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Attachment #1 

Meeting Su11111ary and Su11111ary of Co11111itments and Agreements 
Unit Manager's Meeting: 200-BP-l Operable Unit 

May 28, 1992 

1. SIGNING OF THE APRIL 200-BP-l MEETING MINUTES: 

Minutes from the April 200-BP-l Unit Manager's Meeting were reviewed and 
approved with no changes. 

2. ACTION ITEM UPDATE: (See Attachment 4 for status) 

2BP.51 Closed. (Item reported as 2BP.52 in April minutes . ) 

3. NEW ACTION ITEMS (INITIATED MAY 28, 1992): 

2BP.53 Provide format for the sample validation summary information 
M. Buckmaster and the analyte data for the first three quarters of 

groundwater sampling to justify reducing the analyte list . 

2BP.54 Provide su11111ary table of results of near surface sampling to 
M. Buckmaster justify deletion of sampling points . 

4. STATUS OF REMEDIAL INVESTIGATION TASKS: 

• Risk Assessment Modeling: Len Collard presented groundwater modeling 
for a hypothetical crib. See Attachment #7. The goal is to use actual 
data to refine the conceptual model. 

o Doug Sherwood (EPA) requested 1) 6°Co and FeCN complexed metals have 
a Kd of O; 2) WHC to look at the hydrologic properties of the four 
stratigraphic units used in the model; 3).historic groundwater table 
maps be evaluated as they may give information concerning historic 
groundwater mounding; 4) tables showing analytical data (in the same 
format as the Work Plan) for the first three quarters of groundwater 
sampling (Action Item 2BP.53). 

• Task 6, Phase IB Wells/Well Remediation: Complete . See Attachment #8. 

• Column Leach Testing: See Attachment #9. 

• Sample Val idation Summary: See Attachment #10 and Action Item 2BP.53. 

• Source and Vadose Sampling: Complete. See Attachment #11. 

5. SCHEDULE: On schedule for March 1993. See Attachment #12. 



Attachment 12 

200-BP-1 UNIT MANAGERS MEETING AGENDA 
MAY 28, 1992 

10:00-11 :30 PM 
450 HILLS ST., ROOM 47 

Introduction: 

Status: 

Action Items: 

o Borehole Reduction 

Remedial Investigation: 

o Risk Assessment Modeling 

o Task 6 Phase 18 Wells/Well Remediation 

o Column Leach/Sorption Testing 

o Chemical Data Status 

o Source and Vadose Sampling 

Issues: 

Other Topics: 

o Schedule 

Agreements and Com~itments: 
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Attachment #4 

ACTION ITEMS 

I Item Number I Action I Status I 
Prepare a work plan 

2BP.51 change request to Closed 
eliminate the 3, Task 2 
background boreholes. 
Action: Buckmaster 
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... - ·- · 

SUMMARY 

At the request of J. F. Relyea a literature search was performed to 
determine available data that describe the sorption properties of the 
following contaminants in Hanford Site soil: tritium, cesi~m, strontium, 
cobalt, bismuth, uranium, plutonium, cyanide, and phosphate. When available, 
Hanford Site-specific literature (i.e., data determined using Hanford soil) 
was reviewed to the exclusion of the general literature. Hanford-specific 
data were available for all of the listed contaminants except bismuth, 
cyanide, and phosphate. The general features of Hanford sediments include 
having a high sand content (=70 to 80 wt%), being moderate in silt content 
(=10 to 20 wt%), and low in clay content (<l to 10 wt%). Predominant minerals 
in Hanford sediments include quartz, feldspar, and pyroxene with small amounts 
of calcium carbonate, micas, smectite clays, oxides, and apatites. 

Table 1 summarizes our estim~tes fd1 probabl~ Kd (concentration in 
soil/concentration in solution, mL/g) values unde~ ambient conditions, a 
plausible range of Kd values for ambient conditions, a descriptive quality 
factor and probable Kd ranges · for chemical environments in soils dominated by 
two process waste-streams. These two environments are high ionic strength 
alkaline process water and high acid/high organic complexant process water. 
To calculate the · retardation factor (R), it is necessary to know the bulk 
density of soil and water content (or porosity for a saturated soil) of the 
material of interest (the values of these variables must be determined or 
otherwise supplied by the user). The retardation factor is calculated as R = 

1 + Kdp,je), where pb is the bulk density and e is the water content (Bouwer, 
1991). 

Based on the results of this review, it is recommended that Hanford 
Site-specific adsorption data be determined for bismuth because its adsorption 
behavior is not well known. Further work is warranted for plutonium because 
its adsorption behavior in ambient Hanford conditions is not well known; 
however, it is known to be relatively immobile in most soil and groundwater 
environments studied. Determination of Hanford Site-specific data for cyanide 
and phosphate might deserve work, but it is known from the general literature 
that cyanide is poorly adsorbed to soils and the mobility of phosphate tends 
to be solubility controlled. 

1 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 
I 
I 

--------------- ---



WHC-SO-EN-TI-033, Rev. O #5/Page 4 of 21 

TABLE 1. Summary of Kd Data. Specific to Hanford. 

High Ionic High Acid/ 
Ambient Conditions Strength, Alkaline Organic 

Probable Range in Quality,8f Range in Range in 
Species Kd (ml/g) Kd (ml/g) Data a Kd (ml/g) Kd (ml/g) 

3H(HTO) a.a 0.0 1 0.0 0.0 
131 Cs+ 500 500-10,000 2 1-200 1-200 
90sr2+ 20 5-100 2 0.3-20 0-20 
soc 0 2+ 2000 1000-10,000 2 200-2000 10-200 
Bi3+ 1000 500-19,000 4 unknown unknown 
uo2+ 

2 1 0-3 3 0-500 unknown 
Pu(bl 100 100-2000 3 100-2000 1-100 
99Tc0-

4 0 0-1 2 0-1 0-1 
HCN 0.1 unknown 4 unknown unknown 
HP02-

4 so 20-100 3 20-100 0-10 

(a) Quality Rating 

( 1) Kd values are very well known, little chance for variation because of 
chemical changes. 

(2) · Kd values are well known, variability caused by competing salts, pH, 
Eh and organics generally understood. 

(3) Kd values are fairly well known, variability caused by chemical 
factors (competing salts, redox, organics, etc.) not well documented. 

(4) Kd values are not known, probable value is purely an educated guess. 

(bl The Pu oxidation state was not characterized and many forms can co-exist 
for Hanford ambient conditions Pua;>Puo~+>Pu4+>Pu3+ is likely. Most waste 
streams at the Hanford Site would produce _soluble Pu species with Pua;+ 
Pua~+ >Pu4+ + Pu3+. Some organic-rich Hanford waste streams could 
solubilize Pu4

+ species. 
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ADSORPTION 
Adsorption of dissolved contaminants onto solid surfaces is a process that 

is affected by a variety of other chemical reactions or processes including: 
1) adsorption site density per unit area of adsorbent; 2) binding site 
strength, or affinity, of the adsorbate-adsorbent pair; 3) total amount of 
dissolved adsorbate available for interaction with the adsorbent surface; 4) 
spe~iation of the adsorbent (oxidation state and complexation state), for 
example, how strongly plutonium adsorbs will depend on if it is in the form of 
Pua~•, Pu4

•, or Puca~•, etc.; and 5) the concentrations of competitive 
adsorbates. 

