
AR TARGET SHEET

The fo llo wing do curryent was .too large to scan as one

unit, therefore it has been broken do wn into sections.

DOf:UMENT # b O 5 ( RL 92- 04

ED MC # __ -""-Q.>,,L..o_..f!!.2.e!!!.,...;6:..-,"{,__6�4:..J..------

SECTION ? OF .2... 



THIS PAGE INTENTIONA-LLY 
LEFT Rf~ U( 

I • 



• 

• 

DOE/RL-92-04, Rev. 0 

5.0 HEALIB AND ENVIRONMENTAL CONCERNS 

This preliminary qualitative evaluation of potential human health and environmental 
concerns is intended to provide input to the PUREX Plant Aggregate Area waste 
management unit recommendation process (Section 9. 0). This process requires consideration 
of immediate and long-term impacts to human health and the environment. As discussed in 
Section 4.2, existing PUREX Plant Aggregate Area and waste management unit data are not 
adequate to support. an evaluation of potential impacts on the environment. Although 
ecological impacts are an integral part of the complete assessment of aggregate area and 
waste management unit potential risks, they cannot be evaluated further at this time. 
Ecological risk assessment is included in the listing of data uses presented in Section 8.0 with 
the associated data needs identified as a data gap to be addressed in future investigations. 
The approach that has been taken to identify potential concerns related to individual waste 
management units and unplanned releases is as follows: 

• Contaminants of potential concern are identified for each exposure pathway that is 
likely to occur within the PUREX Plant Aggregate Area. Selection of 
contaminants was discussed in Section 4.2. Contaminants of potential concern 
were selected from the list of candidate contaminants of potential. concern-­
presented in Table 4-32. This table includes contaminants that are likely to be 
present in the environment based on occurrence in the liquid process wastes that 
were discharged to soils, and also contaminants that have been detected in 
environmental samples within the aggregate area but have not been identified as 
components of PUREX: Plant Aggregate Area waste streams. 

• Exposure pathways potentially applicable to individual waste management units 
are identified based on the presence of the above contaminants of potential 
concern in wastes in the waste management units, consideration of known or 
suspected releases from those waste management units, and the physical and 
institutional controls affecting waste management unit access and use over the 
period of interest. The relationships between waste management units and 
exposure pathways are summarized in the conceptual model (Section 4.2). 

• Estimates of relative hazard derived for the PUREX Plant Aggregate Area waste 
management units are identified using the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) Hazard Ranking System 
(HRS), modified Hazard Ranking System (mHRS), surface radiation survey data, 
and by the Westinghouse Hanford Environmental Protection Group scoring. 
Other indicators of relative hazar.d, such as rate of release of contaminants, 
irreversible results of continuing residence of contaminants, etc., were not used 
because they generally require unit-specific data that are not availabl~ for most 
units . 
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The human health concerns, and various hazard ranking scores listed above, are used to 
establish whether or not a waste management unit is considered a "high" priority. In the 
data evaluation process presented in Section 9. 0, "high" priority sites are evaluated for the 
potential implementation of an interim remedial measure (IRM). "Low" priority sites are 
evaluated to determine what type of additional investigation is necessary to establish a final 
remedy. Further detail is presented in Section 9.0. 

The data used for this evaluation are presented in the earlier sections of this report. 
The types of data that have been assessed include waste management units histories and 
physical descriptions (Section 2.0), descriptions of the physical environment of the study area 
(Section 3.0) and a summary of the available chemical and radiological data for each waste 
management unit (Section 4.0). 

The quality and sufficiency of these data are assessed in Section 8.0. This information 
is also used to identify potentially applicable or relevant and appropriate requirements 
(ARARs) (Section 6.0). · 

5.1 CONCEPTUAL FRAMEWORK FOR RISK-BASED SCREENING 

The range of potential human health and environmental exposure pathways at the 
PUREX Plant Aggregate Area was summarized in Section 4.2. In Section 4.2 the role of 
biota in transporting contaminants through the environment is also discussed , and biota are 

_,.. included as receptors in the conceptual model. However, the assessment of potential 
ecological risks associated with biota exposure to PUREX Plant Aggregate Area 
contaminants is currently constrained by the lack of data. This gap in the PUREX Plant ~= Aggregate Area data is discussed in Section 8.2.3. As a result, the risk-based screening of 
waste management unit priorities discussed in this section is by necessity limited to potential 
human health risks. 

The U.S. Environmental Protection Agency (EPA 1989a) considers a human exposure 
pathway to consist of four elements: (1) a source and mechanism for contaminant release, 
(2) a retention or transport medium (or media), (3) a point of potential human contact, and 
(4) an exposure route (e.g., ingestion) at the contact point. The probability of the existence 
of a particular pathway is dependent upon the physical and institutional controls affecting 
waste management unit access and use. In the absence of unit access controls and other land 
use restrictions, the identified potential exposure pathways could all occur. For example, it 
could be hypothesized that an individual could establish a residence within the boundaries of 
the PUREX Plant Aggregate Area, disrupt the soil surface and contact buried contamination, 
and drill a well and withdraw contaminated groundwater for drinking water and crop 
irrigation. However, within the five- to ten-year period of interest associated with 
identification and prioritization of remedial actions within the PUREX Plant Aggregate Area, 
unrestricted access and uncontrolled disruption of buried contaminants have a negligible 
probability of occurrence. · 
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The conceptual model presented in Section 4.2 was evaluated to identify an appropriate 
framework for screening waste management units and establishing their remediation priorities 
based on potential health hazards. Based on the five- to ten-year period of interest for waste 
unit prioritization, and the presence of site access controls during that period, a screening 
framework was developed encompassing the range of release mechanisms, affected media, 
and exposure routes associated with an onsite occupational receptor. The PUREX Plant 
Aggregate Area is currently an industrial area. While work activities are assumed to include 
occasional contact with surface soils, it is assumed that no contact with buried contaminants 
will take place without proper protective measures. 

Workers may be exposed via the following routes at the PUREX Plant Aggregate Area: 

• Ingestion of surface soils 

• Inhalation of volatilized contaminants and resuspended particles 

• Direct dermal contact with surface soils 

• Direct exposure to radiation from surface soils and airborne resuspended 
particles. 

Since evaluation of migration in the saturated zone is not within the scope of a source 
aggregate area management study (AAMS), ingestion of or contact with groundwater was not 

·evaluated as exposure pathways. However, since migration of waste constituents within the 
saturated zone will be addressed in the 200 East Groundwater Aggregate Area Management 
Study Report (AAMSR), contaminants likely to migrate to the water table -and waste 
management units that have a high potential to impact groundwater will be identified. 

5.2 POTENTIAL EXPOSURE SCENARIOS AND HUMAN HEALTH CONCERNS 

The routes by which a Hanford Site worker could potentially be exposed to 
contamination at the waste management units include ingestion, inhalation, direct contact 
with soils, and direct exposure to radiation. To evaluate the potential for exposure at 
individual waste management units, it is necessary to have data available for surface soils, 
air, and radiation levels. Although samples have been collected from each of these media, 
only the surface radiation survey data (contamination levels and dose rate) are specific to 
individual waste management units. Therefore, only pathways associated with the surface 
radiological contamination and external dose rates can be evaluated with confidence at this 
time. Potential exposures by other pathways were evaluated based on .available knowledge 
regarding contaminants disposed to the waste management units and the integrity of 
engineered barriers. · 
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5.2.1 External Exposure 

External dose rate surveys, which are performed on a waste management unit basis, 
were used as the measure of a unit ' s potential for impacting human health through direct 
external radiation exposure. The contaminants of potential concern for this pathway are the 
radionuclides that emit moderate to high energy penetrating gamma radiation. The measured 
dose rates at PUREX Plant Aggregate Area waste management units are presented in 
Table 5-1 from the available survey data. 

For 42 of the 90 PUREX Plant Aggregate Area waste management units, no radiation 
survey data are available. For those units that do have radiation survey data of some type, 
29 were reported as having no contamination detected. 

Westinghouse Hanford manual WHC-CM-4-10, Section 7 (WHC 1992) was used as the 
basis for setting one of the criteria that are used to identify waste management units that can 
be considered high priority sites. The manual indicates that waste management units with 
radiation levels of 2 mrem/h be posted with "Radiation Area" signs and undergo access 
controls for the purposes of personnel protection. With the same objective in mind, the level 
of 2 mrem/h is recommended as one of the criteria for distinguishing "high priority" from 
"low priority" sites. The only PUREX Plant Aggregate Area waste management units that 
exceeded 2 mrem/h were 216-A-40 Trench, and Unplanned Release UN-200-E-100. 

High levels of radiation were reportedly associated with some of the unplanned releases 
that are listed in Table 5-1. However, many of these releases occurred in the early years of 
the Hanford Site and more recent survey data are not available. Some of the releases were 
reportedly remediated by removing contaminated soil for disposal in burial grounds, paving 
or covering the area with soil, or flushing th.e soil with water. The effectiveness of the 
various remediation measures is not known, and confirmatory survey measurements are not 
available. Thus, with the exception of unplanned releases located within engineered waste 
management units, which are routinely surveyed, information on the current radiological 
status of remediated unplanned releases is deficient and is identified as a data gap in 
Section 8.0. · 

5.2.2 Ingestion of Soil or Inhalation of Fugitive Dust 

Radionuclides and nonradioactive contaminants of concern for the soil ingestion and 
fugitive dust inhalation (see Section 4.2.2.2) pathways are those that are nonvolatile, 
persistent in surface soils, and have appreciable carcinogenic or toxic affects by ingestion or 
inhalation. However, little information is available to evaluate the levels of specific 
radionuclides or nonradioactive contaminants in surface soils. Available gross contamination 
survey data for the PUREX Plant Aggregate Area waste management units are provided in 
Table 5-1. 
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The Westinghouse Hanford Environmental Protection Group policies state that the 
presence of any smearable alpha constitutes a potential threat to human health and qualifies a 
waste management unit for a high remediation priority (Huckfeldt 1991b). Waste 
management units that exhibit elevated alpha readings in radiological surveys can. be 
presumed to have surface contamination, since alpha radiation cannot penetrate solids. 

Westinghouse Hanford manual Radiation Protection (WHC 1988b) was also used to set 
criteria for identifying waste management units that can be· considered high remediation 
priority sites. The manual indicates that waste management units with a level of 100 cUmin 
(1,000 dis/min) above background beta/gamma and/or 20 dis/min alpha be posted with 
"Surface Contamination Area" signs and undergo access controls for purposes of personnel 
protection. With the· same objective in mind, the levels of 100 cUmin above background 
beta/gamma and 20 dis/min alpha are recommended as two of the criteria for identifying high 
priority waste management units. For those beta/gamma survey readings that are in units of 
dis/min, a conversion was made to cUmin assuming a survey detector efficiency of 10%. 

It should be noted that these radiation readings may indicate transient conditions (e.g., 
presence of contaminated vegetation) an9 that routine stabilization of surface contamination is 

Lr carried out under the auspices of the Westinghouse Hanford. Radiation Area Remedial Action 
(RARA) Program. 

5.2.3 Inhalation of Volatiles 

As summarized in Section 4.1, the distribution of volatile organics in soils is not well­
defined in the PUREX Plant Aggregate Area. Although several semivolatile compounds, 
such as tributyl phosphate and paraffin hydrocarbons, have been disposed of in the cribs, no 
information is available on whether these compounds are still present in the near surface soil 
column for transport to the soil surface. 

The primary volatile radionuclide of concern is tritium. Exposure to tritium (as 
tritiated water vapor) and the potential for tritium release via radiolytic production of 
hydrogen from aqueous radioactive wastes is of concern. The mode of disposal of this 
material can not be determined from available information. 

5.2.4 Migration to Groundwater 

Risks that could potentially occur due to migration of contaminants in groundwater to 
existing er potential receptors will be addressed in the 200 East Groundwater AAMSR and 
thus, will not be discussed in the PUREX Plant AAMSR. However, the potential for, 
individual units to impact groundwater has been discussed in Section 4.1. 
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5.3 ADDITIONAL SCREENING CRITERIA 

In addition to determining human health concerns for a worker at each of the waste 
manag~ment units, previously developed site ranking criteria were investigated for the 
purpose of setting priorities for waste management units and unplanned releases. These 
criteria are the CERCLA HRS scores assigned during preliminary assessment/site inspec_tion 
(PA/SI) activities performed for the Hanford Site (DOE/RL 1988), and the rankings assigned 
by the Westinghouse Hanford Environmental Protection Group to prioritize units needing 
remedial actions for radiological control (Huckfeldt 1991b). 

Both of these ranking systems take into account some measure of hazard and 
environmental mobility and are thus appropriate to consider for waste management unit 
prioritization. The HRS ranking system evaluates sites based on their relative risk, taking 
into account the population at risk, the hazardous waste constituent toxicity and concentration 
at the facility, the potential for contamination of the environment, the potential risk of fire 
and explosion, and the potential for exposure associated with humans or animals that come 
into contact with the waste management unit inventory. The HRS is, thus, appropriate to 
consider for screening waste management units. 

The PA/SI screening was performed using the EPA' s HRS and the mHRS. The HRS 
( 40 CFR 300) is a site ranking methodology that was designed to determine whether sites 
should be placed on the CERCLA National Priorities List (NPL) based on chemical 
contamination history. The EPA has established the criteria for placement on the NPL to be 
a score of 28.5 or greater. The HRS criteria used in PA/SI have been revised 
(December 14, 1990). The HRS scores are only used as available indicators of relative risk; 
therefore, the revision will not impact the evaluation process. The mHRS is a ranking 
system developed by the Pacific Northwest Laboratory (PNL) for the U.S. Department of 
Energy (DOE) that uses the basic methodology of the old (pre-December 1990) HRS; 
however, it more accurately predicts the impacts from radionuclides. The mHRS takes into 
account concentration, half-life, and other chemical-specific parameters that are not 
considered by the old HRS. The mHRS has not been accepted by EPA as a ranking system. 

Many of the PUREX Plant Aggregate Area waste management units were ranked in the 
PA/SI using both the HRS and mHRS. For those waste management units that were not 
ranked in the PA/SI, unit type and discharge history were evaluated in comparison with 
ranked units for the purpose of setting priorities. If a waste management unit that has been 
ranked exhibits similar characteristics (e.g., construction, waste type, and volume), the value 
for the ranked unit was applied to the unit without an HRS or mHRS score. If no ranked 
waste management units exhibit similar characteristics, then the unit was not ranked; 
however, a high or low score was determined qualitatively through evaluation of unit 
configuration and contamination history. 

Table 5-1 lists the HRS and mHRS rankings, as well as scores that were assigned for 
unranked waste management units, based on their similarity to ranked units in terms of type, 
construction, and quantity of waste disposed. If no similar waste management units were 
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available for comparison , the units were not ranked but were assigned a qualitative indicator 
of migration potential based on engineering judgement considering factors such as type of 
unit, waste characteristics, and volume of liquid received. Table 5-1 also lists the units 
scored by the Westinghouse Environmental Protection Group (Huckfeldt 1991b). A score of 
7 or greater results in the assignment of a "high" priority to the unit. A value of 7 was 
chosen to represent the approximate midpoint of the scoring range. 

For the HRS ranking, 11 units of the 90 PUREX Plant Aggregate Area waste 
management units were given a score of 28.5 or greater. For the mHRS ranking, 11 units 
were given a score of 28.5 or greater (all of which had HRS scores greater than 28 .5) . Six 
units received a qualitative "high" score and 40 units received a qualitative "low" score. 
Each of the units that received a qualitative "high" HRS and mHRS score (four cribs, one 
control structure, and one ditch) were given such ?- rating based on their discharge history of 
large quantities of hazardous materials , which could potentially have been transported to the 
groundwater. The units that receive9 "low" scores (four cribs, one french drain, one reverse 
well , seven septic tanks and drain fields , two retention basins, and twenty-five unplanned 
releases) were given such a ranking because there is no known history of liquid hazardous 
material disposal that could affect groundwater beneath the PUREX Plant Aggregate Area. 

Three of the 90 units were assigned Westinghouse Environmental Protection Group 
scores of 7 or greater, indicating the need for remedial action. 

5.4 SUMMARY OF SCREENING RESULTS 

The screening process was used to sort units as either high priority or low priority. 
Table 5-1 lists the PUREX Plant Aggregate Area waste management units that exceeded one 
or more of the screening crit~ria identified in the preceding Sections. In total, 25 units were 
identified as high priority. 

Radiation survey results (dose rate and/or contamination) were available for 46 of the 
90 waste management units and unplanned releases. Twenty-nine were reported as having no 
detectable results. Of the remaining 17 units, 15 had survey results that exceeded one or 
more of the criteria (2 mrein/h, 100 ct/min beta/gamma, and 20 dis/min alpha). 

For the HRS scores, 11 waste management units were given scores of 28.5 or greater. 
For the mHRS, the same 11 units received a score of 28.5 or greater. Six units received 
qualitative "high" scores. Three of the 90 units were assigned Westinghouse Environmental 
Protection Group scores of 7 or greater, indicating the need for remedial action. Some of 
the sites w·ere designated as high priority for 2 or more of the criteria, hence only 25 total 
units are designated high priority . 
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Site Name Site Type HRS Rating" mHRS Rating"" ct/min dis/min mrem/h Scorec1 Priority 
I ...... 

·• .. ·.•: ·;:•··.-... ,:· .-::, : . < .. . ', . 
•· ·_.:( : 

. ·., :::. ·.,.:': { Cribs and Drains :::r:: 
~ 

216-A-I Crib I.OJ 0 .71 NC NC NC -- No ~ 
0. 

216-A-2 Crib 4.39 3. 19 NC NC NC -- No :;a 

216-A-3 Crib Low Low NC NC NC -- No 
§ 
P. 
:::s 

216-A-4 Crib 47.81 47.81 NC NC NC -- Yes (IQ 

(I') 

216-A-5 Crib 60.40 50.42 NC NC NC -- Yes 

216-A-6 Crib 47.81 42.14 500"" NA NA -- Yes 

(') 
0 tj 
""1 
('1) 0 V> tr1 

216-A-7 Crib 57.88 42.79 J ,ooo·' NA NA 7 Yes 

216-A-8 Crib High High NC NC 0 .01 8 Yes 

216-A-9 Crib 57.88 42.79 3,000"" NA NA -- Yes 

o' ........ 
>-I ~ 
-0 I 

C \0 
N :;a I 

tr1 0 

~ 
~ 

216-A-IO Crib High High NC NC NC -- Yes 

216-A-21 Crib 57.88 57 .88 1,500"" NA NA -- Yes 

-0 :;a - ('1) 

§ < 
..... 

0 • 216-A-24 Crib 57.88 48.67 NC NC NC -- Yes (fQ 
(fQ 
""1 

216-A-27 Crib I 57.88 59.63 NC NC NC -- Yes 
('1) 

(fQ 
p.) ..... 

216-A-30 Crib High High NC NC 0.01 -- Yes ('1) 

• 216-A-31 Crib I.OJ 1.42 NC NC NC -- No ""1 
('1) 
p 

216-A-32 Crib 0 .00 0.00 NC NC NC -- No .,......_ 
V> 

216-A-36A Crib 50.33 32.62 NC NC NC -- Yes :::r 
('1) 
('1) ..... 

216-A-368 Crib High High NC NC NC -- Yes ...... 

216-A-37-1 Crib Low Low NC NC NC -- No 
0 ....., 
0\ 

216-A-37-2 Crib Low Low 20"" 
..._, 

500 NA -- Yes 
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Site Name Site Type HRS Rating>' mHRS Ratingb/ ct/min dis/min mrem/h Scorec1 Priority 
VI 

I ....... 

216-A-38-1 Crib NU NU NC NC NC -- No 
~ 

216-A-41 Crib 1.03 0.71 NA NA NA -- No ~ 
~ 

216-A-45 Crib Low Low NC NC NC -- No 0. 

:-,0 
216-A-ll French Drain 1.03 0 .71 NC NC NC -- No § 

~ 
216-A-12 French Drain 1.03 0 .71 NC NC NC -- No ::s 

(TQ 

216-A-13 French Drain 0.71 0 .71 NC NC NC -- No C/} 
() 

216-A-14 French Drain 1.03 0.71 2,000.., 56,000 NA -- Yes 
0 t; .... 
(1) 0 V, 

tT1 
216-A-15 French Drain 1.03 0.55 NC NC NC -- No 

216-A-22 French Dr.tin 1.96 1.31 NC NC NC -- No 

216-A-26 French Drain Low Low NC NC NC -- No 

216-A-26A French Drain 2.07 1.42 NC NC NC -- No 

216-A-28 French Drain 47.81 32.72 I ,000.., 2,300 NA -- Yes 

o' ---.... ~ 
"d I 

C: \0 
N 

~ 
I 

0 

:>< +'" 

"d :-,0 

[ (1) 

< .... 
216-A-33 French Drain 0.00 0.00 NC NC NC -- No 

0 • (TQ 
(TQ 

216-A-35 French Drain 1.03 0.71 NC NC NC -- No .... 
(1) 

·-• --
. -:: Reverse Wells 

OQ 
Pl .... 
(1) 

299-E24- 111 Injection Well Low Low NA NA NA NA No 
•--

r·••·-•:••·•••• •i< 
·--

. Ponds, Ditches and Trenches -·-

• .... 
~ 

,-.,_ 

216-A-29 Ditch High High NA NA NA -- Yes 
V, 

::r 
(1) 
(1) 

216-A-34 Ditch 1.09 0.76 NC NC NC -- No .... 
N 

-
216-A-18 Trench 1.03 0.71 NC NC NC -- No 0 -. 

0\ 
216-A-19 Trench 2.18 1.63 NC NC NC -- No 

.._, 

• • 
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CT -

Eu vi ronmental 
(1) 

VI 
Prott!Ction I -Site Name Site Type HRS Rating" mHRS Ratingb/ ct/min d i11/min mn:m/h Scorec1 Priority 

::r:: 
216-A-20 Trench 2.07 1.42 NC NC NC -- No ~ 
216-A-40 Trench 32.71 32.71 -- -- 4 11 Yes ~ 

0. 

·•·.\)··•·:··;'ii/. 
Septic Tanks and Associated Drain Fields 

id 
§ . 

2607-EA Septic Tank/Drain Low Low NA NA NA -- No 
Field 

p. 
:l 

(JQ 

(./) 

2607-EC Septic Tank/Drain Low Low NA NA NA -- No 
Field 

(') 

0 tJ ..., 
(1) 0 V, 

tT1 
2607-ED Septic Tank/Drain Low Low NA NA NA -- No 

Field 

2607-EG Septic Tank/Drain Low Low NA NA NA -- No 
Field 

o' --id ..., 
t""' 

"d I 

C: \D 
N 

~ 
I 

0 

~ 
+:>-

2607-EJ Septic Tank/Drain Low Low NA NA NA -- No 
Field 

"d id 
§ 

(1) 

< 
..... 

2607-EL Septic Tank/Drain Low · Low NA NA NA -- No 
Field 

• 0 

(JQ 
(JQ ..., 
(1) 

2607-E6 Septic Tank/Drain Low Low NA NA NA - - No (JQ 
p) 

Field 
..... 
(1) 

• .c· ...• Transfer Facilities, Diversion Boxes, and Pipelines 
..., 
~ 

216-A-524 Control Structure High High 10,000 NA 0.1 -- Yes --.... :·•·· ·•······· ··••.u/. >: .... 
. . .· 

. .,. .. :. • ..... J3asins .. . ··•••:•·•···· ..... •·· .. .. ... ••:•·· ,•-•,•.·- •.·.•··•· .. . 

V, 

::r 
~ ..... 

207-A Retention Basin Low Low 1,500 NA NA -- Yes VJ 

216-A-42 Retention Basin Low Low 20,000"' NA NA -- Yes 
0 
>-+> 
0\ 
'--' 
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...., 
Pl 
0--Environmental 
(1) 

Va 
Prolt:ction I ...... 

Site Name Site Type HRS Ratint"° mHRS Rating"' ct/min dis/min mrem/h Scorec1 Priori ty 

Burial Sites 
::r: 
~ 

218-E- l Burial Ground 0.70 0.50 5,000 Yi:s ~ 
0.. 

218-E-8 Buriitl Ground 0 .70 0.80 NA NA NA No 
:;i:, 
§ 

218--E-12A Burial Ground 0.70 0.80 2,000"' NA NA Yes Q. 
;:l 

(JQ 

218-E-13 Burial Ground 0.00 0 .00 NA NA NA No en 
(') 

Unplanned Releases 
0 tj 
""1 
(1) 0 V, 

t'11 UN-200-E-10 Unplanned Release Low NA NA NA No o' --.. 
""1 ~ VI UN-200-E- l l Unplanned Release Low NA NA NA No '"O t--3 I 

c::: \0 I N - UN-200-E-12 Unplanned Release 1.00 NA NA NA No ~ 
I 0.. 0 
~ 

UN-200-E- 13 Unplanned Release Low NA NA NA No ~ 
'"O :;i:, 

UN-200-E-15 Unplanned Release 1.10 NA NA NA No § ~ 
...... 

UN-200-E- l 9 Unplanned Release Low NA NA NA No > 0 

(JQ 

UN-200-E-20 Unplanned Release Low NA NA NA No 
(JQ 
""1 
(1) 

(JQ 

UN-200-E-22 Unplanned Release Low NA NA NA No Pl ...... 
0 

UN-200-E-25 Unplanned Release 1.10 NA NA NA No > ""1 

UN-200-E-26 Unplanned Release Low NA NA NA No ~ 

UN-200-E-28 Unplanned Release Low NA NA NA No -V, 

::r 
(1) 

UN-200-E-3 l Unplanned ReleMSe 1.03 NC NC NC No (1) ...... 

UN-200-E-33 Unplanned Release Low NA NA 
~ 

NA No 0 ......, 
0\ ._. 

• • 
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I 

Protc:ction ....... 

Site Name Site Type · HRS Rating" mHRS Ratingb/ ct/min dis/min mrem/h Scorec1 Priority ::r: 
UN-200-E-35 Unplanned Release Low NA NA NA No ~ 

Pl 
>; 

UN-200-E-39 Unplanned Release 1.00 NA NA NA No 0. 

~ 
UN-200-E-40 Unplanned Release 1.00 NA NA NA No § 

~ 
UN-200-E-42 Unplanned Release Low NA NA NA No ::i 

(JQ 

UN-200-E-49 Unplanned Release Low NA NA NA No Cl) 
() 
0 t:J >; 

UN-200-E-56 Unplanned Release Low NA NA NA No 0 0 V, 
tT1 

UN-20Q-E-58 Unplanned Release 0 .80 NA NA NA No o' -->; ~ Ul "'CJ 
1 

~ UN-200-E-60 Unplanned Release Low NA NA NA No I 

C: \0 
N - ~ I 

(1) UN-200-E-62 Unplanned Release Low NA NA NA No tT1 0 

~ 
~ 

UN-200-E-65 Unplanned Release Low NA NA NA No --d ~ 

UN-200-E-67 Unplanned Release Low NA NA NA No [ ~ 
..... 
• 0 

UN-200-E-68 Unplanned Release Low NA NA NA No (JQ 
OQ 

UN-200-E-72 Unplanned Release Low NA NA NA No >; 
0 

OQ 

UN-200-E-88 Unplanned Release Low 6,000"' NA NA Yes 
Pl ..... 
0 

UN-200-E-94 Unplanned Release 1.00 NA NA NA No • >; 

UN-200-E-96 Unplanned Release Low NA NA NA No 
~ 

,-._ 

UN-200-E-97 Unplanned Release Low NA NA NA No V, 
:::; 

UN-200-E-100 Unplanned Release Low 5 Yes 
~ ..... 
Ul 

UN-200-E-114 Unplanned Release 1..ow NA NA NA No 0 ....., 
0\ 
'-' 



Site Name 

UN-200-E- I 17 

UN-200-E-142 

Site Type 

Unplanned Release 

Unplanned Release 

NA = No data available. 
NC = No contamination. 
NU = Not use<l. Unit was never use<l. 
-- = No information/data available. 

9 -~ 

HRS Rating" 

1.00 

Low 

mHRS Ratingb/ ct/min 

NA 

. NA 

., = Values derived from converting reported beta/gamma results from dis/min to ct/min. 

9 

Radiation Surveys 

dis/min 

NA 

NA 

mrem/h 

NA 

NA 

Environmental 
Protection 

Scorec1 Priority 

No 

No 

bl = A low (high) value was given to those units for which no similarity to other ranked units exist and a qualitative investigation in<licaks a low (high) score. 
c1 = Rdative to a maximum environmental protection score of 15. 
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. I 
6.0 POTENTIALLY APPLICABLE OR RELEVANT 

AND APPROPRIATE REQUIREMENTS 

6.1 INTRODUCTION 

The Superfund Amendments and Reauthorization Act (SARA) of 1986 amended the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) to 
require that all applicable or relevant and appropriate requirements (ARARs) be employed 
during implementation of a hazardous waste site cleanup. "Applicable" requirements are 
defined by the U.S. Environmental Protection Agency (EPA) in "CERCLA Compliance with 
Other Laws Manual" (OSWER Directive 9234.1-01, August 8, 1988) as: 

cleanup standards, standards of control, and other substantive environmental protection 
requirements, criteria, or limitations promulgated under federal or state law that · 
specifically address a hazardous substance, pollutant, contaminant, remedial action, 
location, or other circumstance at a CERCLA site. 

A separate set of "relevant and appropriate" requirements that must be evaluated 
include: 

cleanup standards, standards of control, and other substantive environmental protection 
requirements, criteria, or limitations promulgated under federal or state law that while 
not "applicable" to a hazardous substance, pollutant, contaminant, remedial action, 
location, or other circumstance at a CERCLA site, address problems or situations 
sufficiently similar to those encountered at the CERCLA site that their use is well 
suited to the particular site. 

"To-be-Considered Materials" -(TBCs) are nonpromulgated advisories or guidance 
issued by federal or state governments that are not legally binding and do not have the status 
of potential ARARs. However, in many circumstances, TBCs will be considered along with 
potential ARARs and may be used in determining the necessary level of cleanup for 
protection of health or the environment. 

The following sections identify potential ARARs to be used in developing and assessing 
various remedial action alternatives at the PUREX Plant Aggregate Area. Specific 
requirements pertaining to hazardous . and radiological waste management, remediation of 
contaminated soils, surface water protection, and air quality will be discussed . 
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The potential ARARs focus on federal or state statutes, regulations, criteria, and 
guidelines. The specific types of potential ARARs evaluated include the following: 

• Contaminant-specific 

• Location-specific 

• Action-specific. 

Potential contaminant-specific ARARs are usually health or risk-based numerical values 
or methodologies that, when applied to site-specific conditions, result in the establishment of 
numerical contaminant values that are generally recognized by the regulatory agencies as 
allowable to protect human health and the environment. In the case of the PUREX Plant 
Aggregate Area, potential contaminant-specific ARARs address chemical constituents and/or 
radionuclides. The potential contaminant-specific ARARs that were evaluated for the 
PUREX Plant Aggregate Area are discussed in Section 6.2. 

, Potential location-specific ARARs are restrictions placed on the concentration of 
hazardous substances, or the conduct of activities, solely because they occur in specific 
locations. The potential location-specific ARARs that were evaluated for the PUREX Plant 
Aggregate Area are discussed in Section 6.3. 

Potential action-specific ARARs apply to particular remediation metho.ds and 
technologies, and are evaluated during the detailed screening and evaluation of remediation 
alternatives. The potential action-specific ARARs that were evaluated for the PUREX Plant 
Aggregate Area are discussed in Section 6.4. 

The TBC requirements are other federal and state criteria, advisories, and regulatory 
guidance that are not promulgated regulations, but are to be considered in evaluating 
alternatives. Potential TBCs include U.S. Department of Energy (DOE) Orders that carry 
out authority granted under the Atomic Energy Act. All DOE Orders are potentially 
applicable to operations at the PUREX Plant Aggregate Area. Specific TBC requirements 
are discussed in Section 6.5. 

