2. 48 12.88 I 
17-1-18 11.48 8.41 -8.81 1.18 17-1-18 68.98 67 .Ill 1.14 13.14 I 
17-1-11 8.42 11.41 8 .Ill 1.89 17-1-11 78 .II 67.81 1.88 14.94 I 

lC TDC 

I SAYPLE Nil EFFLUENT HGI CDNC. B_UTED SUW auTEISAWPlE NOEFFLUENT HGW CDNC. B_UTED Sl.U ELUTEI 

1-------- pp1 IC PP• IC 1g IC •g IC 1-------- pp1 TOC PP• TOC 1g TOC •g TOC I 
I I I 
17-1-1 37.12 34.11 17.33 17.33 17-1-1 1.38 1.45 I. 58 8.58 I 
17-1-2 28.98 34.18 -4.27 13.118 17-1-2 1.88 1.45 8.14 e. 11 1 

17-1-3 t9.5g 34.18 -8. 7l 4.35 17-1-3 1.45 e. 45 8.81 1.71 I 
17-1-4 28.17 34.11 -4.82 -1.47 17-1-4 1.82 1.45 1!1.11 1.81 1 

17-1-5 27.42 34.11 -4.11 -4.H 17-1-5 1.88 8.45 1.14 t.94 1 

17-1-8 31.58 34.111 -2.12 -8.61 17-1-8 1.79 1.45 11.21 1.14 I 
17-1-7 11.41 34.11 -13.81 -21.21 17-1-7 1.94 8.45 8.29 1.43 I 
17-1-8 18.28 34.11 -11.71 -38.92 17-1-8 1.82 1.45 1.22 1.88 I 
17-1-9 5.73 34.11 -17.82 -47.94 17-1-9 8.44 8.45 -1.11 1.55 I 

C.4 
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TABLE C.3. Mass Balance Calculations for PSWLA 7-6 (ANS 16.1 Leach Test) 

,, 
SAU.PLE NO. EFFLUENT HGW CCNC. B..UTED SIAl B..UTED jSAWPLE NO. 

7-5-1 
7-6-2 

7-S-3 

7-6-4 
7-6-5 

7-6-6 
7-6-7 

7-5-8 

7-6-9 
7-6-111 
7-6-11 

I SAII!PLE NO. 

I ··-····-
1 

17-6-1 

17-6-2 
[7-6-3 

[7-5--4 

[7-6-5 

17-6-6 

17-6-7 

17-5-8 

17-6-9 

17-6-10 
17-6-11 

[SAMPLE NO. 

I ·······-
1 

17-ti-1 
17-6-2 

17-6-3 

17-6-4 

17-6-5 

17-6-6 

17-5-7 

17-6-8 

[7-6-9 

17-5-Hl 

17-6-11 

pp1 Ca 

32 .31! 
36.58 

15.30 

27.211 
26 .4il 

33 .2il 

5.28 

7.43 

16.00 
211. 9il 

21.60 

511.68 

50.60 

511.60 
50.61 
511.68 

511.611 

59.60 
50.61!1 

50.68 

50.68 
511.611 

K 

19 Ca 

-29.28 
-22.56 
-58.48 

-37.U 
-38.72 

-27.84 

-72.51 

-69.117 
-55.36 

-47.52 
-46.40 

-29.28 
-51.84 

-108.32 
-145.76 
-184.46 

-212.32 

-264.83 
-353. 9il 

-4!119.26 
-456.78 
-5113.18 

I ·-··-·--
1 

17-6-1 

17-6-2 

17-6-3 

17-6-4 

17-5-5 

17-6-6 

17-6-7 

17-6-8 

17-6-9 

17-6-Ul 

17-6-11 

EFFLUENT HGW CONC. B..UTED SUI.! B..UTED jSAt.IPLE NO. 

PPI K 

11.30 

9.48 

12.40 

11.60 

lil. 8!!1 

H!.28 
16.48 

13.1!0 

HI. 811 

9.51 

H!.011 

PPII K 

8.1!11 

8.1!11 

8.111! 

8.111! 

8.1111 

8.1!11 

8.1111 

8.1111 

8.1111 

8.1!11 

8.1!6 

,, 

•O K 

5.28 

2.24 

7.114 

5.76 

4.48 

3.52 

13.44 

8.110 

4.16 

2.42 

3.21! 

'0 K I ·--··---
1 

5.28 17-6-1 

7.52 17-8-2 

14.56 17-8-3 

211.32 17-6-4 

24.86 17-6-5 

28.32 )7-6-6 

41.76 17-8-7 

49.76 17-6-8 

53.92 17-6-9 

58.34 17-6-lt"l 

59.54 17-6-11 

EFFLUENT HGW CONC. B..UTED SUt.l B..UTED jSAWPLE NO. 

PPII Si PPII Si 

14. 1il 

14. Bil 

14.26 

14.16 

14.50 

14.7il 

13.41il 

12. 71l 

13. Sll 

13.511 

13. 51! 

15 .llll 

15.1lll 

15.1!8 

15.1!0 

15.1!8 

15.08 

15.il8 

15.111! 

15.80 

15.00 

15 .llll 

-1.44 

-8.54 

-1.28 

-1.44 

-11.88 

-ll. 48 

-2.58 

-3.68 

-2.41! 

-2.24 

-2 .41! 

~9 s i I ·····--· 
I 

-1.44 17-6-1 
-2.88 17-6-2 

-3.36 )7-5-3 

-4.88 17-5-4 

-5.61! 17-8-5 

-6.1!8 17-6-6 

-8.54 17-6-7 

-12.32 17-6-8 

-14.72 17-6-9 

-16.96 17-6-lll 

-19.36 17-5-11 

c.s 

,, 
I 

EFFLUENT HGW CONC. B..UTED SUIII B..UTED I 
PPI Nil 

51.41! 

38.41! 

54. 81l 

44.88 

40. 91! 

35.71 

85.11! 

61. 2il 

49.80 

47.50 

39.70 

pp11 Na 

25.68 

25.80 

25.88 

25.81! 

25.80 

25.88 

25.08 

25.88 

25.88 

25.86 

AI 

119 Na 

42.24 

47.36 

31.58 

25.44 

17.12 

96.16 

57 92 

39.68 

36.00 

23.52 

42.24 

63.68 

111.1!4 

142.72 

168.16 

185. 28 

281.44 

339.36 

379.84 

415.84 

438.56 

EFFLUENT HGW CONC. B..UTED Sllll B..UTED 

PPI AI PPI AI 119 AI 

8.28 

8.11 

6.11 

11.18 

1!.04 

1!.83 

8.06 

8.13 

8.10 

1.85 

1.88 

il. 13 ll. 28 
0.1l3 0.13 

1.83 11.13 

0.83 8.11 

8.13 0.02 

8. 03 1!.81 

0.83 0. 05 

0.03 8. 08 

0.03 -il.04 

8. 03 8.83 

il.ll3 -0.1l4 

•• 

~9 A I 

0. 28 

0.41 

B. 54 

8.68 

8.58 

11.58 

6.73 

8. 73 

"· 69 

"· 72 
8.67 

EFFLUENT HGW CONC. ELUTED SUM ELUTED 
PPIII lolg pplll Mg ~g 1.19 

12 ~ll 

12.78 

lll.78 

11.20 
11.38 

12.08 
6.17 

6.81 
8.1!9 

8.38 

9. 52 

13.411 -2 24 

13.4il -1 12 

13.48 -4 32 

13.48 -3.52 

13 .• il -3.36 

13.48 -2.24 

13..40 -11.57 

13.48 -10.54 

13.40 -8.58 
13.40 -8.83 

13.48 -6.21 

mg lolg 

-2.24 

-3.36 

-7.68 

-11.20 

-14.56 

-16.81!1 

-28.37 

-38.91 

-47.41 

-55.44 

-61.65 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



TABLE C.3. (contd) 

H3B03 S04 

JSAWPLE NOEFFLUENT HGI CONC. aUT ED SUW auTEjSAMPLE NOEFLUENT HGW CONC. B..UTED SUt.l ELUTEJ 

1-------- PP• B PPI 8 ., 8 ., 8 1-------- plll 504 ppl 504 ag 504 IQ 504 I 
I I I • 
17-6-1 11.113 111.41 1!.35 11.35 17-11-1 71.1111 67. ill 6.49 6.41 I 
17-6-2 il.Sl 11.41 B .16 1!.51 )7-6-2 67.1111 117. ilil B.00 6.411 I 
17-6-3 11.67 il. -41 il.42 11.93 17-6-3 7U!II 57. ilil 6.40 12 Bil I 
17-6-4 il.SS II. -41 11.22 1.15 17-6-4 69. '"' 

67 011 3.20 15.111! I 
17-6-5 11.49 11.41 11.13 1.28 17-5-5 57.1111 67.011 IUI0 16.!!0 I 
17-6-6 il.-45 il-41 0.06 1.34 17-6-6 67.011 67.00 !Uiil 16 00 I 
17-6-7 0. 76 It. -41 IUS 1.91 17-6-7 78.68 67 .ilil 5. 69 21.89 I 
17-6-8 0. 52 11.41 8.18 2.118 17-8-8 65.011 67.ilil -3. 21! 18.69 I 
[7-6-9 0.62 11.41 1.18 2.28 17-8-9 71.01 67.110 6.48 25.119 I 
]7-6-11 B.Sil 11.41 0.14 2.48 17-8-ll! 66.80 87.00 -11.32 24.77 I 
17-8-11 0.42 ii.U IU!2 2.42 17-6-11 7UlB 67.1!!! 6.4!! 31.17 1 