Because Kd measurements are empirical values determined under a certain 
set of chemical conditions, they are only applicable to systems in which the 
chemical variables are the same as those used to determine the measured value, 
unless changes in a particular variable do not affect adsorption. In addition 
to the effects described in the previous paragraph, experimental artifacts can 
result in incorrect Kd values. The ·two most important of these potential 
problems results from precipitation of highly insoluble materials, which can 
bias Kd values high, and adsorption by "nonsettling" colloids, which can 
remain suspended in the aqueous phase after centrifugation or filtration in 
batch experiments or travel through the pores in column experiments (this 
effect will bias Kd values low). 

Due to these considerations, it is necessary to have a firm understanding 
of the chemical _systems from which the Kd values were determined and to which 
they are to be applied. Errors resulting from a lack of understanding of 
these systems can seriously compromise the quality of the data and the results 
of contaminant transport models. Adsorption data for the individual 
contaminants are reviewed in the following sections. 

Tritium 

Tritium (3H or T) is a radioactive isotope of hydrogen with a half-life of 
12.3 years. Tritium is rapidly oxidized to HTO, which behaves essentially the 

same as ordinary water. in terms of its transport properties. This means that 
tritium will travel at approximately the same velocity as soil water or 

3 
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groundwater. Some exchange of tritiated water for regular water on clays and 
other hydrated soil constituents does occur, but this effect will not retard 
tritium migration to any significant extent. As a result we would expect 
tritium to have a Kd value of practically zero and a retardation factor (R) 
close to one. These expectations have been confirmed by both laboratory 
column and field studies conducted with Hanford soil or at the Hanford site 
(Brown and Haney, 1964; Brown, 1967; Haney et al., 1962; Haney, 1963, 1964; 
Wierenga et al., 1986). Recent laboratory column results 1 also indicate that 
Hanford soils do not adsorb tritium. 

The quality of our expected Kd value of 0.0 for tritium is considered very 
good because both field and laboratory column results conducted by independent 
researchers using Hanford Site-specific material confirm this expected value. · 

Cesium 

Several investigations of cesi~m behavior in Hanford soil have been 
completed. Thermodynamic data summarized by Ames and Rai (1978) indicate that 
cesium will exist as a monovalent cation throughout the potential range of 
groundwater pH at Hanford. Cesium exhibits no tendency to complex with 
inorganic or organic ligands, to polymerize, or to form colloids. 
Consequently, Cs is expected to sorb primarily by ion exchange. The degree of 
sorption in Hanford soil is dependent on the types and concentrations of other 
cations in solution that can compete with cesium for sorption sites. The data 
indicate that all common cations (e.g., hydrogen, potassium, sodium, calcium, 
and magnesium) can influence cesium sorption depending on their 
concentrations. Experiments performed with Hanford soil are described below. 

Rhodes and Nelson (1957) measured cesium Kd values as a function of pH. 
The hydrogen ion competition for sorption sites was greatest at pH values of 
0. 4 to 1.8, wit~ Cs Kd values ranging from 37 and 138 ml/g, respectively. For 
pH values of 3 to 10, the measured Cs Kd values exceeded 200 ml/g. Routson et 
al. (1981) investigated the effects of varying the concentrations of 
potassium, sodium, and calcium on cesium sorption. Of these, potassium was 

11992 unpublished results. Pacific Northwest Laboratory, 
Richland, Washington. 

4 
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the most successful competitor, followed by sodium and calcium. Cesium Kd 
values dropped from 280 to 5.8 ml/gas potassium concentrations increased from 
10-3 to 2 x 10-1 M, respectively. In the presence of sodium, Cs Kd values were 
measured at >1200 ml/g for 1 x 10-3 M sodium and then dropped to 570 ml/g at 
1 x 10-3 M Na and to 26 ml/g at 3M Na concentration. Calcium was the least 
influential competing cation with Cs Kd values decreasing only slightly (2200 
to 790 ml/g) when Ca increased from 2 x 10-3 to 2 x 10-l M. Similarly, Barney 
(1978) measured cesium Kd in mixed cation systems composed of sodium and 
potassium with small amounts of humic acid (17 and 33 mg/L); the maximum 
potassium and sodium concentrations used were 10-2 and 1 x 10·1 M, 
respectively. All measured Cs Kd v~lues exceeded 200 ml/g. Rhodes and Nelson 
(1957) also measured cesium Kd at much higher sodium concentrations (1 to 6 M) 
and observed significant decreases in Cs Kd (from 100 to 18 ml/g) as sodium 
concentrations increased. Ames and Rai (1978) report work on cesi~m sorption 
in simulated tank waste with ·competing cations (sodium, potassium,' calcium, 
and ammonium) at combined concentrations of >2 M; they reported Cs Kd values 
from <l to 14 ml/g. 

In more recent work by Serne et al. (1991) distribution coefficients 
between Hanford Trench 8 sediment (from 200 W Area) and Hanford groundwater 
were measured. The Cs Kd after 5 days of contact was 540 ± 30 and 690 ± 80 
after 44 days of contact. Earlier work by Serne et al. (1990) using Hanford 
sediment (CGS-1, W of 200 E Area; TBS-1, S of 200 W Area) resulted in much 
higher Kd values , which were dependent upon equilibration period. The CGS-1 
data were 1270 ± 36 at 4 days, 2190 ± 414 at 14 days and 3120 ± 630 at 35 
days. The TBS-1 data were 3720 ± 760 at 4 days, 5110 ± 690 at 14 days and 
14,000 ± 1630 at 35 days. The differences between the earlier work and the 
more recent work appear to be related to differences in the concentration of 
Cs used in the experiments and/or differences in soil material (Trench 8 
material contained 90.3% fines, CGS-1 soil contained 17.5 % fines and TBS-1 
contained ::::99 % fines). 

Relatively little work has been completed to investigate the potential for 
cesium complexation with anionic ligands. However, data indicat2 that cesium 
does not interact with any common inorganic anions and has little interaction 
with most organic anions. Knoll (1969) observed that a small amount of sorbed 

5 
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cesium on a Hanford soil column {~12% after 70 column volumes) could be 
desorbed when exposed to a flushing solution containing 0.4 M d-2-EHPA - 0.2 M 
TBP. 