Potential contaminant- and location-specific ARARs will be refined during the 
aggregate area management study (AAMS) process. Potential action-specific ARARs are 
briefly discussed in this section, and will be further evaluated upon final selection of 
remedial alternatives. The points at which these ARARs must be achieved and the timing of 
the ARARs evaluations are discussed in Sections 6.6 and 6.7, respectively. 
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6.2 CONTAMINANT-SPECIFIC REQUIREMENTS 

A contaminant-specific requirement sets concentration limits in various environmental 
media for specific hazardous substances, pollutants, or contaminants. Based on available 
information, some of the currently known or suspected contaminants that may be present in 
the PUREX Plant Aggregate Area are outlined in Table 4-32. The currently identified 
potential federal and state contaminant-specific ARARs are summarized below. 

6.2.1 Federal Requirements 

Federal contaminant-specific requirements are specified in several statutes, codified in 
the U.S. Code (USC), and promulgated in the Code of Federal Regulations (CFR), as 
follows: 

.• Clea.n Water Act (33 USC 1251). Federal Water Quality Criteria (FWQC) (40 
CFR 131) are developed under the authority of the Clean Water Act (CWA) (33 
USC 1251) to serve as guidelines to the states for determining receiving water 
quality standards. Different FWQC are derived for protection of human health 
~d protection of aquatic life. The human health FWQC are further subdivided 
according to how people are expected to use the water (e.g., drinking the water 
versus consuming fish caught from the water). The SARA 12l(d)(2) states that 
remedial actions shall attain FWQC where they are relevant and appropriate, 
taking into account the designated or potential use of the water, the media 
affected, the purpose of the criteria, and current information. Many more 
substances have FWQC than maximum contaminant levels (MCLs) issued under 
the Safe Drinking Water Act (SD WA, see discussion below); con seq uen tl y, EPA 
and other s~te agencies rely on these criteria more than MCLs, even though 
these criteria can only be considered relevant a.J}.d appropriate and not _applicable. 

The FWQC would not be considered at the PUREX Plant Aggregate Area, as no 
natural surface water bodies exist. The only existing man-made surface water 
bodies at PUREX Plant Aggregate Area are waste management units: the 207-A 
and the 216-A-42 retention basins. 

• Safe Drinking Water Act (42 USC 300(0). Under the authority of the Safe 
Drinking Water Act (42 USC 300(t)), MCLs (40 CFR 141) apply when the water 
may be used for drinking. Currently, EPA and the State of Washington apply 
MCLs as the standards for groundwater contaminants at CERCLA sites that could 
be used as drinking water sources. Groundwater contamination and application of 
MCLs as ARARs are addressed under a separate AAMS specific to groundwater. 

• Resource Conservation and Recovery Act (42 USC 6901, 40 CFR 260 to 271) . 
The Resource Conservation and Recovery Act (RCRA) addresses the generation 
and transportation of hazardous waste, and waste management activities at 
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facilities that treat, store, or dispose of hazardous wastes. Subtitle C (Hazardous 
Waste Management) mandates the creation of a cradle-to-grave management and 
permitting system-for hazardous wastes. The RCRA defines hazardous \1/astes 
(40 CFR 261) as "solid wastes" (even though the waste is often liquid in physical 
form) that may cause or significantly contribute to an increase in mortality or 
serious illness, or that poses a substantial hazard to human health or the 
environment when improperly managed. In Washington State, RCRA is 
implemented by EPA and the authorized state agency, the Washington State 
Department of Ecology (Ecology). 

The CERCLA Sections 121(d) and 121(e) respectively require that CERCLA 
activities, including remedial actions, comply with substantive requirements and 
not administrative requirements such as permitting. Therefore, hazardous waste 
activities conducted onsite at the PUREX Plant Aggregate Area will comply with 
the substantive requirements of RCRA, and not permitting requirements of 
RCRA, which are deemed to be potential ARARs. 

Two key potential contaminant-specific potential ARARs have been adopted under 
the federal hazardous waste regulations: the Toxicity Characteristic Leaching 
Procedure (TCLP) designation limits promulgated under 40 CFR Part 261; and 
the hazardous waste land disposal restrictions (LDRs) for constituent 
concentrations promulgated under 40 CFR Part 268. 

The TCLP designation limits define when a waste is hazardous, and are used to 
determine when more stringent management standards apply than would be 
applied to typical solid wastes. Thus, the TCLP potential contaminant-specific 
potential ARARs can be used to determine when RCRA waste management 
standards may be required. The TCLP limits are presented in Table 6-1. 

The LDRs are numerical limits derived by EPA by reviewing available 
technologies for treating hazardous wastes. Until a prohibited waste can meet the 
numerical limits, it can be prohibited from land disposal. Two sets of limits have 
been promulgated: limits for constituent concentrations in waste extract, which 
uses the TCLP test to obtain a leached sample of the waste; and limits for 
constituent concentrations in waste, which addresses the total contaminant 
concentration in the waste. Applicability to CERCLA actions is based on 
determinations of waste "placement/disposal" during a remediation action. 
According to OWSER Directive 9347.3-OSFS, EPA concludes that Congress did 
not intend in situ consolidation, remediations, or improvement of structural 
stability to constitute placement or disposal. The land disposal numerical limits 
can be used to determine if generated cleanup wastes can be redisposed of onsite 
without further treatment, or must be subject to certain treatment practices prior 
to land disposal. The LDR limits are presented in Table 6-1 (see Section 6.4.1 

• 

for further discussion on the applying limits. • 
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Clean Air Act (42 USC 7401). The Clean Air Act (42 USC 7401) establishes 
National Primary and Secondary Ambient Air Quality Standards (NAAQS) 
(40 CFR Part 50) , National Emission Standards for Hazardous Air Pollutants 
(NESHAP) ( 40 CFR Part 61), and New Source Performance Standards (NSPS) 
( 40 CFR Part 60). 

In general, new and modified stationary sources of air emissions must undergo a 
preconstruction review to determine whether the construction or modification of 
any source, such as a CERCLA remedial program, will interfere with attainment 
or maintenance of NAAQS or fail to meet other new source review requirements 
including NESHAPs and NSPS. However, the process applies only to "major" 
sources of air emissions (defined as emissions of 250 tons per year). The 
PUREX Plant Aggregate Area would not constitute a major source. 

Section 112 of the Clean Air Act directs EPA to establish standards at the level 
that provides an ample margin of safety to protect the public health from 
hazardous air pollutants. The NESHAP standards for radionuclides are directly 
applicable to DOE facilities under Subpart H of Section 112 that establishes a 10 
mrem/year facility-wide standard for exposure to an offsite receptor. Further, if 
the maximum individual dose during remediation exceeds 1 % of the NESHAPs 
standard (0.1 mrem/yr), a ·report meeting the substantive requirements of an 
application for approval of construction must be prepared. 

6.2.2 State of Washington Requirements 

Potential state contaminant-specific requirements are specified in several statutes, 
codified in the Revised Code of Washington (RCW) and promulgated in the Washington 
Administrative Code (WAC). 

• Model Toxics Control Act (RCW 70.1050, Chapter 173-340 WAC). The 
Model Toxics Control Act (MTCA) (RCW 70.105D)· authorized Ecology to adopt 
cleanup standards for remedial actions at hazardous waste sites. These 
regulations are considered potential ARARs for soil, groundwater, and surface 
water cleanup actions. The processes for identifying, investigating, and cleaning 
up hazardous waste sites are defined and cleanup levels are set for groundwater, 
soil, surface water, and air in Chapter 173-340 WAC . 
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Under the MTCA regulations , cleanup standards may be established by one 
of three methods. 

Method A may be used if a routine cleanup action, _as defined in 
WAC 173-340-200, is being conducted at the site or relatively few 
hazardous substances are involved for which cleanup standards have 
been specified by Tables 1, 2, or 3 of WAC 173-340-720 through -
745. 

Under Method B, a risk level of IQ-6 is established and a risk 
calculation based on contaminants present is determined. 

Method C cleanup standards represent concentrations that are 
protective of human ltealth and the environment for specified site uses. 
Method C cleanup standards may be established where it can be 
demonstrated that such standards comply with applicable state and 
federal· laws, that all practical methods of treatment are used, that 
institutional controls are implemented, and that one of the following 
conditions exist: (1) Method A or B standards are below background 
concentrations; (2) Method A or Method B results in a significantly 
greater threat to human health or the environment; (3) Method A or 
Method B standards are below technically possible concentrations, or 
(4) the site is defined as an industrial site for purposes of soil 
remediation. 

Table 1 of Method A addresses groundwater, so it is not considered to be an 
ARAR for the PUREX Plant Aggregate Area (groundwater will be addressed in 
the 200 East Groundwater Aggregate Area Management Study Report). Table 2 

:v-, of Method A is intended for non-industrial site soil cleanups, and Table 3 is 
intended for industrial site soil cleanups. Method A industrial soil cleanup 
standards for preliminary contaminants of concern are provided as potential 
ARARs in Table 6-1. 

• State Hazardous Waste Management Act and Dangerous Waste Regulations 
· (Chapter 173-303 WAC). The State of Washington is a RCRA-authorized state 

for hazardous waste management, and has developed state-specific hazardous 
waste regulations under the authority of the State Hazardous Waste Management 
Act. Generally, state hazardous waste regulations (WAC 173-303) parallel the 
federal regulations. The state definition of a hazardous waste incorporates the 
EPA designation of hazardous waste that is based on the compound being 
specifically listed as hazardous, or on the waste exhibiting the properties of 
reactivity, ignitability, corrosivity, or toxicity as determined by the TCLP. 

In addition, Washington State identifies other waste as hazardous. Three unique 
criteria are established: toxic dangerous waste; persistent dangerous waste; and 
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carcinogenic dangerous waste. These additional designation criteria may be 
imposed by Ecology as potential ARARs , for purposes of determining acceptable 
cleanup standards and appropriate waste management standards. 

Ambient Air Quality Standards and Emission Limits for Radionuclides 
(Chapter 173-480 WAC). These Ecology ambient air quality standards specify 
maximum accumulated dose limits to members of the public. Other Air Quality 
Standards potentially applicable include carbon monoxide, ozone, nitrogen 
dioxide (WAC 173-475), and volatile organic compounds (VOCs) 
(WAC 173-490). Although these standards may be potential ARARs , these 
standards are less restrictive than DOE public dose limits per DOE Order 5400.5, 
Radiation Protection of the Public and the Environment. 

Monitoring and Enforcement of Air Quality and Emission Standards for 
Radionuclides (Chapters 246-247 WAC). These standards by the Washington 
State Department of Health (Health) adopt the Ecology ~tandards for maximum 
accumulated dose limits to members of the public. These standards apply to 
DOE facilities as provided in WAC 246-247-010 (2). 

Controls for New Sources of Toxic Air Pollutants (Chapter 173-460 WAC) . 
In accordance with regulations recently promulgated. by Ecology in 
Chapter 173-460 WAC, any new emission source will be subject to Toxic Air 
Pollutant emission standards. The regulations establish acceptable source impact 
levels (ASILs) for hundreds of organic and inorganic compounds. Ecology's 
ASILs may constitute potential ARARs for cleanup activities that have a potential 
to affect air. Th~ ASIL--s for preliminary contaminants of concern are provided in 
Table 6-1. 

Water Quality Standards. Washington State has promulgated ·various numerical 
standards related to surface water and groundwater contaminants. These are 
included principally in the following regulations: 

Public Water Supplies (Chapter 248-54 WAC). This regulation 
establishes drinking water standards for public water supplies. The 
standards essentially parallel the federal drinking water standards 
(40 CFR Parts 141 and 143). 

Water Quality Standards for Groundwaters of the State of 
Washington (RCW 90.48, Chapter 173-200 WAC). This regulation 
establishes contaminant standards for protecting existing and future 
beneficial uses of groundwater through the reduction or elimination of 
the discharge of contaminants to the state's groundwater . 
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Water Quality Standards for Surface Waters of the State of 
Washington (Chapter 173-201 WAC and Proposed Amendments to 
Chapters 173-203 and 173-201 WAC). Ecology has adopted 
numerical ambient water quality criteria for six conventional pollutant 
parameters (defined at WAC 173-201-025): (1) fecal coliform 
bacteria; (2) dissolved oxygen; (3) total dissolved gas; (4) 
temperature; (5) pH; and (6) turbidity. In addition , toxic, radioactive, 
or deleterious material concentrations shall be below those of public 
health significance or which may cause acute or chronic toxic 
conditions to the aquatic environment or which may adversely affect 
any water use. Numerical criteria currently exist for a limited number 
of toxic substances (WAC 173-201-047). Ecology has initiated 
rulemaking to modify and incorporate additional numerical criteria for 
toxic chemicals, and to reclassify certain waters of the state to Class A 
or better. 

Under the state Water Quality Standards, the criteria and 
classifications do not apply inside an authorized diluticm zone 
surrounding a wastewater discharge. In defining dilution zones, 
Ecology generally follows guidelines contained in "Criteria for 
Sewage Works Design." Although water quality standards can be 
exceeded inside the dilution zone, state regulations will not permit 
discharges that cause mortalities of fish or shellfish within the zone or 
that diminish aesthetic values. 

These water quality standards do not constitute ARARs for purposes of 
establishing cleanup standards for .the PUREX Plant Aggregate Area. 

Groundwater will be addressed in the 200 East Groundwater AAMSR in which 
pertinent groundwater-related potential ARARs will be covered. No surface 
water bodies exist within the PUREX Plant Aggregate Area, so there will be no 
need to achieve ambient water quality standards during remediation activities. 

The numerical water quality standards cited above may become potential ARARs 
if selected remedial actions could result in discharges to groundwater or surface 
water (e.g., if treated wastewaters are discharged to the soil column or the 
Columbia River). Determining appropriate standards for such discharges will 
depend on the type of remediation performed and will have to be established on a 
case-by-case basis as remedial actions are defined. 

National Pollutant Discharge Elimination System and Water Quality 
Standards (RCW 90.48, WAC 173-220 and 40 CFR 122). National Pollutant 
Discharge Elimination System (NPDES) regulations govern point source 
discharges into navigable waters. Limits on the concentrations of contaminants 
and volumetric flowrates that may be discharged are determined on a case-by-case 

6-8 

• 

• 



• 

co 

• 

DOE/RL-92-04, Rev. 0 

basis and permitted under this program. No point source discharges have been 
identified. The EPA implements this program in Washington State for federal 
facilities; however, assumption of the NPDES program by the state is likely 
within five years. 

6.3 LOCATION-SPECIFIC REQUIREMENTS 

Potential location-specific ARARs are restrictions placed on the concentration of 
hazardous substances or the conduct of activities solely because they are in specific locations . 
Some examples of special locations include floodplains, wetlands, historic places, and 
sensitive ecosystems or habitats. 

Table 6-2 lists various location-specific standards and indicates which of these may be 
potential ARARs. Potential ARARs have been identified as follows: 

• Floodplains. Requirements for protecting floodplains are not ARARs for 
activities conducted within the PUREX Plant Aggregate Area as the aggregate 
area is not located in flood plain boundaries (see Section 3.1). However, 
remedial actions selected for cleanup may require projects in or near floodplains 
(e.g., construction of a treatment facility outfall at the Columbia River). In s·uch 
cases, location-specific floodplain requirements may be potential ARARs. 

• Wetlands, Shorelines, and Rivers and Streams. Requirements related to 
wetlands, shorelines, and rivers and streams are not ARARs for activities 
conducted within the PUREX Plant Aggregate-Area. However, remedial actions 
selected for cleanup may require projects on a shoreline or wetland, or discharges 
to wetlands (e.g. , construction of a treatment facility outfall at the Columbia . 
River) . In such cases, location-specific shoreline and wetlands requirements may 
be potential ARARs. 

• Threatened and Endangered Species Habitats. As discussed in Section 3.6, 
various threatened and endangered species inhabit portions of the Hanford Site 
and may occur in the PUREX Plant Aggregate Area (American peregrine falcon, 
bald eagle, white pelican, and sandhill crane). Therefore, critical habitat 
protection for these species would constitute a potential ARAR. 

• Wild and Scenic Rivers. The Columbia River Hanford Reach is currently 
undergoing study pursuant to the federal Wild and Scenic Rivers Act. Pending 
results of this study, actions that may imp~ct the Hanford Reach may be 
restricted. This requirement would not be an ARAR for remedial activities 
within the PUREX Plant Aggregate Area. However, Wild and Scenic Rivers Act 
requirements may be potential ARARs for actions taken as a result of PUREX 
Plant Aggregate Area cleanup efforts that could affect the Hanford Reach . 
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6.4 ACTION-SPECIFIC REQUIREMENTS 

Potential action-specific ARARs are requirements that are triggered by specific 
remedial actions at the site. These remedial actions will not be fully defined until a remedial 
approach has been selected. However, the universe of potential action-specific ARARs 
defined by a preliminary screening of potential remedial action alternatives will help focus 
the selection process. Potential action-specific ARARs are outlined below. (Note that 
potential contaminant- and potential location-specific ARARs discussed above will also 
include provisions for potential action-specific ARARs to be applied once the remedial action 
is selected.) 

6.4.1 Federal Requirements 

• Comprehensive Environmental Response, Compensation, and Liability Act 
(42 USC 9601). The CERCLA and regulations adopted pursuant to CERCLA 
contained in the National Contingency Plan (40 CFR Part 300) include selection 
criteria for remedial actions. Under the criteria, excavation and offsite land 
disposal options are least favored when onsite treatment options are available. 
Emphasis· is placed on alternatives that permanently treat or immobilize 
contamination. Selected alternatives must be protective of human health and the 
environment, which implies that federal and state ARARs be met. However, a 
remedy may be selected that does not meet all ARARs if the requirement is 
technically impractical, if its implementation would produce a greater risk to 
human health or the environment, if an equivalent level of protection can 
otherwise be provided, if state standards are inconsistently applied, or if the 
remedy is only part of a complete remedial action which attains ARARs. 

The CERCLA gives state cleanup standards essentially equal importance as 
federal standards in guiding cleanup measures in cases where state standards are 
more stringent. State standards pertain only if they are generally applicable, were 
passed through formal means, were adopted on the basis of hydrologic, geologic, 
or other pertinent considerations, and do not preclude the option of land disposal 
by a state-wide ban. Most importantly, CERCLA provides that cleanup of a site 
must ensure that public health and the environmerit are protected. Selected 
remedies should meet all ARARs, but issues such as cost-effectiveness must be 
weighed in the selection process. 

• Resource Conservation and Recovery Act (42 USC 6901, 40 CFR 260 to 271) . 
The RCRA (42 USC 6901), and regulations adopted pursuant to RCRA, describe 
numerous action-specific requirements that may be potential ARARs for cleanup 
activities. The primary regulations are promulgated under 40 CFR Parts 262 
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(standards for generators), 264, and 265 (standards for owners and operators of 
hazardous waste treatment, storage, or disposal facilities) , and include such 
action-specific requirements as follows: 

Packaging, labeling, placarding, and manifesting of offsite waste shipments 

Inspecting waste management areas to ensure proper performance and safe 
conditions 

Preparation of plans and procedures to train personnel and respond to 
emergencies 

Management standards for containers, tanks, incinerators, and treatment 
units 

Design and performance standards for land disposal facilities 

Groundwater monitoring system design and performance. 

Many of these requirements will depend on the particular remediation activity 
undertaken, and will have to be identified as remediation proceeds. 

One key area of potential action-specific RCRA ARARs is the 40 CFR Part 268 
LDRs. In addition to the contaminant-specific constituent concentration limits 
established in the LDRs (as previously discussed in Section 6.2), EPA has 
identified best demonstrated available treatment technologies (BDATs-)--f-or-various 
waste streams. The EPA could require the use of BDATs prior to allowing land 
disposal of wastes generated during remediation. The EPA's imposition of the 
LDRs and BDAT requirements will depend on various factors . 

Applicability to CERCLA actions is based on determinations of waste . 
"placement/disposal" during a remediation action. According to OSWER 
Directive 9347.3-0SFS, EPA concludes that Congress did not intend in situ 
consolidation, remediation, or improvement of structural stability to constitute 
placement or disposal. Placement or disposal would be considered to occur if: 

Wastes from different units are consolidated into one unit (other than 
a land disposal unit within an area of contamination) 

Waste is removed and treated outside a unit and redepos~ted into the 
same or another unit ( other than a land disposal unit within an area of 
contamination) 
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Waste is picked up from a unit and treated within the area of 
contamination in an incinerator, surface impoundment, or tank and 
then redeposited into the unit (except for in situ treatment). 

Consequently, the requirement to use BDAT would not apply under the LDR 
standards unless placement or disposal had occurred. However, remediation 
actions involving excavation and treatment could trigger the requirements to use 
BDAT for wastes subject to the LDR standards. In addition, the agencies could 
consider BDAT technologies to be relevant and appropriate when developing and 
evaluating potential remediation technologies. 

Two additional components of the LDR program should be considered with 
regard to an excavate and treat remedial action. First, a national capacity 
variance was issued by EPA for contaminated soil and debris for a two-year 
period ending May 8, 1992 (54 FR 26640). Second, a series of variances and 
exemptions may be applied under an excavate and treat scenario. These include 
the following: 

A no-migration petition 

A case-by-case extension to an effective date 

A treatability variance 

Mixed waste provisions of a Federal Facilities Compliance Act. 

The applicability and relevance of each of these options will vary based on 
the specific details of a PUREX Plant Aggregate Area excavate and treat option. 
An analysis of these variances can be developed once engineering data on the 
option becomes available. 

The effect of the LDR program on mixed waste management is significant. 
Currently, limited technologies are available for effective treatment of these waste 
streams and no commercially available treatment facilities exist except for liquid 
scintillation counting fluids used for laboratory analysis and testing. The EPA 
recognized that inadequate capacity exists and issued a national capacity variance 
until May 8, 1992, to allow for the development of such treatment capacity. 

Lack of treatment and disposal capacity also presents implications for 
storage of these materials. Under 40 CFR 268.50, mixed wastes subject to LDR 
may be stored for up to one year. Beyond one year, the owner/operator has the 
burden of proving such storage is for accumulating sufficient quantities for 
treatment. On August 29, 1991, EPA issued a mixed waste storage enforcement 
policy providing some relief from this provision for generators of small volumes 
of mixed wastes. However, the policy was limited to facilities generating less 
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than 28 m3 (1,000 ft3) of land disposal-prohibited waste per year. Congress is 
considering amendments to RCRA postponing the storage prohibition for another 
five years; however, final action on these amendments has not occurred. 

Clean Water Act (33 USC 1251). Regulations adopted pursuant to the CWA 
(33 USC 1251) under the NPDES mandate use of best available-treatment 
technologies (BAT) prior to discharging contaminants to surface waters. The 
NPDES requirements would not be ARARs for actions conducted only within the 
PUREX Plant Aggregate Area. However, NPDES requirements could constitute 
potential ARARs for cleanup actions which would result in discharge of treated 
wastewaters to the Columbia River, and associated treatment systems could be 
required to utilize BAT. 

Department of Transportation Standards (49 CFR 171 to 177). The 
Department of Transportation standards contained in 49 CFR 171 to 177 specify 
the requirements for packaging, labeling , and placarding for offsite transport of 
hazardous materials. These standards · ensure that hazardous substances and 
wastes are safely transported using adequate means of transport and proper 
documentation. 

6.4.2 State of Washington Requirements 

• Hazardous Waste Management (WAC 173-303). As discussed in 
Section 6.2.2, there are various requirements addressing the management of 
hazardous wastes that may be potential action-specific ARARs. Pertinent 
Washington regulations appear in Chapter 173-303 WAC (under the authority of 
RCW 70.105) and generally parallel federal management standards. 
Determination of potential ARARs will be on a case-by-case basis as cleanup 
actions proceed. 

• Solid Waste Management (WAC 173-304). Washington State regulations 
describe management standards for solid waste in Chapter 173-304 WAC (under 
the authority of RCW 70.95). Some of these management standards may be 
potential ARARs for disposal of cleanup wastes within the PUREX Plant 
Aggregate Area. Solid waste standards include such requirements as follows: 

Inspecting waste management areas to ensure proper performance and 
safe conditions 

Management standards for incinerators and treatment units 

Design and performance standards for landfills 

Groundwater monitoring system design and performance. 
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Many of these requirements will depend on the particular remediation activity 
undertaken, and will have to be identified as remediation proceeds. 

• Water Quality Management. Chapter 90.48 RCW, the Washington State Water 
Pollution Control Act (WPCA), ·requires use of all known, available, and 
reasonable treatment technologies (AK.ART) for treating contaminants prior to 
discharge to waters of the state. Implementing regulations appear principally at 
Chapters 173-216, 173-220, and 173-240 WAC. 

• 

• 

The WPCA requirements for groundwater could be potential ARARs for actions 
conducted within the PUREX Plant Aggregate Area if such actions would result 
in discharge of liquid contaminants to the soil column. In this event, Ecology 
would require use of AK.ART to treat the liquid discharges prior to soil disposal. 

The WPCA requirements for surface water would not be ARARs for actions 
conducted only within the PUREX Plant Aggregate Area. However, these 
requirements could potentially constitute ARARs for cleanup actions that would 
result in discharge of treated wastewaters to the Columbia River and associated 
treatment systems could be required to demonstrate they meet AK.ART. 

Air Quality Management (RCW 70.94). Under the authority of the Washington 
Clean Air Act (RCW 70.94) the Toxic Air Pollution regulations for new air 
emission sources, promulgated in Chapter 173-460 WAC, require use of best 
available control technology for air toxics (T-BACT). The Toxic Air Pollution 
regulations may be potential ARARs for cleanup actions at the PUREX Plant 
Aggregate Area that could result in emissions of toxic contaminants to the air. 
Ecology may require the use of T-BACT to treat such air emissions . . 

Water Well Construction (RCW 18.104). Tliis regulation establishes authority 
for Ecology to require the licensing of water well contractors and operators, and 
for the regulation of water well construction. 

• Nuclear Energy and Radiation (RCW 70.98). Chapter 70.98 RCW establishes 
a program to establish procedures for assumption and performance of certain 
regulatory responsibilities with respect to byproduct, source, and special nuclear 
materials. 

• Pollution Disclosure Act (RCW 90.52). Chapter 90.52 RCW describes the 
authority of the state to regulate-reports for any commercial or industrial 
discharge; other than sanitary sewage, into waters of the state. 

• Water Resources Act (RCW 90.54). Chapter 90.54 RCW gives the state 
authority to impfement water related resources programs. 
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Minimum Standards for Construction and Maintenance of Wells (Chapter 
173-160 WAC). Well construction regulations establish minimum standards for 
water well construction and require the preparation of construction reports. 

• Rules and Regulations Governing the Licensing of Well Contractors and 
Operators (Chapter 173-162 WAC). Chapter 173-162 WAC establishes 
requirements for licensing well drillers. 

• State Waste Discharge Permit Program (Chapter 173-216 WAC). 

• 

• 

Chapter 173-216 WAC establishes a permit system for discharges of wastewater 
to groundwater and surface water via municipal sewage system. 

Underground Injection Control Program (Chapter 173-218 WAC) . 
Chapter 173-218 WAC pertains to the injection of wastes into aquifers that are 
used for drinking water. 

Incinerators (Chapter 173-303-170 WAC). If incinerators are used for a 
remedial technology this regulation would be applicable. 

6.5 OTHER CRITERIA AND GUIDANCE TO BE CONSIDERED 

In addition to the potential ARARs presented, other federal and state criteria, 
advisories, guidance, and similar materials are TBC in determining the appropriate degree of 
remediation for the PUREX Plant Aggregate Area. A myriad of resources may be 
potentially evaluated. The following represents an initial assessment of pertinent TBC 
provisions. 

6.5.1 Health Advisories 

The EPA Office of Drinking Water publishes advisories identifying contaminants for 
which health advisories have been issued. 

6.5.2 International Commission of Radiation Protection/National Council on Radiation 
Protection 

The International Commission of Radiation Protection and the National Council on 
Radiation Protection have a guidance standard of 100 mrem/yr whole body dose of gamma 
radiation. These organizations also issue recommendations on other areas of interest 
regarding radiation protection . 
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6.5.3 Environmental Protection Agency Proposed Corrective Actions for Solid Waste 
Management Units 

In the July 27, 1990, federal register (55 FR 30798), EPA published proposed 
regulations for performing corrective actions (cleanup activities) at soiid waste management 
units associated with RCRA facilities. The proposed 40 CFR Part 264 Subpart S include 
requirements that would be TBCs for determining an appropriate level of cleanup at the 
PUREX Plant Aggregate Area. In particular, EPA included an appendix, "Appendix A -
Examples of Concentrations Meeting Criteria for Action Levels," which presented 
recommended contaminant concentrations warranting corrective action. These contaminant­
specific TBCs are included in Table 6-1 for the preliminary contaminants of concern . 

6.5.4 Department of Energy Standards for Radiation Protection 

A number of DOE Orders exist which could be TBCs. The DOE Orders that establish 
potential contaminant-specific or action-specific standards for the remediation of radioactive 
wastes and materials are discussed below. 

• DOE Order 5400.5 - D_OE Standards for Radiation Protection of the Public 
and Environment. The DOE Order 5400.5 establishes the requirements for 
DOE facilities to protect the environment and human health from radiation 
including soil and air contamination. The purpose of the Order is to establish 
standards and requirements for operations of the DOE and DOE contractors with 
respect to protection of members of the public and the environment against undue 
risk from radiation. 

The Order mandates that the exposure to members of the public from a radiation 
source as a consequence of routine activities shall not exceed 100 mremfyr from 
all exposure sources due to routine DOE activities. In accordance with the Clean 
Air Act, exposures resulting from airborne emissions shall not exceed 
10 mrem/yr to the maximally exposed individual at the facility boundary. The 
DOE Order 5400.5 provides Derived Concentration Guide (DCG) values for 
releases of radionuclides into the air or water. The DCG values are calculated so 
that, under conditions of continuous exposure, an individual would receive an 
effective dose equivalent of 100 mrem/yr. Because dispersion in air or water is 
not accounted for in the DCG, actual exposures of maximally exposed individuals 
in unrestricted areas are considerably below the 100 mrem/yr level. 

The DOE Order 5400.5 also provides for establishment of soil cleanup levels 
through a site-specific pathway analysis such as the allowable residual 
contamination level method. The calculation of allowable residual contamination 
level values for radionuclides is dependent on the physical characteristics of the 
site, the radiation dose limit determined to be acceptable, and the scenarios of 
human exposure judged to be possible and to result in the upper-bound exposure. 
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DOE Order 5820.2A - Radioactive Waste Management. The DOE 
Order 5820.2A applies to all DOE contractors and subcontractors performing 
work that involves management of waste containing radioactivity. This Order 
requires that wastes be managed in a manner that assures protection of the health 
and safety of the public, operating personnel, and the environment. The DOE 
Order 5820.2A establishes requirements for management of high-level, 
transuranic, and low-level wastes as well as wastes containing naturally occurring 
or accelerator produced radioactive material, and for decommissioning of 
facilities. The requirements applicable to the PUREX Plant Aggregate Area 
remediation activities include those related to transuranic waste and low-level 
radioactive waste. These are ~ummarized below. 

Management of Transuranic Waste. Transuranic (TRU) waste 
resulting from the PUREX Plant Aggregate Area remedial action must 
be managed to protect the public and worker health and safety, and 
the environment, and performed in compliance with applicable 
radiation protection standards and environmental regulations. 
Practical and cost-effective methods must be used to reduce the 
volume and toxicity of TRU waste . 

The TRU waste must be certified in compliance with the Waste 
Isolation Pilot Plant (WIPP) Acceptance Criteria, placed in interim 
storage, if required, and sent to the WIPP. Any TRU waste that the 
DOE has determined, with the concurrence of the EPA Administrator, 
does not need the degree of isolation provided by a geologic 
repository or TRU waste that cannot be certified or otherwise 
approved for acceptance at the WIPP must be disposed .of by 
alternative methods. Alternative disposal methods must be approved 
by DOE Headquarters and comply with NEPA requirements and 
EP Al state regulations. 

Management of Low-Level Radioactive Waste. The requirements 
for management of low-level radioactive waste presented in DOE 
Order 5820.2A are relevant to the remedial alternative of removal and 
disposal of PUREX Plant Aggregate Area wastes. Performance 
objectives for this option shall ensure that external exposure to the 
radioactive material released into surface water, groundwater, soil, 
plants, and animals does not result in an effective dose greater than 
25 mrem/yr to the public. Releases to the environment shall be at 
levels as low as reasonably achievable. An inadvertent intruder after 
the institutional control period of 100 years is not to exceed 
100 mrem/yr for continuous exposure or 500 mrem for a single acute 
exposure. A performance assessment is to be prepared to demonstrate 
compliance with the above performance objectives . 
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Other requirements under DOE Order 5820.2A which may affect remediation of 
the PUREX Plant Aggregate Area include waste volume minimization , waste 
characterization, waste acceptance criteria, waste treatment, and shipment. The 
low-level radioactive waste may be stored by appropriate methods prior to 
disposal to achieve the performance objectives discussed above. Disposal site 
selection, closure/post-closure, and monitoring requirements are also discussed in 
this Order. 