IC TOC 

I SAWPLE NOEFFLUENT HGW CONC. B..UTED SUW B..UTE[SAWPI..E NO EFFLUENT HG'f CCNC. aUTED SUW B..UTEI 

1-------- pp1 IC ppm IC 19 IC 1g IC 1-------- Pfll TOC ppll TOC 19 TCC 119 TCC I 
I I I 
17·6-l 21.72 34.1!! ·19.81 ·19.81 17·6-1 !!.86 !!.45 0.66 !!.66 I 
17-6-2 25.89 34 .11! -13.14 ·32.94 17-6-2 !!.94 11.45 !!.78 1.44 I 
17-6·3 17.86 34.1!! -25.96 -58.93 17-6-3 ' 83 0.45 il.51 2.!!5 I 
17-6-4 2!!.46 34.1!! -21.82 ·8!!.76 17·6-4 "' !!.45 0.59 

2 " I 
17-6-5 23.71 34.111 -16.52 -97.38 17-6-5 !!.59 0.45 0. 22 2.86 I 
17-6-5 26.91 34 .11iJ -11. SB -1!!8.88 17-6-6 0.98 '" liJ.85 3. 71 I 
17-5-7 16.39 34.1!! -28.34 -137.22 17-6-7 1.31 !!.45 1. 36 5.09 I 
17-5-8 18.81 34.1!! -24.48 -161.66 17-6-8 1!.95 0. 45 il.80 5 89 I 
17-6-9 4. 22 34.11! -47.81 -21!9.49 17-8-9 ll.41 0.45 -a.aa 5.82 I 

. ' 

C.6 
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" 

TABLE C.4. Mass Balance Calculations for PSW 9-1 (ANS 16.1 Leach Test) 

c. 

SAt.IPLE NO. EFFLUENT HOW CONC. 8.UTED 
-------- pp1 Ca pp1 Ca 19 Ca 

9-1-1 

9-1-2 
9-1-3 

9-1-4 

9-1-5 

9-1-6 
9-1-7 

9-1-8 

9-1-9 

9-1-UJ 

9-1-11 

16.91 51.61 -21.22 
41.11 51.61 -5.76 
26.411 511.611 -14.52 

32.411 Sii.Brll -11.92 
38.58 51.811 -8.46 
42.111 511.611 -5.11 

5.34 511.61 -27.16 

7.57 51J.611 -25.82 

13.31 511.68 -22.38 
19.211 58.61 -18.84 

26.81 51.611 -14.28 

K 

I SAI.IPLE NO. EFFLUENT f!GW CDHC. aUT ED 

I -------- pp1 K PP• K 19 K 

I 
]9-1-1 

19-l-2 
19-1-3 
19-1-4 
]9-1-5 

19-1-6 
19-1-7 
19-1-8 
19-1-9 

19-1-lB 

]9-1-11 

]SAMPLE NO. 
I , _____ _ 

I 
]9-1-1 

19-1-2 
19-1-3 
19-1-4 
19-1-5 
19-1-6 
]9-1-7 

19-1-8 
]9-1-9 

19-1-lll 

19-1-11 

11.91 
8.!11 
9.11 
9.111 

8.811 
8.911 

12.811 
12.111 
11.811 
9. 53 

8.42 

8.111 

8.11 
8.81 
8.81 
8. 81 

8.811 
8.11 

8.811 
8.811 
!1.811 

8.811 

Si 

2.34 
1.38 
1.88 

8.86 
11.48 

11.54 
2.88 

2.41 
1. 58 
8.92 
8.25 

EFFLUENT HGW CONC. B..UTED 

pp• Si pp11 Si •g Si 

12.58 15.88 -1.58 
13.88 15.88 -1.84 
13.1B 15.B8 -1.14 
13.611 15.8B -8.84 
14.68 15.118 -1.24 
14.61 16.118 -8.12 

14.BB 15.111 -1.61 
13. 7B 15.8B -t'-78 

13.91 15.811 -1.66 
14.98 15.BI -8.88 

14.48 15.88 -8.36 

SIAl 8.UTED ]SAMPLE NO. 

19 Ca l --------
1 

-21.22 19-1-1 
-25.98 ]9-1-2 

-41.51 19-1-3 
-51.42 ]9-1-4 

-59.88 19-1-6 
-64.98 ]9-1-8 

-92.14 19-1-7 
-117.95 19-1-8 
-148.33 19-1-9 

-159.17 19-1-11 
-173.46 19-1-11 

,, 
EFFLUENT HGI CONC. B..UTED SUW B..UTED 

ppll N1 pp11 N• 119 Na •9 Na 

!17.111 25.11 

31.1111 25 .Ill 
39.911 25.1111 
3!1.11 25.1111 
34.71 25.1111 

31.51 25.1111 
711.51 25.1111 
57.911 25.1111 

51.81 25.1111 
45.51 25.1111 
32.21 25.111 

26.28 
3.811 
8. 94 
7.88 
5.82 

3.911 
27.38 
19.74 

18.88 
12.311 
4.32 

25.28 
28.811 
37.811 

45.811 
51.48 
55.38 
82.68 

182.42 

118.51 
13B.81 

135.12 

SUW ELUTED I SAWPI..E NO. EFFLUENT HGW CONC. ELUTED SUW B..UTED 

•9 K I -------- PP• AI PP• AI 

I 
•gAl •gAl 

2.34 19-1-1 
2.78 19-1-2 
3.36 19-1-3 
4.12 19-1-4 

4.5B 19-1-5 
5.84 19-1-8 
7.92 19-1-7 

11.32 19-1-8 
11.88 19-1-9 
12.88 19-1-11 
13.15 19-1-11 

SUW a.UTED ISAWPLE NO. 
119 Si I --------

1 

-1.51 19-1-1 

-2.34 19-1-2 
-3.48 19-1-3 
-4.32 19-1-4 
-4.58 19-1-5 

-4.88 19-1-8 
-5.28 19-1-7 
-8.18 19-1-8 

-8.72 19-1-9 
-6.78 19-1-18 

-7.14 19-1-11 

C.7 

8.43 
8.12 

8.83 
B.l3 
1.13 

1.113 
11.83 
8.83 
8.83 

8.1!3 
11.13 

1.83 
8.83 
11.83 

II. 83. 
B. 83 

8.03 
8.83 
B.83 
B.83 
1!.113 

8.83 

,, 

8.24 
B. 85 
B.Bi! 
8.88 

8.1!8 
IJ.ill 

1.1!8 

I.BB 

1.111 
B. BB 

1!.1!8 

8.24 
8.29 
B. 29 
1!.29 

e. 29 
8.29 
B.29 

8.29 
B.29 
B.29 

B.29 

EFFLUENT HGI CCNC. B..UTED SUW B..UTED 

PP• folg pp• llg •g Wg 19 M9 

9.86 13.48 -2.24 -2.24 
11.98 13.4B -i!.9B -3.14 I 
11.2B 13.4B -1.92 -s .118 1 

ll.Bil 13.48 -1.44 -8. s11 1 
12.81 13.41 -8.84 -1.34 1 

12.811 13.4B -B.-48 -7.82 1 
8.92 13.4B -3.89 -11.11 I 
5.81 13.41 -4.55 -18.27 1 

7.95 13.4B -3.27 -19.54 1 
11.88 13.4B -11.98 -21.511 1 
13.38 13.411 -8.88 -211.58 1 



TABLE C,4. (contd) 

K3B03 '" 
I SAMPLE NOEFFLUEHT HGW CDNC. B_UTED SUM B..UTEISA.WPLE HCEFFLUBH HGI CONe. B..UTED SLU ELUTE 

1-------- pp1 B PP• 8 ., ' ., ' 1-------- pp1 504 pp1 504 19 504 19 504 

I I • 
19-1-1 I. 98 1.41 11.34 11.34 19-1-1 73.18 67.H 3.58 3.68 

19-1-2 8.52 tUl 1.17 1.41 19-1-2 64.11 67.111 -1.88 1.88 

19-1-3 8.57 I . .U 1.18 IJ.58 19-1-3 69.18 57 .Ill 1. 211 3.1118 

19-1-4 8.52 8.41 8.87 1.57 19-1-4 67.118 67.88 1.111 3.88 

19-1-5 liU7 s.u 1.84 8.61 19-1-S 64.1J8 67 .81!1 -1.811 1.2il 

19-1-6 8.47 1.41 8.84 8.64 19-1-11 69.08 67 .ill l. 211 2.4111 

19-1-7 8.65 8.41 1.14 IJ. 79 19-1-7 68.08 87.118 11.611 3.1111 

19-1-B 8.67 8.41 8.18 8.94 19-1-8 BUll 67 .ill -8.611 2.48 

19-1-9 8. 57 11.41 1.18 1.14 19-1-9 71.811 87 .II 2.48 4.81 

19-1-HJ 1.42 1.41 8.11 1.84 19-1-11 88.98 87.81 1.14 5.94 

19-1-11 8.-41 8.-41 8.81 1.114 19-1-11 71.1!18 87.111 2.411 8.34 

IC TOC 

I SAMPLE NOEFFLUENT HGI CONC. B_UTED SUM aUTEjSAMPL.E NDEfFLUENT HGW CONC. aUTED 51.11 a.UTEI 

1-------- pp1 IC pp1 IC 19 IC 19 IC 1-------- pp1 TOC pp1 TOC 19 TOC •9 roc I 
I I I 
19-1-1 18.87 34. HI 17.33 17.33 19-1-1 1.18 1.45 8.38 1!1.38 I 
19-1-2 27.92 34.11 -3.71 13.82 19-1-2 1.91 II. 45 IJ.28 11.65 I 
19-1-3 21.95 34.11 -7.29 6.33 19-1-3 IUS IUS 1\1.18 11.83 I 
19-1-4 26.38 34.11 -4.63 1.78 19-1-4 11.73 11.45 11.17 l.IUl I 
19-1-S 28.34 34.18 -3.46 -1.76 19-1-5 '.86 1.45 11.13 1.13 I 
19-1-6 31.33 34.11 -1.88 -3.42 19-1-6 1.67 8.45 6.13 1. 26 I 
19-1-7 18.39 34.11 -111.63 -14.14 19-1-7 1\1.85 IJ. 45 B. 24 1. 511 I 
19-1-8 14.26 34.11 -11.91 -25.95 19-1-8 11.67 11.45 1.13 1.63 I 
19-1-9 4.19 34.111 -18.111 -43.911 19-1-9 11.54 IL45 lUIS 1.69 I 