Given these data, sorption Kd values for cesium in Hanford soil will fall 
between 500 and >10,000 ml/g. Under ambient conditions [i.e., near neutral in 
pH, relatively low ionic strength (~l x 10-3 M for competing cations), and low 
concentrations of aqueous organic species], a minimum value of 200 ml/g is a 
reasonable Cs Kd for use in release and transport analyses. A most reasonable 
Kd value for Cs in Hanford groundwater contacting Hanford soil is expected to 
be 500 to 2000 ml/g. For high-salt wastes and acid wastes, a Cs Kd range of 
<l to 200 ml/g i s reconvnended, depending on the ionic strength and relative 
abundances of competing cations. As _ the relative potassium concentration 
increases and the overall ionic strength increases, the appropriate Cs Kd 

value will decrease to the lower part of the range. The available data base 
' ' ' 

indicates that cesium sorption is relatively insensitive to organic 
constituents. Therefore, at this time no change in the recommended cesium 
sorption values are proposed as a function of organic constituents present in 
a given waste stream. 

The quality of the cesium Kd data is considered to be good because of the 
large quantity of data available, which agrees reasonably well, and the wide 
range of conditions for which data are available . 

Strontium 

Strontium is the most extensively studied radioisotope in the Hanford Site 
soil environment. Thermodynamic data summarized by Ames and Rai (1978) 
indicate that strontium exists as a divalent cation throughout the potential 
range of groundwater pH in the absence of complexing anions and organic 
ligands. It is generally accepted that strontium sorbs by ion exchange as a 
cation. The degree of sorption in Hanford soil is dependent on the types and 
concentrations of other cations in ~elution that can compete successfully for 
sorption sites. A large data base exists that includes measurements of the 
effects of different cations and their concentrations on strontium sorption. 
The data indicate that all common cations (e.g., hydrogen, potassium, sodium, 
calcium, and magnesium) can influence strontium ~orption depending on their 

6 
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concentrations . The experiments done with Hanford Site soil are reviewed 
below. 

To investigate the effect of hydrogen, Rhodes (1957b) measured strontium 
Kd as a function of pH. Sorption Kd values of 5, 30, and 120 ml/g were 
observed at pH values of 6, 8, and 10, respectively. McHenry (1958) 
investigated the effects of varying concentrations of potassium, lithium, 
sodium, and ammonium. Initial strontium concentrations of 10-4 to 10-7 M with 
equal amounts of one or two other cations in solution at approximately neutral 
pH resulted in a strontium Kd in the range 20 to 80 ml/g. These data indicate 
that these cations do not compete strongly at these concentrations for 
sorption sites with strontium. Routson et al. (1981) investigated the effects 
of a wider range of sodium concentrations (10-3 to 3M) and observed a drop in 
strontium Kd fr~m 39 to 5.6 to 0.6 ml/g at 1.5 x 10-2, 1.5 x 10- 1, and 1.5 M 
sodium, respectively. In the ,presence of potassium, the Sr Kd dropped from 23 

i ' I I at 1 x 10-2 M to 7.9 at 5 x IO i 2 M potassium. 

Experiments performed to measure the effect of the divalent cations 
calcium and magnesium on strontium sorption indicate that these cations are 
the more successful competitors for sorption sites. Rhodes (1956) and Brandt 
(1957) measured strontium Kd in the range of <l to 10 ml/g at calcium 
concentrations between 1 x 10-3 and ·1 x 10-2 Mand pH values of 6 to 12. 
Similarly, Routson et al . (1981) has shown that the strontium Kd drops from 10 
to 0.3 ml/g when calcium concentrations increase from 5 x 10-3 to 2 x 10-l M. 
Nelson (1959) found strontium Kd to drop from 19 to 2 ml/gas magnesium 
concentrations increased from 1 x 10-3 to 1 x 10-l M. 

The most recent results available were conducted by Serne et al. (1990, 
1991). Strontium Kd results range from 23.4 ± 4.1 ml/g at 5 days to 18.1 ± 

4.0 ml/g at 44 days contact between Trench 8 soil and Hanford groundwater. 
Results determined for contact between Hanford groundwater and CGS-1 sediment 
average to 19.1 ± 2.8 for equilibration times of 4 to 35 days. TBS-1 soil 
results average to 23 ± 13 ml/g for the same equilibration periods. 

Experimental data indicate that common inorganic anions at concentrations 
observed in the environment do not form significant complexes with strontium, 
and subsequently do not form anionic aqueous species that inhibit sorption. 

7 
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McHenry (1958) measured strontium Kd as a function of nitrate, chloride, 
oxalate, sulfate, and phosphate at concentrations of =10-7 to 1 x 10-4 Mand 
neutral pH. Only phosphate and oxalate influenced strontium sorption and only 
at their highest concentrations. These anions actually enhanced the measured 
sorption values. Work by Ames et al. (1958) demonstrated that a calcium 
phospate mineral, apatite, will form in the soil system containing phosphate 
and calcite. The calcium dissolved from calcite combines with the phosphate 
to form the apatite. If strontium is available~ it will behave similarly to 
calcium and coprecipitate in the newly formed phosphate mineral. 
Consequently, the observed increase.in strontium "sorption" is probably due to 
coprecipitation reactions. It is hypothesized that a similar type of reaction 
occurs with oxalate. 

Little quantitative work has been done to measure Kd values of strontium 
in the presence of organic anions. Work that has been done indicates that a 
definite interaction between strontium and some organics does occur, which 
reduces the sorption of strontium. · Knoll (1969) showed that a mixture of 0.4 
M d-(2-ethylhexyl) phosphoric acid (d-2-EHPA) and 0.2 M tributyl phosphate 
(TSP) in normal paraffin hydrocarbons (NPH) would comp-letely desorb strontium 
from a soil column. Ames et al. (1958) indicated that cyanide (CN-) would 
also complex with strontium. Other experimental data not related to the 
Hanford soil environment (Fuller and L'Annunziata 1969) show that N-(2-
hydroxyethyl) ethylenediaminetetraacetic acid (HE~DTA), 
ethylenediaminetetraacetic acid (EDTA), ethyleneglycoltetraacetic acid (EGTA), 
and diethylenetriaminepentaacetic acid (DTPA) will form anionic complexes with 
strontium and reduce sorption. 

Given this data base, sorption Kd for strontium in Hanford Site soil will 
fall between O and 100 ml/g, except in the presence of phosphate or oxalate in 
which case "sorption Kd" are of the order of 200 to 500 ml/g. Strontium 
sorption is sufficiently sensitive to groundwater cation concentrations and 
its own initial concentration that narrowing the Kd range is dependent on the 
individual situation. A conservative value of 5 to 10 ml/g is recommended 
recognizir.g that sorption values may be much higher. A probable average value 
for ambient Hanford conditions is 20 ml/g. The use of low values is based on 
the unconfined aquifer groundwater compositions, which contain =10-3 M of 
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calcium. Relatively speaking, calcium should be the dominant factor affecting 
strontium sorption under most conditions in ambient Hanford soil. Under 
acidic conditions, a recommended sorption range is 3 to 5 ml/g. Given the 
much higher sal t concentrations in single-shell tank wastes, the recommended 
Kd for Sr in environments dominated by high ionic strength process liquid 
wastes is 1 mL/g. Limited data on strontium interactions with organic 
constituents (cyanide, TSP} in Hanford soil suggests that anionic species 
could form that would further reduce the sorption of strontium. 