6.6 POINT OF APPLICABILITY 

A significant factor in the evaluation of remedial alternatives for the PUREX Plant 
Aggregate Area will be the determination of the point at which compliance with identified 
ARARs must be achieved (i.e., the point of a specific ARAR's applicability). These points 
of applicability are the boundaries at which the effectiveness of a particular remedial 
alternative will be assessed. 

For most individual radioactive species transported by either water or air, Ecology and 
Health standards generally require compliance at the boundaries of the Hanford Site (e.g., 
Clean Air Act, Section 6.2.1). The assumed point of compli~ce for radioactive species is 
the point where a member of the public would have unrestricted access to live and conduct 
business , and, consequently, to be maximally exposed. Although Health is responsible for 
monitoring and enforcing the air standards promulgated by Ecology, and generally recognizes 
the site boundary as the point of applicability, Ecology has recently indicated that compliance 
may be required at the point of emission. 

· The point at which compliance with identified ARARs must be achieved will be a 
significant factor in evaluating appropriate remedial alternatives in the PUREX Plant 
Aggregate Area. Applicability of ARARs at the point of discharge, at the boundary of the 
disposal unit, at the boundary of the AAMS, at the boundary of the Hanford Site, and/or at 
the point of maximum exposure will need to be determined. 

6.7 POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS EVALUATION 

Evaluation of ARARs is an iterative process that will be conducted at multiple points 
throughout the remedial process: 

• When the public health evaluation is conducted to assess risks at the PUREX 
Plant Aggregate Area, the contaminant-specific ARARs and advisories and 

· location-specific ARARs will be identified more comprehensively and used to 
help determine the cleanup goals. 
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• During detailed analysis of alternatives, all the ARARs and advisories for each 
alternative will be examined to determine what is needed to comply with other 
laws and to be protective of public health and the environment. 

Following completion of the investigation, the remedial alternative selected must be 
able to attain all ARARs unless one of the six statutory waivers provided in 
Section 121 (d)(4)(A) through (f) of CERCLA is invoked. Finally, during remedial design, 
the technical specifications of construction must ensure attainment of ARARs. The six 
reasons ARARs can be waived are as follows: 

• The remedial action is an interim measure, where the final remedy will attain 
ARARs upon completion. 

• Compliance will result in greater risk to human health and the environment than 
will other options. 

• Compliance is technically impractical . 

• An alternative remedial action will attain the equivalent performance of the 
ARAR. 

• For state ARARs, the state has not consistently applied (or demonstrated the 
intention to consistently apply) the requirements in similar circumstanees. 

• For CERCLA-financed actions under Section 104, compliance with the ARAR 
will not provide a balance between the need for protecting public health, welfare, 
and the environment at the facility, and the need for fund money to respond to 
other sites (this waiver is not applicable at the Hanford Site). 

Once investigations have been completed and final remedies have been selected, the 
ARARs that must be met will be formally identified in the Record of Decision (ROD). 
Compliance with those ARARs specified in the ROD will be achieved through the remedial 
action. The ARARs may need to be reevaluated if unanticipated circumstances are 
encountered during remediation which prevent the ability to satisfy the identified ARARs. 
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Table 6-1 . Potential Contaminant-Specific ARARs and TBCs for Preliminary 
Inorganic and Organic Contaminants of Concern. 

RCRA 
TCLP 

Designation 
Limits 

m 
m11:/L 

INORGANIC CHEMICALS 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Copper 
Cyanide (total) 
Fluoride 
Iron 
Lead 
Manganese 
Mercury 

Nickel 
Nitrite 
Silver 
Vanadium 

Zinc 

5.0 

100 

1.0 
5.0 

5.0 

0.2 

5.0 

ORGANIC CHEMICALS 
Acetone 
Chloroform 
Hydrazine 
Methylene 
chlonde 
Toluene 

6.0 

RCRA 
Land Ban Limits 
Non wastewater 

ccw 
CCWE in m 

mg/L mg/kg 

5.0 

100 

1.0 
5.0 

5,0 

0.20 
(low-level) 

5.0 

0.5g 

0.96 

0.33 

590 

160 
5.6 

0.33 

28 

ASIL = Acceptable Source Impact Level 
CCWE = Constituent Concentration in Waste Extract 
CCW = Constituent Concentration in Waste 
MTCA = · Washington State Model Toxics Control 

Act 
RCRA = Federal Resource Conservation and 

Recovery Act 
TCLP = Toxic Characteristic Leaching Procedure 
WCAA = Washington State Clean Air Act 

a/ Cadmium and compounds 
b/ as V205 

6T-1 

MTCA 
Method A 
Cleanup 
Levels 

Industrial 
Soil 

WCAA 
Toxic Air 
Pollutants 

ASJL 

RCRA Corrective 
Action Levels 
(Proposed) ( 1) 

m 
mg/kg 

200 

10 
500 

1,000 

1.0 

0.5 

40.6 

10 
µg /m3 

.00023b/ 

1.7* 
.00042** 

*** 

Air in 
ug/mJ 

0.00007 
0.4 

.0004 

.00056a/b/ 0.0006 

.000083 b/ 0.00009 
3.3a/ 
16.7 
8.3"' 
2.7 
0.2 
16.7 
0.3"1 

3.3"' 

0.03 
0.2b/ 

0.03 

2.0 

1 248.8 

0.04 
0.0002 

0.3 

7 000 

mg/L = milligrams per liter 
mg/kf = milligrams per kilogram 
µglm = micrograms per cubic meter 

Soil in 
mg/kg 

80 

4,000 
.02 

40 
40 

2,000 

20 

2,000 

200 

8,000 
100 
0.2 
90 

20 000 

(1) RCRA Corrective Action Levels are 
only proposed at this time ( 40 CFR 
Part 264 Subpart S), so are not ARARs 
yet; they are "To Be Considered. • 

* Soluble compounds Ba 
** Beryllium and compounds 
*** Borontrifluoride - 10.0 
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Location Requirement · Prerequisite Citation 

GEOLOGICAL: 

Within 154 m (500 ft) of a fault New treatment, storage or disposal of Hazardous waste management near 40 CFR 264.18; 
displaced in Holocene time. hazardous waste prohibited. Holocene fault. WAC 173-303-282 

~ 
ll,) 

Holocene faults and subsidence New solid waste disposal facilities New solid waste management activities WAC 173-304-130 cr -
prohibited over faults with displacement in near Holocene fault. 

('I) 
areas. 0\ 

Holocene ~ime, and in subsidence areas. I 
N 

Unstable slopes. New solid waste disposal areas prohibited New solid waste disposal on an WAC 173-304-130 '"d 
from hills with unstable slopes. unstable slope. 0 ..... 

('I) 
::i 

100-year floodplains. Solid and hazardous waste disposal facilities Solid or hazardous waste disposal in a 40 CFR 264.18; c . 

must be designed, built, operated, and . 100-year floodplain. WAC 173-303-282; 
e. ti 
~ 0 maintained to prevent washout. WAC 173-304-460 0 tr1 (") --

Avoid adverse effects, minimize potential Actions occurring in a floodplain. 40 CFR Part 6 
~ ~ ..... 

0\ 0 
harm, restore/preserve natural and Subpart A; 16 USC ::i I 

~ I \0 

~ beneficial values in floodplains. 661~; 
{/) N 
'O I 

~ ('I) 0 
40 CFR 6.302 (") ~ ..... 

::n ~ Salt dome and salt bed formations, Placement of non-containerized or bulk Hazardous waste placement in salt 40 CFR 264. 18 (") 

~ underground mines, and caves. liquid hazardous wastes is prohibited. dome, salt bed, mine, or cave. • 
~ 0 

SURFACE WATER: ~ 
:" 

Wetlands. New hazardous waste disposal facilities Hazardous waste management within WAC 173-303-282 
,-... 

prohibited in wetlands. 154 m (500 ft) of wetland (one-quarter V> 
~ 

mile for land-based facilities). ~ ..... 
New solid waste disposal facilities Solid waste disposal within 61 m (200 WAC 173-304-130 -
prohibited within 61 m (200 ft) of surface ft) of surface water. 

0 
>-+, 

water (stream, lake, pond, river, salt water 0\ 
'-' 

body). 

New solid waste disposal facilities Solid waste disposal in a wetland WAC 173-304-130 
prohibited in wetlands (swamps, marshes, (swamp, marsh, bog, estuary, etc.). 
bogs, estuaries, and similar areas). 
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Location Requirement Prerequisite Citation 

Discharge of dredged or fill materials into Discharges to wetlands and navigable 40 CFR Part 230; 
wetlands prohibited without a pennit. waters. 33 CFR Parts 303, 

,-J 
and 320 to 330 p.) 

0-...... 
Minimize potential harm, avoid adverse Construction or management of 40 CFR Part 6 

(1) 

0\ 
effects, preserve and enhance wetlands. property in wetlands. Appendix A I 

N 

Shorelines. Actions prohibited within 61 m (200 ft) of Actions near shorelines. Chapter 90.58 RCW; '"Cl 
shorelines of statewide significance unless Chapter 173-14 WAC. 0 ....... 

(1) 

pennitted. ;::l ....... ...... 
Rivers and streams. Avoid diversion, channeling or other actions Actions modifying a stream or river 40 CFR 6.302 ~ t; 

that modify streams or rivers, or adversely and affecting fish or wildlife. r--< 0 
0 tr1 

affect fish or wildlife habitats and water 
(J --p.) 

~ ....... ..... 
resources. 0 

0\ ;::l I 

~ 
I '-D 

W~ter code and water rights. Specifies conditions for extracting surface Extracting surface water. Chapter 90.03 RCW en N 
N 'O I 

0 0- water for non-domestic uses. In essence, (1) +"-(J 

the laws provide that water extraction must 
...... 
::ti ~ 

be consistent with beneficial uses of the 
(J 

~ • resource and must not be wasteful. 
~ 0 

GROUNDWATER:· ~ 
~ 

Water code and water rights. Specifies conditions for extracting Extracting groundwater. Chapter 90.14 RCW ,,--._ 

groundwater for non-domestic uses. In 
c,, 
::r 
(1) 

essence, the laws provide that water (1) ....... 
extraction must be consistent with beneficial N 

uses of the resource and must not be 0 -. 
wasteful. 0\ 

'-" 

Sole source aquifer. New solid and hazardous waste land Disposal over a sole source aquifer. WAC 173-303-282; 
disposal facilities prohibited over a sole WAC 173-304-130 
source aquifer. 

·• • 
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Location Requirement Prerequisite Citation 

Uppermost aquifer. Bottom of lowest liner of new solid waste New solid waste disposal. WAC 173-304-130 
disposal facility must be at least 3 m (10 ft ) 
above seasonal high water in uppermost >-:l 
aquifer (5 ft) if hydraulic ·gradient controls Pl 

O" 
installed). -(1) 

0\ 
Protects the upper aquifers and upper Activities within an aquifer. Chapter 173- l 54 

I 
N 

aquifer zones to avoid depletions, excessive WAC 
water level declines, or reductions in water 

>tj 
0 

quality. State regulations for upper aquifer 
,.... 
(1) 
::l 

zones are applicable to remedial alternatives 
,.... 

that involve treating !JfOundwater or e ~ 

presenting risks of groundwater r 0 
0 tTl 

contamination. 
(") --Pl 

~ 
,.... -· 0 

~ Requires that Ecology review and approve New treatment facilities discharging to Chapter 173-240 ::, I 

I '° plans for waste water treatment facilities the groundwater. WAC en N 
I 'U I 

N 0 
(") that discharge to groundwater. (1) .,. 

(") -· 
Aquifer Protection Areas. Activities restricted within designated ·Activities within an Aquifer Protection Chapter 36.36 RCW. 

;:n ~ (") 
(1) 

Aquifer Protection Areas. Area. • < 

s: 0 
Groundwater Management Areas. Activities restricted within Ground Water Activities within a Groundwater Chapter 90.44 RCW; 

~ 
Management Areas. Management Area. Chapter 173-100 ~ 

WAC ,...__ 
en 

DRINKING WATER SUPPLY: 
::, 
(1) 
(1) ,.... 

Drinking water supJ!IY well. New solid waste disposal areas prohibited New solid waste di sposal within 305 m WAC 173-304-1 30 w 

within 305 m (1,000) feet upgradient , or 90 (1,000 feet) of drinking water supply 0 
........ 

days travel time, of drinking water supply well . 0\ 
'--' 

well. 

Watershed. New solid waste disposal areas prohibited New solid waste disposal in a publ ic WAC 173-304-130 
within a watershed used by a public water watershed. 
supply system for municipal drinking water. 
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Location Requirement Prerequisite Citation 

AIR: 

Attainµient areas. Defines emissions standards and design and Activities in an attainment area. Chapter 173-434 "'"j 
Pl 

operation of solid waste incinerator WAC 0-
c'D" 

facilities. 
0\ 

I 

Defines when certification of operators is Activities in an attainment area. Chapter 173-300 N 

necessary at incinerators and landfills. WAC "O 
0 ..... 

Non-attainment areas. Restrictions on air emissions in areas Activities in a designated non- Chapter 70.94 RCW; (D 
;:l 

designated as non-attainment areas under attainment area. Chapters 173-400 and ..... -· 
state and federal air quality programs. 173-403 WAC. ~ t:J 

r' 0 
0 tr1 SENSITIVE ENVIRONMENTS: (") --Pl 

~ ..... -· °' Endangered/threatened species New solid waste disposal prohibited from New solid waste disposal in critical WAC 173-304-1 30 0 
;:l I 

"'"j habitats. areas designated by US Fish and Wildlife habitats. 16 u.s.c. 742 I \0 
I (/) N 

N 'O I 

Service as critical habitats for endangered/ 16 u.s.c. 2901 0 Q. (D 
~ 

threatened species. 50 C.F.R. 17 o. 
~ ~ (") 

(D 
Actions within critical habitats must Activities where endangered or 50 CFR Parts 200 an<l • < 
conserve endangered/threatened _species. threatened species exist. 402. ~ 0 • 

Parks. No new solid waste disposal areas within New solid waste disposal near WAC 173-304-130 ~ 
~ 

305 m (1,000 feet) of state or national park. state/national park. ,....._ 
V, 

Restrictions on activities in areas that are Activities in state parks or Chapter 43.51 RCW; ::r 
(D 

designated state parks, or recreation/ recreation/conservation areas. Chapter 352.32 WAC (D ..... 
conservation areas. ~ 

0 

Wilderness areas. Actions within designated wilderness areas Activities within designated wilderness 16 USC 1131 ~; 
...., 
0\ 

must ensure area is preserved and not _50 CFR 35.l ~ 
"-" 

areas. 
impaired. 

Wildlife refuge. Restrictions on actions in areas that are part Activities within designated wildli fe 16 use 668dd ~; 
of the National Wildlife Refuge System. refuges. 50 CFR Part 27 

I 

• • 
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Location Requirement Prerequisite Citation 

Natural areas preserves. Activities restricted in areas designated as Activities within identified Natural Area Chapter 79.70 RCW; 
having special habitat value (Natural Preserves. Chapter 332-650 >-3 

p) 
Heritage Resources). WAC O" ,-.... 

(1) 

Wild, scenic, or recreational rivers. Avoid actions that would have adverse Activities near wild, scenic, and 16 USC 1271 ~; °' I 

effects on designated wild, scenic, or recreational rivers. 40 CFR 6.302; N 

recreational rivers. Chapter 79.72 RCW ""lj 
0 

Columbia River Gorge Restrictions on activities that could affect Activities within the Columbia River Chapter 43.97 RCW 
...... 
(1) 
::i 

resources in the Columbia River Gorge. Gorge. ...... 
§: tj 

UNIQUE LANDS AND PROPERTIES: t-< 0 
0 tTl 

Natural resource conservation areas. Restrictions on activities within designated Activities within designated 
0 --Chapter 79.71 RCW p) 

~ ...... 
Conservation Areas. Conservation Areas. 

.... . 
0 

°' _ ::i I 

>-3 ~, I.O 
I Forest lands. Activities restricted within state forest lands Activities within state forest lands. Chapter 76.04 RCW; C/.l N 

N ""Cl I 

0 0 to minimize fire hazards and other adverse Chapter 332-24 WAC (1) +'-8 . 
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7.0 PRELIMINARY REMEDIAL ACTION TECHNOLOGIES 

Previous sections identified contaminants of concern at the PUREX Plant Aggregate 
Area, potential routes of exposure, and potentially applicable or relevant and appropriate 
requirements (ARARs). Section 7.0 identifies preliminary remedial action objectives (RAOs) 
and develops preliminary remedial action alternatives consistent with reducing the potential 
hazards of this contamination and satisfying potential ARARs. The overall objective of this 
section is to identify viable and innovative remedial action alternatives for media of concern 
at the PUREX Plant Aggregate Area. 

The process of identifying viable remedial action alternatives consists of several steps. 
In Section 7.1, RAOs are first identified. Next, in Section 7.2, general response actions are 
determined along with specific treatment, resource recovery, and containment technologies 

..0 within the general response categories. Specific process options belonging to each 

• 

technology type are identified, and these process options are subsequently screened based on 
their effectiveness, implementability, and cost (Section 7.3). The combining of process 
options into alternatives occurs in Section 7.4. Here the alternatives are described and 
diagrammed. Criteria are then identified in . Section 7 .5 for preliminary screening of 
alternatives that may be applicable to the waste management units and unplanned release sites 
identified in the PUREX Plant Aggregate Area. Figure 7-1 is a matrix summarizing the 
development of the remedial action alternatives starting with media-specific RAOs. 

Because of uncertainty regarding the nature and extent of contamination at the PUREX 
Plant Aggregate Area waste management units, recommendations for remedial alternatives 
are general and cover a broad range of actions. Remedial action alternatives will be 
considered and more fully developed in future focused feasibility studies (FFS). The 
Hanford Site Past-Practice Strategy (DOE/RL 1992a) is used to focus the range of remedial 
action alternatives that will be evaluated in focused studies. In general, the Hanford Site 
Past-Practice Strategy remedial investigation (RI)/Feasibility Study (FS) and the Resource 
Conservation and Recovery Act (RCRA) Facility Investigation (RFI)/Corrective Measures 
Studies (CMS) are defined as the combination of interim remedial measures (IRMs), limited 
field investigations (LFis) for final remedy selection where interim actions are not clearly 
justified, and focused or aggregate area feasibility/treatability studies for further evaluation of 
treatment alternatives. After completion of an IRM, data will be evaluated including 
concurrent characterization and monitoring data to determine if a final remedy can be 
selected. 

A secondary purpose of the evaluation of preliminary remedial action alternatives is the 
identification of additional information needed to complete the evaluation. This information 
may include field data needs and treatability tests of selected technologies. Additional data 
will be developed for most waste management units or waste groups during future data 
gathering activities (e.g., LFis, characterization supporting IRMs, or treatability studies) . 
These data may be used to refine and supplement the RAOs and proposed alternatives 
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identified in this initial study. Data needs are defined in Section 8.0. Alternatives involving 
technologies that' are not well-demonstrated under the conditions of interest are identified in 
Sections 7.3 and 7.5. These technologies may require bench-scale and pilot-scale treatability 
studies. The intent is to conduct treatability studies for promising technologies early in the 
RI/FS . process. Conclusions regarding the feasibility of some individual technologies may 
change after new data become available. 

The bias-for-action philosophy of addressing contamination at the Hanford Site requires 
an expedited process for implementing remedial actions. Implementation of general response 
actions may be accomplished using an observational approach in which the implementation is 
redirected as information is obtained. This observational approach is an iterative process of 
data acquisition and refinement of the conceptual model. Data needs are determined by the 
model, and data collected to fulfill these needs are used as additional input to the model. 
Use of the observational approach while conducting response actions in the 200 Areas will 
allow integrating these actions with longer range objectives of final remediation of similar 
areas and the e·ntire 200 Areas. Site characterization and remediation data will be collected 
concurrently with the use of LFis, IRMs, and treatability testing. The knowledge gained 
through these different activities will be applied to similar areas. The overall goal of this 
approach is convergence on an appropriate response action as early as possible while 
continuing to obtain valuable characterization information during remediation phases. 

7.1 PRELIMINARY REMEDIAL ACTION OBJECTIVES 

The RAOs are remediation goals for protection of human health and the environment 
that specify the contaminants and media of concern, exposure pathways, and allowable 
contamin~t levels. The RAOs discussed in this section are considered to be preliminary and 
may change or be refined as new data are acquired and evaluated. 

The fundamental objective of the corrective action process at the PUREX Plant 
Aggregate Area is to protect environmental resources and/or human receptors from the 
potential threats that may exist because of known or suspected. contamination. Specific 
interim and final RAOs will depend in part on current and reasonable potential future land 
use in the PUREX Plant Aggregate Area and the 200 East Area. The RAOs also take into 
account the preference under the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) for permanent isolation and permanent or significant reduction 
of volume, to•xicity, or mobility of hazardous substances. 
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To focus remedial actions with a bias for action through implementing IRMs, 
preliminary RAOs are identified for the 200 East Area and PUREX Plant Aggregate Area. 
The overall objective for the 200 East Area is as follows: 

Reduce the risk of harmful effects to the environment and human users of the area by 
isolating and permanently reducing the toxicity, mobility, or volume of contaminants 
from the source areas to meet ARARs or risk-based levels that will allow industrial use 
of the area (this is a potential final RAO, and ~ interim action objective based on 
current use of the 200 Areas). 

The RAOs are further developed in Table 7-1 for media of concern and applicable 
exposure pathways (see Sections 4.1 and 4.2) for the PUREX Plant Aggregate Area. The 
media of concern for the PUREX Plant ~ggregate Area include the following: 

• 

• 

Radionuclide-contaminated and chemically contaminated soils that could result in 
direct exposure or inhalation of vapors or particles 

Contaminated soils that are or could contribute to groundwater contamination 

• Vadose zone vapors that could cause ambient air impacts or contribute to the 
lateral and vertical migration of contaminants in the soil and to the groundwater 

• Biota that could mobilize radionuclides or chemical contaminants directly or could 
degrade the integrity of other controls, such as caps thereby mobilizing 
contaminants. 

Waste materials currently stored in single-shell tanks that contribute or may contribute 
contaminants to environmental media will not be addressed by this aggregate area 
management study (AAMS) program but rather by the Single-Shell Tank Closure Program . 
In addition, groundwater as an exposure medium is not addressed in this source Aggregate 
Area Management Study Report (AAMSR), but is discussed in the 200-East Groundwater 
AAMSR. 

7.2 PRELIMINARY GENERAL RESPONSE ACTIONS 

General response actions represent broad classes of remedial measures that may be 
appropriate to achieve both interim and final RAOs at the PUREX Plant Aggregate Area, and 
are presented in Table 7-2. The following are the general response actions for the PUREX 
Plant Aggregate Area followed by a brief description: 

• No action (applicable to specific facilities) 

• Institutional controls 
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• Waste removal and treatment or disposal 

• Waste containment 

• In-situ waste treatment 

• Combinations of the above actions. 

These general response actions are intended to cover the range of options from no 
action to complete remediation. Included are options that satisfy the CERCLA preference 
for isolation and permanent or significant reduction in volume, mobility, and toxicity of 
hazardous substances. No action is included for evaluations as required by the National 
Environmental Policy Act (NEPA) and National Contingency Plan (NCP) [40 CFR 300.68 
(f)(l)(v)] to provide a baseline for comparison with other response actions. The no action 
alternative may be appropriate for some facilities and sources of contamination if risk 
assessments determine acceptable natural· resource or human health risks posed by those 
sources or facilities and no exceedances of contaminant-specific ARARs occur. 

Institutional controls involve the use of physical barriers or access restrictions to reduce 
or eliminate public exposure to contamination. Many access and land use restrictions are 
currently in place at the Hanford Site and will remain in place during implementation of 
IRMs. Because the 200 Areas are. already committed to waste management for the long 
term, institutional controls will also be important for final remedial measures alternatives . 

- Wast~ removal and treatment or disposal involves excavation of contamination sources 
for eventual treatment and/or disposal either on a small- or large-scale basis. One approach 
being considered for large-scale waste removal is macro-engineering, which is based on high 
volume excavation using conventional surface mining technologies. Waste removal on a 
macro-engineering scale would be used over large areas such as groups of waste management 
units, operable units, or operational areas as a final remedial action. Waste removal on a 
small scale would be conducted for individual waste management units on a selective basis. 
Small-scale waste removal could be conducted as either an interim or final remedial action. 

The alternatives for disposal of the excavated waste would depend on the volume of 
soil and the nature of the contaminants: 

• Soil that contained low levels of radionuclides but no hazardous chemical waste 
could be disposed of into existing disposal sites at Hanford, or it could be shipped 
to licensed offsite disposal sites. 

• Soil that contained chemical contaminants but no · radionuclides could be disposed 
of at existing offsite RCRA-approved landfills, or disposed of onsite in a Hanford 
RCRA-approved landfill. 
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Soil that was designated as "mixed waste" with both low-level radionuclides and 
hazardous chemical contaminants would have to be disposed of at Hanford. 

• There are currently no facilities at the Hanford Site or offsite for permanent 
geologic disposal of transuranic (TRU) waste. If such soil was excavated, it 
would have to be temporarily stored at Hanford until a geologic repository 

. disposal site was licensed and constructed or another disposal option is identified. 

One potential problem with off-site radioactive waste disposal is the lack of an alternate 
disposal location that will decrease the potential human exposure over the long time required 
for many of the contaminants. Waste removal actions may not be needed, or only be 
required on a small scale, to protect human health or the environment for industrial uses of 
the 200 Areas. 

Waste treatment involves the use of biological , thermal , physical, or chemical 
technologies. Typical treatment options include biological land farming , thermal processing, 
soil washing, and fixation/solidification/stabilization. As described in Section 7.3, some of 
the technolog1es th.at h~ been used as industrial sites may not be feasible at the Hanford 
Site. Some treatment technologies must be pilot tested before they could be implemented. 
Waste treatment could be conducted either as an interim or final action and may be 
appropriate in meeting RAOs for all potential fu ture land uses. 

Waste containment includes the use of capping technologies (i.e. , capping and grouting) 
to minimize the driving force for downward or lateral migration of contamirtants. Vertical 
barriers can also be used to minimize lateral migration and to prevent biota from penetrating 
into contaminated areas. Containment also provides a radiation exposure barrier and a 
barrier to direct exposure. In addition, these barriers provide long-term stability with 
relatively low maintenance requirements. Containment actions may be appropriate for either 
interim or final remedial actions. 

In-situ waste treatment includes thermal, chemical, physical, and biological technology 
types, of which there are several specific process options including in-situ vitrification, in­
situ grouting or stabilization, soil flushing, and in-situ biotreatment. The distinguishing 
feature of in-situ treatment technologies is the ability to attain RAOs without removing the 
wastes. The final waste form generally remains in place. This feature is advantageous when 
exposure during excavation would be significant or when excavation is technically 
impractical. In-situ treatment can be difficult because the process conditions may not be 
easily controlled. 

In the next section, specific process options within these technology groups are 
evaluated . 
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7.3 TECHNOLOGY SCREENING 

In this section, potentially applicable technology types and process options are 
identified. These process options are then screened using effectiveness, implementability, 

- and relative cost as criteria to eliminate those process options that would not be feasible at 
the site. The remaining applicable processes are then grouped into remedial alternatives in 
Section 7.4. 

The effectiveness criteria focuses on: (1) the potential effectiveness of process options 
in handling the areas or volumes of media and meeting the RAOs; (2) the potential impacts 
to human health and the environment during the construction and implementation phase; and 
(3) how proven and reliable the process is with respect to the contaminants and conditions at 
the site. This criteria also concentrates on the ability of a process option to treat a 
contaminant type (organics, inorganics, metals, radionuclides, etc.) rather than a specific 
contaminant (nitrate, cyanide, chromium, plutonium, etc.). 

The implementability criteria places greater emphasis on the institutional aspects of 
implementability, such as the ability to obtain necessary permits for off site actions , the 
availability of treatment, storage, and disposal services, and the availability of necessary 
equipment and skilled workers to implement the technology. It also focuses on the process 
option's developmental status, whether it is an experimental or established technology . 

The relative cost criterion is an estimate of the overall cost of a process, including 
capital and operating costs. At this stage in the process, the cost analysis is made on the 
basis of engineering judgement,-and-each process is evaluated as to whether the costs are 
high, medium, or low relative to other process options. 

A process option is rated effective if it can handle the amount of area or media 
required, if it does not impact human health or the environment during the construction and 
implementation phases, and if it is a proven or reliable process with respect to the 
contaminants and conditions at the site. Also a process option is considered more effecti':'e if 
it treats a wide range of contaminants rather than a specific contaminant. An example of a 
very effective process option would be vitrification because it treats inorganics, metals, and 
radionuclides. On the other hand, chemical reduction may only treat chromium (VI), making 
it a less useful option. 

An easily implemented process option is one that is an established technology, uses 
readily available equipment and skilled workers, uses treatment, storage, and disposal 
services that are readily available, and has few ·regulatory constraints. Preference is given to 
technologies that are easily "implemented. 

Preference is given to lower cost options, but cost is not an exclusionary criterion. A 
process option is not eliminated based on cost alone. 
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Results of the screening process are shown in Table 7-3. Brief descriptions are given 
of the process options, followed by comments regarding the evaluation criteria. The last 
column of the table indicates whether the process option is rejected or carried forward for 
possible alternative formation. The table first lists technologies that address soil RAOs. 
Next, technologies pertaining to biota RAOs are presented. All the biota-specific 
technologies happen to be technologies that were listed for soil RAOs. Air RAOs are dealt 
with as soil remediation issues be~a1,1se the air contamination is a result of the contaminants 
in the soil: addressing and remediating the air pathways would be unnecessary and 
ineffective as long as there is soil contamination. If the soil is remediated, the source of the 
air contamination would be removed. 

The conclusions column of Table 7-3 indicates that no action, monitoring, 3 
institutional process options, a_nd 16 other process options are retained for further 
development of alternatives. These options are carried forward into the development of 
preliminary alternatives. 

7.4 PRELIMINARY REMEDIAL A---CTIQN ALTERNATIVES 

This section develops and describes several remedial alternatives considered applicable 
to disposal sites that contain hazardous chemicals, radionuclides, and volatile and 
semivolatile organic compounds (VOCs). These alternatives are not intended as 
recommended actions for any individual waste · management units, but are intended only to 
provide potential options applicable to most units where multiple contaminants are present. 
Selection of actual remedial alternatives that should be applied to the individual units would 
be partly based on future expedited or interim actions and LFis, as recommended in Section 
9.0 of this report. Selection of proper alternatives would be conducted within the framework 
of the Hanford Site Past-Practice Strategy (DOE/RL 1992a) and the strategy outlined in 
Section 9.4. The selection process would also be based on a preference for isolation and 
permanent treatment. 

The remedial alternatives are developed in Section 7.4 .1. Then, in Section 7.4.2 
through Section 7.4. 7, the remedial action alternatives are described. Detailed evaluations 
and costs are not provided beca_use site-specific conditions must be further investigated before 
meaningful evaluations could be conducted. 

7 .4.1 Development of Remedial Alternatives 

Potentially feasible remedial technologies were described and evaluated in Section 7.3. 
Some of those techr_10logies have been proven to be effective and constructible at industrial 
waste management units, while other technologies are in the developmental stages. The EPA 
guidance (EPA 1988b) on FSs for uncontrolled waste management units recommends that a 
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limited number of candidate technologies be grouped into "Remedial Alternatives." For this 
study, technologies were combined to develop remedial alternatives and provide at least one 
alternative for each of the following general strategies: 

• No action -

• Institutional controls 

• Removal, above-ground treatment, and disposal 

• Containment 

• In-situ treatment. 