C.B 
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TABLE C.5. Mass Balance Calculations for PSWA 10-1 (ANS 16.1 Leach Test) 
,, ,, 

SAMPLE Nil. EFFLUENT HGI CONC. B..UTED SUM B..UTED \SAWPLE NO. B=FLUENT HGI CONC. aUTED SUM aUTED 

-------- pp1 Ca pptl Ca ag Ca ag Ca I -------- pp1 Na PPI Na 19 Na 19 Na 

111-1-1 

111-1-2 
11-1-3 

lfl-1-4 

10-1-5 
10-1-6 

10-1-7 

111-1-8 
Ul-1-9 

11-1-111 
111-1-11 

/SAI.IPLE NO. 

I --------
1 

/Hl-1-1 
llil-1-2 
\11-1-3 

I Ut-1-4 

\11-1-5 
\liH-6 

\Ul-1-7 

\111-1-8 

\HH-9 
\11!-1-11 

\11!-1-11 

\SAWPLE NO. 
I --------
1 

\HH-1 

\UH-2 

\lil-1-3 

\111-1-4 

\HH-5 

\111-1-6 

I UJ-t-7 
\111-1-8 

/liH-9 
1 lil-1-10 
\lll-1-11 

28.211 51.611 -14.64 

43.611 51.611 -4.21 

28.11 51.611 -13.51 

32.1111 51.611 -11.111 

32.21 SIJ.Sil -11.1!4 

36.21 SIJ.Bil -8.64 

1.79 SiJ.SIJ -29.29 

1.711 511.51J -29.34 

7.52 58.66 -25.85 

11.91 511.611 -23.21 
16.31 511.611 -211.58 

K 

EFFLUENT HGW CO NC • B..UTED 
pp1K ppaK agK 

11.811 

9.48 

111.811 

9. 98 

9.48 

8.61!1 

16.811 

19.41!1 

12.111 

11.211 

111.31 

8.11 

8.18 

8. "" 
8.111 

8.18 

8.11!1 

8.88 

8.111 

8.111 

8.011 

B. 011 

s; 

2.28 

0.84 

1.56 

1.14 

8.84 

1!1.36 

4.81 

6.64 

2.46 

1.92 

1.38 

1 

-14.114 \11-1-1 
-18.84 \11-1-2 
-32.34 /11-1-3 

-43.44 llll-1-4 
-54.48 \18-1-5 

-63.12 llB-1-6 
-92.-41 \111-1-7 

-121.76 111-1-8 

-147.59 111-1-9 

-171.81 IUJ-1-11 

-191.39 111-1-11 

56.11 

36.31 

46.11 

41.118 

38.1111 

32.98 

89.58 

129.81 

83.48 

61.81 

36.58 

25.11 

25.1111 

25.111 

25.111 

25.1!18 

25.1!11!1 

25.11 

25.811 

25.11 

26.18 

25.111 

AI 

SUW auTED I SAWPI..E NO. EFFLUENT HG'I CONC. 

1g K I -------- pp1 AI ppl AI 

I 
2.28 111-1-1 

3.12 1111-1-2 

4.68 111-l-3 

6.82 111-1-4 

6.66 111-1-S 

7.12 1111-1-6 

11.82 1111-1-7 

18.66 1111-1-8 

21.12 111-1-9 

23.114 111-1-111 

24.42 111-1-11 

1.19 

I .21 

1!1. 21 

8.15 

8.13 

IU3 

8.13 

8.83 

8.il3 

8.83 

1!1.13 

11.83 

11.13 

II. 113 

B. 113 

11.113 

11.83 

11.113 

11.13 

il.l3 

11.03 

II. 13 

,, 
EFFLUENT HGI CONC. aUT ED SUM B..UTEO )SAWPI..E NO. EFFLUENT HGW CONC. 

PPI Si PPI Si 19 Si 11g Si I -------- PPI t.lg PPI Mg 

I 
13.71 15.11 -11.78 -11.78 )111-1-1 11.511 13.411 

13.91 15. Ill -11.66 -1.44 )111-1-2 17.411 13.411 

12.58 15.111 -1.51 -2.94 1111-1-3 9.87 13.411 

12.88 15.111 -1.32 -4.26 1111-1-4 11.411 13.411 

14.111 15.18 -1.54 -4.811 1111-1-5 11.811 13.411 

14.11 15.88 -8.54 -5.34 118-1-8 12.211 13.48 

13.98 15.11 -1.66 -6.1111 )11!1-1-7 2.24 13.41 

12.911 15.ilB -1.26 -7.26 1111-l-8 1!1.117 13.411 

13.111 15.118 -1.14 -8.48 1111-1-9 8.12 13.411 

6.58 15.118 -5.115 -13.45 110-1-111 8.85 13.41!1 

ll.il6 15.ill -6.96 -22.42 111-1-11 9.58 13.411 

C.9 

18.66 

6. 78 

12.1!18 

9.118 

7.811 

4.74 

38.711 

62.48 

23.114 

15.1!11!1 

6.96 

16.66 

25.44 

37.511 

46.51 

54.38 

59.84 

. 97.74 

161.14 

183.18 

198.18 

215.14 

ELUTED SUY auTED 

1gAI 1gAI 

11.111 

8.11 

0.11 

0.11 

11.11 

B. Ill 
11.11!1 

1.18 

1!1.118 

1.81 

0.111 

1.18 

1!1. 28 

1.31 

0.32 

11.32 

0.32 

0.32 

0.32 

11.32 

1!1.32 

0.32 

B..UTED SIAl B..UTED I 
~gf.lg ~gwg I 

I 
-1.14 -1.14 1 

2.41 1.26 1 

-2.12 -0.86 1 
-1.88 -2.68 I 

-1.96 -3.62 I 
-11.12 -4.34 1 

-6.711 -11.113 1 

-a.s8 -19.13 1 

-3.11 -22.21 1 

-2.73 -24.93 1 

-2.29 -27.22 1 



TABLE C.5. (contd) 

H3803 504 

jSAWPLE NOEFFLUENT HGI CONC. B_UTED SUt.l aUTE[SAMPL.E MOEFFLUENT HG'f COMC. B_UTED SLU B..UTEI 

1-------- PP• B ,,. ' ., ' ., ' 1-------- p~ 504 pp1 504 IQ 504 •g 504 I 
I I I 
[11-1-1 I. 96 11.48 8.29 1.29 111-1-1 73.11 57 .II 3.111 3.!11 I 
111-1-2 .... 1.46 1.11 1.41 ]11-1-2 71.111 67.11 2.41 11.11 I 
111-1-3 11.71 1.46 1.16 I. 56 111-1-3 119.111 87.11 1.2t 7.211 I 
[11-1-4 I. 57 1.48 1.17 tun 111-1-4 119.11 87.111 1. 211 8.411 I 
111-1-6 I. 54 IJ..48 1.15 1.116 [11-1-S 68.11 67.111 1.81 9.81 I 
[liH-11 1.47 lli.48 l.ltl 1.67 111-1-6 86.11 67.111 -1.58 8. 41 I 
11111-1-7 1.81 1.46 1.21 1.88 1111-1-7 1111.111 67.111 -11.61 7.81 I 
[11-1-8 I. 91 1.46 1.27 1.15 1 111-t-s 71.11 87.11 2.41 11.2111 I 
111-1-9 I. 51 1.46 1.12 1.17 111-1-9 84.11 87 .Ill -1.81 8.41 I 
1111-1-111 I. 51 iJ.411 iU13 1.211 1111-1-11 67.45 87.11 I. 27 8.67 I 
llil-1-11 IJ. 52 1.46 1.114 1.24 111-1-11 711.91 67. ill 2.34 11.111 1 

IC roc 

ISAr.IPLE NDEFFLUENT HGW CONC. "-UTED SUr.l B..UTEISAWPLE NOEFFLUENT HGI CDNC. B..UTED SLU B..UTEI 
1-------- ~~· IC ~~~ IC 19 IC •g IC 1-------- ~P• roc pp11 roc 19 TDC 19 TOC I 
I I I 
1111-1-1 211.13 34.111 -8.38 -6.38 111-1-1 1.46 1.45 1.611 8.61 1 
IUJ-1-2 23.43 34.11 -6.41 -14.78 111-1-2 1.78 !!1.46 1.15 1.75 1 
111-1-3 17 .Ill 34.11 -111.26 -25.14 1111-1-3 1.64 11.45 11.11 11.88 1 
111-1-4 23.42 34.111 -6.41 -31.45 111-1-4 1.58 1.46 11.18 I. 94 I 
1111-1-S 26.88 34.111 -4.81 -38.26 111-1-5 I. 72 1.45 1.16 1.111 1 
IUH-6 28.29 34.11 -3.49 -39.76 111-1-6 11.77 11.45 1.19 1.311 I 
111-1-7 12.55 34. Ill -12.93 -52.68 111-1-7 1.45 II. 45 11.61 1.911 I 
111-1-8 13.36 34.11 -12.44 -65.12 111-1-8 1.19 1.45 1.44 2.34 I 
111-1-9 34.11 -211.48 -85.58 111-1-9 1.39 IUS 11.56 2. 98 I 

.. 