The quality of the strontium Kd data is considered to be good because of 
the large quantity of data available, which agrees reasonably well, and the 
wide range of conditions for which data are available. 

Cobalt 

Thermodynamic data summarized by Ames and Rai (1978) indicate that aqueous 
cobalt exists primarily as co2+ up to a pH of approximately 9.5 and then as a 
neutral hydroxide species Co(OH)~ at pH >9. Thermodynamic data also predict 
that cobalt wil l complex with common anions (chloride, nitrate, hydroxide, and 
sulfate) to form mostly neutral or anionic species. These species will not 
occur at significant concentrations under ambient Hanford groundwater 
conditions. At a pH value of 9 or less, cobalt should sorb via cation 
exchange if it does not react with other anions to form anionic or neutral 
species. Routson et al. (1981) investigated the influence of calcium, sodium, 
and potassium on cobalt sorption onto a variety of Hanford sediments taken 
from different boreholes. Of the three cations, calcium was the most 
successful competitor with cobalt for sorption sites. Sorption Kd values for 
cobalt decreased from 3400 to 200 ml/gas calcium concentrations increased 
from 2 x 10-3 to 2 x 10-l M. On the other hand, cobalt Kd values increased 
with increasing sodium and potassium concentrations (from 2100 to 4700 ml/gas 
Na increased from 1 x 10-3 to 3M, and from 500 to 3400 ml/gas potassium 
increased from 2 x 10-3 to 2 x 10-l ·M). These data clearly indicate that the 
cation exchange process is not the only process affecting cobalt sorption. 
The authors suggested that colloid formation and physical sorption were 
occurring. Conversely, Barney (1978) observed that the sorption of cobalt on 
Hanford soil was reduced in the presence of potassium. Specific Kd values 
were not reported. 

9 
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Some field studies and l~boratory studies on Hanford soil indicate that 
cobalt readily reacts with organic and inorganic anions when they are present 
~thigh concentrations. These observations are supported by other studies on 
soils similar to Hanford soil. Haney {1967) reported the occurrence of cobalt 
in groundwater under the 216-BY crib. He proposed that the apparent high 
mobility of cobalt in the soil column was due to the formation of anionic 
cobalt phosphate complexes resulting from the high phosphate content in the 
waste stream. Barney (1978) observed that the sorption of coba~t on Hanford 
soil was reduced in the presence o~ nitrite {NO;) and humic acid, presumably 
because of the formation of anionic or neutral complexes with cobalt. Wilding 
and Rhodes (1963) demonstrated that the addition of EDTA to a soil water 
system would reduce the cobalt Kd by a factor of 100. 

Distribution coefficients have recently been determined for cobalt using 
Hanford Trench 8 soil (200 W Area) and Hanford groundwater or waste leachate 
solutions (Serne et al., 1991). The results were essentially the same for 
equilibration periods of 5 days or 43 days. The average K~ value determined 
for Trench 8 soil and Hanford groundwater was 1.2 x 104 ml/g. Kd values were 
also determined for Trench 8 soil and leachate solutions representative of 
solution percolating through buried -solid waste at Hanford. An average Kd 

•~ value of 54 ml/g was determined between Trench 8 soil and leachate solution 
• - derived from Hanford groundwater in contact with wood, cardboard and paper. 

This value is significantly lower than that determined using unaltered 
groundwater. This is probably due to complexation of the cobalt in solution 
by organic acids leached from the waste materials (the leachate in these 
experiments contained between 407 and 480 ppm total organic carbon). In a 
third set of experiments, adsorption of cobalt was determined between Trench 8 

soil and a leachate solution derived from Hanford groundwater in contact with 
a wider variety of wastes including wood, cardboard, paper, plastic, rubber, 
nylon, cotton, cloth, canvas, various tapes and cement. The average Kd value 
determined in this set of experiments was 16 ml/g. This value is even lower 
than the previous set of experiments despite the much higher pH of the 
solution (pH= 12.1) caused by the cement. This is probably due to the 

increased deprotonation of organic acids leached from the wastes, causing a 
greater degree of complexation. 

10 
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Based on the foregoing information, the recommended range of sorption Kd 
values for cobalt is 2 x 103 to 1.2 x 104 ml/g for ambient Hanford soil 
conditions (neutral to slightly basic pH, low ionic strength, and low organic 
content). A range of -Kd values for cobalt between Hanford soil and leachates 
percolating through Hanford solid wastes is 10 to 50 ml/g. A reconvnended 
range for high-salt, high-organic, and/or acid conditions cannot be specified 
with any confidence because of the lack of data. General indications are that 
Kd values will be much lower than ambient c~ndition values. 

The quality of the cobalt Kd data is considered to be good because of the 
large quantity of data available, which agrees reasonably well, and the wide 
range of conditions for which data are available . 

Bismuth 

No adsorption data is available for bismuth adsorption onto Hanford soils. 
The only one study was found in which bismuth adsorption onto soils was 

"'- studied (Gerritse et al., 1982). In this study it was found that adsorption 
of bismuth onto soils was high. Kd values ranged from 500-1000 ml/g for a 
sandy top soil in contact with inorganic solutions at pH values that ranged 
from 5.2 to 7.7; for a sandy loam in contact with the same solutions, the Kd 
values ranged from 5000 to 19,000 ml/g. Under ambient Hanford groundwater 
conditions bismuth will exist as the Bi(OH) 3(aq) species and will have a 
solubility of approximately 4 x 10·4 M (Baes and Mesmer, 1976). Because 

N 
bismuth will exist as the Bi(OH) 3 (aq) species both in the experimental 
solutions of Gerritse et al. (1982) ·and in Hanford groundwaters it . is expected 
that adsorption of bismuth onto soil will also be strong. Due to the 
uncertainty in the adsorption behavior of bismuth; however, it is recommended 
that laboratory adsorption studies be conducted for bismuth in Hanford 
groundwater onto Hanford soil. 

Uranium 

Under oxidizing conditions (typical for Hanford vadose zone sediments and 
the upper unconfined aquifer), dissolved uranium is predicted to exist as a 
cation (UO~+) up to a pH of approximately 6, as a neutral hydroxide species 
U02(0H)~ from a pH of approximately 6 to 8, and as an anionic carbonate 
U02(C03)~- above a pH value of 8. Uranium may also complex with other anions 

11 
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(e.g., fluoride, chloride, and phosphate) to form neutral or anionic species, 
but such complexes should not exist in significant concentrations under 
ambient Hanford groundwater conditions. These estimated species distributions 
suggest that uranium would sorb via cation exchange under acid conditions and 
sorb very poorly under neutral and basic conditions. 