The alternatives are intended to treat all or a major component of the PUREX Plant 
Aggregate Area contaminated waste management units or unplanned releases. Consistent 
with the development of RAOs and technologies, alternatives were developed based on 
treating classes of compounds (radionuclides, heavy metals, inorganics, and organics) rather 
than specific contaminants. At a minimum, the alternative must be a complete package. For 
example, disposal of radionuclide-contaminated soil must be combined with excavation and 
backfilling of the excavated unit. 

One important factor in the development of the preliminary remedial action alternatives 
is the fact that radionuclides, heavy metals, and some inorganic compounds cannot be 
destroyed. Rather, these compounds must be physically-immobilized, contained , isolated, or 
chemically converted to less mobile forms to satisfy RAOs. Organic compounds can be 
destroyed, but may represent a smaller portion of the overall contamination at the PUREX 
Plant Aggregate Area. Both no action and institutional control options are required to be 
considered as part of the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) RI/FS guidance. The purpose of including both of these 
alternatives is to provide decision makers with information on the entire range of available 
remedial actions. 

For the containment alternative, an engineered multimedia cover, with or without 
vertical barriers (depending on the specifics of the remediation) was selected. Two 
alternatives were selected to represent the excavation and treatment strategy. One of these 
deals with disposal of TRU contaminated soils. Finally, three in-situ alternatives were 
identified. One deals with vapor extraction for VOCs, one with stabilization of soils and the 
other with vitrification of soils. · 
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It is recognized that this does not represent an exhaustive list of all applicable 
alternatives. However, these do provide a reasonable range of remedial actions that are 
likely to be evaluated in future FSs. The remedial action alternatives are summarized as 
follows: 

• No action 

• Institutional controls 

" Engineered multimedia cover with or without vertical barriers (containment); 
Feasible vertical barriers include slurry walls and grout curtains 

• In-situ grouting or stabilization of soil (in-sitµ treatment) 

• Excavation, above-ground treatment, and disposal of soil (removal, treatment and 
disposal); Feasible technologies for organic compounds include thermal 
processing and stabilization; Feasible technologies for radionuclides include soil 
washing, vitrification, and stabilization _ __ 

• In-situ vitrification of soil (in-situ treatment) 

• Excavation, treatment, and geologic disposal of soil with TRU radionuclides 
(removal, treatment, and disposal) 

• In-situ soil vapor extraction of VO<:;:s (in-situ treatment) . 

These alternatives, with the exception of no action and institutional controls, were 
developed because they satisfy a number of RAOs simultaneously and use technologies that 
are appropriate for a wide range of contaminant types. For example, constructing an 
engineered multimedia cover may effectively contain radionuclides, heavy metals, inorganic 
compounds, and organic compounds simultaneously. It satisfies the RAO of protecting 
human health and the environment from direct exposures from contaminated soil, 
bio-mobilization, and airborne contaminants. In-situ soil vapor extraction is more specific 
than the other alternatives, but it addresses a contaminant class (VOCs) that is not readily 
treated using the _other options, such as in-situ stabilization. It is possible that some waste 
management units may require a combination of the identified alternatives to completely 
address all contaminants. 

The use of contaminant-specific remedial technologies was avoided because there 
appear to be few, if any; waste management units where a single contaminant has been 
identified. It is possible to construct alternatives that include several contaminant-specific 
technologies, but the number of combinations of technologies would result in an 
unmanageable number of alternatives. Moreover, the possible presence of unidentified 

• contaminants may render specific alternatives unusable. Alternatives may be refined as more 
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contamination data are acquired. For now, the alternatives will be directed at remediating 
the major classes of compounds (radionuclides, heavy metals, inorganics, and organics) . 

In all alternatives except the no-action alternative, it is assumed that monitoring and 
institutional controls are required, although they may be temporary. These features are not 
explicitly mentioned, and details are purposely omitted until a more detailed evaluation may 
be performed in subsequent studies. Also, treatability studies may accompany many of the 
alternative during implementation. 

In the next sections, the preliminary remedial action alternatives are described in more 
detail, with the exception of the no-action and institutional control options. 

7.4.2 Alternative 1--Engineered Multimedia Cover with or without Vertical Barriers 

Alternative 1 consists of an engineered multimedia cover. Vertical barriers such as 
grout curtains or slurry walls may be used in conjunction with the cover. Figure 7-2 shows 
a schematic diagram of an engineered multimedia cover with the vertical barriers . If the 
affected area includes either a naturally occurring or engineered depression, then imported 
backfill would be placed to control runoff and run-on water. The engineered cover itself 
may consist of fine-grained soil, gravel , sand , asphalt, top soil, and/or geo-synthetic liners. 
A liquid collection layer could also be included . The specific design of the cover and 
vertical barriers would be the subject of a focused feasibility study (FFS) which may be 
supported by treatability studies and performance testing. The barrier would be designed to 
minimize infiltration of surface water and to minimize biological intrusion (e.g~_., de_ep.:rooting 
~lants and burrowing animals). The covered area may be fenced , and warning signs may be 
posted. 

Alternative 1 would provide a permanent cover over the affected area. The cover 
would accomplish the following: minimize the migration of precipitation into the affected 
soil; reduce the migration of windblown dust that originated from contaminated surface soils; 
reduce the potential for direct exposure to contamination and reduce the volatilization of 
voes and tritium to the atmosphere. If vertical barriers are included, they would limit the 
amount of lateral migration of contaminants. 

This alternative would not reduce the volume or toxicity of the contaminants, and 
periodic inspections, maintenance, and monitoring would be required for an indefinite period. 

7.4.3 Alternative 2--In-situ Grouting or Stabilization of Soil 

• 

Radioactive and hazardous soil would be grouted in this ~ternative using in-situ 
injection methods to significantly reduce the leachability of hazardous contaminants, 
radionuclides and/or voes from the affected soil. This technology has not been proven to • 
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be effec tive for voes, so it is not recommended as the sole remedial action for voe 
affected areas. Grouting may also be used to fill voids, such as in cribs , thereby reducing 
subsidence. Another variation of this alternative would be to stabilize the soil using in-situ 
mixing of soil with stabilizing compounds such as pozzolanics or fly ash. 

There are two common methods of in-situ grout injection that have been used at 
industrial sites. In the first method (shown on Figure 7-3), grout injection wells are installed 
at prescribed lateral spacing (based on pilot tests) and screened through the affected vertical 
zones. Specially formulated grout is then injected at high pressure, to provide overlapping 
zones of influence, and allowed to cure. This firs t method can theoretically be used to 
stabilize soil deep below the ground surface. In the second method, a patented large 
diameter auger/mixer is used to mechanically agitate and blend grout mixtures that are 
injected into the soil through ports in the auger. This method has commonly bee~ used to 
grout large areas of soil down to a depth of about 4.6 m (15 ft). · 

Alternative 2 would provide a combination of immobilization and containment of heavy 
metal, radionuclide, and inorganic, and semivolatile organic contamination. Thus, this 
alternative would reduce' migration of precipitation into the affected soil; reduce the 
migration of windblown dust that originated from contaminated surface soils; reduce the 
potential for direct exposure to contaminated soils; and reduce the volatilization of voes. 

In-situ grouting has been demonstrated to be effective for stabilization of metals and 
semi volatile organic compounds at several eEReLA sites. However, this is considered to be 
a developing technology and has not yet been fully proven. Therefore, it is expected that 
treatability tests would be required. Because this alternative would not r~move the 
contaminants from the soil, it is likely that institutional controls might also be required. 

7.4.4 Alternative 3--Excavation, Soil Treatment, and Disposal 

Under Alternative 3, radioactive and hazardous soil would be excavated using 
conventional techniques, with special precautions to minimize fugitive dust generation. 
Depending on the configuration of the area to be excavated, shoring might be required to 
comply with safety requirements and to reduce the quantity of excavated soil. The excavated 
soil would be treated above ground. Several treatment options could be selected from the 
physical, chemical, and thermal treatment process options screened in Section 7.3 . For 
example, thermal desorption with off-gas treatment could be used if organic compounds are 
present; soil washing could be used to remove contaminated silts and sands or specific 
compounds; and stabilization could be used to immobilize radionuclides and heavy metals. 
The specific treatment method would depend on site-specific conditions. Treatability tests 
wold be performed to determine the specific soil treatment protocols methodology. The 
treated soil would be backfilled into the original excavation or landfilled. Soil treatment 
by-products may require additional processing or treatment. Figure 7-4 shows a schematic 
diagram of this alternative . 
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Alternative 3 would be effective in treating a fu ll range of contamination , depending on 
the type of treatment processes selected. Attainment of soil RAOs would depend on the 
depth to which the soil was excavated. If near surface soil was treated , airborne 
contamination, direct exposure to contaminated soil , and bio-mobilization of contamination 
would be minimized. Because of practical limits on deep excavation, deep _contamination 
may not be removed and would be subject to migration into groundwater. Alternative 3 
could be used in conjunction with Alternative 1 (multimedia cap) to reduce this possibility. 

A combination of laboratory treatability tests and pilot-scale field tests might be 
required to develop the optimum methods for above-ground treatment of the excavated soil. 
The specification of the required treatability test would depend on the nature of the 
contaminants at each of the remediation sites. 

7.4.5 Alternative 4--In-Situ Vitrification of Soil 

In this alternative, the contaminated soil in a subject site would be immobilized by in­
situ vitrification. Treatability tests would be performed initially to determine the unit-specific 
operating conditions. Figure 7-5 shows a schematic diagram of the alternative. Import fill 
would initially be placed over the affected area to reduce exposures to the remediation 
workers from surface contamination. High power electrodes would be used to vitrify the 
contaminated soil under the site to a depth below where contamination is present. A large 
fume hood would be constructed over the site before the start of the vitrification process to 
collect and treat emissions. After completion of the vitrification, the site would be built back 
to original grade with imported backfill. Fences and warning signs may be placed around 
the vitrified monolith to mjnimize disturbance and potential exposure. 

In-situ vitrification would be effective in treating radionuclides , heavy metals, and 
inorganic contamination and may also destroy organic contaminants. This would reduce the 
potential for exposures by leaching to groundwater, windblown dust and direct dermal 
contact. However, this alternative would not reduce the mass or toxicity of the radionuclides 
present onsite. Also, in-situ vitrification may be limited to . depths of less than about 30 m 
(100 ft), which may not be adequate to immobilize deep contamination. 

If organic compounds are present in the affected area, they could migrate laterally and 
vertically during the vitrification process, as a result of the soil heating process. Therefore, 
this technology must include provisions for collecting and treating organic vapors. This 
could be done using a combination of soil venting wells and an above-ground capture hood. 

It should be noted that the in-situ vitrification is a relatively new technology which is 
experiencing some "growing pains," and has not yet been used for a large-scale cleanup at an 
industrial site. Tests to date have not exceeded depths of 6 m (20 ft). Therefore, using . this 

. technology at the Hanford Site will likely require extensive pilot testing. 
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7.4.6 Alternative 5--Excavation, Above-Ground Treatment, and Geologic Disposal of 
Soil with Transuranic Radionuclides 

Some of the waste management units in the PUREX Plant Aggregate Area may contain 
isolated zones where the concentrations of TRU radionuclides exceed lO0nCi/g. For 
Alternative 5, the soil from those isolated zones ~ould be excavated, stabilized or treated, 
and shipped to an offsite geologic disposal site. Such a disposal facility has not yet been 
licensed, so interim storage of the stabilized soil may be required until the facility is 
constructed. 

Figure 7-6 shows a schematic diagram of Alternative 5. Depending on the 
configuration pf the affected area, shoring may be required during excavation to comply with 
worker safety regulations and to minimize the amount of excavated soil. Special excavation 
procedures would have to be used to minimize fugitive dust. The excavated soil would be 
sorted according to its TRU concentration. Soil with TRU radionuclides exceeding 100 
nCi/g would be either vitrified or stabilized using an above-ground treatment plant, then 
stored until a geologic disposal facility was available. 

Some of the excavated soil could contain TRU radionuclides at concentrations less than 
100 nCi/g and could be treated using a combination of the technologies described in 
Section 7.3. After the non-TRU soil was treated to achieve appropriate cleanup standards , it 
could be backfilled into the original excavation. Alternatively, the non-TRU soil could be 
disposed of at an appropriate landfill. Imported fill material would be used to restore the 
unit to its original grade. If the residual unexcavated soil or the treated soil used for backfill 
contained contaminants at concentrations exceeding the RAOs, then a combination of an · 
engineered cover and vertical barriers (Alternative 1) might have to be installed at the unit to 
prevent direct exposure or groundwater impacts. 

This alternative would utilize many excavation and treatment technologies that have 
been only partly demonstrated at industrial sites. Extensive treatability testing would be 
required for the TRU-containing soil to develop optimum methods for treating or stabilizing 
the TRU radionuclides. Additional treatability studies might be required to support the 
above-ground treatment of the non-TRU soil. 

For Alternative 5, soil containing TRU radionuclides at concen_trations exceeding 
100 nCi/g would be excavated, treated, and disposed. Thus, potential exposure to and 
migration of TRU-wastes would be minimized. Potential exposure to other contaminants 
would be determined by other remedial alternatives implemented. At sites containing TRU 

- and non-TRU wastes, the use of Alternative 5 alone may not satisfy all RAOs . 
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7.4.7 Alternative 6--In-situ Soil Vapor Extraction for Volatile Organic Compounds 

Figure 7-7 shows a schematic diagram of a representative soil vapor extraction system. 
Soil vapor is vented from wells that are screened in permeable soil zones that contain high 
organic vapor concentrations. The vented air would be treated to remove water vapor, the 
organic vapor of concern, particulate radionuclides that might be entrained in the air stream, 
and volatile radionuclides. Figure 7-7 shows one common combination of offgas treatment 
technologies; other technologies can also be used depending on the nature of the vapors that 
are extracted. Water vapor must be removed (usually by condensation) to protect the 
vacuum pumps. If the condensed water contains organic contamination or radionuclides, 
then it would have to be treated and/or disposed of in an appropriate manner. Particulate 
radionuclides that were entrained in the air stream can be effectively removed using banks of 
conventional High Efficiency Particulate Air (HEPA) filters. The organic vapors would have 
to be treated to satisfy Best Available Control Technology (BACT) in accordance with air 
toxics regulations. If the disposal site is considered a ReRA facility, then the off gas 
treatment system must also satisfy ReRA emission control standards. Destruction 
efficiencies exceeding 98 % have often been achieved using soil vapor extraction systems at 
industrial sites. The required destruction efficiency will be determined based on applicable 
ARARs. 

A pilot-scale test would probably have to be performed to determine the required 
venting well spacing and the required vacuum pump design. Analysis of the vented gas 
during the pilot test would be done to assess what types of offgas emission controls would be 
required. 

Some of the waste management units at the PUREX Plant Aggregate Area contain 
voes along with other non-volatile contaminants. Alternative 6 utilizes proven technologies 
to remove the volatilized vapors from the vadose zone soil. In-situ soil vapor extraction is a 
proven technology for removal of voe from the vadose zone soils although some pilot-scale 
testing may be needed at specific units. Soil vapor extraction would reduce downward 
migration of the voe vapors through the vadose zone, and thereby minimize potential 
cross-media migration into the groundwater. Soil vapor extraction would reduce upward 
migration of voe through the soil column into the atmosphere; and thereby minimize 
inhalation exposures to the contaminants. In some cases the radionuclides were discharged to 
the waste management units with voes (e.g., MIBK). Removal of the voe by 
implementing soil vapor extraction could reduce the mobility of the radionuclides, and 
thereby reduce the potential for downward migration of the radionuclides. Finally, soil 
vapor extraction would enhance partitioning of the voe off of the soil and into the vented 
air stream, resulting in the permanent removal and destruction of the voe. Alternative 6 
may be used in conjunction with other alternatives if contaminants other than voes are 
present. However, because of the limited number of PUREX Plant Aggregate Area units 
that contain voes, the use of soil vapor extraction will not be extensive. 
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7.5 PRELl1\1INARY REMEDIAL ACTION ALTERNATIVES APPLICABLE TO 
WASTE MANAGEMENT UNITS AND UNPLANNED RELEASE SITES 

The purpose of this section is to discuss which preliminary remedial action alternatives 
could be used to remediate each PUREX Plant Aggregate Area waste management unit or 
unplanned release site. The criteria used for deciding this are as follows: 

• Installing an engineered multimedia cover with or without vertical barriers 
(Alternative 1) could be used on any site where contaminants may be leached or 
mobilized by surface water infiltration or if surface/near-surface contamination 
exists. 

• 

• 

• 

In-situ grouting or stabilization (Alternative 2) could be used on any waste 
management unit or unplanned release site _that contain heavy metals, 
radionuclides, and/or other inorganic compounds. In-situ grouting could also be 
effective in filling voids for subsidence control. 

Excavation and soil treatment (Alternative 3) could be used at most waste 
management units or unplanned release sites that contain radionuclides, heavy 
metals, other inorganics compounds, semi-volatile organic compounds, and 
voes. 

In-situ vitrification (Alternative 4) could be used at most waste management units 
or unplanned release sites, although vapor extraction may be needed when VOCs 
are present. Waste management units or unplanned release sites where in-situ 
vitrification may not be _effective include reverse wells and other sites where the 
contamination is present in a very narrow geometry. In-situ vitrification is also 
not considered for surface spills. 

• Excavation, treatment, and geologic disposal of TRU-containing soils 
(Alternative 5) could only be used on those waste management units and 
unplanned release sites that contain TRU radionuclides. Since a geologic 
repository is likely to accept only TRU radioactive soils, the non-TRU radioactive 
soils will not be remediated using this alternative. 

• In-situ soil vapor extraction (Alternative 6) could be used on any waste 
management unit or unplanned release site that contains volatile organic 
compounds. Such sites are not common in the PUREX Plant Aggregate Area. 
Nonetheless, the 216-A-8 Crib, where butyl phosphate and/or paraffin 
hydrocarbons were disposed, is one site at which soil vapor extraction would be 
an effective remedy. 

Using these criteria, Table 7-4 was created showing possible preliminary remedial 
action alternatives that could be used to remediate each of the waste management units and 
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unplanned release sites. Each waste management unit or unplanned release may require just 
one alternative or a combination of many alternatives. Furthermore, similar units may be 
remediated simultaneously. Also, more specific waste treatment alternatives could be 
identified and evaluated as more information ·is obtained. Note that a single alternative may 
not be sufficient to remediate all contamination at a single waste management unit or 
unplanned release site. For example, soil vapor extraction could precede in-situ vitrification 
to remove organic contaminants. Also, different combinations of technologies are possible 
besides those presented in these preliminary alternatives. Table 7-4 excludes units that are 
covered by other programs. For example, single-shell tanks are excluded because they are 
addressed by the Single-Shell Tank Closure Program. 

Each waste management unit or unplanned release site may require just one alternative 
or a combination of many alternatives. Furthermore, similar sites may be remediated 
simultaneously. Also, more specific waste treatment alternatives could be identified and 
evaluated as more information is obtained. 

Technology development studies will be needed for the in-situ vitrification process; and 
treatability studies will be needed for the in-situ grouting or stabilization process and for soil 
treatment processes to make sure that they will effectively remediate the ~ontaminants. 
Specifically; organic waste mobility may be a problem for in-situ vitrification; grouting 
agents and the resulting reduction of contaminant leachability will need to be determined 
before in-situ grouting can be performed; and appropriate treatment protocols and systems 
will need to be identified before soil washing can be used. Capping, soil vapor extraction, 
and disposal options are all proven processes but may require site-specific performance 
assessment (treatability) studies. 

The FFs, will be required to evaluate alternative designs for all of the alternatives 
evaluated, as they relate to the specific waste management unit being remediated. A 
site-by-site economic evaluation is also required before making a decision. This evaluation 
will require site-specific information obtained in LFis and FFSs. 
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Figure 7-2. Alternative 1: Multimedia Cover with Vertical Barriers. 
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Figure 7-3. Alternative 2: In Situ Grouting of Soil. 
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Figure 7-5 . Alternative 4: In Situ Vitrification of Soil. 
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Remedial Action Objectives 

Environmental 
Media Human Health Environmental Protection General Response >-:l 

Actions p.i 
0-

Soils/ • Prevent ingestion, inhalation, or direct • Prevent migration of radionuclides and hazardous' • No Action 
Sediments contact with solids containing radioactive constituents that would result in groundwater, 

and/or hazardous constituents present at surface water, air, or biota contamination with • Institutional Controls/ 
concentrations above MTCA and DOE constituents at concentrations exceeding ARARs. Monitoring 
standards for industrial sites (or subsequent 

Remediate soils containin& TRU contamination • · Containment risk-based standards). • 
above 100 nCi/g in accor nee with 40 CFR 191 
requirements. • Excavation 

• Prevent leaching of contaminants from the soil • Treatment 
into the groundwater that would cause 

Disposal goundwater concentrations to exceed MTCA and • 
OE standards at the compliance point location. 

• In Situ Treatment 

~ 
--..l 

C) ' ...... 
(1) 
::l 
(1) '"Cl >; e >; 

(1) 
>-' 

~ §" tj 
(1) - · 0 V, ::l 

"d p.i tr1 g~ ---V, 

~ ·' ~ (1) 

• (1) ' '-D (") 3 N 
::r. 8. ' 0 
0 -· 

~ 
~ e 
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Prevent accidental release from collapse of soils/sediments. • 
containment structures. 

0-



Environmental 
Media 
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Containers 
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Remedial Action Objectives 

Human Health 

• Prevent leakage of liquids from buried 
containers that would cause groundwater 
concentrations to exceed MTCA standards at 
the compliance point location, or which 
could result in volatilization emissions of 
leaking chemicals to the atmosphere. 

Environmental Protection 

• Prevent wind erosion or soil cover material that 
would expose buried wastes. 

• Prevent wind erosion of contaminated soil that 
would lead to exposure exceeding MTCA or 
DCGs. 

General Response 
Actions 

• No 
Action/Institutional 
Controls/M oni to ring 

• Wind Barriers 
Installed 
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• Drum Removal 

• Subsurface Barriers 

Note: a1 No General Response Actions are required for the air because soil remediation will eliminate the air contamination source . 
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Media General Resnonse Action Technolo2v Tvoe Process Option Contaminants Treated 

Soil No Action No Action No Action NA >-3 
p:i 

Institutional Controls Land Use Restrictions Deed Restrictions NA 0----(1) 

Access Controls Signs/Fences NA -J 
I 

Entry Control NA 
N 

Monitoring Monitoring NA ""O 
>; 
(1) 

Containment Capping Multimedia I,M,R,O ~ 

:3 -
Vertical Barriers Sh.1rry Walls -· I,M,R,O :::s 

~ 
Grout Curtains I,M,R,O '-< 

id t, 
Cryogenic Walls I,M,R,O (1) 0 

:3 tr1 
Dust & Vapor Suppression Membranes/Sealants/Wind I,M,R,O (1) ---0. ~ 

....J 
Breaks/Wetting Agents s:;· -- I 

~ Excavation Excavation Standard Construction I,M,R,O \0 

• N 
N Equipment . I () 0 P) ..... -· +>-

Treatment Thermal Treatment Vitrification I,M,R,O 0 
:::s 

id 
Incineration 0 >-3 (1) 

(1) < 
() 

Thermal Desorption 0 ::r 0 :::s 
Calcination I,M,R,O 0 ----0 

Chemical Reduction 
{fQ 

Chemical Treatment M -· (1) 

~ 
Hydrolysis 1,0 ,, 

,,-._ 

Physical Treatment Soil Washing I,M,R,O 
V, 

::r 
(1) 

Solvent Extraction M,R,O 
(1) ..... 
,_.. 

Physical Separation I,M,R,O 0 ....., 
Fixation/Solidification/ I,M,R,O w 
Stabilization '--' 

Containerization I M,R,O 
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Media General Resoonse Action Technolo2v Type Process Option Contaminants Treated 
>-l 

Biological Treatment Aerobic 0 p) 
0-........ 

Anaerobic 0 
(1) 

--.J 

Disposal On-Site Landfill On-site Landfill 
I 

l,M,R,O N 

Offsite RCRA Landfill I,M,O '"O 
""1 

Geologic Repository Geologic Repository T (1,M,O non-transuranic (1) 

:::-: 
I radionuclides if mixed 8 

with T) ...... . 
::s 

In Situ Treatment Thermal Treatment Vitfication I,M ,R,O ~ 
Th rmal Desorption 0 :;d t; 

(1) 0 
Chemical Treatment Reduction M,O 8 tr1 

(1) ---0. ~ Physical Treatment Soil Flushing I,M,R,O 
...... . 

.....:i 
p) I ........ 

'° t-3 Vapor Extraction 0 • N 
I I 

N (") 0 ..... er Grouting I,M,R .... . ~ 
0 ::s 

:;d . Fixation/Solidification/ I,M,R,O .., (1) 

Stabilization (1) < 
(") 

Biological Treatment Aerobic 0 
::r 0 ::s 
0 

Anaerobic 0 
........ 
0 

(JQ 

Biota No Action No Action No Action 
...... 

NA (1) 

~ 

Institutional Controls Land Use Restrictions Deed Restrictions NA ,..__ 
Cl> 
::r 
(1) 
(1) 

Access Controls Signs/Fences NA ..... 
N 

Entry Control NA 0 ...... 
Monitoring Monitoring NA l,-) --

Excavation Excavation Standard Construction l,M,R,O 
EQuipment 
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Media General Resnonse Action Technolol!v Type 

Disposal Landfill Disposal 

Containment Cappinl! 

I = Other Inorganics contaminants applicability 
M = Heavy Metals contaminants applicability 
R = Radionuclide contaminants applicability 
0 = Organic contaminants applicability 
NA = Not Applicable . 
T = TRU Radionuclides Applicability. 
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Technology Relative 

Type Process Option Description Effectiveness Implementability Cost Conclusions 

SOIL TECHNOLOGIES: 
, 

No Action No Action Do nothing to cleanup the Not effective in reducing Easily implemented , but Low Retained as a 
contamination or reduce the the contamination or might not be acceptable to "baseline" case. 

--3 exposure pathways. exposure pathways . regulatory agencies, local p.) 
governments, and the public. er ...... 

Land Use Deed Identify contaminated areas Depends on continued Administrative decision is Low Retained to be used 
(1) 

-..J 
Restrictions Restrictions and prohibit certain land , implementation. Does not easily implemented . in conjunction with I 

uses such as farming . reduce contamination . other process 
v.l 

options . en 
Access Signs/Fences Install a fence and signs Effective if the fence and Easily implemented. Low Retained to be used 0 

'"1 

Controls around areas of soil signs are maintained . Restrictions on future land in conjunction with 
(1) 
(1) tJ contamination. use. other process ::, ...... 0 options . ::, 

(JQ tT1 
Entry Control Install a guard/monitoring Very effective in keeping Equipment and personnel Retained to be used ---Low 0 ~ 

system to prevent people people out of the easily implemented and in conjunction with 
H-, r' 

~ from becoming exposed. contaminated areas . readily available. other process "d I 
'"1 \0 

options . 0 N I 0 I 
v.l (1) 0 p.) Monitoring Monitoring Analyze soil and soil gas Does not reduce the Easily implemented. Low Retained to be used V, ~ 

V, 

samples for contaminants contamination, but is very Standard technology. in conjunction with 
0 ~ and scan with radiation effective in tracking the other process 'O ~ detectors . contaminant levels . options . ~ ..... . 
0 

Capping Multimedia Fine soils over synthetic Effective on all types of Easily implemented. Medium Retained because of ::, 0 

membrane or other layers contaminants, not likely to Restrictions on future land potential !" 

and covered with soil; crack. Likely to hold up use will be necessary. effectiveness and ,..-.._ 

applied over contaminated over time. implementability . 
V, 

:J"" 
areas. (1) 

(1) 

'""' Vertical Slurry Walls Trench around areas of · Effective in blocking Commonly used practice and Medium Retained for shallow ,_. 
Barriers contamination is filled with lateral movement of all easily implemented with contamination. 0 

a soil (or cement) bentonite types of soil standard earth moving H-, 

slurry. contamination. May not equipment. May not be 00 
'--' 

be effective for deep possible for deep 
contamination. contamination. 

Grout Curtains Pressure injection of grout Effective in blocking Commonly used practice and Medium Retained because of 
in a regular pattern of lateral movement of all easily implementable, but potential 
drilled holes . types of soil depends on soil type. May be effectiveness and 

contamination. difficult to ensure continuous •implementability . 
wall. 
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Technology Relative 
Type Proccas Option Description Effectiveness Implementability Cost Conclusions 

Cryogenic Walls Circulate refrigerant in Effective in blocking Specialized engineering Medium Rejected because it is 
pipes surrounding the lateral movement of all design required . Requires difficult to 
contaminated site lo create types of soil ongoing freezing . implement. 
a frozen curtain with the contamination. 

...., 
pore water. Pl cr 

Dust and Membranes/ Using membranes, sealants, Effective in blocking the Commonly used practice and Low Rejected because of ~ 

Vapor Sealants/ wind breaks, or wetting airborne pathways of all very easy to implement, but limited duration of --..J 
I 

Suppression Wind Breaks/ agents on top of the the soil contaminants, but land restrictions will be integrity and t,.) 

Wetting Agents contaminated soil to keep may require regular necessary . protection . 
C/.l the contaminants from upkeep. (") 

becoming airborne. '"1 
(1) 
(1) 

t:J Excavation Standard Moving soil around the site Effective in moving and Equipment and workers are Low Retained because of ~ 

Excavating and loading soil onto transporting soil to readily available. potential 5· 0 
Equipment process system equipment. vehicles for transportation , effectiveness and 

(JQ tn 
---and for grading the implementability . 0 ~ ..... 
~ 

~ 
surface. '"O I ., 

'° Thermal Above-ground Convert soil to glassy Effective in destroying Commercial units are High Retained because of 0 N 
w (") I 

Treatment Vitrification materials by application of organics and immobilizing available. Laboratory testing potential ability to (1) 0 
0- electric current. the inorganics and required to determine immobilize ~ ' 

~ 

radionuclides . Off-gas additives, operating radionuclides, 0 ~ 
treatment for volatiles may conditions, and off gas inorganics. and 'O (1) ..... < be required . treatment. Must pre-treat soil metals, and destroy 5· 

to reduce size of large organics . ~ 0 
materials . ~ 

Incineration Destroy organics by Effectively destroys the Technology is well High Rejected because of ,-... 
Cl> 

combustion in.a fluidized organic soil contaminants . developed . Mobile units are potential air ::r 
(1) 

bed, kiln, etc. Some heavy metals will currently available for, emissions and (1) ..... 
volatilize. Radionuclides relatively small soil wastewater N 
will not be treated . quantities . Off-site treatment generation . 

0 is available. Air emissions ..... 
and wastewater generation 00 

should be addressed. --
Thermal Organic volatilization at 150 Effectively destroys the Successfully demonstrated on Medium Retained because of 
Desorption to 400°C (300 to 800°F) by organic soil contaminants . a pjlot-scale level. Full-scale potential 

heating contaminated soil Heavy metals less. likely to remediation yet to be effectiveness and 
followed by off gas volatilize than in high debonstrated . Pilot testing implementability. 
treatment. temperature treatments . ess ntial. 

Radionuclides will not be I 
treated. 

• • 



• 9 3 7 6 • 
Technology Relative 

Type Process Option Description Effectiveness Implementability Cost Conclusions 

Calcination High temperature Effective in the Commercially available. High Rejected because of >-l 
decomposition of solids into decomposition of Most often used for limited effectiveness p.) 

'I cr separate solid and gaseous inorganics such as concentration and volume on non-liquid or ....... 
components without air hydroxides, carbonates, reduction of liquid or aqueous aqueous wastes . 

(D 

--l contact. nitrates, sulfates, and waste. Off-gas treatment is I 

sulfites . Removes organic required. w 

components but does not 
(/) 

combust them because of 0 
the absence of a:ir. >; 

(D 

Radionuclides will not be (D t, ::l 
treated . 5· 0 

Chemical Chemical Treat soils with a reducing May be effective in Virtually untested on treating Medium Rejected because of OQ trJ 
---Treatment Reduction agent to convert treating heavy metal soil soils . Competing reactions limited applicabil ity 0 ~ ......, 
r' 

~ 
contaminants to a more contaminants . may reduce efficiency . and implementation >tj I 

stable or less toxic form. Radioactivity will not be problems. >; '° I 0 N 
w reduced. 0 I 

n (D 0 
Cl> +>-Hydrolysis Acid- or base-catalyst Very effective on Common industrial process. Medium Rejected because of Cl> 

reaction in water to break ,compounds generally Use for treatment of soils not limited effectiveness 0 ::;a 
down contaminants to less classified as reactive. well demonstrated . and unproven on "O (D ..... < toxic components. Limited effectiveness on soils. ..... 