C.IO 



TABLE C.6. Mass Balance Calculations for PSWLA 10-6 (ANS 16.1 leach Test) 

c. 

SA~PLE NO. EFFLUENT HG'II CONC. B..UTED SUW B..UTED ISAfo!PLE NO. 

-------- ppll Ca pp1 Ca 119 Ca 

111-5-1 

lil-5-2 

11!-6-3 

Ill-5-4 

Hl-6-5 

HI-5-6 

Hl-6-7 

111-8-8 

Hl-6-9 

Hl-6-HI 

Hl-8-11 

32.811 

26 .ilil 
23.38 

21.911 

27.211 
32.66 

-4.83 

1.61 
13.80 

17.75 

21.70 

SB.Sil -28.48 

58.611 -39.36 

58.611 -43.88 

511.611 -45.92 

511.68 -37. 44 

511.68 -28.8il 

Sil.Bil -73.23 

511.68 -78.38 

50.611 -58.88 

511.511 -52.58 

50.611 -46.24 

K 

119 Ca I --------

1 

-213.48 llil-6-1 
-87.84 IUH-2 

-111. s2 1 11!-8-3 

-157.44 llil-6-4 
-194.88 llil-6-5 
-223.68 110-6-6 
-296.91 1 u-s-7 

-375.30 110-6-8 
-434.18 llil-6-9 
-486.74 110-6-10 
-532.98 IH'I-6-11 

SAMPLE NO. EFFLUENT KGW CONC. B..UTED SUW B..UTED I SAMPLE NO. 

111-6-1 

111-6-2 

Ie-6-3 

1\l-6-4 

lll-6-5 

lll-6-6 

H'l-6-7 

111-5-8 

lll-6-9 

U'l-6-lll 

10'-5-11 

PPI K 

11. 21l 

Ill. 711 

12 .lB 

11. 7B 

8.711 

8.811 

14.811 

16.011 

10.811 

111.05 

9.30 

pp11 K 

8.00 

8.00 

8.00 

8.00 

8.Bil 

8.00 

8.BB 

8.110 

8.1111 

8.110 

8.00 

Si 

og K 

5.12 

4.32 

6. 56 

5.92 

1.12 

1. 28 

lil. 88 

12.811 

4.48 

3.28 

2.1l8 

og K I --------
1 

5.12 1111-8-1 

9.44 110-8-2 

16.00 I IB-5-3 

21.92 110-6-4 

23.04 110-S-5 

24.32 1111-6-6 

35.20 110-6-7 

48.ilil 110-6-8 

52.48 110-6-9 

55.76 1111-6-HI 

57.84 110-6-ll 

SAt.IPLE NO. EFFLUENT KGW CONC. ELUTED SUt.l ELUTED I SAMPLE NO. 

-------- pp11 Si pp1 Si 

1~-6-1 

1~-6-2 

10-6-3 

10-6-4 

10-S-5 

1B-6-6 

10-6-7 

1~-6-8 

111-6-9 

10-6-10 

1B-6-ll 

14.60 

14.20 

1s .sa 
13.50 

13.80 

14.411 

13.40 

11.50 

13. sa 
13.85 

13.8B 

15. ~ll 

15.00 

15.B0 

15.~~ 

15.il0 

15 Bil 

15.il0 

15 ~~ 

15.110 

15.011 

15 00 

IQ 5 i 

-0.64 

-1.28 

-2.411 

-2.40 

-1.92 

-11.98 

-2.56 

-5.8!! 

-2.40 

-2.18 

-1. 92 

IQ Si I --------
1 

-B.84 jlll-6-1 

-1.92 ll!!-8-2 

-4.32 1111-8-3 

-6.72 11!!-6-4 

-8.84 11!!-6-5 

-9.6!! ll!!-6-6 

-12.16 110-6-7 

-17.78 110-6-8 

-2!!.16 jiB-5-9 

-22 32 11!!-6-10 

-24.24 110-6-11 

C .II 

,, 
EFFLUENT HGW CONC. B..UTED SUW 8..UTED 

pp1 Na PPI Na 

48.71 

41.28 

52.51 
45.20 

39.90 

36.20 

86.40 

95.60 

51.10 

43.85 
36.88 

25.88 

25.111 
25.118 

25.08 

25.811 

25.Bil 

25.1111 

25.1111 

25.Bil 

25.ilil 

25 .ill!l 

" 

19 Na 

37.92 

25.92 

44.1111 

32.32 

23.84 

17.92 

98.24 

112.96 

41.78 

311.18 

18.58 

37.92 

53.84 

Ul7.84 

1411.15 

154.011 

181.92 

2811.16 

393.12 

434.88 

465.114 

483.511 

EFFLUENT KGW CONC. B..UTED SUW B..UTEO 

PPI AI PPII Al 

"· 09 
!!.17 

0.22 

!!.ll7 

0.03 

0.03 

1Ul4 

!!.ll3 

!!.1!4 

0.1!4 

0.113 

0.03 

11.03 

1!.113 

ll.ll3 

ll.ll3 

11.113 

1'-03 

0.03 

0.03 

0.113 

B.ll3 

IIQ AI 

ll.ll9 

11.22 

11.30 

ll.ll7 

0.00 

0.00 

0.02 

1).0!! 

ll.!!2 

l!l.01 

0.011 

B.ll9 

11.32 

0.62 

0.69 

0.69 

0.69 

ll. 71 

0. 71 

11.73 

11.74 

B. 74 

EFFLUEHT HGJ CONC. ELUTED SUt.l ELUTED 

PPI t.lg pp1 Mg 

12.211 

11. 9B 

10.311 

10.70 

11.811 

12.511 

6.14 

3.32 

10.311 

11.115 

11. 81l 

13.40 -1 92 

13.40 -2.40 

13.40 -4.96 

13.40 -4.32 

13.411 -2.55 

13.40 -1.44 

13.4B -11.62 

13.411 -16.13 

13.40 -4.96 

13.40 -3.76 

13.411 -2.56 

-1.92 

-4.32 

-9.28 

-13.611 

-16.16 

-17.6!! 

-29.22 

-45.34 

-50.3!! 

-s•. as 
-56.62 



TABLE C.6. (contd) 

H3803 SO< 

I SAfo!PLE NO EFFLUENT HOW CONC. B..UTED SUM B..UTE JSAWPLE NO EFFLUENT HGW CONC. aVTED SUW B..UTEI 

1-------- PPI B PPI 8 og B og B 1-------- ppl 504 ppl 504 •g so .. •g 504 I 
I I I 
1 Hl-6-1 8. 74 8.41 IJ. 53 6.53 111-8-1 70.00 67.80 4.811 4.81 I 
JlB-6-2 8.64 11.41 0.37 1!1.98 IHII-6-2 68.1!1 

67 ·"" 
1.611 6.46 I 

Jlll-6-3 11.75 B. 41 6.54 1.44 111-6-3 73.118 67.1111 9.611 16.1!1!1 I 
jll-6-4 il.57 1.41 11.26 l. 711 1 Ul-6-4 65.116 67.06 -3.2il 12.811 I 
jlll-6-5 6.43 !!1.41 1!1.113 l. 73 j!IH-5 55.0111 67.1111 -1.60 11. 21!1 I 
I Ht-5-6 6.42 11.41 ".02 l.H 1 HJ-s-a 68.06 67.110 1.611 12.80 I 
I H~-6-7 a. sa e. 41 11.43 2.18 )Hl-6-7 66.118 67. !I'll -1.68 11.211 I 
I H!-6-8 II. 72 IJ.41 11.511 2.67 ]HI-5-8 61.60 67.00 -9.66 '" I Jlll-6-9 1.41 I .41 lUI II 2.67 110-6-9 63.118 67.80 -6.-46 -4 .Bil I 
Jlil-6-10 11.42 e. n 1!.02 2.69 )18-6-11!1 67.711 67 . .011 1.12 -3.68 I 
jlll-6-11 II. 43 1!1.41 IL03 2.72 1111-5-11 72.411 67 .ill! 5. 54 4.95 I 

IC TOC 

[SAMPLE NOEFFLUENT HGW CONC. avrED Sl)ij aUTE[SAMPLE NOEFFLUEHT HGW CONC. auTED $l)ij aurE[ 
1-------- PP• IC PPI IC 1119 IC •g IC 1-------- PP• roc PP• roc 19 TOC 19 TOC I 
I I I 
110-5-1 22.14 34.10 -19.14 -19.14 110-6-1 1.16 11.45 1.14 1.14 I 
110-5-2 23.48 34.11 -15.99 -38.13 I Ul-5-2 0.83 11.45 11.51 1. 74 I 
110-5-3 17.44 34.10 -28.55 -52.78 1111-8-3 0.51 0.45 'Llll 1.84 I 
1111-8-4 18.83 34 lil -24.75 -87. 54 113-8-4 0.58 11.45 11.18 2.02 I 
110-6-5 27.42 34.10 -111.59 -98.22 IIB-6-5 11.47 11.46 11.03 2.05 I 
[10-6-6 27.51 34.10 -11.54 -108.77 110-6-6 0.51 0.45 "· 26 2.30 I 
[1il-6-7 17.il8 34.10 -27.26 -138.03 [HI-6-7 II. 56 11.45 0.18 2.48 I 
110-6-8 21.23 34.10 -211.59 -156.62 [10-6-8 1. 911 11.45 2.32 4.80 I 

c .12 



TABLE C.l. Mass Balance Calculations for PSW 5-4 (Static Leach Test) 

c. ,, 
SAWPLE NO. B=FLUENT HGI CONC. aurED TOTAL CHANGE] SAI.IPlE NO. EFFLUENT HGW CONC. B..UTED TOTAL CHANGE! 