Recent laboratory studies indicate that uranium sorption onto Hanford soil 
is weak under ambient Hanford groundwater conditions (Serne et al., 1990, 
1991). Kd values determined for uranium using Trench 8 soil and Hanford 
groundwater are as follows: 1.9 ± 1.4 mL/g at 5 days and 2.1 ± 0.6 mL/g at 44 
days of contact (Serne et al., 1991). Adsorption of uranium onto Hanford 
Trench 8 sediment from solid waste (wood and paper) leachates containing 
significant concentrations of organic matter was significantly decreased over 
that of ambient groundwater. The average Kd under these conditions value was 
essentially zero. Kd values determined between Trench 8 sediment and leachate 
from solid waste containing a variety of organic materials and cement (high pH 
and relatively high ionic strength) were determined to be 2850 ± 960 ml/g 
after 5 days and 320 ± 140 after 44 days of contact. In another study (Serne 
et al., 1990), the average Kd for uranium was determined to be 1.7 ± 4.2 mL/g 
for Hanford groundwater and CGS-1 sediment and 79 ± 26 ml/g for TBS-1 
sediment. 

Characterization of 300 Area soil underneath the 316-4 crib by Ames and 
Phillips (1979) indicates that uranium is rather immobile because of 
solubility constraints rather than sorption. Strong evidence is presented 
that a uranium phosphate has precipitated because of the high phosphate 
content in the waste stream. Leaching experiments were completed as part of -the study and showed that 0.1 N HN0

3 
acid was very successful at removing 

uranium from the contaminated soil column while distilled water and a methyl 
isobutyl ketone solution did not remove uranium from the soil. The data 
indicate that nitric acid dissolves the uranium phosphate phase. In some 
recent preliminary work2 using unsaturated columns, retardation factors were 
determined for uranium using Hanford Trench 8 soil and groundwater under 

21991 unpublished results. WSU-Tri Cities, Richland, 
Washington. 
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unsaturated conditions. An R of 2.3 was determined at 77% and 26% saturation. 
This corresponds to a Kd of 0.3 ml/g. 

General indications are that uranium sorption values will be low under 
most ambient Hanford circumstances because uranium tends to form neutral or 
anionic carbonate species at neutral or basic pH values. A range in Kd of 0.3 
to two is recommended for uranium under ambient Hanford groundwater 
conditions . 

. The quality of the uranium Kd data is considered to be fairly good. 
Fewer data are available for uranium than Cs, Sr, or Co, but the agreement 
among the data is reasonably good. Data are not available fpr acidic 
solutions containing organic complexants. 

Plutonium 

A moderate number of 1nvestigations of plutonium behavior in Hanford Site 
soil have been completed. i Ther~tjdynamic lctata summarized by Ames and Rai 
(1978) indicate that plutonium may form anionic or cationic aqueous species 
depending on solution pH and Eh. For oxidizing conditions expected at the 
Hanford Site, cationic plutonium species should predominate up to a pH value 
of approximately 6 while plutonium carbonate and plutonium hydroxyl-carbonate 

..o complexes with negative charges are expected to occur in the pH range of 6 to 
12. The potential for plutonium sorption should, therefore, decrease with 
increasing pH. Evidence exists (Rhodes 1957c), however, that plutonium tends 
to hydrolyze above a pH value of 2. Hydrolysis leads to the formation of 
finely dispersed precipi\ates, which can be removed from solution by physical 
sorption processes and reduce plutonium mobility. 

Plutonium sorption has been investigated as a function of pH, ialt 
content, and organic complexants. Rhodes (1957c) showed that plutonium 
sorption onto Hanford soils is very sensitive to pH. Minimum Pu sorption 
occurs in the pH range of =l to 3 (Kd of =30 ml/g). Maximum Pu sorption 
occurs in the pH range of z4 to 8.5 (Kd, >1980 ml/g) and moderate Pu sorption 
occurs in the pH range of =10 to 12 (Kd, 80 to 380 ml/g). It is likely that 
physical sorption of precipitates is a significant process in the maximum 
sorption range. Limited investigation of cation competition effects on 
plutonium sorption indicates negligible competition in the neutral pH range. 

13 
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Rhodes (1957c) measured a Pu Kd of 275 in a 4 M solution of sodium nitrate at 
pH of =7. He also indicated negligible effects on sorption in the presence of 
4 M ammonium. Cation exchange competition may influence plutonium sorption at 
extremely acid pH conditions. Hajek and Knoll (1966) measured Kd values of <1 
ml/g at pH values of =1 to 3 and combined calcium, sodium, and magnesium 
concentrations of =2.5 M. An alternate explanation of Hajek and Knoll's data 
would be that Pu precipitation is minimized at low pH values and thus the 
apparent Kd is small. 

Investigation of the effects of inorganic anions on plutonium sorption has 
been limited to nitrate. Evidence indicates that nitrate has little effect on 
plutonium sorption {Rhodes 1957b). Numerous crganic anions have been shown to 
react with plutonium, forming soluble organic complexes that reduce the 
sorption of plutonium; these include OBBP, TBP, d-2-EHPA, and hydroxyacetic 
acid (Knoll 1969). The data show that different plutonium mobilities result 
from the order in which plutonium and the organic~ are introduced to a soil 
column. The least influence occurs when plutonium is first sorbed onto the 
soil column without organics, followed by flushing of the column with organic 
constituents. The greatest reduction in sorption occurs when plutonium and 
the organic complexants are both present in the infiltrating solution. The 
data are insufficient to predict Kd values for plutonium in the presence of 
these species. 

It should be noted that the oxidation state of Pu was not characterized in 
the work discussed above. Several oxidation states of Pu can co-exist in 
groundwaters. Under oxidizing conditions, the most likely oxidation states of 
Pu in the above experiments (as well as Hanford groundwater) is 
Puo;>Puo~•>Pu4•>Pu3•. 

Based on the available data, the recommended range of Kd values for 
plutonium under ambient Hanford soil conditions is ~100 to 1000 ml/g. Under 
acid conditions (pH of =1 to 3), the recommended Pu sorption Kd is <1 ml/g. A 
wide range of Pu Kd values is possible -in neutral to basic pH systems 
containing appreciable organic compounds, and further data must be collected 
before a reasonable range can be recommended. 

14 
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The quality of the plutonium Kd data is considered to be fair. Much of 
the work failed to separate precipitation effects from adsorption effects and 
the oxidation state of plutonium was not characterized. Fewer data are 
available for plutonium than for many of the contaminants reviewed here and 
the variability caused by changes in chemical factors is not well documented . 

. On the other hand, it is known from the general literature that plutonium is 
quite immobile in most ambient groundwater environments. Further work to 
determine the adsorption properties of plutonium onto Hanford soils should be 
considered. 

Technetium 

Experimental work on soils similar to those at Hanford indicate that 
technetium exists as a negative anion Teo; in oxidizing soil environments and 
does not readily complex with other chemical species. Consequently, 
technetium is considered to be relatively nonadsorbing in almost every 
oxidizing soil environment. Routson et al. (1976) measured technetium 
sorption on Hanford soil and measured Kd values which ranged from Oto< 1 
ml/g; recent results by Serne et al. (1990, 1991) are very similar. 
Technetium Kd values determined with Trench 8 soil and Hanford groundwater 
were -0.1 ± 0.2 ml/g at 5 days and 0.2 ± 0.7 ml/g at 44 days (Serne et al., 
1991). Average technetium Kd values determined for Hanford CGS-1 soil and 
Hanford groundwater were 0.1 ± 0.7 ml/g, and 0.1 ± 0.5 ml/g for TBS-1 soil 
(Serne et al., 1990). Kd values determined with Hanford sediment (Trench 8) 

and leachates derived from Hanford groundwater and solid waste (wood, 
cardbo~rd and paper), which contained considerable concentrations of total 
organic carbon (407 to 440 mg C/1), showed no significant difference from 
those determined without organics present. Significant sorption may occur in 
soils that contain considerable organic matter, which tends to sorb anionic 
species and may reduce technetium to its +4 valence state causing 
precipitation or sorption. Because these types of soils are nonexistent at 
the Hanford Site, the recommended sorption Kd range for Tc for all types of 
waste conditions is Oto <l mL/g. 