0 
stable compounds. ::l 0 
Radioactivity will not be :" 
reduced . ,,......_ 

Cl> 

Chemical Detoxify chlorinated Not commonly used on the Difficult to implement. High Rejected because of ::r 
(D 

Dechlorination organic chemicals by chlorinated compounds Requires soil washing or limited effectiveness (D 

reaction with organic that have been identified at solvent extraction before use. and difficult 
..... 
w 

reagents . T Plant. implementation. 
0 

Chemical Detoxify chlorinated Not commonly used on the Difficult to implement. High Rejected because of 
......, 
00 

Dechlorination organic chemicals chlorinated compounds Requires soil washing or limited effectiveness .._,, 

byreaction with organic that have been identified al solvent extraction before use. and difficult 
reagents . Z Plant. implementation . 
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Technology Relative 
Type Process Option Description Effectiveness Implementability Cost Conclusions 

Physical Soil Washing Leaching of waste Effectiveness is Treatabili\y tests are Medium Retained because of 
Treatment constituents from contaminant specific. necessary. Well developed potential 

contaminated soil using a Effective with sandy soil technology and commercially effectiveness and ,_, 
washing solution. may work with only low available. implementability. p.) 

level radiation CT ,_. 
contaminated soil may not (1) 

work with numus soil. --..l 
Generally more effective 

I 
w 

on contaminants that 
partition to the fine soil (/) 

fraction . Radioactivity 0 
'"1 

will not be reduced . (1) 
(1) 

tj ::, 
Solvent Contacting a solvent with The selected solvent is Laboratory testing necessary Medium Rejected because the 5· 0 
Extraction contaminated soils to often just as hazardous as to determine appropriate solvent may lc;:ad to OQ rn 

---preferentially dissolve the the contaminants presented solvent and operating further 0 ~ 
contaminants into the in the waste. May lead to conditions . Not fully contamination. 

....., r 
~ solvent. further contamination . demonstrated for hazardous 'lj I 

'"1 \0 
I Radioactivity will not be waste applications . 0 N w (") I 

p. reduced . (1) 0 
Vl +:>-
Vl 

Physical Separating soil into size Effective as a Most often used as a Low Retained because of 
0 id Separation fractions . concentration process for pretreatment to be combined potential 'd (1) 

all contaminants that with another technology . effectiveness and ..... < ...... 
partition to a specific soil Equipment is readily implementability . 0 

::, 0 
size fraction . available. !"-" 

Fixation/ Form low permeability Effective in reducing Stabilization has been Medium Retained because of ,......_ 
Solidification/ solid matrix by mixing soil inorganic and radionuclide implemented for site potential Vl 

::r 
Stabilization with cement, asphalt, or soil contaminant mobility . remediations . Treatability effectiveness and (1) 

(1) 

polymeric materials . Effectiveness for organic studies are needed. Volume implementability . ..... 
stabilization is highly of waste is increased. +:>-

dependent on the binding 0 ....., 
agent. 00 ..__, 

Containerization Enclosing a volume of Effective for difficult to May be implemented for low Low Retained because of 
waste within an inert jacket stabilize, extremely concentration waste. potential 
or container. hazardous , or reactive Disposal or safe storage of effectiveness and 

waste. Reduces the containers required . implementability . 
mobility ·of radionculides . Regulatory constraints may 

prevent disposal of containers 
of certain waste types . 

• • 
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Technology Relative 

Type Process Option Description Effectiveness Implementability Cost Conclusions 

Biological Aerobic Microbial degradation in an Effectiveness is very Various options are Medium Rejected because of ...., 
Treatment (Landfarming) oxygen-rich environment. contaminant- and commercially available to limited applicability p.) 

concentration-specific. produce contaminant and difficu It O" -Treatment has been degradation. Trcatability implementation. (1) 

demonstrated on a variety tests are required to -J 
I 

of organic compounds. determine site-specific w 
Not effective on inorganics . conditions. 
or radionuclides. (/) 

(') 
'"1 

Anaerobic Microbial degradation in an Effectiveness is very Various options are Medium Rejected because of (1) 
(1) 

~ oxygen deficient contaminant and commercially available to limited applicability 2. 
environment. concentration specific. produce contaminant and difficult ~ 0 

Treatment has been degradation. Treatability implementation. (TQ tTl 
-----demonstrated on a variety tests are required to 0 ~ ....... r< 

~ 
of organic compounds. determine site-specific "d I 

Not effective on inorganics conditions . '"1 I.O 
0 N 

I or radionuclides. (') I 

w (1) 0 
(1) Disposal Landfill Place contaminated soil in Does not reduce the soil Easily implemented if Medium Retained because of Cl) +>--

Cl) 

Disposal an _existing onsite landfill. contamination but moves sufficient storage is available potential 0 ~ 
all of the contamination to in an on-site landfill area. effectiveness and 'O (1) 

a more secure place. implementability . 
,..... < .... . 
0 

Geologic Put the contaminated soil in Does not reduce the soil Not easy to implement High Retained because of ~ 0 

Repository a safe geologic repository . contamination, but is a because of limited site effectiveness on TRU 
~ 

very effective and long- availability, and permits for wastes . ----Cl) 

term way of storing transporting radioactive ::r 
(1) 

radionuclides . Probably wastes are hard to gel. (1) 

unnecessary for 
,..... 

nonradioactive waste. 
V\ 

0 
In Situ Vitrification Electrodes are inserted into Effective in immobilizing Potentially implementable. High Retained because of H) 

Thermal the soil and a carbon/glass radionuclides and most Implementability depends on potential ability to 00 .___, 
Treatment frit is placed between the inorganics . Effectively site configuration, e .g., immobilize 

electrodes to act as a starter , destroys some organics lateral and vertical extent of radionuclides and 
path for initial melt to take through pyrolysis . Some contamination. Treatability destroy organics . 
place. volatilization of organics studies required . 

and inorganics may occur. 
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Technology Rd ativc 
Type Process Option Description Effectiveness Implementability Cost Conclusions 

Thermal Soil is heated in situ by Effective for removal of Implementable for shallow Medium Rejected because of 
Desorption radio-frequency electrodes volatile and semi-volatile organics contamination. Not limited applicability. 

or other means of heating to organics from soil. implementable for >-l 
temperatures in the 80 to Ineffective for most radionuclides and inorganics. PJ 

c:T 
400°C (200 to 750°F) inorganics and Emission treatment and >-

(l) 

range thereby causing radionuclides. treatability studies required . --.J 
desorption of volatile and Contaminants are I 

semi-volatile organics from transferred from soil lo 
l,..) 

the soil. air. en 
In Situ Chemical Reducing agent is added to Effective for certain Difficult to implement in situ Low Rejected because of 

(") 
,; 

Chemical Reduction the soil to change oxidation inorganics, e.g. , because of distribution limited applicability 
(l) 
(l) tj 

Treatment state of target contaminant. chromium. Ineffective for requirements for reducing and implementation = .... . 0 organics . Limited agent. problems . = (JQ tn 
applicability. ----0 ~ 

In Situ Soil Flushing Solutions are injected Potentially effective fo r all Difficult to implement. Not Medium Rejected because of 
....., 

r-' 
-~ Physical through injection system to contaminants. implementable for complex implementation "'d I 

,; '° I Treatment flush and extract Effectiveness depends on solvents of contaminants. problem . 0 N w (") I ....., contaminants . chemical additives and Flushing solution difficult to (l) 0 
Cl> ~ 

hydrology . Flushing recover. Chemical additives Cl> 

solutions posing likely to pose environmental 0 ~ 
environmental threat likely threat. 'Cl (l) ..... < 
to be needed . Difficult .... . 

0 
recovery of flushing = 0 

solution. ~ 

Vapor Vacuum is applied by use Effective for volatile Easily implementable for Medium Retained for potential 
,,--.. 
Cl> 

Extraction of wells inducing a pressure organics . Ineffective for proper site conditions . application to volati le ::; 
(l) 

gradient that causes inorganics semivolatik Requires emission treatment organics . · (l) ..... 
volatiles to flow through air organics and for organics and capture 0\ 
spaces between soil radionuclides . Emission system for radionculides and 0 
particles to the extraction treatment required . volatilized metals . ....., 
wells . 00 .._, 

Grouting Involves drilling and Effective in limiting Implementable as barrier and Medium Retained because of 
injection of grout to fonn migration of leachate, but for filling voids . ability to limit 
barrier or injection to fill difficult to maintain Implementability depends on contaminant 
voids. barrier integrity. site conditions . migration and 

Potentially ef~ective in potential use for 
filling voids . filling void spaces. 

• • 
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Technology Relative 
Type Process Option . Description Effectiveness Implementability Cost Conclusions 

Fixation/ Solidification agent is Effective for inorganics Implementable. Treatability Medium Retained because of 
SolidiJication/ applied to soil by mixing in and radionuclides . studies required to select potential 
Stabilization place. Potentially effective for proper additives . Thorough effectiveness and >-i 

organics . Effectiveness characterization of subsurface implementability. PJ 
0-

depends on site conditions conditions and continuous ..-
(l) 

and additives used . monitoring required . -J 
I 

In Situ Aerobic Microbial growth utilizing Effective for most organics Difficult to implement. Low Rejected because of w 
Biological organic contaminants as at proper conditions . Treatability studies and limited applicability 
Treatment substrate is enhanced by Ineffective for inorganics thorough subsurface and difficult (/) 

0 
injection of or spraying and radionuclides. characterization required. implementation. -; 

(l) 
with oxygen source and (l) 

ti nutrients . ::i .... . 0 ::i 
Anaerobic Microbial growth utilizing Effective for volatile and Difficult to implement. Low Rejected because of fJQ tT1 

---organic contaminants as complex organics . Not Anoxic ground conditions limited applicability 0 
~ ......, 

~ 
substrate is enhanced by effective for inorganics required. Treatability studies and difficult '"d I 

addition of nutrients. and radionuclides . and thorough subsurface implementation. -; \0 
I characterization necessary . 0 N 

w 0 I 

OQ (l) 0 
BIOTA TECHNOLOGIES: v., ~ v., 

No Action No Action Do nothing to clean-up the Not effective in reducing Easily implemented, but Low Retained as a 0 :;.:, 
contamination or reduce the the contamination or might not be acceptable to "baseline"case. 'O (l) ,..... < 
exposure pathways. exposure pathways. regulatory agencies, local 5· 

governments, and the public. ::i 0 
!-" 

Land Use Deed Identify contaminated areas Effective if implementation Administrati:ve decision is Low Retained to be used ,,......__ 
Restrictions Restrictions and prohibit certain land is continued. Does not easily implemented. in conjunction with v., 

~ 
uses such as agriculture. reduce contamination . other process (l) 

options. (l) ,..... 

Access Signs/Fences Install a fence and signs Effective if fencing is Easily implemented. Low Retained to be used 
-J 
0 

~ 
Controls around areas of maintained. Restrictions on future land in conjunction with >-+, 

contamination to keep use. other process 00 

people out and the biota in . options . ---
Entry Control Install a guard/monitoring Very effective in keeping Equipment and personnel are Low Retained to be used 

system to eliminate people people out of the easily implemented and in conjunction with 
from coming in contact with contaminated areas. readily available. other process 
the contamination. options . 
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Technology Relative 
Type Process Option Description Effectiveness Implementability Cost Conclusions (/) 

(") 

Monitoring Monitoring Take biota samples and test Does not reduce the Easily implemented. Low Retained to be used 
'"i 
(1) 

! them for contaminants . · contamination, but is very Standard Technolo~y. in conjunction with 
(1) 

t:J ::i 
effective tracking the other process 

..... 0 ::i 
contaminant levels. options . (JQ tT1 

---0 ~ Capping Multimedia Fine soils over synthetic Effective in reducing the Easily implemented. Medium Retained because of >-+, r' 
....J membrane or other layers uptake of contaminants, Restrictions on future land potential '"d I 

'"i '° ~ and covered with soil ; not likely to crack. Likely use will also be necessary . effectiveness and 0 N 
I applied over contaminated to hold up over time . implementability . (") I 

\.>) (1) 0 :::r areas. c,, +>-c,, 

Excavation Standard Remove affected biota and Effective in moving and Equipment and workers are Low Retained because of 0 ~ 
Excavating load it onto process system transporting biota to readily available. potential "Cl (1) ,_ <: · ..... 
Equipment equipment. vehicles for transportation. effectiveness and 0 

implementability . ::i 0 
~ 

Disposal Landfill Place contaminated biota in Does not reduce the biota Easily implemented if Medium Retained because of ,--... 
Disposal an existing landfill. contamination but moves sufficient storage is available potential c,, 

' ::; 
all of the contaminat ion to in an offsite landfill area . effectiveness and (1) 

a more secure place. implementability . (1) ,_ 
00 

0 
>-+, 

00 
'-" 

• • 
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Alt 1. 
Multimedia 

Cover With or 
Without Vertical 

Waste Management Unit or Unplanned Release Barriers 

~ -:>::::: .• ···•·/•·•••··:C::c:c/ 
.......... . .:... ······•·• ·•·•······••i• ·.·. 

216-A-I Crib X 

216-A-2 Crib X 

216-A-3 Crib X 

216-A-4 Crib X 

216-A-5 Crib X 

216-A-6 Crib X 

216-A-7 Crib X 

216-A-8 Crib X 

216-A-9 Crib X 

216-A-10 Crib X 

216-A-21 Crib X 

216-A-24 Crib X 

216-A-27 Crib X 

216-A-30 Crib X 

216-A-3 1 Crib X 

216-A-32 Crib X 

216-A-36A Crib X 

216-A-36B Crib X 

216-A-37-1 Crib X 

216-A-37-2 Crib X 

216-A-38-1 Crib X 

216-A-41 Crib X 

216-A-45 Crib X 

<". 

Alt 2 . 
In Situ Alt 3. 

Grouting or Excavation and 
Stabilization Treatment 

... ,,. >.: ..... ):/. and Drains .·•· \ ·•·· 
··•· 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X · 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

Alt 5. 
Excavation, 

Alt 4 . Treatment, and 
In Situ Geologic Disp. of 

Vitrification TRU Soil 

{/ 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X · x 

Alt 6. 
In Situ Soil Vapor 

Extraction for VOCs 

>< 
X 

X 

X 

• 
,-3 

~ 
~ 

~ -..) 
pl I 

:::i ~ 
pl 

(J~ ""1:1 
3 @ 
(1) ~ 

~ 3 
c::: 5. 
8. ~ vr « 

§ ~ 
0. 3 
c::: 8.. 
:::i -· 'E.~ 
§ • 
:::in 
(1) -· 0. 0 
:;d :::i 

(1) • 
[ . ff 
V, B 
(l) pl 

(.I) ~ ­;::::.· < 
(l) (l) 
V, V, 

,......_• 
V, 'd 
::::r 'd 
(l) ....... 
(l) - • 

- Q 
...... O' 

0 ~ 
>-+, -
VI 0 --- ~ 

pl 
V, -(l) 

tj 
0 
tTl 
~ 
r-' 

I 
\D 
N 

I 
0 
~ 

:;d 

~ 
0 
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Alt 1. Alt 5. 
Multimedia Alt 2. Excavation, 

Cover With or In Situ Alt 3. Alt 4. Treatment, and Alt 6. 
....:J 
~ 
cr' 

Without Vertical Grouting or Excavation and In Situ Geologic Disp . of In Situ Soil Vapor 
Waste Management Unit or Unplanned Release Barriers Stabilization Treatment Vitrification TRU Soil Extraction for VOC1 

216-A-l l French Drain X X X X X 

~ 
~ 
--.J 

~ I 

::l +>-
~ 

OQ 
216-A-12 French Drain X X X X X 

216-A-13 French Drain X X X X X 

216-A-14 French Drain X X X X X 

(1) '"O 
3 ., 

(1) 
(1) -::l .... . .... 3 
C 5 · 

216-A-15 French Drain X X X X X g.~ 
V, 

216-A-22 French Drain X X X X X 

216-A-26 French Drain X X X X X 
~ ::0 \J ::l (1) 
0. 3 0 

216-A-26A French Drain X X X X X 

216-A-28 French Drain X X X X X 

216-A-33 French Drain X X X X X 

216-A-35 French Drain X X X X X 

I ·····•·•••··•2···••••• t>r•••••••••t••••••••>>• rn••·•••••t n t<••••·• •·•·••· ·• ·••··•··•< •••••· >···•·•·••x•• ••>•>·•····••••· <••••••···• ••rnr···•·•···•X·•·· ) RlJ~r;;; 
··• .. ) < . / . } > ( 

299-E24-l l l Injection Well X X 

1••·•>•••t••·>••···••<J••····················· )]} ] Y••···••·J<••.. \J ......................... :> .......... t••···· P~rids ,.Dit~hg ~,1d .Trenchir ><••···· 
·•·········••< ............... ··•·· .. ·/•···••C•••••••·7 ..... ·+•··•·••t·•······· .< 

216-A-29 Ditch I X X X X X 

216-A-34 Ditch X X X X X 

C (1) tT1 
::l 

0. 
----"d ~ ::0 

~ L' 
• I 

::l \0 
::l (") N 
(1) ::r. I 

0. 0 0 
::0 ::l +>-

(1) • ::0 [~ (1) 

V, ., < 
(1) ::l .. 

(/)~ 0 
...... .... . 
...... ..:::: · 
(1) (1) 

~ V, -

216-A- lSTrench X X X X X 

216-A-19 Trench X X X X X 

------ • V, "d 
~'E. 
(1) o· (1) 

216-A-20Trench X X X X X 
.... ~ 
N cr' -216-A-40 Trench X X X X X 

·•· 
. • .w .. • ..................... , •••••••••••• ? ... <?/ / Septic Tanks and Associat"d Drain Fidds 

'.',' ·.· ·:··-·-· .... . .. .. 

2607-EA Septic Tank/Drain Field X X X 

0 (1) 

-, .... 
VI 0 

.__,, 
~ 
~ 
V, .... 

2607-EC Septic Tank/Drain Field X X X (1) 

2607-ED Septic Tank/Drain Field X X X 

• • 
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Alt l. Alt 5. 
Multimedia Alt 2. Excavat ion, ..., 

Cover With or In Situ Alt 3 . Alt 4. Treatment, and Alt 6. Pl 
0-

Without Vertical Grouting or Excavation and In Situ Geologic Disp. of In Situ Soil Vapor 
Waste Management Unit or Unplanned Release Barriers Stabilization Treatment Vitrification TRU Soil Extraction for VOC• 

2607-EG Septic Tanlc/Drain Field X X X 

3: 
ro" 
-...l 

~ I 

::l .j::,.. 
Pl 

OQ 
2607-EJ Septic Tank/Drain Field X X X 

2607-EL Septic Tanlc/Drain Field X X X 

2607-E6 Septic Tank/Drain Field X X X 

> ~ < ><?-•• i ·.; ·. ··•·•·•· :s, and Pipelines /•••·•· /. <<\ / ....... / . -,:::::-:::::: :,:-:::::<::::- ~. ·.:, ·.• ;• -; •. ·•· ·• ;.· •,• ...... ~ .i:~":--~ ~-~'.'-'!~ •· •·•·•· ·.·. ·.• .·•· ·•·•• 

216-A-524 Control Structure X X X X X X 

>\::::/\:: -:<'.•'.• %& ·•••·•···•·•·•·••·• ~ ······•·•······ •• .//./ ... ,..., ·.·.· ~~sf~f :· . / <r V / > ·:-:--:-:- ··.·::::.· :·-·,··.·.·.·.·-··.·.·.·.-.· :-•·.::\:> _____ ·.·,·-···.·,·.· .. -.•.·-·.·.· ·:::··//:: •, 

(I) "d 
3 >; 

(I) !!.. 
::l -· ...,. 3 
~ 5· 
~-~ , ... 
V, 

~ 
:;;o u (I) 

0- 3 0 
207-A Retention Basin X X X X 

216-A-42 Retention Basin X X X X .~ •,• ·•····.• I :@• ·' ? < ··<•••· B~ri~ Sites 
.......... . < :::: ... ··-:-: : . . -~ . 

218-E-l Burial Ground X X X 

218-E-8 Burial Ground X X X 

218-E-12A Burial Ground X X X 

218-E-13 Burial Ground X X X 

•·•·•</<·•••·.~ • )· \ )\ •·•·•· Unplan"..;6<1Rel<:as~s •··· <··••. 
UN-200-E-10 Unplanned Release X X X 

~ (I) tn 0- ---::l ~ u ~ 
~ L' 

• I 
::l \0 
::l 0 N 
(I) 

...,. 
I ..... . 

0- 0 0 
~ ::l 

_.,. 
(I) • ~ 
~ ft (I) 

V, 8 
< 

(I) 

U'J~ 0 
~- ~-
(I) (I) 
~ V, 

UN-200-E-l l Unplanned Release X X X 

UN-200-E-12 Unplanned Release X X X 

-- • V, "'d 
::r~ 
(I) ..... . 
(I) 0 

UN-200-E-13 Unplanned Release X X X 

UN-200-E-l5 Unplanned Release X X X 

UN-200-E-l 9 Unplanned Release X X X 

UN-200-E-20 Unplanned Release X X X 

...,. 
Pl 

v-) 0-

0 ro" 
H-i ...,. 
V'I 0 

..__,. 
~ . Pl 
V, 

UN-200-E-22 Unplanned Release X X X 
...,. 
(I) 

UN-200-E-25 Unplanned Release X X X 
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-

Alt 1. 
Multimedia Alt 2. 

Cover With or In Situ 
Without Vertical Grouting or 

Waste Management Unit or Unplanned Release Barriers Stabilization 

UN-200-E-26 Unplanned Release X X 

UN-200-E-28 Unplanned Release X X 

UN-200-E-31 Unplanned Release X X 

l,JN-200-E-33 Unplanned Release . X X 

UN-200-E-35 Unplanned Release X X 

UN-200-E-39 Unplanned Release X X 

UN-200-E-40 Unplanned Release X 

UN-200-E-42 Unplanned Release X X 

UN-200-E-49 Unplanned Release X X 

UN-200-E-56 Unplanned Release X X 

UN-200-E-58 Unplanned Release 

UN-200-E-60 Unplanned Release 

UN-200-E-62 Unplanned Release X X 

UN-200-E-65 Unplanned Release X X 

UN-200-E-67 Unplanned Release X 

UN-200-E_-68 Unplanned Release X X 

UN-200-E-72 Unplanned Release X X 

UN-200-E-88 Unplanned Release X 

UN-200-E-94 Unplanned Release X X 

UN-200-E-96 Unplanned Release X X 

UN-200-E-97 Unplanned Release X X 

UN-200-E-100 Unplanned Release · X X 

UN-200-E-1 14 Unplanned Release X X 

UN-200-E-I 17 Unplanned Release X X 
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Table 7-4. Preliminary Remedial Action Alternatives Applicable to Waste 
Management Units and Unplanned Release Sites. (sheet 5 of 5) 
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8.0 DATA QUALITY OBJECTIVES 

As described in Section 1.2.2, this aggregate area management study (AAMS) process, 
as part of the Hanford Site Past-Practice Strategy (DOFJRL 1992a), is designed to focus the 
remedial investigation (Rl)/feasibility study (FS) process toward comprehensive cleanup or 
closure of all contaminated areas at the earliest possible date and in the most effective 
manner. The fundamental principle of the Hanford Site Past-Practice Strategy is a "bias for 
action" that emphasizes the maximum use of existing data to expedite the RI/FS process as 
well as allow decisions about work that can be done at the site early in the process, such as 
expedited response actions (ERAs), interim remedial measures (IRMs), limited field 
investigations (LFls), and focused feasibility studies (FFSs). The data have already been 
described in previous sections (2.0, 3.0, and 4.0). Remediation alternatives are described in 
Section 7.0. However, data, whether existing or newly acquired, can only be used for these 
purposes if it meets the requirements of data quality as defined by the data quality objective 
(DQO) process developed by the U.S. Environmental Protection Agency (EPA) for use at 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) sites 
(EPA 1987). This section implements the DQO process for this, the scoping phase in the 
PUREX Plant Aggregate Area. 

In the guidance document for DQO development (EPA 1987), the process is described 
as involving three stages which have been used in the organization of the following sections: 

• · Stage 1--Identify decision types (Section 8.1) 

• Stage 2--Identify data uses and needs (Section 8.2) 

• Stage 3--Design a data collection program (Section 8.3). 

8.1 DECISION TYPES (STAGE 1 OF THE DQO PROCESS) 

Stage 1 of the DQO process is undertaken to identify: 

• The decision makers (thus, data users) relying on the data to be developed 
(Section 8.1.1) 

• The data available to make these decisions (Section 8.1.2) 

• The quality of these available data (Section 8.1.3) 

• The conceptual model into which these data must be incorporated (Section 8.1.4) 

• The objectives and decisions that must evolve from the data (Section 8.1.5) . 
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These issues serve to define, from various sides, the types of decisions that will be 
made on the basis of the PUREX Plant AAMS. 

8.1.1 Data Users 

The data users for the PUREX Plant AAMS and subsequent investigations such as 
LFis, RI/FSs, and Resource Conservation and Recovery Act (RCRA) Facility Investigations 
(RFn/Corrective Measures Studies (CMSs) are the following: 

• 

• 

• 

The decision makers for policies and strategies on remedial action at the Hanford 
Site. These are the signatories of the Hanford Federal Facility Agreement and 
Consent Order (Tri-Party Agreement) (Ecology et al. 1990) including the 
Washington State Department of Ecology (Ecology), EPA, and the U.S. 
Department of Energy (DOE). 

Nominally these responsibilities are assigned to the managers of these agencies 
(the Director of Ecology, the Administrator of EPA, and the Secretary of Energy 
for DOE), although the political process requires that more local policy-makers 
(such as the Regional Administrator of EPA and the head of the U.S. Department 
of Energy, Richland Operations Office (DOE RL) and, to a great extent, 
technical and policy-assessment staff of these agencies will have a major say in 
the decisions to be evolved through this process. 

Unit managers of Westinghouse Hanford and potentially other Hanford Site 
contractors who will be tasked with implementing remedial activities at the 
PUREX Plant Aggregate Area. Staff of these contractors will have to make the 
lower level (tactical) decisions about appropriate scheduling of activities and 
allocation of resources (funding, personnel, and equipment) to accomplish the 
recommendations of the AAMS. 

Concerned members of the wide community involved with the Hanford Site . 
These may include: 

Other state (Washington, Oregon, and other states) and federal agencies 

Affected Indian tribes 

Special interest groups 

The general public. 
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These groups will be involved in the decision process through the implementation of 
the Community Relations Plan (Ecology et al. 1989), and will apply their concerns 
through the "primary" data users, the signatories of the Tri-Party Agreement. 

The needs of these users will have a pivotal role in issues of data quality. Some of this 
influence is already imposed by the guidance of the Tri-Party Agreement. 

8.1.2 Available Information 

The Hanford Site Past-Practice Strategy specifies a "bias for action" which intends to 
make the maximal use of existing data on an initial basis for decisions about remediation. 
This emphasis can only be implemented if the existing data are adequate for the purpose. 

Available data for the PUREX Plant Aggregate Area are presented in Sections 2.0, 3.0, 
and 4.0 and in topical reports prepared for this study. As described in Section 1.2.2, these 
data should address several issues: 

• Issue 1: Facility and process descriptions and operational histories for waste 
sources (Sections 2.2, 2.3, and 2.4) 

• Issue 2: Waste disposal records defining dates of disposal, waste types, and 
waste quantities (Section 2.3) 

• Issue 3: Sampling events of waste effluents and affected media (Section 4.1) 

• 

• 

Issue 4: Site conditions including the site physiography, topography, geology, 
hydrology, meteorology, ecology, demography, and archaeology (Section 3.0) 

Issue 5: Environmental monitoring data for affected media including air, surface 
water, sediment, soil, groundwater and biota (Section 4.1, except that 
groundwater data is presented in the separate 200 East Groundwater Aggregate 
Area Management Study Report, AAMSR). 

A major requirement for adequate characterization of many of these issues is 
identification of chemical and radiological constituents associated with the sites, with a view 
to determine the contaminants of concern there and the extent of their distribution in the soils 
beneath each of the waste management units in the PUREX Plant Aggregate Area. There 
was found to be a limited amount of data in this regard. The data reported for the various 
waste management units in the PUREX Plant Aggregate Area (see Section 4.1 and 
Tables 4-1, 4-2, and 4-3) have been found to describe: 

• Inventory: generally estimated from chemical process data and emphasizing 
radionuclides (Issues 1 and 2). These data are especially limited regarding 
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reconstruction of early operations activities, and even the most recent data are 
based on very few sampling events, possibly non-representative of the long-term 
activity of the waste management units. In some cases (e.g. , for the 2607-EL 
Septic Tank) even the location of the facility is not adequately understood. 

• Surface radiological surveys: undifferentiated radiation levels, without 
identification of radionuclides present, presented in terms of extent of radiation 
and maximal levels (Issue 5). These historical data are extremely difficult to 
relate to the present-day distribution and nature of the radioactive contamination 
they purport to measure because of the lack of radionuclide identification and the 
likelihood that changes have occurred (at least to surface soils) since the time of 
these surveys. 

• 

• 

• 

• 

External radiation monitoring: similar to the surface radiological surveys but 
provide even less information because with a fixed-point thermoluminescent 
dosimeter (TLD) no spatial distribution is provided. In addition, data are also 
available for some TLDs placed at points not associated with specific waste 
management units. The TLD data also do not differentiate radionuclide species. 

Waste, soil, or sediment sampling: these include waste sampling in single-shell 
tanks (in the 241-A, 241-AX and 241-C Tank Farms), and sediment sampling in 
the 216-A-29 Ditch (Issue 5). 

There are also sets of data of soil sampling and analysis that were conducted for 
several years on a grid pattern that cannot be assigned to a particular waste 
management unit. These data would indicate impacts of historical operations at 
the Hanford Site, and in the vicinity of the grid points, but the impacts cannot be 
ascribed to a particular unit and so do not assist in decision making on a unit-by­
unit basis but may be used to estimate background contamination levels. 

Biota sampling: only in the 216-A-24 Crib, and the 216-A-29 Ditch. These data 
could assist assessment of bio-uptake and transfer pathways from this unit 
(Issue 5). 

There are also analytical data for grid-point samples of vegetation which cannot 
be assigned to a specific waste management unit but may be useful to indicate 
background contamination levels in vegetation. 

Borehole geophysics: these data, for a number of units which discharged to the 
soil column (cribs, trenches, and ditches) and the single-shell tanks, were 
designed to detect the presence of radionuclides (by their gamma-ray radiation) in 
the subsurface and to indicate whether these materials are migrating vertically 
(Issue 5). A list of these surveys that have been conducted in the PUREX Plant 
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Aggregate Area is included in the PUREX Plant Geologic and Geophysics Data 
Package for the 200 Aggregate Area Management Study prepared for this study 
(Chamness et al. 1992). Most of the earlier data are limited by the method's 
inability to identify specific radionuclides and, thus, to differentiate naturally 
occurring radioactive materials from possible releases. Variations in quality 
control further limit their comparability and possible use for estimation of 
concentrations. 

Besides these historic data, additional borehole geophysical data will be available 
through the Radionuclide Logging System (RLS), being carried out at the time of 
this report and in support of the AAMS process. Like the previous (gross 
gamma) logging conducted at waste management units in the PUREX Plant 
Aggregate Area, the RLS depends on gamma rays and cannot detect some species 
of radionuclides. However, unlike the gross gamma surveys, the RLS is 
designed to identify individual radionuclide species through their characteristic 
gamma ray photon energy levels. It should thus be able to differentiate naturally­
occurring radionuclides from those resulting from releases. It will also (like 
gross gamma logging) determine the vertical extent of the presence of the 
radionuclides. It will be conducted in about ten wells located in the PUREX 
Plant Aggregate Area and will be available with completion of the AAMS 
process. 

Based on the above summary, the data are considered to be of varying quality. These 
data have not been validated, a process generally required for risk assessment or final Record 
of Decision (ROD) purposes. Most of the data are based on field methods, which are 
generally applicable only for screening purposes and can be used to focus future activities 
(e.g., sampling and analysis plans). 