pp1 Ca ppa Ca 19 Ca 19 Ca I -------- PP• Na ppa Na 19 Na 19 h I --------
I I 

IIB-6-4-1 1.71 58.68 -29.33 -29.33 ]WlH-4-1 139.811 25.811 68.-41 ea.-411 I 
• -28.14 ]t.IB-5-4-2 2118.11 25.11 47.11 us.sa 1 

WB-5-4-2 7.77 51.61 1.19 

t.IB-5-4-3 17.91 51.61 3. 94 -24.21 IWB-5-4-3 254.111 25.81 38.75 152.25 I 

21.88 58.81 8.59 -23.82 JWB-5-4-4 327 .Ill 25.11 55.25 2117. SB I 
• 118-5-4-4 

21Cll I 
23.38 58.611 -1.43 -24.15 1118-5-4-5 313.1111 25.118 6.711 

WB-5-4-5 

1118-5-4-8 13.88 58.88 -6.61 -38.68 IWB-5-4-6 313.1111 25.08 6. 78 220.98 I 

K AI 

SAMPLE NO. EFFLUENT HGW CONC. ELUTED TOTAL CHANGE I SAMPLE NO. EFFLUENT HGI CONC. ELUTED TOTAL CHANGE! 

-------- PPI K PPI K og K og K I -------- PPI A. I pp1 AI IQ AI IQ AI I 
I I 

1 WB-5-4-1 19.611 8.11 s. 96 6.96 II.IB-5-4-1 IL83 I.IJ3 1.48 rua 1 

lt.IB-S-4-2 26.81 8.18 4. 98 11.88 jt.IB-S-4-2 2.69 1Ut3 1.15 1.64 1 
lt.IB-5-4-3 31.88 8.11 2.86 14.72 IWB-5-4-3 3.48 1.13 II. 59 2.2a 1 

11.18-S-4-4 3111.41 8.88 8. 74 21.48 IWB-5-4-4 4.48 8.83 11.78 a.et I 
lt.IB-S-4-5 4l.H B.lJI 2.53 23.99 JWB-S-4-6 1. 71 8.83 -1.46 1.57 1 

jt.IB-S-4-8 41.58 8.88 2.83 26.82 ji.!B-5-4-6 6.29 6.83 1.31 :z.sa 1 

s; ,, 
I SAWPlE NO. EFFLUENT HGW CONC. ELUTED TOTAL CHANGE! SAMPLE NO. EFFLUENT HGW CONC. ELUTED TOTAL CHANGE! 

I -------- PPI Si PPI Si IQ 5 j 19 Si I -------- PPI Wg pp1 Wg 19 Wg ., "" I 
I I I 
IWB-5-4-1 9.78 15.118 -3.13 -3.13 IWB-6-4-1 11.1!16 13.48 -8.68 -a.ae 1 

I MB-S-4-2 18.28 15.88 -8. ill -3.14 IWB-5-4-2 IUS 13.411 -8.67 -a.a1 1 

1 t.ts-s-4-3 9.51 15.118 -8.65 -3.811 jf.IB-S--4-3 8.11 13.411 -11.64 -9.31 1 

jMB-5-4-4 11.11 15.1111 11.68 -3.12 JMB-5-4-4 8.116 13.48 -II. 711 -111.88 I 
jMB-5-4-5 111. 58 15.1111 -11.56 -3.67 jMB-5-4-5 8.115 13.41 -1.67 -U'-68 I 
jMB-5-4-6 12.411 15.1111 11.58 -3.119 jMB-5-4-8 !US 13.41 -1.67 -11.35 1 

'" H3803 

I SAMPLE NO. EFFLUENT HGI CONC. ELUTED TIITAL CHANGE) SAMPLE NO. EFFLUENT HGW CONC. ELUTED TOTAL CHANGE) 

I -------- PPI N03 pp1 N03 119 N03 19 N03 I -------- PPI 8 PPI 8 
'' B 

'9 B I 
I I I 
jMB-5-4-1 e. st 1.511 11.811 I. ill jMB-6-4-1 1. 53 8.41 11.78 e. 75 1 
jMB-5-4-2 1.58 1.511 -8 .!HI -11.118 jMB-5-4-2 1.94 ii.H 8.34 1.18 1 
JMB-5-4-3 3. 211 1.51 1.62 1.52 jMB-5-4-3 2.17 lf.41 lf.17 1.27 1 
JMB-5-4-4 3.58 IJ.51 !U1 1.93 jMB-5-4-4 2.84 8.41 IJ.47 1. 74 ! 
JMB-5-4-5 3.98 1.51 1.39 2.32 jMB-5-4-5 2.91 11.41 8.311 2.&5 I 
I MB-5-4-5 5.111 11.58 1.1!15 3.37 JMB-5-4-6 3.13 IJ.41 -1.62 11.43 1 

C.13 



TABLE C.7. (contd) 

"' 
SA.WPLE NO. EFFLUENT HGI CONC. ELUTED TOTAL CHANGE! 
-------- pp1 504 pp1 504 •g 504 •g 504 I 

I 
jt.IB-5-4-1 75.11 67.18 4.81 4.81 I 
jt.IB-5-4-2 89.11 87.18 -3.21 1.81 I 
IWB-5-4-3 56.81 87.18 -7.71 -8.18 1 
IWB-5-4-4 81.81 87.81 2.46 -3.85 I • 
ji.IB-IH-5 56.38 67.18 -a. 12 -7.37 I 
IWB-5-4-6 89.88 117 .II 4.51 -2.87 I 

IC TOC 

I SANPlE NO. EFFLUENT HGI CONC. ELUTED TOTAL CHANGE! SAWPLE NO. EFFLUENT HGI CONC. B.UTED TOTAL CHANGE! 

I -------- pp1 IC PP• IC •g IC •g IC I -------- pp1 TOC pp1 TDC 19 TDC 19 TOC I 
I I I 
jt.IB-5-4-1 26.38 34.11 -4.63 -4.63 JWB-5-4-1 2.32 1.45 1.12 1.12 I 
jt.IB-6-4-2 7.67 34.11 -11.61 -18.24 jt.IB-5-4-2 2.31 1.45 8.19 1.21 I 
IWB-5-4-3 8.62 34.111 -2.11 -18.28 IWB-5-4-3 3.111 1.46 0. 57 1. 78 1 

C.l4 



TABLE C.S. Mass Balance Calculations for PSW 7-4 (Static Leach Test) 

c. ,, 
SAIIIPLE NO. EFFLUENT HGI CONC. ELliTED TOTAL CHANGE I SAWPLE NO. EFFLUENT HGI CONC. ELUTED TOTAL CHANGE! 

-------- PP• Ca PP• Ca 19 Ca 19 Ca I -------- PPI Na PPI Na 19 Na 19 Na I 
I I 

' 
t.IB-7-4-1 5.74 SiUI -26.92 -28.92 IWB-7-4-1 137.111 25.18 57.211 67.21 1 
t.IB-7-4-2 8.38 51.81 -11.71 -27.62 IWB-7-4-2 173.1111 25.111 27.21 94.41 1 
t.IB-7-4-3 12.41 SIUII 1.34 -27.28 IWB-7-4-3 271.111 25.111 88.21 188.61 1 
1.18-7-4-4 111.58 58.611 -3.15 -311.33 lltiB-7-4-4 288.18 25.11 22.58 183.111 I 
t.IB-7-4-5 6.511 58.8111 -4.41 -34.73 1118-7-4-5 323.111 25.81 34.15 217.25 I 
1.18-7-4-6 1.11 58.811 -7.54 -42.37 JWB-7-4-6 299.011 25.1UI 19.75 237.1111 I 

K AI 

SAWPLE NO. EFFLUENT HGW CCNC. ELliTED TOTAL CHANGEJ SAWPLE NO. EFFLUENT HGI CDNC. ELliTED TOTAL CHANQEJ 
-------- PPI K PPI )( og K og K I -------- pp1 AI PPI AI •g AI 19 AI I 

I I 
IWB-7-4-1 21U!I B.IJI 7.21 7. 21 IWB-7-4-1 11.86 11.13 1.51 11.51 I 
IMB-7-4-2 23.41 8.111 2. 84 9.84 IMB-7-4-2 2.41 IJ.iJ3 e. 97 1.47 1 
IMB-7-4-3 33.111 8.111 8. 53 18.37 IMB-7-4-3 3.83 1.113 II. 97 2.44 1 
IMB-7-4-4 38.111 8.88 3.11 19.48 IWB-7-4-4 4.811 1.13 1.77 3.21 1 
IWB-7-4-S 39.611 B.IJI 3.51 22.98 IWB-7-4-6 5.97 11.13 8.94 4.15 1 
IMB-7-4-6 39.811 8.iJI 3.51 26.49 I.IIB-7-4-6 8.86 1.113 1. 47 6.83 1 

s; ,, 
SAMPLE NO. EFFLUENT HGW CONC. ELliTED TOTAL CHANGE! SAWPLE NO. EFFLUENT HGW CONC. ELliTED TOTAL CHAHGEI 

-------- PP• Si PP• Si 19 Si IQ S i I -------- PP• Wg PP• Wg IQ Wg ., "' I 
I I 

IMB-7-4-1 11.48 lli.IIIJ -2.18 -2.18 IWB-7-4-1 11.48 13.41J -7.76 -7.78 I 
IMB-7-4-2 11.21 15.1111 -1.31 -2.46 IMB-7-4-2 11.18 13.48 -1.89 -8.86 I 
11118-7-4-3 13.41 15.11 1.13 -1.33 11.18-7-4-3 1.16 13.41 -1.67 -9.32 I 
11118-7-4-4 14.51 15.11 I. 58 -iJ.75 IMB-7-4-4 1.16 13.41 -11.87 -9.99 1 
lf.IB-7-4-5 16.3iJ 15.11 l.IJS 11.31J IMB-7-4-5 IJ.I6 13.48 -11.87 -11.85 1 
IMB-7-4-6 18.71 15.11 2. 49 2.81 IWB-7-4-8 iJ.I8 13.41 -iJ. 87 -11.32 1 