The quality of the technetium Kd data is considered to be very good as a 
result of the good agreement between the several Hanford-specific studies and 
the studies published in the general literature. 
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Cyanide 

Hydrogen cyanide is a weak acid -with a pK of 9.2. Cyanide in Hanford 
groundwater will therefore exist largely as an uncharged species. Site
specific adsorption data onto Hanford soils are not available; however, 
hydrogen cyanide adsorption onto soils is expected to be minimal. Data from 
Alesii and Fuller {1976) suggest that Kd values for cyanide range from 0.1 to 
1.0 for various soils. 

Although cyanide adsorption is expected to be minimal actual data for 
Hanford conditions are nonexistent, and the affects of different chemical 
conditions are not known. Thus it might be useful to perform some Hanford
specific adsorption experiments once the chemical environments of interest are 
defined. 

Phosphate 

Phosphate adsorption data for Hanford soils are not available. Data 
determined for a variety of other soils (Goldberg and Sposito, 1984) indicate 
that Kd values for most soils should exceed 5 ml/g. Estimating a reliable Kd 
value for Hanford soil is difficult due to the large number of factors which 
can significantly influence its value. These factors include the 
concentration of calcium carbonate and iron and aluminum oxides in the soi l, 
and chemical composition of the groundwater, espec i ally the concentration of 
dissolved calcium, ionic strength and pH. 

Although adsorption of phosphate onto soils is likely to be an important 
attenuation mechanism in soils and groundwaters, the solubility of phosphate 
will . be a very important factor limiting its dissolved concentration, 
particularly near the source. Using the MINTEQ geochemical code and 
analytical composition data for a typical Hanford groundwater, it is estimated 
that the total phosphate solubility will be approximately 2 x 10-8 M (~2 
µg/l), (assuming equil i brium with hydroxyapatite) . This concentration will be 
further diminished by adsorption onto soil. 

Pore waters in Hanford vadose and upper unconfined aquifer sediments 
rarely show measurable concentrations of dissolved phosphate (Serne et al., 
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1990), which corioborates the possibility that solubility of hydroxyapatite 
controls phosphate concentrations. It is inappropriate to describe solubility 
controlled contaminants using Kd values, although this is often done for 
simple transport calculations. To satisfy transport modelers who require Kd 

values as the only way to describe mobility, phosphate should be considered 
quite invnobile under ambient Hanford conditions and under high ionic strength 
alkaline conditions. We approximate the mobility phosphate with a Kd value of 
50 ml/g. The quality of this value must be considered purely as an educated 
guess. Phosphate mobility increases under acidic conditions as a result of 
the increased solubility of hydroxyapatite with decreasing pH . 

REFERENCES 

Alesii, B. A., and W. H. Fuller. 1976. "The Mobili~y of Three Cyanide Forms 
in Soils . " In Residual Management by Land Disposal . Environmental Protection 
Agency, Washington D.C. 

Ames, L. L., and a~ Rai. 1978. Radionuclide Interactions with Soil and Rock 
Media. EPA 520/6-78-007, Vol. 1, U.S. Environmental Protection Agency, Office 
of Radiation Programs, Las Vegas, Nevada . 

Ames, L. L., and S. J. Phillips. 1979 . Characterization of the Hanford 300 
Area Burial Grounds. PNL-2658, Pacific Northwest Laboratory, Richland, 
Washington. 

Ames, L. L. , Jr . , J. R. McHenry, and J. F. Honstead . 1958. "The Removal of 
Strontium from Wastes by a Calcite-Phosphate Mechanism." In Proceedings of 
2nd U.N. International Conference on Peaceful Uses of Atomic Energy, Vol. 18, 
pp. 76-96. International Atomic Energy Agency, Geneva, Switzerland. 

Baes, C. F., and R. E. Mesmer. 1976. The Hydrolysis of Cations. Wiley, New 
York, New York. 

Barney, G. S. 1978. Variables Affectinq Sorption and Transport of 
Radionuclides in Hanford Subsoils. RHO-SA-87, Rockwell Hanford Operations , 
Richland, Washington. 

Barney, G. S. 1981. Evaluation of Methods for Measurement of Radionuclide 
Distribution in Ground Water/Rock Systems. RHO-BWI-LD-47, Rockwell Hanford 
Operations, Richland, Washington. 

Bouwer, . H. 1991 . "Simple Derivation of the Retardation Equation and 
Apllication to Preferential Flow and Macrodispersion. 11 Ground Water 29:41-46. 

17 



.. 

WHC-SD-EN-TI-033, _Rev. 0 #5/Page 20 of 21 

Brandt, ·H. L. 1957. Calculation of Purex A-8 Crib Capacity; HW-51399, 
Hanford Works (General Electric), Richland, Washington. 

Brown, D. J. 1967. Migration Characteristics of Radionuclides Through 
Sediments Underlying the Hanford Reservation. ISO-SA-32, !sachem, Richland, 
Washington. 

Brown, D. J., and W. A. Haney 1964. Chemical Effluents Technology Waste 
Disposal Investigations July-December. 1973 - The Movements of Contaminated 
Ground Water from the 200 Areas to the Columbia River. HW-80909, Hanford 
Works (General Electric), Richland, Washington. 

Delegard, C. H., R. L. Weiss, R. T. Kimura, A. G. Law, and R. C. Routson. 
1986. "Characterization and Anion Exchange Removal of Uranium from Hanford 
Ground Water." In Waste Management '86, University of Arizona, Tucson, 
Arizona. 

Fuller, W. H., and M. F. L'Annunziata. 1969. "Movement of Algal- and Fungal
Bound Radiostrontium as Chelate Complexes in a Calcareous Soil." Soil Sci. 
107:223-230. 

Gerritse R. G., R. Vriesema, J. W. Dalenberg, and H. P. De Roos. 1982. 
"Effect of Sewage Sludge on Trace Element Mobility in Soils . " J. Environ. 
Qua 1 . 11: 359-364 .. 

Goldberg, S., and G. Sposito 1984. "A Chemical Model of Phosphate Adsorption 
by Soils: II. Noncalcareous Soils." Soil Sci. Soc. Am. J. 48:779-783. 

Hajek, B. F., and K. C. Knoll. 1966. Disoosal Characteristics of Plutonium 
and Americium in a High Salt Acid Waste. BNWL-CC-649, Pacific Northwest 
Laboratory, Richland, Washington. 