They are considered to be deficient in one or more of the following ways: 

• Methods which have been used in the past are unable to differentiate the various 
radionuclides that may have been present at the time of the survey. 

• The release locations have been changed (especially by remediation activities) 
since the time of the survey or sampling, and it is likely that contaminant 
distributions have changed. 

• The survey or sampling has been done at a location different from the waste 
management unit or release, and so would not be representative of the 
concentrations in the zone of release. This deficiency applies to horizontal and 
vertical differences in location: the borehole geophysics data may be at the 
correct depths, but the distance of the borehole from the waste management unit 
can severely attenuate the gamma-radiation that is used to indicate contamination; 
surface sampling and surveys similarly cannot establish subsurface contaminant 
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concentrations or even disprove the possible presence of some radioactive 
constituents (particularly alpha-emitting transuranic elements). 

• There has been virtually no measurement of non-radioactive hazardous 
constituents in the sampling and analysis of media in the PUREX Plant Aggregate 
Area. 

As a result of these deficiencies, the data are not considered to be usable for input to a 
quantitative risk assessment or for comparison to ARARs. Further discussion of the data 
quality is provided in Section 8.1.3. 

In addition to these data, there are also data regarding site conditions (Issue 4) that do 
not directly relate to the presence of environmental releases, but which will assist in the 
assessment of its potential migration if present. These data are generally summarized in the 
topical reports prepared for this AAMS. Those include the following: 

• PUREX Plant Geologic and Geophysics Data Package for the 200 Aggregate 
Area Management Study (Chamness et al. 1992), contains tables of wells in which 
borehole geophysics have been conducted, the types and dates of the tests, and a 
reference to indicate the physical location of the logs. The package also includes 
a list of the data available from the drilling of each well located in the PUREX 
Plant Aggregate Area, such as the logs available (driller's or geologist's; 
indication of their physical location; grain size, carbonate, moisture, and 
chemical/radiological analyses; lists of depths, dates, elevation, and coordinates 
for all wells); and copies of the boring logs and well completion (as-built) 
summaries for a selection of wells in the PUREX Plant Aggregate Area. 

• Geologic Setting of the 200 East Area: An Update (Lindsey et al. 1992) includes 
descriptions of regional stratigraphy, structural geology, and local (200 East 
Area) stratigraphy, with revised structure and isopach maps of the various 
unconsolidated strata found beneath the 200 East Area. 

The data in these topical reports was obtained for the AAMS based on a review of 
driller's and geologist's logs for wells drilled in the PUREX Plant Aggregate Area. A 
selection of 15 of those logs was made which best represented the geologic structures below 
the aggregate area and is presented in Chamness et al. (1992). Lindsey et al. (1992) then 
used these wells (and others from other aggregate areas in the 200 East Area) to develop 
cross-sections, structure maps, and isopach maps, which were in turn adapted to the specific 
needs of this report and presented in Section 3.0. Only existing logs were used; no new 
wells were drilled as part of this study. The quality of the data varies among the logs 
according to the time they were drilled and the scope of the study they were supporting, but 
generally these data are sufficient for the general geological characterization of the site. 

• 

Issues involving the potential of contaminant migration at specific sites, based on • 
stratigraphic concerns, may not be fully addressed through any existing borings or wells 
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because appropriate borings may not be located in close proximity; these issues should be 
addressed during subsequent field investigations at locations where contaminant migration is 
considered likely. 

Another class of data that was gathered in the general area of the 200 West Area, and 
is potentially appropriate to the PUREX Plant Aggregate Area, is the result of a set of 
studies which were performed for the Basalt Waste Isolation Project (BWIP) (DOE 1988b), 
in the attempt to site a high-level radioactive waste geologic repository in the basalt beneath 
and in the vicinity of the Hanford Site. The proposed Reference Repository Site included the 
200 West Area and some distance beyond it, mainly to the west. For this siting project, a 
number of geologic techniques were used, and some of the data generated by the drilling 
program has been used for the stratigraphic interpretation presented in Section 3.4 (all the 
wells denoted with an alias "BH-.. " were drilled for the BWIP) and a number of the figures 
used in this and other sections of Section 3.0. The program also included a number of 
geophysical studies, using the following techniques: 

• Gravity 

• Magnetics 

• Seismic reflection 

• Seismic refraction 

• Magnetotellurics . 

These data, as presented in Section ,1.3.2.2.3 of DOE (1988b), were reviewed for their 
relevance to the present PUREX Plant (source area) AAMS. The limitations of these studies 
include the following aspects: 

• Most ·of the studies covered a regional scale with lines or coverages . that may 
have crossed the PUREX Plant Aggregate Area (or even the 200 East Area) only 
in passing. Some of the surveys (e.g., the grid of gravity stations) specifically 
avoided the 200 East Area ("due to restricted access"). 

• Many of the techniques are more sensitive to the basalt than to the suprabasalt 
sediments of specific interest in the AAMS program, and even less sensitive to 
the features which are closer to the surface, as is applicable to the source area 
AAMS. Basalt is by nature much denser than the unconsolidated sediments (and 
thus also has a characteristic seismic signature) and has more consistent magnetic 
properties. In addition, the analysis of the data emphasized the basalt features 
that were apparent in the data. All this is appropriate to a study of the basalt, but 
does not make the studies applicable to the current study . 
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Even when features potentially caused by shallow sediments are identified, they 
are interpreted either very generally (e.g., "erosional features in the Hanford and 
(or) Ringold Formations") or as complications (e.g., "shallow sediment velocity 
variations causing stacking velocity correction errors"). There are very few 
features (and none in the PUREX Plant Aggregate Area) which are interpreted as 
descriptive of the structure of the suprabasalt sediments. 

• Lastly, some of the anomalies which are interpreted in terms of a sedimentary 
stratigraphic cause (e.g., "erosion of Middle Ringold") do not bear up under the 
more detailed stratigraphic interpretation carried out under the topical reports for 
the AAMS (Lindsey et al. 1992; Chamness et al. 1992). 

However, these data will be reviewed in more detail for the purposes of the 200 East 
Groundwater AAMSR, since deeper features (including in the basalt) are of more concern for 
that study. 

Other data, presented in Sections 2.0, 3.0, and 4.0, are broader-scale rather than site­
specific such as contaminant concentrations. These include topography, meteorology, surface 
hydrology, environmental resources, human resources, and contaminant characteristics. 
These data are generally of acceptable quality for the purposes of planning remedial actions 
in the PUREX Plant Aggregate Area. 

8.1.3 Evaluation or Available Data 

The EPA (1987) has specified indicators of data quality, the five "PARCC" parameters 
(precision, accuracy, representativeness, completeness, and comparability), which can be 
used to evaluate the existing data and to specify requirements for future data collection. 

• Precision: the reproducibility of the data . 

• Accuracy: the lack of a bias in the data. 

Much of the existing data are of limited precision and accuracy due to the 
analytical methods which have been used historically. The gross gamma borehole 
geophysical logging in particular is limited by methodological problems although 
reproducibility has been generally observed in the data. Conditions that have 
contributed to lack of precision and/or accuracy include: improvements in 
analytical instrumentation and methodology making older data incompatible; 
effects of background levels (particularly regarding radioactivity and inorganics); 
and lack of quality control on data acquisition. 

• 

The limitations in precision and accuracy in existing data are mainly due to the _. 
progress of analytical methodologies and quality assurance (QA) procedures since 
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the time they were collected. The Hanford Site Pa.st-Practice Strategy (DOE/RL 
1992a) recommends that existing data be used to the maximum extent possible, at 
two levels: first to formulate the conceptual model, conduct a qualitative risk 
assessment, and prepare work plans, but also as an initial data set that can be the 
basis for a fully qualified data set through a process of review, evaluation, and 
confirmation. 

Representativeness: the degree to which the appropriate environmental 
parameters or media have been sampled. 

This parameter highlights a shortcoming of most of the historical data. Some 
discussion of representativeness Imitations is presented in Section 8.1.2. 
Limitations include the observation only of gross gamma radiation rather than 
differentiating it by radionuclide (e.g., through spectral surveying methods as are 
being used by the RLS program), the analysis of samples only for radionuclides 
rather than for chemicals and radionuclides, and the failure to sample (especially 
in the subsurface) for the full potential extent of contaminant migration. 

The data are incomplete primarily because of the lack of subsurface sampling for 
extent of contamination. This is because no subsurface investigation has been 
initiated on the waste management units in the PUREX Plant Aggregate Area yet. 
The lack of these data is also caused by concerns to limit the potential exposure 
to radioactivity of workers who would have to drill in contaminated areas and the 
possible release or spread of contamination through these intrusive procedures. 
The result of this data gap is that none of the sites can be demonstrated to have 
contamination either above or below levels of regulatory concern, and a full 
quantitative risk assessment cannot be conducted. 

In addition, in many cases it has been necessary to use general data (i.e. , from 
elsewhere in the 200 East Area or even from the vicinity of the 200 Areas) rather 
than data specific to a particular waste management unit. For most purposes of 
characterization for transport mechanisms, this procedure is acceptable given the 
screening level of the present study. For example, while it is appropriate to use a 
limited number of boring logs to characterize the stratigraphy in the aggregate 
area (Chamness et al. 1992, Lindsey et al. 1992), the later, waste management 
unit specific, field sampling plans will require detailed consideration of more of 
the logs of wells drilled in the immediate vicinity, whatever their quality, as a . . 
starting point to conceptually model the geology specifically beneath that unit. 

Completeness: the fraction of samples which are considered "valid." 

None of the data that have been previously gathered in the PUREX Plant 
Aggregate Area has been •validated• in the EPA Contract Laboratory _Program 
(CLP) sense, although varying levels of quality control have been applied to the 
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sampling and analysis procedures. The data are generally adequate for 
characteriz.ation purposes but may not be suitable for use in a formal risk 
assessment. The best indication of the validity of the data is the reproducibility 
of the results, at least as far as precision is concerned (accuracy requires proof of 
a lack of bias). This indicates that validity (completeness) is one of the less 
significant problems with the data. 

• Comparability: the confidence that can be placed in the comparison to two data 
sets (e.g., separate samplings). 

With varying levels of quality control and varying procedures for sample 
acquisition and analysis, this parameter is also generally poorly met. Much of 
this is due to the more recent development of QA procedures. 

While these limitations cannot in most cases be quantified (and some such as 
representativeness are specifically only qualitative), most of the data .gathered in the PUREX 
Plant Aggregate Area can be cited as failing one or more of the P ARCC parameters. As 
discussed in Section 8.1.2, the data are considered to be deficient in completeness, (the 
appropriate media, constituents, or locations were generally not sampled or analyzed). These 
data should, however, be used to the maximum extent in the development of work plans for 
site field investigations, prioritization of the various units, and to determine, to the extent 
possible, where contamination is or is not present. 

In addition to these site-specific data, there are also a limited number of non site­
specific sampling events that .are being developed to determine background levels of naturally 
occurring constituents (Hoover and LeGore 1991). These data can be used to differentiate 
the effect of the environmental releases from naturally occurring background levels . 

8.1.4 Conceptual Model 

The initial conceptual model of the waste management units in the PUREX Plant 
Aggregate Area is presented and described in Section 4.2 (Figure 4-3). The model is based 
on best estimates of where contaminants were discharged and their potential for migration 
from release points. The conceptual model is designed to be conservatively inclusive in the 
face of a lack of data. This means that a migration pathway was included if there is any 
possibility of contamination travelling on it, historically or at present. In most cases there 
may not be a significant flux of such contamination migration for many of the pathways 
shown on the figure. 

The pathway from the cribs leading to adsorption of transuranic elements on vadose­
zone soils is possibly the most significant. These and other pathways can be traced on the 

• 

conceptual model. All are possible; only a few are likely because of the conservatism • 
inherent in including all conceivable pathways. More importantly, even if a pathway carries 

8-10 



• 

• 

DOE/RL-92-04, Rev. 0 

significant levels of a contaminant, it still may not have carried contamination to the ultimate 
receptors, human or ecological. This can only be assessed by sampling at the exposure point 
on this pathway, or sampling at some other point and extrapolating to the exposure point, to 
indicate the dosage to the receptors. 

There are significant uncertainties in the contaminant levels in the contaminant 
migration pathways shown on the conceptual model, yet almost none of these pathways has 
been sampled to determine whether any contamination still exists in any of the locations 
implicated from the conceptual model, and if so which constituents, how much, and to what 
extent. 

8.1.S Aggregate Area Management Study Objectives and Decisions 

The specific objectives of the PUREX Plant AAMS are listed in Section 1. 3. They 
include the following: 

• Assemble site data (as described in Section 8.1.2) 

• Describe site conditions (see Section 3.0) 

• Conduct limited new site characterization work (see separate topical reports) 

• Develop a preliminary site conceptual model (see Section 8.1.4) 

• 

• 

Identify contaminants of concern and their distribution (Section 4. 0) 

Identify potential ARARs (Section 6.0) 

• Define preliminary remedial action objectives and screen potential remedial 
technologies to prepare preliminary remedial action alternatives (Section 7.0) and 
provide recommendations for FFS (Section 9. 4 .1) and treatability studies 
(Section 9 .5) 

• Define data needs, establish general DQOs, and set priorities 

• Recommend ERA, IRM, LFI, or other actions (Sectipn 9.0) 

• Redefine and prioritize, as data allow, operable units, their boundaries, and work 
plan activities with emphasis on supporting early cleanup actions and records of 
decision (Sections 8. 3 and 9. 0) 

• Integrate RCRA TSD closure activities with past-practice activities 
(Section 9.3.4). 
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The decisions that will have to be made on the basis of this AAMS can best be 
described according to the Hanford Site Past-Practice Strategy (DOFJRL 1992a) flow chart 
(Figure 1-2 in Section 1.0) that must be conducted on a site-by-site basis. Decisions are 
shown on the flow chart as diamond-shaped boxes, and include the following: 

• Is an ERA justified? 

• Is less than six months' response needed (is the ERA time critical)? 

• Are data sufficient to formulate the conceptual model and perform a qualitative 
risk assessment? 

• Is an IRM justified? 

• Can the remedy be selected? 

• Can additional required data be obtained by LFI? 

• Are data (from field investigations) sufficient to perform risk assessment? 

• Can an Operable Unit/Aggregate Area ROD be issued? 

(The last two questions will only be asked after additional data are obtained through 
field investigations, and so are DQO issues only in assessing scoping for those 
investigations.) 

Most of these decisions are actually a complicated mixture of many smaller questions, 
and will be addressed in Section 9. 0 in a more detailed flowchart for assessing the need for 
remediation or investigation. 

Similarly, the tasks that will need to be performed after the AAMS that drive the data 
needs for the study are found in the rectangular boxes on the flow chart. These include the 
following: 

• ERA (if justified) 

• Definition of the threshold contamination levels, and formulation of conceptual 
model, performance of qualitative risk assessment, and FS screening (IRM 
preliminaries) 

• FFS for IRM selection 

• Determination of minimum data requirements for IRM path 
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Negotiation of Scope of Work, relative priority, and incorporation into integrated 
schedule, performance of LFI 

• Determination of minimum data needs for risk assessment and final remedy 
selection (preparation of RI/FS path). 

These stages of the investigation must be considered in assessing data needs 
(Section 8.2.1). 

8.2 DATA USES AND NEEDS (STAGE 2 OF THE DQO PROCESS) 

Stage 2 of the DQO development process (EPA 1987) defines data uses and specifies 
the types of data needed to meet the project objectives. These data uses and needs are based 
on the Stage 1 results, but must be more specific. The elements of this stage of the DQO 
process · include: 

• 

• 

• 

• 

• 

• 

• 

Identifying data uses (Section 8.2.1) 

Identifying data types (Section 8.2.2.1) 

Identifying data quality needs (Section 8.2.2.2) 

Identifying data quantity needs (Section 8.2.2.3) 

Evaluating sampling/analysis options (Section 8.2.2.4) 

Reviewing data quality parameters (Sectio~ 8.2.2.5) 

Summarizing data gaps (Section 8.2.3) . 

Stage 2 is developed on the basis of the conceptual model and the project objectives. 
These following sections discuss these issues in greater detail. 

8.2.1 Data Uses 

For the purposes of the remediation in the PUREX Plant Aggregate Area, most data 
uses fall into one or more of four general categories: 

• Site characterization 

• Public health eyaluation and human health and ecological risk assessments 
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• Evaluation of remedial action alternatives 

• Worker health and safety. 

Site characteriz.ation refers to a process that includes determination and evaluation of 
the physical and chemical properties of any wastes and contaminated media present at a site, 
and an evaluation of the nature and extent of contamination. This process normally involves 
the collection of basic geologic, hydrologic, and meteorologic data but more importantly for 
the PUREX Plant Aggregate Area waste management units, data on specific contaminants 
and sources that can be incorporated into the conceptual model to indicate the relative 
significance of the various pathways. Site characterization is not an end in itself, as stressed 
in the Hanford Site Past-Practice Strategy (DOEIRL 1992a), but rather the data must work 
toward the ultimate objectives of assessing the need for remediation (according to risk 
assessment methods, either qualitative or quantitative or compliance with ARARs) and 
providing appropriate means of remediation (through an FFS, FS, or CMS). The 
understanding _of the site characteriz.ation, based on existing data, is presented in 
Sections 2.0, 3.0, and 4.0, and summarized in the conceptual model (Section 4.2). 

Data required to conduct a public health evaluation, and human health and ecological 
risk assessments at the sites in the PUREX Plant Aggregate Area include the following: 
input parameters for various performance assessment models (e.g., the Multimedia 
Environmental Pollutant Assessment System); site characteristics; and contaminant data 
required to evaluate the threat to public and environmental health and welfare through 
exposure to the various media. These needs usually overlap with site characterization needs. 
An extensive discussion of risk assessment data uses and needs for both human health and 
ecological evaluations is presented in the Risk Assessment Guidance for Supeifund Volumes 1 
and 2 (EPA 1989a,c). The EPA Region 10 has also developed its preferred methodology for 
these risk assessment activities (EPA 1989a, 1991a). The ecological and human health risk 
assessments will follow the guidance outlined in the approved M-29-03 milestone document, 
Hanford Site Baseline Risk Assessment Methodology. The data requirements for an 
ecological risk assessment include (1) identification of critical species, (2) identification of 
habitat within and surrounding the Hanford Site, (3) feeding relationships among species of 
concern, and (4) contaminant concentrations in environmental media and species of interest. 
The main deficiency in the data available for waste management units in the PUREX Plant 
Aggregate Area is that a quantitative assessment of contaminant concentrations for purposes 
of risk assessment cannot be performed. The present understanding of site risks is presented 
in the selection of constituents of concern (Section 4.0). The data needs for quantitative risk 
assessments will be considered in developing site-specific sampling and analysis plans 
according to the Hanford Site Past-Practice Strategy. 

Data collected to support evaluation of remedial action alternatives for ERAs, IRMs, 
FFSs, or the full RI/FS, include site screening of alternatives, feasibility-level design, and 

• 

preliminary cost estimates. Once an alternative is selected for implementation, much of the • 
data collected during site investigations (LFI or RI) can also be used for the final engineering 
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design. Generally, collection of information during the investigations specifically for use in 
the final design is not cost effective because many issues must be decided about appropriate 
technologies before effective data gathering can be undertaken. It is preferable to gather 
such specific information during a separate predesign investigation or at the time of 
remediation (i.e., the "observational approach" of the Hanford Site Past-Practice Strategy 
[DOE/RL 1992a]). Based on the existing data, broad remedial action technologies and 
objectives have been identified in Section 7.0. 

The worker health and safety category includes data collected to establish the required 
level of protection for workers during various investigation activities. These data are used to 
determine if there is concern for the personnel working in the vicinity of the aggregate area. 
The results of these assessments are also used in the development of the various safety 
documents required for field work (see Health and Safety Plan, Appendix B). 

It should be noted that each of these data use categories (site characterization, risk 
asse_ssment needs, remedial actions, and health and safety) will be required at each decision 
point on the Hanford Site Past-Practice Strategy (DOE/RL 1992a) flow chart, as discussed at 
the end of Section 8.1.5. To the extent possible, however, not all sites will be investigated 
to the same degree but only those with the highest priority. These results will then be 
extended to the other, analogous sites which have similar geology and disposal histories (see 
Section 9.2.3). 

The existing data can presently be used for two main purposes: 

• Development of site-specific sampling plans (site characterization use) 

• Screening for health and safety (worker health and safety use). 

Table 8-1 presents a summary of the availability of existing data for these two uses. 

For the purposes of developing sampling plans, existing information is available for: 

• The location of waste management units and unplanned releases: many of the 
units or releases have surface expressions, markers, or have been surveyed in the 
past. The unplanned releases in particular are lacking in this information, as well 
as for the 2607-EL Septic Tank and Drain Field. Many of the unplanned releases 
are located by coordinates only and can be found on various site maps by a 
number of different names. 

• Possible contamination found at the waste management units: these data are 
derivable from the inventories for the units (mainly for the cribs and other 
disposal facilities) as well as from the limited sampling that has been done at 
specific sites, such as the 216-A-29 Ditch . 

• 8-15 



• 

DOE/RL-92-04, Rev. 0 

The likely depth of contaminants: this information is mainly obtained from the 
gross gamma borehole logging for many of the units. 

Two types of information are available for the purposes of worker health and safety, 
and will be used for the development of health and safety documents: 

• Levels of surface radiation: derived from the on-going periodic radiological 
surveys done under the Environmental Surveillance program (Schmidt et al. 
1992). Table 8-1 shows where surveys have indicated no detectable levels of 
surface radiation and so no additional survey is required before surface activities 
can be conducted. 

• Expected maximum contaminant levels: these data can be used mainly on the 
results of subsurface soil sampling. Extensive sampling of this type has generally 
not been conducted at the PUREX Plant Aggregate Area waste management units. 

Table 8-1 also presents a first expression of the data needs for the individual waste 
management units in the PUREX Plant Aggregate Area, which must be addressed for 
remediation approaches to be developed. 

8.2.2 Data Needs 

The data needs for the PUREX Plant Aggregate Area are discussed in the following 
sections according to the categories of types of data (Section 8.2.2.1), quality (8.2.2.2), 
quantity (8.2.2.3), options for acquiring the data (8.2.2.4), and appropriate DQO (PARCC) 
parameters (8.2.2.5). These considerations are summarized for each category of waste 
management unit site in the PUREX Plant Aggregate Area (Section 8.2.3). 

8.2.2.1 Data Types. Data use categories described in Section 8.2.1 define the general 
purpose of collecting additional data. Based on the intended uses, a concise statement 
regarding the data types needed can be developed. Data types specified at this stage should 
not be limited to chemical and radionuclide parameters, but should also include necessary 
physical parameters such as bulk density, moisture, and hydraulic conductivity. Precipitation 
recharge, chemical distribution coefficients, and organic complexation data appear adequate, 
but may require additional study based on the results of future evaluations. Since 
environmental media and source materials are interrelated, data types used to evaluate one 
media may also be useful to characterize another media. 

Identifying data types by media indicates that there are overlapping data needs. Data 
objectives proposed for collection in the site investigations at sites in the PUREX Plant 
Aggregate Area are discussed in Section 8.3 to provide focus to investigatory methods that 
may be employed. The data type requirements for the preliminary remedial action 
alternatives developed in Section 7.4 are summarized in Table 8-2. 
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8.2.2.2 Data Quality Needs. The various tasks and phases of a CERCLA investigation 
may require different levels of data quality. Important factors in defining data quality 
include selecting appropriate analytical levels and validation and identifying contaminant 
levels of concern as described below. The Westinghouse Hanford document, A Proposed 
Data Quality Strategy for Hanford Site Characterization, will be used to help define these 
levels (McCain and Johnson 1990). The DQOs will also be developed and defined on an 
operable unit basis in the work plans and, specifically, in the Quality Assurance Project Plans 
(QAPjPs) which will guide investigation activities. 

Chemical and radionuclide laboratory analysis will be one of the most important data 
types, and is required at virtually all the waste management units in the PUREX Plant 
Aggregate Area. In general, increasing accuracy, precision, and lower detection limits are 
obtained with increasing cost and time. Therefore, the analytical level used to obtain data 
should be commensurate with the intended use. Table 8-3 defines five analytical levels 
associated with different types of characterization efforts. While the bulk of the analysis 
during LFis/Rls will be screening level (DQO Level I or II), these data will require 
confirmation sampling and analysis to allow final remedial decisions through quantitative risk 
assessment methods. Individual DQO analytical PARCC parameters for Level III or IV 
analytical data associated with each contaminant anticipated in the PUREX Plant Aggregate 
Area (as developed in Section 5) are given in Table 8-4. These parameters will be used for 
the development of site-specific sampling and analysis plans and quality assurance plans for 
investigations and remediations in the aggregate area. 

Before laboratory or even field data can be used in the selection of the final remedial 
action, they must first be validated. Exceptions are made for initial evaluations of the sites 
using existing data, which may not be appropriate for validation but will be used on a 
screening basis based on the Hanford Site Pasi-Practice Strategy (DOE/RL 1992a). Other 
screening data (e.g., estimates of contaminant concentration inferred from field analyses) 
may also be excepted. Validation involves determining the usability and quality of the data. 
Once data are validated, they can be used to successfully complete the remedial action 
selection process. Activities involved · in the data validation process include the following: 

• Verification of chain-of-custody and sample holding times 

• Confirmation that laboratory data meet Quality Assurance/Quality Control 
(QA/QC) criteria 

• Confirmation of the usability and quality of field data, which includes geological 
logs, hydrologic data, and geophysical surveys 

• Proper documentation and management of data so that they are usable. 

Validation may be performed by qualified Westinghouse Hanford personnel from the 
Office of Sample Management (OSM), other Westinghouse Hanford organizations, or a 
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qualified independent participant subcontractor. Data validation of laboratory analyses will 
be performed in accordance with A Proposed Data Qua.lity Strategy for Hanford Site 
Characterization (McCain and Johnson 1990) and standards set forth by Westinghouse 
Hanford. 

To accomplish the second point, all laboratory data must meet the requirements of the 
specific QA/QC parameters as set up in the QAPjP for the project before it can be 
considered usable. The QA/QC parameters address laboratory precision and accuracy, 
method blanks, instrument calibration, and holding times. 

The usability of field data must be assessed by a trained and qualified person. The 
project geohydrologist/geophysicists will review the geologic logs, hydrologic data, 
geophysical surveys, and results of physical testing, on a daily basis, and senior technical 
reviews will be conducted periodically throughout the project. 

Data management procedures are also necessary for the validation. Data management 
includes proper documentation of field activities, sample management and tracking, and 
document and inventory control. Specific consistent procedures are discussed in the 
Information Management Overview (Appendix D). 

8.2.2.3 Data Quantity Needs. The number of samples that need to be collected during an 
investigation can be determined by using several approaches. In instances where data are 
lacking or are limited (such as for contamination in the vadose zone soils), a phased sampling 
approach will be appropriate. In the absence of any available data, an approach or rationale 
will need to be developed to justify the sampling locations and the numbers of samples 
selected. This will be accomplished and documented in the production of work plans and 
field sampling plans for each aggregate area, under the guidance and review of the Tri-Party 
Agreement participants. Specific locations and numbers of samples will be determined based 
on data collected during screening activities. For example, the number and location of 
beta/gamma spectrometer probe locations can be based on results of surface geophysical and 
radiation surveys. These may help locate some subsurface features, which may not be 
adequately documented. Details of any higher DQO level subsurface soil sampling scheme 
will depend on results of screening investigations such as geophysics surveys, surface 
radiation surveys, field chemical screening, and beta/gamma spectrometer probe surveys. In 
situations where and when available data are more complete, statistical techniques may be 
useful in determining the additional data required. 

8.2.2.4 Sampling and Analysis Options. Data collection activities are structured to obtain 
the needed data in a cost-effective manner. Developing a sampling and analysis approach 
that ensures that appropriate data quality and quantity are obtained with the resources 
available may be accomplished by using field screening techniques and focusing the higher 
DQO level analyses on a limited set of samples at each site. The investigations on waste 

• 

management units in the PUREX Plant Aggregate Area should take advantage of this • 
approach for a comprehensive characterization of the site in a cost-effective manner. 
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A combination of lower level (Levels I and II), higher level analytical data (Levels ill 
and IV), and special analytical data (Level V) should be collected. This approach would 
provide the certainty necessary to determine contaminants present near the sources. Samples 
collected from the other media (i.e., subsurface soils, sediments) will be analyzed by Test 
Methods for Evaluating Solid Wastes, (EPA 1986), CLP (EPA 1991c, EPA 1991d), Methods 
for Chemical Analysis of Water and Wastes (EPA 1983), or Prescribed Procedures for 
Measurement of Radioactivity in Drinking Water (EPA 1980a). 

8.2.2.5 Data Quality Parameters. The PAR CC parameters are indicators of data quality. 
Ideally, the end use of the data collected should define the necessary PARCC parameters. 
Once the PARCC requirements have been identified, then appropriate analytical methods can 
be chosen to meet established goals and requirements. Definitions of the P ARCC parameters 
are presented in Section 8.1.3. 

In general the precision and accuracy objectives are governed by the capabilities of the 
available methodologies and in most cases these are more than adequate for the needs of the 
investigations. Chemical analyses can usually attain parts per billion detection range in soils 
and water, and this level is adequate to the needs of the risk assessment for most analytes. 
Radiological analyses reach similar levels. Table 8-4 shows detection levels, generally 
obtained from the method description such as the document Test Methods for Evaluating 
Solid Wastes (EPA 1986) or from experience with laboratory analysis. Some constituents 
(e.g., arsenic) would require analysis to much lower levels, but this is impossible because of 
the limitations of analytical methods and the effects of natural background levels. For 
example, EPA Method 200.62-C-CLP can analyze to detection levels of 500 mg/kg in soils, 
while the Model Toxics Control Act (MTCA) Method C industrial soils cleanup level is 
50 µg/kg. In some cases, special analytical methods can be developed to obtain lower 
detection levels. In addition, risk assessment is conventionally computed only to a single 
digit of precision and uses conservative assumptions, which reduce the impact of 

a,.. measurements with lower accuracy. 

For other measurements, such as physical parameters, the precision and accuracy 
capabilities of existing measurement technologies are sufficient for the evaluation methods 
used to produce characterization data, so the objectives are based on the limitations of the 
analysis methodologies. 

Representativeness is maintained by fitting the sampling program to the governing 
aspects of the sources and transport processes of the site, as demonstrated in the site 
conceptual model (Section 4.2). Initial sampling should concentrate on sources, which are 
fairly well-understood, and on representative locations of anticipated transport mechanisms. 
If necessary, following activities can focus on aspects or locations that were not anticipated 
but were demonstrated by the more general results . 
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Completeness is generally attained by specifying redundancy on critical samples and 
maintaining quality control on their acquisition and analysis. As with representativeness, the 
initial sampling program may lead to modifications of which samples should be considered 
critical during subsequent sampling activities. 

Comparability will be met through the use of Westinghouse Hanford standard 
procedures generally incorporated into the Envirorunemal Investigation and Site 
CharacterilJllion Manual (WHC 1988b). 

8.2.3 Data Gaps 

Considering the data needs developed in Section 8.2.2, and the data available to meet 
these needs as presented in Section 8.1.2, it is apparent that a number of data gaps can be 
identified. These are summarized, on a waste management unit category basis, in Table 8-5, 
and should be the focus of LFis on a waste management unit category basis, using the 
analogue sites approach. The contaminant concentration data are the highest priority because 
of the need to assess the need for remediation (through quantitative risk assesssment and 
evaluation of compliance with ARARs) and appropriate remedial actions for each site. 

In addition to these data needs specifically addressing contamination problems at sites 
included for consideration in this aggregate area, there are general data needs which will be 
required for characterization of the possible transport pathways, as presented in the 
conceptual model, at locations away from the individual units. These general, nonsite­
specific needs include characterization of the following: 

• Geologic stratigraphy, particularly for possible perched water zones 

• Transport through the vadose zone (mobilization through natural or artificial 
recharge or drainage) 

• Air transport of contamination 

• Ecological impacts and transport mechanisms (bio-uptake, bio-concentration, 
secondary receptors through predation) 

• Potential releases from process effluent lines between facilities and to waste 
disposal sites. 