N03 H3803 

SAMPLE NO. EFFLUENT HGW CONC. ELliTED TOTAL CHANGE I SAMPLE NO. EFFLUENT HGW CONC. B..UTED TOTAL CHANCEl 
-------- PP• N03 pp11 N03 119 N03 19 N03 I -------- PPI a PP• a og B •g B I 

I I 
IMB-7-4-1 4Ull 11.51 24.31 24.31 IWB-7-4-1 1.89 1.41 1.77 1.77 I 
IMB-7-4-2 1.81 1.51 -21.58 2.81 IWB-7-4-2 1.86 1.41 l.iJS 1.81 I ,, IMB-7-4-3 2.41 ILSI 1.42 3.23 IWB-7-4-3 2.16 1.41 1.36 1.18 I 
IWB-7-4-4 3.11 I. 51 11.45 3.88 IWB-7-4-4 2.28 1.41 1.16 1.34 1 
lt.la-7-4-5 a. 21 I. 51 I. 24 3. 93 IWa-7-4-5 2. 55 1.41 1.26 1.59 I 

• IWB-7-4-8 4.11 111.511 il. 72 4.85 1!118-7-4-8 2.711 11.41 IJ.3S 1.94 1 

C. IS 



TABLE C.B. (contd) 

'" I 
I SAMPlE NO. EFFLUENT HGI CDNC. ELUTED TIJTAL. CHAHGEI 

I ·------- ppl $04 pp1 504 •g 504 19 504 I 
I I ' IWB-7-4-1 69.11 67 .II 1.21 1.28 I 
tWB-7-4-2 64.111 67.88 -2.911 -1. 7fl I 
IWB-7-4-3 71. ill 67 .ill 3.45 1. 75 I 
tWB-7-4--4 66.18 67.11 -2.25 -IJ.SI I 
lt.IB-7-4-5 61!1.911 67.11 -3.11 -3.61 I 
IMB-7-4-6 72 .Ill 67 .IIJ 3.55 -8.116 I 

IC TOC 

I 
I SAWPLE NO. EFFLUENT HGI CONC. ELUTED TIJTAL CHAHGEI SA.WPLE NO. EFR.UENT HGI CONC. aUTED TOTAL CHANGE! 

I -------- pp1 IC ppl IC 1g IC •g IC I -------- pp1 TOC pp1 TDC 19 TOC 19 TDC I 
I I I 
lloiB-7-4-1 9.82 M.ll -14.57 -14.57 IWB-7-4-1 3.115 11.45 l. 56 1.ss 1 

IWB-7-4-2 6.42 34.18 -3.25 -17.82 IWB-7-4-2 2.88 1.45 1.63 t.s9 1 

IWB-7-4-3 4. 93 34.11 -2.28 -21.11 IWB-7-4-3 2.92 1.46 il.lS 1. 73 I 
tWB-7-4-4 4.51 34.18 -1. 7l -21.81 IVB-7-4-4 11.94 tUS -1.66 1.87 1 

.. 

• 

C.l6 



TABLE C.9. Mass Balance Calculations for PSW 9-4 (Static Leach Test) 

c. ,, 
SAMPLE ~Q. EFFLUENT HGI CIINC. a\ITED TOTAL CHANGE I SAMPLE NO. EFFLUENT HGW CONC. a.UTED TOTAL CHANGE! 

-------- ppl Ca ppl Ca 111 Ca 19 c. I -------- pp1 Na PPI Na 19 Na 19 Na I 
I I 

• WB-9-4-1 3.47 51.61 -28.28 -28.28 lt.IB-9-4-1 122.11 25.111 58.21 sa. a 1 
MB-9-4-2 4.61 58.61 -2.13 -311.31 11118-11-4-2 156.111 25.111 25.25 aa.-4& 1 
t.IB-11-4-3 4.52 51.811 -2.12 -32.33 IWB-11-4-3 lSI .IHJ 25.111 2.115 BIUI I 
1.18-9-4-4 .4.114 51. 61!1 -2.511 -34.93 IWB-11-4-4 261.81 2S.iUI 72.85 1511.25 1 

f.IB-9-4-5 4. 52 511.68 -2.14 -36.97 IWB-9-4-5 292.111 25.1tll 38.41 tSII.BS 1 

MB-9-4-6 3.82 58.611 -2.48 -39.43 jt.IB-9-4-6 289.18 25.118 18.61 286.25 I 

K " 
I SAWPLE NO. EFFLUENT HGI CONC. a\ITED TOTAL CHANGE! SAWPLE NO. EFFLUENT HGI CONC. a\ITED TOTAL CHANGE! 

I -------- PPI K ppo K og K og K I -------- p~ AI ppl AI 1g AI 19 AI I 
I I I 
11118~9~4~ 1 17.211 8.11 5.52 5.52 11118-9~4-1 1.118 8.113 11.62 1.112 I 

IW8~9~4~2 21.811 8.11 2.82 8.14 11118~9~4-2 2.41 11.13 e. 88 1.48 1 

11.18-9-4-3 31.111 8.18 8. 78 14.911 11118-9-4-3 4.11 11.13 1.17 2.55 1 
11.18~9~4~4 33.411 8.11 2. 59 17.49 11118-9~4-4 5.81 1.83 11.81 3.35 I 
11.18-9~4~5 36.111 8.11 2.89 28.38 11118-9~4-5 5.93 11.13 11.81 4.18 I 
11.18-9~4-8 36.81 8.88 2.83 23.21 11118-9-4-6 8.49 8.13 1.14 5.31 I 

I SAt.IPlE NO. EFFLUENT HGW CONC. 8_\ITED TOTAL CHANGE! SAWPLE NO. EFFLUENT HGW CONC. a.UTED TOTAL CHANGE! 

I -~------ PP• Si PPI Si 19 Si •g Si I ~------- PP• Wg p~ t.lg •g lolg ., "' I 
I I I 
11.18-9-4-1 11!. 71 15.1111 -2.58 -2.58 11.18-9~4-1 1.31 13.411 -7.86 -7.88 1 

11118-9-4-2 12.98 15.88 1.11 -1.48 11118-9-4-2 8.86 13.48 -8.88 -8.66 I 
11118-9-4-3 17.88 15.11 2.83 1.36 11.18-9-4-3 1.16 13.41 -1.67 -9.33 1 

IWB-9-4-4 19.81 15.01 1.34 2.711 11.18-9-4-4 1.16 13.48 -8.67 ~9.99 1 

11.18-9-4-5 21.311 15.81 1.14 3.84 lt.IB-9-4-5 11.86 13.48 -0.67 -18.66 1 

11.18-9-4-6 22.41 15.811 1.88 5.84 11118-9-4-6 1.16 13.48 ~1.67 -11.33 1 

N03 H3803 

SAWPLE NO. EFFLUENT HGW CONC. a\ITED TOTAL CHANGE! SAMPLE NO. EFFLUENT HGI CONC. a\ITED TOTAL CHANGE! 
-------- PPII N03 pp1 N03 19 NC3 19 N03 I -------- ppl 8 PPI 8 ., 8 ., 8 I 

I I 
11118-9-4-1 2. 31 8.51 1.18 1.118 lt.IB-9-4-1 1.43 8.41 11.61 1.61 1 
11.18-9-4-2 1. 61 1.58 -8.33 1.75 lt.IB-9-4-2 1.57 11.41 8.13 11.75 1 
11.18-9-4-3 I. 71 8.58 -8.49 11. 26 IMB-9-4-3 2.21 11.41 8.44 1.18 1 

" 11.18-9-4-4 3. 011 8.511 1.39 1.85 IMB-9-4-4 2.23 8.41 8.11 1.29 I 
1!.18-9-4-5 3. 211 1.511 8.24 1. 911 11.18~9-4-5 2.55 11.41 11.28 1.sr 1 
IM8-9-4-6 4.111 11.511 e. 12 2.62 jt.IB-9-4-6 2.63 11.41 1.33 1.911 1 .. 

C.l7 



TABLE C.9. (contd) 

'" 
! SAWPLE NO. EFFLUENT HGI CIJNC. auTED TOTAL CHANGE! 

I -------- PPI 504 PPI 504 •g 504 lg 5114 I 
I I • IVS-9-4-1 67 .II 67 .Ill 1.11 .... I 
IW-9-4-2 Ill. II 67 .II -3.111 -3.81 I 
INB-9-4-3 71. II 67.11 5.11 1.51 I 
11118-9-4-4 69.11 67.11 -1.45 1.15 I 
IIIIB-9-4-S 611.71 117.11 -1.211 -IL 23 I 
lt.IB-9-4-11 74.1!11 117 .II 3.11 2.87 1 

IC TOC 

SAWPLE NO. EFFLUENT HGI CONC. aurED TOTAL CHANGE! SAt.IPLE NO. EFFLUENT HGI CONC. aUT ED TOTAL CHANGE! 