Haney, W. A. 1963. Fission Product Tritium in Fuel Reprocessing Wastes. HW
SA-3303, Hanford Works (General Electric), Richland, Washington. 

Haney, W. A. 1964. "Consequences of Activity Release . " Nuclear Safety. 
5:399-403. 

Haney, W. A. 1967. Final Report on the Effects of Ben Franklin Dam on 
Hanford. BNWL-412, Pacific Northwest Laboratory, Richland, Washington, pp. 8-
13. 

Haney, W. A., D. J. Brown and A. E. Reisenauer. 1962. 
Tritium in Separations Wastes and in the Ground-Water. 
Works (General Electric), Richland, Washington. 

Fission Product 
HW-74536, Hanford 

Knoll, K. C. 1969. Reactions of Organic Wastes in Soils. BNWL-860, Pacific 
Northwest Laboratory, Richland, Washington. 

McHenry, J. R. 1958. "Ion Exchange Properties of Strontium in a Calcareous 
Soil." Soil Sci. Soc. Am. Proc. 22:514-518. 

18 



WHC-SO-EN-TI-033, Rev. O #5/Page 21 of 21 

Nelson, J. L. 1959. Soil Column Studies with Radiostrontium E. Effects of 
Temperature and of Species of Accompanying Ion. HW-62035, Hanford Works 
(General Electric), Richland, Washington. 

Rhodes, D. W. 1956. Adsorption by Soil of Strontium from 216-S Crib Waste. 
HW-42699, Hanford Works (General Electric), Richland, Washington. 

Rhodes, D. W. 1957b. Investigation of the Effect of Waste Disposal Procedure 
Modifications on Disposal of D-2 Waste to the Ground. HW-48356, Hanford Works 
(General Electric), Richland, Washington. 

Rhodes, D. W. 1957c. "The Adsorption of Plutonium by Soil." Soil Sci. 
84:465-471. 

Rhodes, D. W., and J. L. Nelson. 
from the Uranium Recovery Plant. 
Richland, Washington. 

1957. Disposal of Radioactive Liquid Wastes 
HW-54721, Hanford Works (General Electric), 

Routson, R. C., G. Jansen, and A. V. Robinson. 1976. "241Am, 237Np, and 99rc 
Sorption on Two United States Subsoils from Differing Weathering Intensity 
Areas." Health Phys. 33:311-317. 1 

Routson, R. C. , G. S~ Barn~1, R. H. 1 smith, C. H. Delegard, and L. Jensen. 
1981. Fission Product Sorption Parameters for Hanford 200-Area Sediment 
Types. RHO-ST-35, Rockwell Hanford Operations, Richland, Washington. 

Wierenga, P. J., ~- W. Gelhar, C. S. Simmons, G. W. Gee and T. J. Nicholson 
1986. Validation of Stochasic Flow and Transport Models for Unsaturated 

~ Soils: A Comprehensive Field Study. NUREG/CR-4622 (PNL-5875), U.S. Nuclear 
Regulatory Commission, Washington, D.C. 

Wilding, M. W., and D. W. Rhodes. 1963. Removal of Radioisotopes from 
Solution by Earth Materials from Eastern Idaho. 100-14624, Idaho Operations, 
Idaho Falls, Idaho. 

19 



Change Number 

22 

Attachment #6 

APPROVED DOCUMENT CHANGE 
CONTROL FORM 

Do not use blue ink. Type, or print in black 

Document Number & Title Date Document Last Issued 
RI/FS Work Plan for the 200-BP-l 
Operable Unit, Hanford Site, Richland, 
Washington March 1990 

Description of Change 

Phone 
376-1792 

Date 

4/23/92 

Modify Task 2 source sampling throughout the text to indicate that (3) 
boreholes located in the 600 Area will not be required to determine 
background concentration. 

Note: Include affected page number WP-133, SAP / FSP-4 

Justification and Impacts of Change 

Adequate data has been collected from various activities to determine 
background concentrations. Data that will be evaluated includes: 216-B-57C, 216-B- 61, 
near surface soil samples, Task 6 200 and 600 Area background data, and 
the site wide background document. Data quality objectives will be 
satisfied using this data. 

Per Adion Plan for Implementation of the Hanford Consent Order and Compliance Agreement, Section 9.3 



Attachment 17 

1. Sr90 to 100 years for crib B-43: Kd=l0ml/g & Kd=lml/g 

2. Csl37 to 100 years for crib B-43: Kd=200ml/g & sludge layer with 2000 ml/g 

3) Sampl e selection for physical property testing 

4) Sens i tivity analyses 

5) Incorporation of new lab data as it becomes available 

6) Interact with regulators on details 

7) Selection of contaminants of interest 



Attachment#8 

200-BP-1 TASK 6 ACTIVITIES 

Task 6 Phase IB wells: 

o Well 699-57-59 is completed and sampled . 

Well Remediation: 

o Wells 699-59-58 and 699-60-57 are completed. 

o Well 699-60-60 - Surface seal completed and piezometer removed. 
Removal of concrete plug remains. 

o Begin installation of 200 Area posts and pads. 
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Attachment #9 

200-BP-1 SORPTION/COLUMN LEACH TESTING 

Column Leach Testing: 

o Testing has been completed for 216- B- 57 and 216-B-49 . 

o Testing is currently underway for crib samples 216-B-43 . 

Sorption Testing: 

o Literature Search 

o Testing Methodology: 

o Groundwater from 699-50-53A will be used. 

o 5 tracer tests will be -performed using CN/C-14, Cs-137/Sr-90, 
Tc-99, Co-60, and Pu. 

o Currently revising the test plan with testing tentatively 
scheduled for next month . 
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200-BP-1 SAMPLE VALIDATION SUMMARY 

I CHEMICAL SAMPLES I 
Total Number of Total Validated Total Unvalidated Total Samples 

Sample Type Samples Samples Received Samples Samples which have Partial 
from Laboratory Data Validated 

2nd Quarter Groundwater 190 190 117 73 10 

3rd Quarter Groundwater 135 135 120 15 0 

4th Quarter Groundwater 110 0 0 0 0 

Crib Samples to Date 321 131 7 277 9 

I RADIOCHEMICAL SAMPLES I 
Total Number of Total Validated Total Unvalidated Total Samples 

Sample Type Samples Samples Received Samples Samples which have Partial 
from Laboratory Data Validated 

2nd Quarter Groundwater 60 60 0 0 0 

3rd Quarter Groundwater 52 52 0 0 0 

4th Quarter Groundwater 56 12 0 0 0 

Crib Samples to Date 141 29 0 0 0 



Attachment #11 

SOURCE AND VADOSE SAMPLING 

o Source and Vadose Sampling has been completed. 

o 28 boreholes were drilled. Maximum contamination encountered -
12,000 mRad/hr and 1500 mRad/hr. 

o 3 boreholes in Crib 216-B-47 remain to be abandoned. 