All of these needs will have to be addressed in the data collection program 
(Section 8.3). In addition, data gaps that impact groundwater are also addressed in the 
200 East Groundwater AAMSR. 
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8.3 DATA COLLECTION PROGRAM (STAGE 3 OF THE DQO PROCESS) 

The data collection program is Stage 3 of the process to develop DQOs. Conducting 
an investigation with a mixture of screening and higher-level data is a common method for 
optimizing the quantity and quality of the data collected. It would be very inefficient and 
overly expensive to specify beforehand all the types of samples and analyses that will yield 
the most complete and accurate understanding of the contamination and physical behavior of 
the site. Data adequate to achieve all the goals and objectives for remedial action decisions 
are obtained at a lower cost by using the information obtained in the field to focus the 
ongoing investigation and remediation process. 

Initial sampling should collect new data believed most necessary to confirm and refine 
the conceptual model particularly at priority sites. Sampling may then be extended to further 
reduce uncertainty, to fill in remaining data gaps, to collect more detailed information for 
certain points where such information is required, or to conduct any needed treatability 
studies or otherwise support the data needs of the remedial action selection process. An 
alternative of extrapolating the data from a limited number of sites to other analogous ones 
will also be used. The need for subsequent investigation phases will be assessed throughout 
the investigation and remediation activities as data become available. Assessing completeness 
of the investigation data through a formal statistical procedure is not possible, given the 
complexity and uncertainty of the parameters required to describe the site and the time to 
make decisions. Rather, the use of engineering judgement is considered sufficient to the 
decision process. 

8.3.1 General Rationale 

!'" The general rationale for the investigation of sites in the PUREX Plant Aggregate Area 

• 

is to collect needed data that are not available. Because of the size of the aggregate area, the 
complexity of past operations, and the number of unplanned releases and waste management 
units, a large amount of new information will be required such as the specific radionuclides 
and chemicals present, their spatial distribution and form, and the presence of special 
migration pathways. 

The following work plan approach will be used for LFis and RI/FS in the PUREX 
Plant Aggregate Area. The results are described in Sections 8.3.2 and 8.3.3 in general 
form. 

• Existing data as described in Sections 2.0, 3.0, and 4.0 should be used to the 
maximum extent possible. Although existing data are not fully validated, the data 
are still useful in developing a preliminary conceptual model (Section 4.2) and in 
helping to focus and guide the planning of investigations, expedited actions, and 
interim measures . 
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Additional data at validated and screening levels should be collected to obtain the 
maximum amount of useful information for the amount of time and resources 
invested in the investigation. 

• Data should be collected to support the intended data uses identified in 
Section 8.2.1. 

• Nonintrusive sampling (e.g., geophysical surveys, surface radiation surveys, soil 
gas, and spectral gamma probe surveys), and surficial and source sampling should 
be conducted early in any investigation effort to identify necessary interim 
response actions (i.e., additional ERAs or IRMs). 

• Data collected from initial investigation activities should be used to confirm and 
refine the conceptual model (Section 4.2), refine the analyte constituents of 
concern, and provide information to conduct interim response actions or risk 
assessment activities. 

• 

• 

Additional investigation activities are proposed to support (if needed) quantitative 
baseline risk assessments for final cleanup actions and further refine the 
conceptual model. 

Field investigation techniques should be used to minimize the amount of 
hazardous or mixed waste generated. Any waste generated will be in accordance 
with Ell 4.3, "Control of CERCLA and Other Past-Practice Investigation Derived 
Waste" (WHC 1988d). 

8.3.2 General Strategy 

The overall objective of any field investigation (LFI, IRM, or RI) of the sites in the 
PUREX Plant Aggregate Area will be to gather additional information to support risk 
assessment and remedial action selection according to the Hanford Site Past-Practice Strategy 
(DOFJRL 1992a) flow chart discussed in Section 8.1.5. The general approach or strategy 
for obtaining this additional information is presented below. 

• Analytical parameter selection should be based on verifying overall conditions 
and then narrowed to specific constituents of concern, in consideration with 
regulatory requirements and site conditions. Periodic analyses of the long list of 
parameters should be conducted to verify that the list of constituents of concern 
has not changed, either because new constituents are identified or some of those 
considered as a potential concern do not appear to be significant. 

• Similarly, investigations should work from a screening level (DQO Levels I or II, 
e.g., surface radiation surveys) to successively more specific sampling and 
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analysis methodologies (e.g., beta/gamma spectral probes, then DQO Level III or 
IV soil sampling and analysis), without time consuming remobilizations. 

Dangerous and radioactive wastes may be generated during the field investigation . 
While efforts should be made to minimiz.e these wastes, any waste generated will 
be handled in accordance with Ell 4.3, "Control of CERCLA and Other 
Past-Practice Investigation Derived Waste" (WHC 1988d). The analyses of 
samples for constituents of concern analytes will allow wastes generated to be 
adequately designated. 

8.3.3 Investigation Methodology 

Initial field investigations (mainly LFis, but also associated with IRMs at appropriate 
sites and possibly some Rls) may include some or all of the following integrated 
methodologies: 

• 

• 

• 

• 

• 

• 

• 

• 
• 

• 

Source Investigation (Section 8.3.3 .1) 

Geological Investigation (Section 8.3.3.2) 

Surface Water Sediment Investigation (Section 8.3.3.3) 

Soil Investigation (Section 8.3.3.4) 

Air Investigation (Section 8.3.3.5) 

Ecological Investigation (Section 8.3.3.6) 

Geophysical Stratigraphic Survey (Section 8.3.3. 7) 

Process Effluent Pipeline Integrity Assessment (Section 8.3.3.8) 

Geodetic Survey (Section 8.3.3.9) 

Cultural Resource Investigation (Section 8.3.3.10) . 

Each investigation methodology is briefly outlined in the following sections. Specific 
survey methods (such as electromagnetics or ground-penetrating radar) have not been 
recommended to allow flexibility in the development of field sampling plans which can be 
sensitive to very local conditions. A summary of the applicable methods for each waste 
management unit is presented in Table 8-6. In addition, some of the data needs must be 
addressed on an area-wide basis (e.g., stratigraphy interpretation). More detailed 
descriptions and specific methods and instrumentation will be included in site-specific work 
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plans, sampling and analysis plans, and field sampling plans for LFis/IRMs at waste 
management units that require these investigations. 

These investigations are presented in the approximate priority of their need, with the 
source investigation first because of its importance to the decisions about remedial action on 
a site-by-site basis. The other investigations are of lower priority, and will be conducted 
according to the need to determine whether contamination has been transported beyond the 
immediate vicinity of the waste management units. To some extent, this need will depend on 
the results of the source investigation. 

8.3.3.1 Source Investigation. The purpose of source investigation activities in the PUREX 
Plant Aggregate Area is to characterize the known waste management units and unplanned 
releases that exist in the area and that may contribute to contamination of surface soil, vadose 
zone, surface water, sediment, air, and biota. The completeness of the characterization 
effort will be assessed according to the needs of risk assessment, ARARs compliance, and 
remedial action selection, which will also determine what levels of the various constituents of 
concern comprise "contamination." 

Source sampling should be conducted at waste management units or unplanned release 
locations where the available data indicate that dangerous, mixed, or radioactive wastes may 
be present. Activities which are proposed to be performed during the source investigations 
include the following: 

• Compile and evaluate additional existing data for the purpose of: verifying 
locations, specifications of engineered facilities, and pipelines, and waste stream 
characteristics; assessment of the construction and condition of boreholes/wells 
that exist in the operable unit and their suitability for use for investigation 
activities, QA/QC information, and raw data regarding radiological and hazardous 
substances monitoring; and integrating any additional environmental modeling 
data into the conceptual model. This has been done (on an aggregate area basis) 
in this report; the process will be extended to site-specific planning and on-going 
assessments of the investigation/remediation as it is carried out. 

• Conduct surface radiological surveys of suspected or known source areas to 
verify locations and nature of surface and subsurface radiological contamination. 
Conditions at specific sources within a waste management unit should also be 
noted in order to plan sampling/remediation activities and worker health and 
safety. 

• Conduct nonintrusive surface geophysical surveys at specific waste management 
units such as the 2607-EL Septic Tank and Drain Field (Section 2.3.6.6), and 
unplanned release locations to verify locations and physical characteristics of 
source locations. Data generated from these activities can be used in planning 
intrusive source sampling activities. 
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Conduct beta/ gamma spectrometer probe survey to screen for near-surface 
contamination and to confirm the absence or presence of some specific 
radionuclides, which may be of particular concern. Existing boreholes will be 
used to the maximum extent, but new boreholes may be needed at many locations 
(to be decided based on screening results). Logging will be done both by NaI 
detectors or µR meters for rapid screening as well as the RLS high purity 
germanium logging system. Westinghouse Hanford will develop an Ell 
Procedure for the beta/gamma spectrometer probe survey. The beta/gamma 
spectrometer probe survey serves two purposes depending on the source 
conditions: to confirm absence of contamination in the near-surface soils, and to 
serve as a screening tool to choose locations and quantities of vadose zone soil 
borings. The RLS procedure could demonstrate "assay quality" data for 
radionuclide concentrations, but will probably continue to require supporting 
Level ill or IV soil analysis data to allow a risk assessment before final remedial 
decisions. The need to conduct this survey will be based (at least in part) on the 
screening results of the surface survey and on information about site burial. 

Soil gas surveys should be conducted at waste management units such as cribs 
where volatile organic compounds are suspected, as a screening method to 
identify compounds such as solvents that may have been used in processes. The 
soil gas survey should not be considered conclusive that volatile organic 
compounds at lower concentrations may not be present. Data from the soil gas 
survey can be used to help locate surface and near-surface samples and vadose 
zone borings. 

• Collect surface and near-surface samples of contaminated soils and/or waste 
materials at selected locations. Specific sampling sites will be chosen to assess 
particular facilities or releases. Additional sampling sites may be specified based 
on results from nonintrusive investigations. 

8.3.3.2 Geologic Investigation. A geologic investigation should be performed to better 
characterize the vadose zone and the nature of unsaturated soils that make up this system. 
The geologic investigation will include the following tasks: 

• Borings may be advanced into zones where an accurate interpolation of the 
subsurface stratigraphy is important to u_nderstanding migration pathways in the 
vadose zone. 

• Geologic data collected during the ongoing vadose zone soil (Section 8.3 .3.4) and 
other (deeper) investigations (e.g., geologic and geophysical logs from 
groundwater well installations for groundwater AAMS) will be compared, 
compiled, and evaluated . 
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8.3.3.3 Surface Water Sediment Investigation. A surface water sediment investigation 
should be conducted. The investigation will include: 

• Radiation surveys along ditches and trenches for health and safety purposes and 
to locate areas of elevated radiation for selection of specific sediment sampling 
locations. 

• Sampling of sediment in any ditches and trenches that still contain water. This 
will probably be limited to the 207-A Retention Basin. This sediment is likely to 
be windblown soil. 

8.3.3.4 Soil Investigation. The purpose of soil investigations is to determine physical and 
chemical properties of the soil and to determine the nature, type, and extent of soil 
contamination associated with waste management units and unplanned releases to allow 
initiation of interim remedial actions and to assess the quantitative risk at other sites. 
Sampling will include: 

• Samples of vadose zone soil will be collected and analyzed for constituents of 
concern when wells are drilled for other studies (i.e., groundwater investigations) 
in the vicinity of a waste management unit or unplanned release with reported 
liquid disposals or spills. Organic vapor (at sites with suspected volatiles) and 
radiation sampling should also be performed with samples selected by onsite 
screening. 

• Data collected during this investigation will be evaluated to further understand the 
contribution of contaminants to the vadose zone from specific waste management 
units and/or unplanned releases and to better define the hydrology and water 
quality in the vadose zone system through moisture content profiles, tracking of 
specific contaminants, and soil hydraulic characteristics. However, the issue of 
contaminant transport through the vadose zone is more appropriate to studies 
conducted under the direction of the Groundwater AAMSRs. 

8.3.3.5 Air Investigation. Air investigations (on an aggregate area scale) should consist of 
onsite particle sampling as part of the health and safety program. In addition, high-volume 
air samplers should be placed in appropriate locations on-site based on evaluation of existing 
meteorological data. The purpose of these samplers will be to determine if any migration of 
airborne contaminants occurs. 

8.3.3.6 Ecological Investigation. Ecological investigation activities, on a site-wide scale, 
should include a literature search and data review, and a site walkthrough. Data collected 
during the soils characterization activities are expected to be sufficient to evaluate biota 
remediation technologies. These activities are intended to identify potential biota concerns 

• 

which need to be addressed in the site investigation. Particular emphasis should be given to • 
identifying potential exposure pathways to biota that migrate offsite or that introduce 
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contaminants into the food web. Data obtained in this survey will be used to both refine the 
conceptual model as· well as to conduct the ecological risk assessment. 

8.3.3. 7 Geophysical Stratigraphic Survey. A geophysical survey of subsurface 
stratigraphy should be conducted across the aggregate area to help characterize the geology 
and hydrogeology of the vadose zone. 

8.3.3.8 Process Effluent Pipeline Integrity ~ent. An assessment of process effluent 
pipeline integrity should be conducted early in site investigation activities to look for 
potential leaks and therefore possible areas of contamination. Initially, as part of this effort, 
drawings of the process lines and encasements within the aggregate area (Section 2.3 . 7) 
should be reviewed and their construction, installation, and operation evaluated. Specific 
lines will then be selected for integrity assessment with emphasis on lines serving the waste 
management units that have received large volumes of liquid (e.g., cribs). Investigation of 
operating high-level waste transfer lines will be deferred to their respective programs. 
Results of the integrity assessments will be evaluated and additional sampling activities may 
be recommended for subsequent studies. 

8.3.3.9 Geodetic Survey. Geodetic surveys will be conducted after the installation and 
completion of each investigation activity. The survey will be used to locate the horizontal 
locations of surface and near-surface soil samples; corners of geophysics, soil gas, and 
beta/gamma probe surveys; and surface water and sediment sample locations. Horizontal and 
vertical locations of all vadose zone soil borings and perched zone wells will be surveyed. 
The geodetic survey should be conducted by a professional surveyor licensed in the state of 
Washington and should be referenced to both historic (e.g., Hanford coordinates) and current 
coordinate datums (e.g. , North American Datum of 1983 - NA'.D-83), both vertical and 
horizontal. 

8.3.3.10 Cultural Resource Investigation. A cultural resource investigation should be 
conducted for investigating locations outside the 200 East Area to verify the locations of 
known archaeological sites by reviewing existing data. The focus of the investigation will be 
to confirm that no archaeological resources are present at proposed drilling sites. 

8.3.4 Data Evaluation and Decision Making 

Data will be eval~ted as soon as results (e.g., soil gas, radiation screening, drilling 
results) become available for use in restructuring and focusing the investigation activities. 
Data reports will be developed that summarize and interpret new data. This includes 
groundwater sampling and RLS borehole logging as part of the AAMS. Data will be used to 
refine the conceptual model, further assess potential contaminant-specific ARARs, develop 
the quantitative risk assessment, and assess remedial action alternatives . 

The objectives of data evaluation are the following: 
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To reduce and integrate data to ensure that data gaps are identified and that the 
goals and ~bjectives of the PUREX ~lant AAMS are met. 

• To confirm that data are representative of the media sampled and that QA/QC 
criteria have been met. 
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• Table 8-1. Uses of Existing Data for PUREX Plant Aggregate Area 
Waste Management Units. (sheet 1 of 3) 

Development of Sampling Plans Health and Safety 

Expected 
Possible Depth Surface Maximum 

Wute Management Unit Location Contamination Contamination Radiation Level 

216-A-1 Crib • • • • 
216-A-2 Crib • • • 
216-A-3 Crib • • * 
216-A-4 Crib • • • 
216-A-S Crib • • • 
216-A-6 Crib • • • • 
216-A-7 Crib • • • • 
216-A-8 Crib • • • 
216-A-9 Crib • • • • 
216-A-10 Crib • • • 
216-A-21 Crib • • • • 
216-A-24 Crib • • • 
216-A-27 Crib • • * 
216-A-30 Crib * • * 
216-A-31 Crib * • * 
216-A-32 Crib • * 
216-A-36A Crib • * * 
216-A-36B Crib * • * 
216-A-37-1 Crib • * * 
216-A-37-2 Crib • * 
216-A-38-1 Crib * * * 
216-A-41 Crib • 
216-A-45 Crib * * * 
216-A-11 French Drain * * • 
216-A-12 French Drain * * • 
216-A-13 French Drain • * • 
216-A-14 French Drain * * * 
216-A-lS French Drain • * * 
216-A-22 French Drain * * * 
216-A-26 French Drain • * * 
216-A-26A French Drain * * * 
216-A-28 French Drain * * * 
216-A-33 French Drain * * 
216-A-35 French Drain * • * • 

ST-la 
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Table 8-1. Uses of Existing Data for PUREX Ph,mt Aggregate Area 
Waste Management Units. (sheet 2' of 3) 

Development of S,ampling Plans Health and Safety 

216-A-29 Ditch 

216-A-34 Ditch 

216-A-18 Trench 

216-A-19 Trench 

216-A-20 Trench 

216-A-40 Trench 

2607-EA Septic Tank/Drain Field 

2607-EC Septic Tank/Drain Field 

2607-ED Septic Tanlc/Drain Field 

2607:.EG Septic Tanlc/Drain Field 

2607-EJ Septic Tanlc/Drain Field 

2607-EL Septic Tanlc/Drain Field 

2607-E6 Septic Tanlc/Drain Field 

218-E-1 Burial Ground 

218-E-8 Burial Ground 

218-E-12A Burial Ground 

218-E-13 Burial Ground 

UN-200-E-10 Unplanned Release 

UN-200-E-11 Unplanned Release 

UN-200-E-12 Unplanned Release 

UN-200-E-13 Unplanned Release 

UN-200-E-15 Unplanned Release 

UN-200-E-19 Unplanned Release 

Possible Depth Surface 
Location Contamination Contamination Radiation 

• • 
• • 
• • 
• • 
• • 
• • 

• 
• 
• 
• 
• 

• 

• • • 
• • 
• • • 
* • * 

* 
* •• 
* • 
• 
* 
• • 

8T-lb 

Expected 
Maximum 

Level 
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Table 8-1. Uses of Existing Data for PUREX Plant Aggregate Area 
Waste Management Units. (sheet 3 of 3) 

Development of Sampling Plans 

Possible 
Waste Management Unit Location Contamination 

UN-200-E-20 Unplanned Release • • 
UN-200-E-22 Unplanned Release • • 
UN-200-E-25 Unplanned Release • • 
UN-200-E-26 Unplanned Release • • 
UN-200-E-28 Unplanned Release • • 
UN-200-E-31 Unplanned Release • • 
UN-200-E-33 Unplanned Release • -
UN-200-E-35 Unplanned Release • -
UN-200-E-39 Unplanned Release • • 
UN-200-E-40 Unplanned Release • • 
UN-200-E-42 Unplanned Release • -
UN-200-E-49 Unplanned Release • -
UN-200-E-56 Unplanned Release • • 
UN-200-E-58 Unplanned Release * ! --
UN-200-E-60 Unplanned Release * -
UN-200-E-62 Unplanned Release * -
UN-200-E-65 Unplanned Release * -
UN-200-E-67 Unplanned Release * -
UN-200-E-68 Unplanned Release * -
UN-200-E-72 Unplanned Release * -
UN-200-E-88 Unplanned Release * • 
UN-200-E-94 Unplanned Release • -
UN-200-E-96 Unplanned Release * • 
UN-200-E-97 Unplanned Release • -
UN-200-E-99 Unplanned Release * * 
UN-200-E-100 Unplanned Release * * 
UN-200-E-114 Unplanned Release * * 
UN-200-E-117 Unplanned Release * * 
UN-200-E-142 Unplanned Release • -

An asterisk (•) indicates potential use for available data. 
A dashed line (-) iwlicatea no data available. 

8T-lc 

Depth 
Contamination 

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

Health and Safety 

Expected 
Surface Maximum 

Radiation Level 

- -
- -
- -
- -
- -
- -
- --
-- --
- --
-- --
- --
- --
-- --
-- --
-- --
-- --
-- --
-- --
- -
- --
* * 
-- --
- -
- -
- -
-- --
- --
-- --
- -
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Table 8-2. Data Needs for Preliminary Remedial Action Alternatives 
for the PUREX Plant Aggregate Area. (sheet 1 of 2) 

Chemical/Radiochemical 
Alternative Physical Attribute Attribute 

Multimedia Cover • areal extent • surface radiation 
(plus possible vertical • depth of contamination • biologic transport potential 
barriers) • structural integrity 

( collapse potential) 
• run-off/run-on potential 
• cover properties 

(permeability) 

In Situ Grouting/ • areal extent • solubility 
Stabilization • depth • reactivity 

• particle size • leacbability from grout medium 

• hydraulic properties 
(permeability /porosity) 

• stratigraphy 
• borehole spacing 
• grout/additive mix parameters 

Excavation, Soil • areal extenta1 • toxicity/radioactivity 
Treatment, and • deptha1 • levels of contaminants 
Disposal • particle size • solubility /reactivity ,. 

• silt-size (dust) content • soil chemistry (relative affinity) 

• excavation stability • concentrations in PM-10 fraction 

• spent solvent treatment/disposal 
options 

In Situ vitrification • areal extent • volatility 
• depth • reactivity 

• soil/waste conductivity • leacbability /integrity 
• thermal properties • off-gas treatment waste disposal 
• moisture contact options 
• voids 

• air permeability 

Excavation, Above • areal extenr' • concentrations of TRU 
Ground Treatment, • deptha1 • toxicity/ radioactivity 
and Geologic • mineralogy of soil/waste • levels of contaminants 
Di~sal • particle size • concentrations in PM-10 fraction 

• silt-size (dust) content • reactivity 

• excavation lltability • leacbability/integrity of final waste 

• treatment parameters form 
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Table 8-2. Data Needs for Preliminary Remedial Action Alternatives 
for the PUREX Plant Aggregate Area. (sheet 2 of 2) 

Chemical/Radiochemical 
Alternative Physical Attribute Attribute 

In Situ Soil Vapor • areal extent • volatility of constituents (Henry's 
Extraction • depth Law Constant) 

• locations/depth of highest • non-volatile organics 
concentrations (vapors, • levels 
adsorbed) • volatile radionuclides (Radon) 

• stratigraphy • treatability ( catalytic oxidization) 

• soil permeability /porosity 

• voids 

a1 May be obtained during remediation using the observational approach recommended by the Hanford 
Past-Practi~ Slrategy (DOE/RL 1992a) 
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Table 8-3. Analytical Levels for the PUREX Plant Aggregate Area. 

Level 

LEVEL I 

LEVEL II 

LEVEL ill 

LEVEL IV 

LEVEL Y 

Description 

Field screening. This level is characterized by the use of portable 
instruments which can provide real-time data to assist in the 
optimization of sampling point locations and for health and safety 
support. Data can be generated regarding the presence or absence 
of certain contaminants (especially volatiles) at sampling locations. 

Field analysis. This level is characterized by the use of portable 
analytical instruments which can be used onsite, or in mobile 
laboratories stationed near a site (close-support laboratories). 
Depending on the types of contaminants, sample matrix, and 
personnel skill, qualitative and quantitative data can be obtained. 

Laboratory analysis using methods other than the Contract 
Laboratory Program (CLP) Routine Analytical Services (RAS). 
This level is used primarily in support of engineering studies using 
standard EPA-approved procedures. Some procedures may be 
equivalent to CLP RAS without the CLP requirements for 
documentation. 

Contract Laboratory Program (CLP) Routine Analytical Services 
(RAS). This level is characterized by rigorous QA/QC protocols 
and documentation and provides qualitative and quantitative 
analytical data. Some regions have obtained similar support via 
their own regional laboratories, university laboratories, or other 
commercial laboratories. 

Nonstandard methods. Analyses which may require method 
modification and/or development are considered Level V by CLP 
Special Analytical Services (SAS). 

8T-3 
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• 9 . 2 • 
Soil/Sediment Water 

Practical Practical 
Quantitation Quantitation 

Limit Limit 
Analysis (pCi/g)., Precision Accuracy Analysis (pCi/Lt Precision Accuracy 
Method (mg/Kg) (RPD) (%) Method (µg/L) (RPD) (%) 

("') ~ 
RADIONUCLIDES ~~ ~-
Gross Alpha 900.0 M TBD ±30 ±25 900.0 10 ±25 ±25 

3 ~ 
..... 00 
(") I 

Gross Beta 900.0 M TBD ±30 ±25 900.0 5 ±25 ±25 e. ~ -· 
Gamma Scan D3699 M TBD ±30 ±25 D3649 M TBD ±25 ±25 ~ 0 

0 .... . p) 

Actinium-225 907.0M TBD ±30 ±2> 907.0 TBD ±25 ±25 ~ s 0 
~,O tT1 

Actinium-227 TBD TBD ±25 TBD TBD ±25 ±25 ~ i:: -±30 §. e. ~ 
Americium-241 Am-01 TBD ±30 ±25 Am-03 TBD ±25 ±25 e~· I 

\0 
N 

~ I Americium-242 TBD TBD ±30 ±25 TBD TBD ±25 ±25 >0 I 

::, g 0 

t' Americium-242m 
~ 

TBD TBD ±30 ±25 TBD TBD ±25 ±25 ~~ :;i;:i 

Americium-243 Am-01 TBD ±30 ±25 Am-03 TBD ±25 ±25 
~ ~- ~ ~ ~ 

Antinomy-126 TBD TBD ±30 ±25 TBD TBD ±25 ±25 
~ 0 

~~ 
~ p) 

Antimony-126m TBD TBD ±30 ±25 TBD TBD ±25 ±25 ~ 3 -~ 
Barium-137m D3649 M TBD ±30 ±25 D3649 M TBD ±25 ±25 --~ 0 ti> 

Bismuth-210 TBD TBD ±30 ±25 TBD TBD ±25 ±25 --+, ".::ti 

°'o .,_.,>-1 

Bismuth-211 TBD TBD ±30 ±25 TBD TBD ±25 ±25 

Bismuth-213 TBD TBD ±30 ±25 TBD TBD ±25 ±25 

Bismuth-214 TBD TBD ±30 ±25 TBD TBD ±25 ±25 

Carbon-14 C-01 M TBD ±30 ±25 TBD TBD ±25 ±25 

Cesium-134 D3649 M TBD ±30 ±25 D3649 M TBD ±25 ±25 
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Soil/Sediment Water 

Practical Practical 
Quantitation Quantitation 

Limit Limit 
Analysis (pCi/g)"' Precision Accuracy Analysis (pCi/L)"' Precision Accuracy 
Method (mg/Kg) (RPD) (%) Method (µg/L) (RPD) (%) 

RADIONUCLIDES (') >-3 
(cont.) ::r-~ 
Cesium-135 901.0M TBD ±25 

0 ...... 
±30 901.0 TBD ±25 ±25 3 0 

Cesium-137 D3649 M TBD ±30 ±25 D3649 M TBD ±25 ±25 [~ 
Cobalt-60 D3649 M TBD ±30 ±25 D3649 M TBD ±25 ±25 

~o Curium-242 907.0 M TBD ±30 ±25 907.0 TBD ±25 ±25 0 
Curium-244 907.0 M TBD ±30 ±25 907.0 TBD ±25 ±25 

~-~ 0 
::r- ,0 tT1 

Curium-245 907.0 M TBD ±30 ±25 ±25 ±25 0 i:: --907.0 TBD s. e ~ 
Europium-152 D3649 M TBD ±30 ±25 D3649 M TBD ±25 ±25 g_~· I 

I.O 

~ N Europium-154 D3649 M TBD ±30 ±25 D3649 M TBD ±25 ±25 >0 I 

I :::,..g: 0 
.i,. Europium-155 D3649 M TBD ±30 ±25 D3649 M TBD ±25 ±25 +>-
CJ' ~~ 

Francium-221 TBD TBD ±30 ±25 TBD TBD ±25 ±25 :;d 
~ ~- ~ 

lodine-129 902.0 M TBD ±30 ±25 902.0 TBD ±25 ±25 ~ 0 
1-d 0 

Lead-209 TBD TBD ±30 ±25 TBD TBD ±25 ±25 ~ el 
::r" Pl 

Lead-210 Pb-01 M TBD ±30 ±25 Pb-01 TBD ±25 ±25 8 3 
..... 0 

Lead-211 TBD TBD ±30 ±25 TBD TBD ±25 ±25 
..... 

N~ 

Lead-212 TBD TBD ±30 ±25 TBD TBD ±25 ±25 
0 (JO 

>-+,~ 

Lead-214 TBD TBD ±30 ±25 TBD TBD ±25 ±25 
0\ 0 .._., >-I 

Neptunium-237 907.0 M TBD ±30 ±25 907.0 TBD ±25 ±25 
Neptunium-239 D3649 M TBD ±30 ±25 D3649 M TBD ±25 ±25 
Nickel-59 TBD TBD ±30 ±25 TBD TBD ±25 ±25 

Nickel-63 TBD TBD ±30 ±25 TBD TBD ±25 ±25 

Niobium-93m TBD TBD ±30 ±25 TBD TBD ±25 ±25 

• • 
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Soil/Sediment Water 

Practical Practical 
Quantitation 

. 
Quantitation 

Limit Limit 
Analysis (pCi/g)., Precision Accuracy Analysis (pCi/L)., Precision Accuracy 
Method (mg/Kg) (RPO) (%) Method (µg/L) (RPO) (%) 

RADIONUCLIDES (')~ 
(cont.) ::r ~ 

0 g 
Plutonium Pu-02 TBO ±30 ±25 Pu-10 TBO ±25 ±25 §. ~ 
Plutonium-238 Pu-02 TBD ±30 ±25 Pu-10 TBO ±25 ±25 (') I 

e. ~ 
Plutonium-239/240 Pu-02 TBD ±25 Pu-10 TBO ±25 ±25 -· ±30 

~o Plutonium-241 TBO TBD ±30 ±25 TBO TBO ±25 ±25 ..... ~ t:i 
Polonium-214 TBO TBD ±30 ±25 TBO TBD ±25 ±25 

gs- 0 
::r ,0 ~ 

Polonium-215 TBD TBD ±30 ±25 TBO TBD ±25 ±25 0 C: 
§. e. ~ Polonium-218 TBD TBD ±30 ±25 TBO TBD ±25 ±25 &~· I 

\0 

~ I Potassium-40 D3649 M TBD ±30 ±25 D3649 M TBD ±25 ±25 >0 
N 
I 

0 k- Protactinium-231 TBD TBD ±30 ±25 TBO TBD ±25 ±25 
::s s: .J::.. 

~~ 
Protactinium-234m TBO TBD ±30 ±25 TBD TBD ±25 ±25 rtl ~· :,;:l 

Radium Ra-04 TBD ±30 ±25 Ra-05 TBD ±25 ±25 !" 0 ~ 
'"o 0 

Radium-225 TBO TBD ±30 ±25 TBD TBD ±25 ±25 ~~ 
Radium-226 Ra-04 TBD ±30 ±25 Ra-05 TBD ±25 ±25 8 3 

..... 0 
Ruthenium-I 06 TBO TBD ±30 ±25 TBD TBD ±25 ±25 

..... 
w~ 

Samarium-151 TBD TBD ±30 ±25 TBD TBO ±25 ±25 
0 ti> 
...... ~ 

Selenium-79 TBD TBD ±30 ±25 TBD TBD ±25 ±25 
0\ 0 
'-" '"'1 

Sodium-22 D3649 M TBD ±30 ±25 D3649 M TBD ±25 ±25 
Strontium-90 Sr-02 TBD ±30 ±25 Sr-02 TBD ±25 ±25 
Technetium-99 Tc-01 M TBD ±30 ±25 Tc-01 TBD ±25 ±25 
Thallium-207 TBD TBD ±30 ±25 TBD TBD ±25 ±25 

Thorium-227 00-06 TBD ±30 ±25 00-07 TBD ±25 ±25 



•) p ) .) 