-------- PPI IC PPI IC 19 IC 19 IC I -------- PP• roc PP• roc •s roc •s rnc I 
I I 

!WB-9-4-1 13.43 34.111 -12.41 -12.41 IWB-9-4-1 2. 93 11.45 1.49 1.49 I 
11118-9-4-2 9.113 34.111 -3.19 -15.81 lt.IB-9-4-2 3.32 1.45 111.36 1.85 I 
IWB-9-4-3 7.18 34.11 -2.81 -111.41 IWB-9-4-3 2.38 1.45 -1.42 1.43 I 
IWB-9-4-4 4. 53 34.11 -2.94 -21.34 IWB-9-4-4 1.44 IUS -1.47 1.911 I 

.. 

.. 

C.IB 



TABLE C.!O. Mass Balance Calculations for PSW 10-4 (Static Leach Test) 

,, ,, 
SAIIIPLE NO. S:FLUENT HGW CONC. aUTED TOTAL CHANGE! SAWPLE NO. ErFLUENT HGI CONC. aUTED TOTAL CHANGE! 

-------- p~ Ca ppa Ca llg Ca ag Ca I -------- pp1 Na ppa Na ag Na 19 Na I 
I I - 1.18-111-4-1 4.13 51.81 -27.94 -27.94 1118-11-4-1 143.81 26.81 71.88 71.81 I 

t.IB-111-4-2 11.14 58.61 -4.88 -32.61 IIIB-11-4-2 254.118 25.11 72.511 143.31 1 
WS-111-4-3 18.91 58.61 8.73 -23.87 IYB-11-4-3 345.111 

25. "" 
118.85 289.35 1 

MB-lil-4-4 18.38 51.61 -3.15 -27.12 IWB-UJ-4-4 352.88 25.18 28.28 229.55 1 

1118-11-4-S 13.85 51.68 -3.19 -38.28 IMB-18-4-5 341.118 25.111 9. 75 239.38 1 

IIIB-11!1-4-6 11.41J 51.88 -4.68 -34.88 IWB-11-4-6 338.118 25.88 3.15 242.45 1 

K AI 

SAt.IPLE NO. EFFLUENT HGI CONC. ELUTED TOTAL CHANGEJ SAWPLE NO. EFFLUENT HGI CONC. aUT ED TOTAL CHANGE! 

-------- PPI K ppa K og K og K I -------- PPI AI pp1 AI 19 AI 19 AI I 
I I 

I MB-111-4-1 21.58 8.11 8.18 8.11 11.18-11-4-1 1.39 1.113 1.82 1.82 I 
I WB-11-4-2 27.18 8.11 3. 97 12.17 11.18-11-4-2 3.23 1.13 1.17 1.99 I 
IWB-11-4-3 U.21J 8.11 u. 27 23.35 11.18-11-4-3 5.69 1.13 1.64 3.82 1 
11118-11-4-4 44.48 8.81 1. 93 25.27 lt.IB-11-4-4 8.42 1.13 e. 12 4.35 1 
11118-18-4-5 44.81 8.81 2. Ill 27.33 IWB-11-4-5 8. 78 IL113 1.52 4.87 1 
11118-11-4-6 45.21J 8.111 2. 311 29.63 11.18-11-4-8 7.111 8.13 I. 73 5.81 1 

s; ,, 
SAMPLE NO. EFFLUENT HGI CONC. aUTED TOTAL CHAMGEI SAWPLE NO. EFFLUENT HGI COHC. B.UTED TOTAL CHANGE! 

-------- PP• Si ppl Si •g Si •g Si I -------- PPI t.lg P~ Wg •g Wg ., "' I 
I I 

11.18-11-4-1 9. 23 15.11 -3.48 -3.46 I t.IB-11-4-1 11.116 13.41 -8.81 -8.81 1 
11.18-18-4-2 9.1J9 15.11 -1.37 -3.83 lt.IB-liJ-4-2 1.118 13.41 -11.87 -8.87 1 

[1.18-18-4-3 12.811 15.81 1.45 -2.38 I t.IB-11-4-3 8.16 13.48 -8.87 -9.34 1 

1118-11-4-4 12.411 15.81 1.89 -2.29 lt.IB-11-4-4 1.18 13.41 -11.87 -11.11 1 

jW8-1B-4-5 13.15 15.11 1.32 -1.97 [t.IB-11-4-5 11.18 13.41 -11.87 -11.87 1 

IM8-18-4-8 13.91 15.18 1. 77 -1.21 [WB-11-4-6 IUS 13.411 -1.87 -11.34 l 

H3803 "' 
SAt.IPLE NO. EFFLUENT HGI CONC. ELUTED TOTAL CHANGE[ SAt.IPLE NO. EFFLUENT HGI CONC. aUTED TOTAL CHANGEJ 

-------- PP• 8 PP• 8 ., 8 ., 8 I -------- PP• 504 PP• 504 •g S04 ttg 504 I 
I I 

11.18-11-4-1 1.81 1.41 1.83 1.83 11118-11-4-1 74 .Ill 87 .II 4.21 4.21 1 

11.18-11-4-2 2.32 8.41 11.38 1.22 Jt.IB-11J-4-2 73.11 67 .II -1.25 3.95 1 

IM8-11-4-3 3.16 1.41 1.81 1. 82 jt.IB-11-4-3 74.11 67.11 I. 91 4.85 1 

lf.IB-18-4-4 3. 25 1.41 1.19 2.11 lt.IB-11-4-4 72.1JI 87 .II -1.85 4.11 I 
IIIIB-11-4-5 3.36 11.41 1.21 2.21 I t.IB-11-4-S 76.51 67 .II 2.35 6.35 1 

11118-111-4-6 3.46 I. 41 I. 27 2.48 lt.IB-11-4-6 79.11 67 .II 4 . .t5 11.81 1 

C.19 



TABLE C.IO. (contd) 

N03 

SAMPLE NO. EFFLUENT HGW CONC. B.IJTED TOTAL CHANCEl 

-------- p~ N03 pp1 N03 19 N03 •g ND3 I 
I 

\t.IB-111-4-1 8.58 11.58 1.1111 1.11 I 
\WB-11-4-2 I. 71 8.511 1.12 1.12 I 
IWB-111-4-3 lUI 1.51 -1.11 1.11 I 
\t.IB-11-4-4 1.51 8.511 -11. Ill 1.11 I 
\t.IB-11-4-5 11.58 11.511 -11. II lUll I 
I t.IB-11!1-4-6 11.51 1.511 -11. ill IJ.ill I 

IC TOC 

SAMPLE NO. EFFLUENT HGW CCNC. B.IJTED TOTAL CHANGE! SAWPLE NO. EFFLUENT HGW CONC. S..IJTED TOTAL CHANGE\ 
-------- pp1 IC PPI IC •g IC 19 IC I -------- pp1 TOC pp1 TOC 19 TOC 19 TOC I 

I I 
1 1118-lB-4-1 3.34 34.11 -18.48 -18.46 IWB-11-4-1 3. 71 8.45 1. 96 1.96 I 
\WB-11-4-2 16.46 34 .111 6. 33 -12.13 \t.IB-llt-4-2 3.64 1.45 • 12 2.88 I 
\WB-HI-4-3 29.57 34.11 6. 99 -5.14 \WB-lB-4-3 3. 57 11.45 11.12 2.19 I 

. < 

C.20 
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APPENDIX D 

SAMPLE SPECIFICATIONS 



TABLE 0.1. Sample Specifications 

Sample length Diameter Wet Weight Surface Area Volume 
(em) (em) (g) (cm2) (em•) 

Batch I 

Al-l 4.4 3.2 51.43 60.32 35.39 

• Al-2 4.2 3.2 48.73 58.31 33.78 

Sl-4 4.3 3.2 49.22 59.31 34.58 

Sl-5 4.5 3.2 50.91 61.32 36.19 

Batch 2 

A2-1 4.4 3 .I 53.09 57.95 33.21 

A2-2 4.4 3.1 54.07 57.95 33.21 

A2-3 4.4 3.1 53.29 57.95 33.21 

S2-4 4.3 3.2 52.22 59.31 34.58 

S2-5 4.4 3.1 52.04 51.95 33.21 

Batch 3 

A3-1 4.1 3.3 49.36 59.61 35.07 

A3-2 4.3 3.2 52.28 59.31 34.58 

A3-3 4.2 3.2 52.25 58.31 33.78 

S3-4 4.1 3.2 52.09 57.30 32.97 

S3-5 4.2 3.2 52.70 58.31 33.78 

Batch 4 

A4-1 4.4 3.1 51.65 57.95 33.21 

A4-2 4.3 3.2 51.94 59.31 34.58 

A4-3 4.3 3.2 52.35 59.31 34.58 

S4-4 4.3 3.2 51.44 59.31 34.58 

S4-5 4.4 3.2 52.79 60.32 35.39 

LA4-6 9.0 4.5 232.06 159.04 143.14 

D.! 