o Cleanup activities will continue for 4-6 weeks. 
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PHASE I IUEDIAL ltM:STIGATl<X-l 
TASK-1 MANAGOENT & STATUS l'UffiTS 

TASK-2 S<UIC£ SAMPLI~ 00 AN>lYSIS 
TASK-2a PfEPARATI<X-l 
TASK-2b ffi!LLI~ 00 SOIL SA,1,A_!~ 

TASK-2c SN4'1..E HAf-0...1~ 00 TRANSFER 

TASK-2d LABffi!TffiY AVAIL . & a-ot!CAL AN>lYSIS 
TASK-2e BffiEJ-OLE (BJA-IYSI CS 

TASK-2f GEOOCTIC &.R"8' 

TASK-2g BffiEJ-OLE ABA/llJOIIJ,£NT 

TASK-3 SlffAC£/flEAR SUFAC£ SOIL SA,1,A_E/ANALYSIS 
TASK-3a PREPARATI~ 

TASK-3b EVALUATE & TEST LEN< DETECTION TEO-tHOLE 
TASK-3c SCINTILLATI<X-l $..RVEY CF LANJ SLAFACE 

TASK-3d STAGE 1 SOIL PROOE SURVEY 

TASK-3e STAGE 2 SOIL PROOE SURVEY 

TASK-3f SOIL SN4'1..I~ 
TASK-3g GEOCUIC CONTR<X... & SURVEY 

TASK-3h LABGIATORY AVAIL . & 0£MICAL ANALYSIS 

TASK-4 VNXJ'.:£. Z~ SOIL SAMPL!t-.G & ANALYSIS 

TASK-4a !£VIEW & PREPARATl<X-l 
TASK-4b ffiILLI~ & SA,1,A_ J~ 

TASK-4c SAMPLI~ . HANJLING & TRANSFER 
TASK-4d BOREH<X...E GE<RIYSICS 
TASK-4e LABGIATORY AVAIL . & 0£MICAL ANALYSIS 

TASK-4f BOREH<X...E ABAI-O<»ENT 
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TA3<-5 SEl94JC FURACTJ<»4 9R£Y 

TA3<-5o IEVJEW, TESTHl & Pfe>-TJCN 

TA3<-5b CEOOETIC CXlNlROl. 

TA3<-5o FJELD AECXH<AJ"-'NCE 

TA3<-5d O.TA FEll.CTJCN & J~TATl<»4 

TA!K-6 INSTIOU.ATl<»4 OF MONITORl"'3 IIEl.L3 

TA3<-6o IEVJEW & EVALUATE FRlN TA3< 5 & 7 

• TA!K-60 Pfe>-TJCN 

,TA3<-6o STAGE 1 CAILL, SM'l.E & WELL INSTAU..ATJ<»4 

TA3<-6d BCffKLE ClEORf(SJCS 

TA3<-6• ClEOOETIC ~y 

TA3<-6f FELIHINARY EVALATl<»4 OF DATA 

TU<-69 STAGE 2 CAILL, SM'l.E & WELL INSTAU..ATICN 

TA3<-6h BCffKLE ClEORf(SJCS 

TA!K- 61 ClEOOETIC ~ 

TA3<-7 GRJU()WATER SA>R.11'13 & ANALYSIS 

TA!K-7• COEL<P I..E\/EL V SAS ANAL.VS IS IElHODS 

TA!K- 7b ClWlTEII..Y SAl4'\.1Nl INN..'ISIS >£THX>S 

TA!K-7o ClWlTEII..Y N«.YSIS 

TA3<-7d IEVJEW OF EXJST)Nl IEU.S 

TA!K-7• 5841-"'"-"i. SAK'U"'3 
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TASK-8 SITE TOPOffiAPHIC MAP 
TASK-Ba PREPARATJ!l'l 

TASK-Sb FIELD SURVEY 
TASK-Be DATA REDUCTl!l'l ll'l CAD 

TASK-9 BIOTA 9..FIVEY 

TASK-9a SITE RECONAISSANCE 
TASK-9b BIOTA SA'4'1..ING 

TASK-9e LABORATORY AVAIL . & Ct-e,41CAL ANALYSIS 

TASK-1O COLUl-tl LEACH TEST 

TASK-1Oa PREPARATION 
TASK-1Ob TESTING PERIOD 
TASK-1Oe LABORATORY AVAIL. & CHEMICAL ANALYSIS 

TASK-11 HYORAU..IC Pl.MP TESTS 

TASK-11a PREPARATION 
TASK-11b CO,,OUCT SLUG TEST 

TASK-11e CO,,OUCT DRAIOOWN/f£COVERY TESTS 

TASK-12 SOR>TION TEST 
TASK-12a PREPARATION 

TASK-12b TEST PERIOD 

TASK-12e LABORITORY AVAIL . & CHEMICAL ANALYSIS 

TASK-13 BASELINE RISK ASSESSMENT 

TASK-13a DATA COMPILATICl'l 

TASK-13b DATA ANALYSIS 

TASK-14 EVALUATION AND REPORT 

TASK-14a EVALUATIIJ'l N-o REPORT 

TASK-14b DRAFT REPORTS 

TASK-He FINAL REPORT & REVIEW 

FINAL SECONDARY REPORT 
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Distribution 

Unit Manager•s Meeting: 200-BP-l Operable Unit 

Roger D. Freeberg 
Ronald E. Gerton 
Mike Thompson, 
Diane Clark , 
Mary Harmon, ... 
Suzanne Clarke, SWEC 

Dennis Faulk . 
Pamela Innis . 
Ward Staubitz, USGS . 
Audree DeAngeles, PRC 

Darci Teel . 
Larry Goldstein . 

Richard D. Wojtasek 
Tom Wintczak 
Mel Adams 
L.D . Arnold . 
Rich Carlson . 
Mark Buckmaster 
Doug Dunster . 

Don Praast, 
Ralph 0. Platt 

May 28, 1992 · 

Chief, Rstr. Br., DOE-RL/ERD (A5-19) 
Director, DOE-RL (A4-02) 

. , · DOE-RL , EAP/RPB (A5-19) 
DOE-RL, TSD/SSB (A5-55) 

. .. . DOE-HQ (EM-442) 

. GSSC to DOE- RL (A4-35) 

100 Aggregate Area Manager, EPA (85-01) 
. . . . ~ .. EPA (85-01) 

. .......... .. Support to EPA 

.... . ...... .. Support to EPA 

100 Aggregate Area Manager, WDOE (Kennewick) 
. . . . . . . . . . . WDOE (Lacy) 

Prgm . Mgr. WHC (L4-92) 
WHC (L4-92) 
WHC (H4-55) 
WHC (82-35) 
WHC (H4- 55) 

. . ....... . WHC (H4-55) 
Golder Associates, Support to WHC 

. . . . . . . . . . . GAO (Al-80) 
Oregon Water Resources Department 

ADMINISTRATIVE RECORD: 200- BP- 1; Care of EDMC , WHC (H4-22) 

This list has been updated . Please inform Suzanne Clarke (SWEC) of deletions 
or additions to the distribution list. 