TABLE D.J. (contd) 

Sample Length Diameter Wet Weight Surface Area Volume 
(em) (em) (g) (em•) (cma) 

Batch 5 

AS-! 4.3 3.2 51.75 59.31 34.58 

A5-2 4.2 3.2 51.53 58.31 33.78 

A 5-3 4.2 3.2 51.85 58.31 33.78 

SS-4 4.3 3.2 53.46 59.31 34.58 

SS-5 4.1 3.2 51.56 57.30 32.97 

LAS-6 8.5 4.6 218.06 156.07 141.26 

Batch 6 

A6-l 4.5 3.2 53.11 61.32 36.19 

A6-2 4.4 3.2 53.31 60.32 35.39 

56-4 4.5 3.2 54.35 61.32 36.19 

56-5 4.3 3.2 5!.60 59.31 34.58 

LA6-6 8.9 4.6 230.04 161.85 147.91 

Batch 7 

A7-l 4.3 3.2 49.67 5g.31 34.58 

A7-2 4.3 3.2 51.75 59.31 34.58 

A7-3 4.2 3.2 50.77 58.31 33.78 

57-4 4.2 3.2 52.76 58.31 33.78 

57-5 4.4 3.2 53.45 58.31 35.39 

LA7-6 8.8 4.6 233.19 160.41 146.25 

Batch 8 

AB-1 4.1 3.2 50.72 57.30 32.97 

A8-2 4.1 3.2 49.71 57.30 32.97 

A8-3 4.1 3.2 50.78 57.30 32.97 

58-4 4.0 3 .I 49.03 54.05 30.19 

0.2 



TABLE D.!. (contd) 

Sample Length Diameter Wet Weight Surface Area Volume 
(em) (em) (g) (em•) (em•) 

58-5 4.1 3.2 50.53 57.30 32.97 

LAS-6 8.7 4. 7 227.go 163.16 150.94 

Batch 9 

A9-1 4.2 3 .I 50.73 56.00 31.70 

A9-2 4.1 3 .I 49.33 55.02 30.95 

A9-3 4.2 3.2 50.68 58.31 33.78 

Batch 10 

AI0-1 4.4 3.2 48.64 60.32 35.39 

AI0-2 4.3 3.2 48.68 59.31 34.58 

SI0-4 4.2 3.2 48.61 58.31 33.78 

SI0-5 4.1 3.2 48.48 57.30 32.97 

LAI0-6 8.7 4.6 213.00 158.96 144.58 

Batch 11 

All-! 4.2 3.2 47.92 58.31 33.78 

All-2 4.3 3.1 49.20 56.97 32.46 

Sll-4 4.3 3.2 48.77 59.31 34.58 

Sll-5 4.4 3.2 49.66 60.32 35.39 

Batch 12 

A12-1 4.1 3.2 47 .so 57.30 32.97 

A12-2 4.2 3.2 47.90 58.31 33.78 

A12-3 4.2 3.2 49.35 58.31 33.78 

512-4 4.0 3.2 46.44 56.30 32.17 

512-5 4.3 3.2 50.97 59.31 34.58 

512-6 4.2 3.1 48.94 56.00 31.70 

0.3 





• 
APPENDIX E 

TOTAL INVENTORIES OF PSW GROUT 



TABLE E. I. Isotopic A0 Determination of PSW Grout (all values in ~i 
unless otherwise specified) 

Sample 10 
1-1 
1-2 
1-4 
1-5 
2-1 
2-2 
2-3 
2-4 
2-5 
2-1 
2-2 
2-3 
2-4 
2-5 
2-1 
2-2 
2-3 
2-4 
2-5 
3-1 
3-2 
3-3 
3-4 
3-5 
3-1 
3-2 
3-3 
3-4 
3-5 
4-1 
4-2 
4-3 
4-4 
4-5 
4-6 
4-1 
4-2 
4-3 
4-4 
4-5 
4-6 
4-1 
4-2 
4-3 
4-4 
4-5 
4-6 
5-1 
5-2 

Isotope 
C-14 
C-14 
C-14 
C-14 

C0-109 
C0-109 
C0-109 
C0-109 
C0-109 
HG-203 
HG-203 
HG-203 
HG-203 
HG-203 

As(STABLE) 
As(SIABLE) 
As(STABLE) 
As(SIABLE) 
As(SIABLE) 

SE-75 
SE-75 
SE-75 
SE-75 
SE-75 
AG-IIOM 
AG-IIOM 
AG-IIOM 
AG-IIOM 
AG-IIOM 

1-125 
1-125 
1-125 
1-125 
1-125 
1-125 

CR-51 
CR-51 
CR-51 
CR-51 
CR-51 
CR-51 
PB-210 
PB-210 
PB-210 
PB-210 
PB-210 
PB-210 
1-125 
1-125 

E .I 

Ao Value (eCi) 
13.75 
13.03 
13.16 
13.61 
1.17 
1.19 
1.17 
1.15 
1.14 

.036 

.036 

.036 

.035 

.035 

.3 mg 

.3 mg 

.3 mg 

.3 mg 

.3 mg 
1.02 
1.08 
1.08 
1.07 
1.07 
1.47 
1.56 
1.56 
1.55 
1.55 

.644 

.648 

.653 

.642 

.659 
2.90 

.283 

.284 

.287 

.282 

.289 
1.27 
1.00 
1.01 
1.02 

.999 
1.03 
4.51 

.631 

.628 



TABLE E.!. (contd) 

Sample ID Isotope Ao Value (eCi) 

5-3 I-125 .632 
5-4 I-125 .652 
5-5 I-125 .629 
5-6 I-125 .266 
5-1 CR-51 2.84 
5-2 CR-51 2.82 
5-3 CR-51 2.84 
5-4 CR-51 2.93 
5-5 CR-51 2.83 
5-6 CR-51 11.95 
6-1 TC-99 2.18 
6-2 TC-99 2.19 
6-4 TC-99 2.19 
6-5 TC-99 2.12 
6-6 TC-99 9.46 
7-1 TC-99 4.57 
7-2 TC-99 4. 76 
7-3 TC-99 4.67 
7-4 TC-99 4.85 
7-5 TC-99 4.92 
7-6 TC-99 21.45 
8-1 URANIUM .17 mg 
8-2 URANIUM .17 mg 
8-3 URANIUM .17 mg 
8-4 URANIUM .17 mg 
8-5 URANIUM .17 mg 
8-6 URANIUM .76 mg 
9-1 URANIUM 1.65 mg 
9-2 URANIUM 1.65 mg 
9-3 URANIUM 1.65 mg 
9-4 URANIUM 1.65 mg 
9-5 URANIUM 1.65 mg 

10-1 C0-60 2.22 
10-2 C0-60 2.23 
10-4 C0-60 2.22 
10-5 C0-60 2.22 
10-6 C0-60 9.74 
10-1 MN-54 .142 
10-2 MN-54 .142 
10-4 MN-54 .142 
10-5 MN-54 .142 
10-6 MN-54 .623 
10-1 CS-137 .805 
10-2 CS-137 .786 
10-4 CS-137 .768 
10-5 CS-137 .750 
10-6 CS-137 3.29 
10-1 SR-90 .490 
10-2 SR-90 .478 

E.2 



Sample 10 

10-4 
10-5 
10-6 
10-1 
10-2 
10-4 
10-5 
10-6 

TABLE E.!. (contd) 

Isotope 

SR-90 
SR-90 
SR-90 
URANIUM 
URANIUM 
URANIUM 
URANIUM 
URANIUM 

E.3 

Ao Value (yCi) 

.467 

.456 
2.00 
1.65 mg 
1.65 mg 
1.65 mg 
1.65 mg 
7.55 mg 



TABLE E.2. Elemental A0 Determination of PSW Grouts (all values in mg) 

Elements GroutiO PSWA5-1 PSWSS-4 PSWA7-1 PSWS7-4 PSWLA7-6 PSWA9-1 PSWS9-4 PSWAl0-1 PSWS10-4 PSWLAl0-6 

Al 1570.90 1622.81 1507.76 1602.56 7078.60 1539.93 1511.70 1476.49 1475.58 6465.72 
8 23.20 23.97 22.27 23.65 104.55 22.74 22.33 21.81 21.79 95.50 
H 80 132.67 137.05 127.34 135.26 
' ' 

597.82 130.06 127.67 124.70 125.62 546.06 

8• 22.57 23.31 21.66 23.01 101.69 22.12 21.72 21.21 21.20 92.89 
c. 5692.76 5880.87 5463.95 5803.86 25652.07 5580.55 5478.25 5350.64 5347.34 23431.07 
Cu 2.92 3.01 2.80 2.97 13.14 2.86 2.81 2.74 2.74 12.00 

Fe 921.75 952.20 884.70 939.73 4153.46 903.58 887.01 866.35 865.82 3793.85 
K 120.19 124.17 115.36 122.54 541.61 117.83 115.67 112.97 112.90 494.71 

m M9 289.96 299.54 278.31 295.62 1306.60 284.25 279.04 272.54 272.37 1193.47 

""" Mo 103.08 106.48 98.94 105.09 464.48 101.05 99.19 96.88 96.82 424.26 

"' 621.13 641.66 596.17 633.25 2798.87 608.89 597.73 583.80 583.44 2556.54 
Ni 3.42 3.54 3.29 3.49 15.43 3.36 3.29 3.22 3.22 14.09 
Pb 0.76 0.79 0.73 0.78 3.43 0.75 0.73 0.72 0.71 3.13 
Si 4178.92 4317.00 4010.95 4260.48 18830.56 4096.55 4021.45 3927.78 3925.35 17200.18 
Sr 27.89 28.81 26.77 28.44 125.69 27.34 26.84 26.22 26.20 114.81 
Ti 293.51 303.21 281.72 299.24 1322.60 287.73 282.45 275.87 275.70 1208.08 

v 10.52 10.87 10.10 10.73 47.42 10.32 10.13 9.89 9.88 43.31 
Zr 9.76 10.09 9.37 9.95 43.99 9.57 9.39 9.18 9.17 40.18 
Cl 2.54 2.62 2.43 2.59 11.43 2.49 2.44 2.38 2.38 10.44 

NO, 10.52 10.87 10.10 10.73 47.42 10.32 10.13 9.89 9.88 43.31 
PO 262.45 271.12 251.90 267.57 • 1182.62 257.28 252.56 246.68 246.53 1080.23 
so 426.01 440.08 408.88 434.32 1919.62 417.61 409.95 400.40 400.16 1753.42 • 
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