Soil/Sediment Water 

Practical Practical 
Quantitation Quantitation 

Limit Limit 
Analysis (pCi/g)"' Precision Accuracy Analysis (pCi/L)"' Precision Accuracy 
Method (mg/Kg) (RPD) (%) Method (µg/L) (RPD) (%) 

RADIONUCLIDES n .., (cont.) 
::,--~ 

Thorium-229 00-06 TBD ±30 ±25 00-07 TBD ±25 ±25 
0 ,-..... s.~ 

Thorium-230 00-06 TBD ±30 ±25 00-07 TBD ±25 ±25 et~ 
Thorium-231 TBD TBD ±30 ±25 TBD TBD ±25 ±25 -· ~~ Tritium 906.0 M TBD ±30 ±25 906.0 300 ±25 ±25 ~ .... . p) 

Uranium U-04 TBD ±30 ±25 U-04 TBD ±25 ±25 ?S s 0 
:::,--,0 tT1 

Uranium-233 u TBD ±30 ±25 908.0 TBD ±25 ±25 0 C: -s. ~ ~ Uranium-234 u TBD ±30 ±25 908.0 TBD ±25 ±25 0 .... . 

~'< I 

'° Uranium-235 u TBD ±30 ±25 908.0 TBD ±25 ±25 >0 
N 

I 

001 . 0 
,-:J Uramum-238 u TBD ±30 ±25 908.0 TBD ±25 ±25 

::, g ~ 

t_ Yttrium-90 Sr-02 TBD ±30 ±25 Sr-02 T-13D ±25 ±25 ~~ ~ ~ ~- ~ Zirconium-93 TBD TBD ±30 ±25 TBD TBD ±25 ±25 !" 0 

INORGANICS 
~ 0 

i~ Arsenic 7061 0.02 ±25 ±30 7061 10 ±20 ± 25 ao 
Barium 6010 0.02 ±25 ±30 6010 20 ±20 ±25 ~& 
Boron 6010 TBD ±25 ±30 6010 TBD ±20 ±25 0 [I> 

.....,>::+, 

Cadmium 6010 0.09 ±25 ±30 6010 1 ± 20 ±25 O'I 0 
'-" "'1 

Chromium 6010 0.07 ±25 ±30 6010 10 ±20 ±25 

Copper 6010 0.06 ±25 ±30 220.2 10 ±20 ±25 

Cyanide 9010 TBD ±25 ±30 335.3 so ±20 ± 25 
Fluoride 300M TBD ±25 ±30 300 so ±20 ±25 
Iron 6010 20 ±25 ±30 6010 70 ±20 ±25 

• • 
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Soil/Sediment Water 

Practical Practical 
Quantitation Quantitation 

Limit Limit 
Analysis (pCi/g)., Precision Accuracy Analysis (pCi/L)., Precision Accuracy 
Method (mg/Kg) (RPD) (%) Method (µg/L) (RPD) (%) 

(i~ 

INORGANICS ::r~ 
(D -(con(.) e.~ 

Lead 6010 0.45 ±25 ±30 6010 450 ±20 ±25 (") I e. .i,... 

Manganese 6010 0.02 ±25 ±30 6010 20 ±20 ±25 -· ~ t1 Mercury 7471 0.02 ±25 ±30 245.2 2 ±20 ±25 .... . p:, t1 
Nickel 6010 1.5 ±25 ±30 6010 50 ±20 ±25 

g fJ 0 
::r ,0 tT1 

Nitrate 352. 1 TBD ±25 352.1 130 ±20 ±25 (D c:: -±30 e. ~ ~ 
Nitrite 354.1 TBD ±25 ±30 354.1 40 ±20 ±25 0 . I e.~ ID 

Selenium 6010 0.75 ±25 ±30 270.2 20 ±20 ±25 >0 
N 
I 

~ I Silver 
::s s: 0 

6010 2 ±25 ±30 272.2 10 ±20 ±25 ~~ 
.i,... 

'lo Titanium 6010 TBD ±25 TBD ±20 ±25 ~ ±30 6010 ~ ~- ~ 
Vanadium 6010 0.08 ±25 ±30 286.2 40 ±20 ±25 ~ (D 

~ 0 
Zinc 6010 0.02 ±25 ±30 6010 20 ±20 ±25 ~~ 
ORGANICS ~ 3 

- (D 
Acetone 8240 0.1 ±25 ±30 624 100 ±20 ±25 -VI Pl 
Carbon tetrachloride 8240 0.005 ±25 ±30 624 1 ±20 ±25 

0 r;,,, 
1-+i'::t', 

Chloroform 8240 0.005 ±25 ±30 624 5 ±20 ±25 
0\0 
-- >-1 

Kerosene 8015-Mod 20 ±35 ±30 8015-Mod 500 ±35 ±25 

Methylene chloride 8240 0.005 ±25 ±30 624 5 ±20 ±25 

MIBK 8015 0.5 ±25 ±30 8015 5 ±20 ±25 
l, 1, I-Trichloroethane 8240 0.005 ±25 ±30 624 5 ±20 ±25 
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Soil/Sediment Water 

Practical Practical 
Quantitation Quantitation 

Limit Limit 
Analysis (pCi/g)., Precision Accuracy Analysis (pCi/L)., 
Method (mg/Kg) (RPO) (%) Method (µg/L) 

ORGANICS 
(cont.) 

Toluene 8240 0.005 ±25 ±30 624 5 
Tributyl phosphate TBD TBD ±25 ±30 TBD TBD 

TBD = To Be Determined 
M = method modified to include extraction from the solid medium, extraction method is matrix and laboratory-specific 
RPO = Relative Percent Difference 
Prescribed Procedures for Measurement of Radioactivity in Drinking Water (EPA 1980a) 
Test Methods/or Evaluation Solid Waste (SW 846) Third Edition (EPA 1986) 
Methods/or Chemical Analysis of Water and Waste (EPA 1983) 
Radionuclide Method/or the Determination of Uranium in Soil and Air (EPA 1980b) 
EML Procedures Manual (DOE/EML 1990) 
Eastern Environmental Radiation Facility RadioChemistry Procedures Manual (EPA 1984) 
High-Resolution Gamma-Ray Spectrometry of Water (ASTM 1985) 

Precision 
(RPO) 

±20 

±30 

Precision and accuracy are goals. Since these parameters are highly matrix dependent they could vary greatly from the goals listed. 
a/ Practical Quantitation Limits·for organics and inorganics are reported in units of mg/kg for soil and mg/L for water. 
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Table 8-5. Data Gaps by Site Category. 
• "' I I ! 

Site Category 

Tanks and Vaults 

Cribs and Drains 

Reverse Wells 

Ditches and Trenches 

Septic Tanks and Ass0ciated 
Drain Fields 

Transfer Facilities, Diversion 
Boxes, and Pipelines 

Basins (207-A) 

Unplanned Releases 

Identified Data Gaps 

• Contaminant concentrations in waste management 
units other than single-shell tanks 

• Distribution of contaminants in subsurface soils 
released in leaks 

• Constituents concentrations in related surface 
contamination 

• Contaminant concentrations in cribs 
• Contaminant concentrations in soils beneath cribs 
• Specific constituents (especially organic chemicals) 
• Distribution and vertical/lateral extent of 

contamination 

• Contaminant concentrations in subsurface soils 
impacted by discharges 

• Specific constituents (especially organics) 
• Extent of contamination 

• Distribution/extent of subsurface contamination 
• Buried contaminant concentrations in stabilized 

portions/units 

• Actual discharge levels 
• Possible discharge and presence/level of 

non-sanitary wastes (e.g., laboratory drains) -

• Contamination constituents and concentrations 
• Direct radiation levels in facilities 
• Constituents/concentrations in related surface 

contamination 
• Integrity of transfer lines 

• Constituents and concentrations in sediments 
• Distribution/extent of subsurface contamination 

• Surface soil constituents and concentrations 
• Buried contamination constituents and 

concentrations 
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Source Investigation Method 

Surface 
Surface Subsurface Water 

~ 
~ -Radiation Spectral Surface Soil Gas Surface Soil Sediment Subsurface 0 
00 

Waste Management Unit Survey Geophysics Geophysics Survey Sampling Sampling Soil Sampling Remarks I 
0\ 

k : :ttu:u: i ::::r :: :: 1
:::: : ::: > -;.>< <::::: : ::::: 1:r , .. - > 

216-A-l Crib -- A -- -- A - A --
216-A-2 Crib - A -- A A - A --
216-A-3 Crib - A -- -- A - A --
216-A-4 Crib - A -- -- A - A --
216-A-5 Crib - A -- -- A - A --
216-A-6 Crib - A -- -- A - A --
216-A-7 Crib - A -- A A - A --
216-A-8 Crib - A -- A A - A --
216-A-9 Crib - A -- -- A - A --
216-A-10 Crib - A -- -- A - A --
216-A-21 Crib - A - -- A - A --
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216-A-24 Crib - A -- A A -- A -- ~ Pl ::::r-- 0 

216-A-27 Crib - A -- -- A - A --
· 216-A-30 Crib - A -- -- A - A --

216-A-3 l Crib - A -- A A -- A --

8 I-ti .... c:::: -~ s.~ 
216-A-32 Crib -- A -- -- A -- A --
216-A-36A Crib -- A -- -- A -- A --

~ I-ti -§ .... 
216-A-36B Crib -- A -- -- A -- A -- > ()Q 

()Q 

216-A-37-1 Crib -- A -- -- A -- A -- >-t 
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216-A-37-2 Crib -- A -- -- A -- A -- Pl .... 

0 
216-A-38-1 Crib - -- -- -- X -- X --
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Source Investigation Method 

Surface ' 

Surface Subsurface Water 
~ 
~ 

Radiation Spectral Surface Soil Gas Surface Soil Sediment Subsurface -0 

Waste Management Unit Survey Geophysics Geophysics Survey Sampling Sampling Soil Sampling Remarks 00 
I 

°' 216-A-41 Crib A A - -- A -- A --
216-A-45 Crib - A -- -- A -- A -
216-A-11 French Drain - -- -- -- X -- X -
216-A-12 French Drain -- -- - -- X -- X --

> "d 
> 'E.. · '"1 .... . 

~~ ~ 

216-A-13 French Drain -- -- -- -- X -- X --
216-A-14 French Drain -- A -- -- A -- A --
216-A-15 French Drain -- -- -- -- X -- X --
216-A-22 French Drain -- -- -- -- X -- X --
216-A-26 French Drain -- -- -- -- X -- X --
216-A-26A French Drain -- -- -- -- X -- X --
216-A-28 French Drain - A - -- A -- A --
216-A-33 French Drain -- -- -- -- X -- X --
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Surface Subsurface Water 
Radiation Spectral Surface Soil Gas Surface Soil Sediment Subsurface > 

"'O 
Waste Management Unit Survey Geophysics Geophysics Survey Sampling Sampling Soil Sampling Remarks ~'& 

~ ~ 
2607 EA Septic Tanlc/Drain Field X X X ~~ 
2607 EC Septic Tanlc/Drain Field X X X ~(":) 

..... ::r' 

2607 ED Septic Tanlc/Drain Field X X X 
0 &:l ti s::~ 0 

2607 EG Septic Tanlc/Drain Field X X X § ct tr1 
r:s,, ::i. -2607 EJ Septic Tanlc/Drain Field X X X °8 ~ ~ oo. 3 i::-. I 

~ 2607 EL Septic Tanlc/Drain Field X X X X 0 0 l,C) 
::, ::, N 

~ I 
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Source Investigation Method 

Surface ~ 
Pl 

Surface Subsurface Water 
Radiation Spectral Surface Soil Gas Surface Soil Sediment Subsurface 

CT -(D 

00 
Waste Management Unit Survey Geophysics Geophysics Survey Sampling Sampling Soil Sampling Remarks 

I 
0\ 
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________________ - ) U • - -. -_ ii;;i :;:;. ;-; :;;:::;:;:;;;:;;_ ; _-;-;- _-;-;- ---- _____________ - ------ --;-;--_-;-

UN-200-E-10 Unplanned Release X -- - -- X -- X -
UN-200-E- l 1 Unplanned Release X -- - -- X -- X --
UN-200-E-12 Unplanned Release X -- - -- X -- X --
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"1::S 

>'§: 
'"I (") 

~~ 
~~ 

UN-200-E-13 Unplanned Release X -- - -- X -- X -
UN-200-E-15 Unplanned Release X -- - -- X -- X --
UN-200-E-19 Unplanned Release X -- -- -- X -- X --
UN-200-E-20 Unplanned Release X -- - -- X -- X --
UN-200-E-22 Unplanned Release X -- - -- X - X -
UN-200-E-25 Unplanned Release X -- - -- X -- X --
UN-200-E-26 Unplanned Release X -- - -- X -- X -
UN-200-E-28 Unplanned Release X -- -- -- X -- X --

Pl (j 
~::,-

s::s t; 

§ ~ 0 
t!! Pl ::1. 

~ ti ~ 3 i:t. I 

(D 0 \0 
::s ::s N 

I ... s:: ~ ... 
c:: (D a. s- ~ " 
~ 8. ~ 

ti> 

UN-200-E-31 Unplanned Release X -- - -- X -- X -- ~ Pl 
::i- ... 

0 .. 
UN-200-E-33 Unplanned Release X -- - -- X -- X -- 8 '"d ... . c:: 
UN-200-E-35 Unplanned Release X -- -- -- X -- X --
UN-200-E-39 Unplanned Release X -- -- -- X -- X --
UN-200-E-40 Unplanned Release X -- -- -- X -- X --
UN-200-E-42 Unplanned Release X -- -- -- X -- X --
UN-200-E-49 Unplanned Release X -- -- -- X -- X --

~~ a. :><: 
~ '"d -§ ... 

> 
(J'Q 
(J'Q 

UN-200-E-56 Unplanned Release X -- -- -- X -- X -- '"I 
(D 

(J'Q 

UN-200-E-58 Unplanned Release X -- -- -- X -- X -- Pl 
~ 

UN-200-E-60 Unplanned Release X -- - -- X -- X --
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Surface Subsurface 
Radiation Spectral 

Waste Management Unit Survey Geophysics 

UN-200-E-62 Unplanned Release X --
UN-200-E-65 Unplanned Release X --
UN-200-E-67 Unplanned Release X -
UN-200-E-68 Unplanned Release X --
UN-200-E-72 Unplanned Release X --
UN-200-E-88 Unplanned Release X --
UN-200-E-94 Unplanned Release X --
UN-200-E-96 Unplanned Release X --
UN-200-E-97 Unplanned Release X --
UN-200-E-99 Unplanned Release X -
UN-200-E-100 Unplanned Release X --
UN-200-E-114 Unplanned Release X --
UN-200-E-117 Unplanned Release X --
UN-200-E-142 Unplanned Release X --
X = Investigation at each individual site. 
A = Investigation representative of several analogous sites. 
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9.0 RECOMMENDATIONS 

The purpose of the aggregate area management study (AAMS) is to compile and 
evaluate the existing body of knowledge to support the Hanford Site Past-Practice Strategy 
(DOEJRL 1992a) decision making process. A primary task in achieving this purpose is to 
assess each waste management unit and unplanned release within the aggregate area to 
determine the most expeditious path for remediation within the statutory requirements of the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) and 
Resource Conservation and Recovery Act (RCRA). The existing body of pertinent 
knowledge regarding PUREX Plant Aggregate Area waste management units and unplanned 
releases has been summarized and evaluated in the previous sections of this study. A data 
evaluation process has been established that uses the existing data to develop preliminary 
recommendations on the appropriate remediation path for each waste management unit. This 
data evaluation process is a refinement of the Hanford Site Past-Practice Strategy 
(Figure 1-2) and establishes criteria for selecting an appropriate Hanford Site Past-Practice 
Strategy path (expedited response action, ERA; interim remedial measures, IRM; limited 
field investigation, LFI; and final remedy selection) for individual waste management units 
and unplanned releases within the 200 Areas. A discussion of the criteria for path selection 
and the results of the data evaluation process are provided in Sections 9 .1. and 9. 2, 
respectively. Figure 9-1 provides a flowchart of the data evaluation process that will be 
discussed. Table 9-1 provides a summary of the results of the data evaluation assessment of 
each unit. Table 9-2 provides the decisional matrix patterns each unit followed. 

This section presents recommended assessment paths for the waste management units 
and unplanned releases at the PUREX Plant Aggregate Area. These recommendations are 
only proposed at this time and are subject to adjustment and change. Factors that may affect 
development of final recommendations include, but are not limited to, comments and advice 
from the Washington State Department of Ecology (Ecology), U.S. Environmental Protection 
Agency (EPA), or U.S. Department of Energy (DOE); identification and development of 
new information; and modification of the criteria used in the assessment path decision 
making process. The data evaluation process depicted in Figure 9-1 and discussed in 
Section 9 .1 was developed to facilitate only the technical data evaluation step shown on the 
Hanford Site Past-Practice Strategy (Box A, Figure 1-2). Procedural and administrative 
requirements for implementation of the recommendations provided in this AAMS will be 
performed in accordance with the Hanford Federal Facility Agreement and Consent Order 
(Tri-Party Agreement) (Ecology et al. 1990) and the Hanford Site Past-Practice Strategy. 
Changes in recommendations will be addressed, and more detail on recommended assessment 
paths for waste management units and unplanned releases will be included in workplans as 
they are developed for the actual investigation and remediation activities. 

A majority of waste management units and unplanned releases do not have information 
regarding the nature and extent of contamination necessary for quantitative or qualitative risk 
assessment, especially with regard to hazardous constituents, and were recommended for 
additional investigation (e.g., LFI). Several units and releases assessed within the ERA path 
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were recommended for actions that fall within the scope of existing operational programs. 
Sites with elevated levels of surface radionuclide contamination are addressed by the • 
Radiation Area Remedial Action (RARA) Program. 

Waste management units and unplanned releases which are addressed entirely by other 
programs were not subjected to the data evaluation process. This includes units and 
unplanned releases that are within the scope of the Single-Shell Tank Closure Program, 
Decommissioning and RCRA Closure Program, and Waste Management Program. Table 9-3 
provides a list of the units not included in the evaluation. 

A majority of waste management units not addressed in the data evaluation fall within 
the scope of the Single-Shell Tank Closure Program. The activities associated with closure 
of the 200-P0-3 Operable Unit single-shell tanks have separate Tri-Party Agreement 
milestones and any recommendations for disJX>sition of these units and associated unplanned 
releases will be developed as part of the ongoing program addressing the single-shell tanks. 
The units associated with the 200-P0-3 Operable Unit that were not evaluated include single­
shell tanks and associated diversion boxes, vaults, catch tanks, and high-level waste transfer 
lines. The Waste Management Program will completely address the active double-shell 
tanks, and the active retention basins. 

A discussion of the four decision-making paths shown on Figure 9-1: ERA, IRM, LFI, 
and final remedy selection, is provided in Section 9.1. Section 9:2 provides a discussion of 
the waste management units grouped under each of these paths. A discussion of regrouping 
and prioritization of the waste management units is provided in Section 9. 3. · 
Recommendations for redefining operable unit boundaries and prioritizing operable units for 
work plan development are also provided in Section 9.3. No additional aggregate area-based 
field characterization activities are recommended to be undertaken as a continuation of the 
AAMS. All recommendation for future characterization needs (see Section 8.0) will be more 
fully developed and implemented through work plans. Plan development and submittal will 
be accomplished in accordance with requirements of the Hanford Site Past-Practice Strategy 
and the Tri-Party Agreement and could include remedial investigation (Rl)/feasibility study 
(RI/FS); RCRA facility investigation (RFI)/corrective measures study (CMS), or LFI work 
plans. Sections 9.4 and 9.5 provide recommendations for focused feasibility and treatability 
studies, respectively. 

9.1 DECISION MAKING CRITERIA 

The criteria used to assess the most expeditious remediation process path are based 
primarily on urgency for action and whether site data are adequate to proceed along a given 
path (Figure 9-1). All units and unplanned releases that are not completely addressed under 
other Hanford Site programs are assessed in the data evaluation process. All of the units and 
releases that are addressed in the data evaluation process are initially evaluated as candidates 
for an ERA. Sites where a release has occurred or is imminent are considered candidates for 
ERAs. Conditions that might trigger an ERA are the determination of an unacceptable health • 
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or environmental risk or a short time frame available to mitigate the problem 
(DOB'RL 1992a). As a result, candidate ERA units were evaluated against a set of criteria 
to determine whether potential for exposure to unacceptable health or environmental risks 
exists. Units and unplanned releases that are recommended for ERAs will undergo a formal 
evaluation following the selection process outlined in WHC (1991b). 

Waste management units and unplanned releases that are not recommended for 
consideration as an ERA continue through the data evaluation process. Sites continuing 
through the process that potentially pose a high risk (refer to Section 5.0), become candidates 
for consideration as an IRM. The criteria used to determine a potential for high risk, 
thereby indicating a high priority site, were the Ha7.ard Ranking System (HRS) score used 
for nominating waste management units for CERCLA cleanup ( 40 CFR 300), the modified 
Ha7.ard Ranking System (mHRS) scores, surface radiation survey data, and rankings by the 
Environmental Protection Program (Huckfeldt 1991b). Units and unplanned releases with 
HRS or mHRS scores greater than 28.5 (the CERCLA cleanup criterion) were designated as 
candidate sites for IRM consideration. Units and unplanned releases that did not have an 
HRS score were compared to similar sites to establish an estimated HRS score. Sites with 
surface contamination greater than 2 mrem/h exposure rate, 100 ct/min beta/gamma above 
background or alpha greater than 20 dis/min were also designated as candidate IRM sites. 
The radiation and surface contamination criteria are based on the Westinghouse Hanford 
Radiation Protection Manual (WHC-CM-4-10) posting requirements. In addition, surface 
contamination sites that had an Environmental Protection Program ranking of greater than 7 
were also designated as candidate IRM sites. A value of 7 was chosen because it represents 
the approximate midpoint of the scoring range. The candidate IRM sites are listed in 
Table 5-1, which summarizes the high priority sites. The four risk indicators are based on 
limited data (refer to Section 8.0) and therefore may not adequately represent the actual risk 
posed by the site. Technical judgement, including assessment of similarities in site 
operational histories, was used to include sites not ranked as high priority in the list of sites 
under consideration for an IRM. Candidate IRM sites were then further evaluated to 
determine if an IRM is appropriate for the site. Candidate IRM sites that did not meet the 
IRM criteria were placed into the final remedy selection path. As future data become 
available the list of units recommended for consideration as IRM sites may be altered. 

For certain units and unplanned releases, it was recognized that remedial actions could 
be undertaken under an existing operational or other Hanford Site program (e.g., Single-Shell 
Tank Closure, RARA, Waste Management, or Decommissioning and RCRA Closure 
Programs). As a result, recommendations were made that remedial actions be undertaken 
(partially or completely) outside the 200 AAMS past-practice program. Units or unplanned 
releases that could be addressed only in part by another program (e.g., surface contamination 
cleanup under the RARA Program) remained in the 200 AAMS data evaluation process for 
further consideration. If it cannot be demonstrated that these sites will be addressed under 
the operational program within a time frame compatible with the past practice program, they 
will be readdressed by the 200 AAMS process. Tracking of waste management units 
included in operational programs will be discussed in the work plans developed for each 
operable unit/aggregate area . 
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Units and unplanned releases recommended for complete disposition under another 
program (e.g., single-shell tanks and associated structures under the Single-Shell Tank • 
Closure Program) were not considered in the 200 AAMS data evaluation process. In 
addition potentially new sites that were identified during the AAMS were also not 
considered. It is recommended that a formal determination be made regarding the regulatory 
status of all new sites following established procedures before they are considered further 
under the 200 AAMS data evaluation process. Potentially new sites identified in the PUREX 
Plant Aggregate Area are described in Section 2.3.10. 

Specific criteria used to develop initial recommendations for ERAs, LFis, and IRMs 
for units and unplanned releases within the PUREX Plant Aggregate Area are provided in 
Sections 9.1.1 and 9.1.2. Units and unplanned releases not initially addressed under an 
ERA, LFI, or IRM will be evaluated under the final remedy selection path discussed in 
Section 9 .1. 3. 

9.1.1 Expedited Response Action Path 

Candidate ERA sites are evaluated to determine if they pose an unacceptable health or 
environmental risk and a short time-frame available to mitigate the problem exists. All units 
and unplanned releases other than those recommended for complete disposition under another 
Hanford program are assessed against -the ERA criteria. The Hanford Site Past-Practice 
Strategy describes conditions that might trigger abatement of a candidate waste management 
unit or unplanned release under an ERA. General!¥, these conditions would rely on a 
determination of, or suspected, existing or near future unacceptable health or environmental 
risk, and a short time-frame available to mitigate the problem. Conditions include, but are 
not limited to: 

• Actual or potential exposure to nearby human populations, biota, or the food 
chain from hazardous substances and radioactive or mixed waste contaminants 

• Actual or potential contamination of drinking water supplies or sensitive 
ecosystems 

• Threats of release of hazardous substances and radioactive or mixed waste 
contaminants 

• High levels of hazardous substances and radioactive or mixed waste contaminants 
in soils that pose or may pose a threat to human health or the environment, or 
have the potential for migration 

• Weather conditions that may increase potential for release or migration of 
hazardous substances and radioactive or mixed waste contaminants 
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The availability of other appropriate federal or state response mechanisms to 
respond to the release 

• Time required to develop and implement a final remedy 

• Further degradation of the medium which may occur if a response action is not 
expeditiously initiated 

• Risks of fire or explosion or potential for exposure as a result of an accident or 
failure of a container or handling system 

• Other situations or factors that may pose threats to human health or welfare or 
the environment. 

These conditions were used as the initial screening criteria to identify candidate waste 
management units and unplanned releases for ERAs. Candidate waste management units and 
releases that did not meet these conditions were not assessed through the ERA evaluation 
path. Additional criteria for further, detailed screening of ERA candidates were developed 
based on the conditions outlined in the Hanford Site Past-Practice Strategy. Quantification 
of these criteria for further screening were developed. These screening criteria are depicted 
in Figure 9-1 and are described below. 

The next decision point on Figure 9-1 used to assess each ERA candidate is whether a 
driving force to an exposure pathway exists or is likely to exist. Units or unplanned releases 
with contamination that is migrating or is likely to significantly migrate to a medium that can 
result in exposure and harm to humans required additional assessment under the ERA 
process. Units or unplanned releases where contamination could migrate and, therefore, 
potentially require significantly more extensive remedial action if left unabated were also 
assessed in the ERA path. 

Waste management units and unplanned releases with a driving force were assessed to 
determine if unacceptable health or environmental risk and a short time-frame available to 
mitigate the problem exists from the release. The criteria used to determine unacceptable 
risks are based on the quantity and concentration of the release. If the release or imminent 
release is greater than 100 times the CERCLA reportable quantity for any constituent, the 
unit or unplanned release remains in consideration for an ERA. If the release or imminent 
release contains hazardous constituents at concentrations that are 100 times the most 
applicable standard, the unit or unplanned release continues to be considered for an ERA. 
Application of the criterion of 100 times applicable standards is for quantification of the 
strategy criterion that addresses "high levels of hazardous substances and radioactive or 
mixed waste contaminants .... " The factor of 100 is based on best engineering judgement of 
what constitutes a high level of contamination warranting expedited action. In some cases, 
engineering judgment was used to estimate the quantity and concentration of a postulated 
release. Standards applied include Model Toxics Control Act (MTCA) standards for 
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industrial sites and DOE and Westinghouse Hanford radiation criteria (refer to Section 6.0). • 
The application of these standards does not signify they are recognized as ARARs. 

The ERA screening criteria, in addition to those presented in the Hanford Site Past­
Practice Strategy, were applied to provide a consistent quantitative basis for making 
recommendations in the AAMS. The decision to implement the recommendations developed 
in the AAMS will be made collectively between DOE, EPA and Ecology based only on the 
criteria established _in the Hanford Site Past-Practice Strategy. 

If a release is unacceptable with respect to health or environmental risk, a technology 
must be readily available to control the release for a unit or unplanned release to be 
considered for an ERA. An example that would require substantial technology development 
before implementation of cleanup would be a tritium release since no established treatment 
technology is available to separate low concentrations of tritium from water. 

The next step in the ERA evaluation path involves determining whether implementation 
of the available technology would have adverse consequences that would off set the benefits of 
an ERA. Examples of adverse consequences include: (1) use of technologies that result in 
risks to cleanup personnel that are much greater than the risks of the release; (2) the ERA 
would foreclose future remedial actions; and (3) the ERA would prevent or greatly hinder 
future data collection activities. If adverse consequences are not expected, the site remains 
in consideration for an ERA . 

The final criterion ·is to determine if the candidate ERA is within the scope of an 
operational program. Maintenance and operation of active waste management facilities are 
within the scope of activities administered by the Waste Management Program. Active 
facilities include certain transfer lines, diversion boxes, catch tanks, and the 207-A and the 
216-A-42 Retention Basins. Generally, active waste management units will not be included 
in past-practice investigations unless operation is discontinued prior to initiation of the 
investigation. The Decommissioning and RCRA Closure Program is responsible for safe and 
cost-effective surveillance, maintenance, and decommissioning of surplus facilities and 
RCRA closures at the Hanford Site. The Decommissioning and RCRA Closure Program is 
also responsible for RARA activities that include surveillance, maintenance, decontamination, 
and/or stabilization of inactive burial grounds, cribs, ponds, trenches, and unplanned release 
sites. 

If the proposed ERA will not address all the contamination present, the unit or 
unplanned release continues through the process to be evaluated under a second path. For 
example, surface contamination cleanup under the RARA Program may not address 
subsurface contamination and, therefore, additional investigation may be needed. 

Final decisions regarding the conduct of ERAs in the aggregate area will be made 
among Ecology, EPA, and DOE based, at least in part, on the recommendations provided in 
this section, and results of the final selection process outlined in WHC (1991b). 
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9.1.2 Limited Field Investigation and Interim Remedial Measure Paths 

High priority waste management units and unplanned release sites were evaluated to 
determine if sufficient need and information exists such that an IRM could be pursued. An 
IRM is desired for high priority units and unplanned releases where extensive 
characteriz.ation is not necessary to reach defensible cleanup decisions. Implementation of 
IRMs at waste management units and unplanned releases with minimal characteriz.ation is 
expected to rely on observational data acquired during remedial activities. Successful 
execution of this strategy is expected to reduce both time and cost for cleanup of units and 
unplanned releases without impacting the effectiveness of the implemented action. 

The initial step in the IRM evaluation path is to categorize the units~ The exposure 
pathways of interest are similar for each waste management unit in a category; therefore, it 
is effective to evaluate candidate units as a group. The groupings used in Section 2.3 (e.g. , 
cribs; tanks and vaults; etc.) will continue to be used to group the units for IRM assessment. 
This grouping approach is especially effective in reducing characterization requirements. As 
done in the 100 Areas using the observational approach, the LFis can be used to characterize 
a representative unit or units in detail to develop a remedial alternative for the group of 
units. Observational data obtained during implementation of the remedial alternative could 
be used to meet unit specific needs. Similarities of waste management units may make it 
possible to remediate them using the observational approach after first characterizing only a 
few units. It is expected, therefore, that a LFI would provide sufficient information to 
proceed with an IRM for groups of similar high priority waste management units. 

Data adequacy is assessed in the next step. The existing data are evaluated to 
determine if: 1) existing data are sufficient to develop a conceptual model and qualitative 
risk assessment; 2) the IRM will work for this pathway; 3) implementing the IRM will have 
adverse impacts on the environment, future remediation activities or data collection efforts; 
4) the benefits of implementing the IRM are greater than the costs. If data are not adequate 
an assessment was made to determine if an LFI might provide enough data to perform an 
IRM. If an LFI would not collect sufficient data to perform an IRM, the unit was addressed 
in the final remedy selection path. 

The final step in the IRM evaluation process is to assess if the IRM will work without 
significant adverse consequences. This includes: will the IRM be successful? will it create 
significant adverse environmental impacts (e.g., environmental releases)? will the costs 
outweigh the benefits? will it preclude future cleanup or data collection efforts? and will the 
risks of the cleanup be greater than the risks of no action? Units where remediation is 
considered to be possible without adverse consequences outweighing benefits of the 
remediation are recommended for IRMs. Low priority unplanned releases at candidate IRM 
units will be included in the IRM evaluations of the candidate units. 

Final decisions will be made among DOE, EPA, and Ecology regarding the conduct of 
IRMs in the PUREX Plant Aggregate Area based, at least in part, on the recommendations 
provided in this AAMSR, and the results of a supporting LFI. 
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9.1.3 Final Remedy Selection Path 

Sites recommended for initial consideration in the final remedy selection path are those 
not recommended for IRMs, LFis, or ERAs and those considered to be low priority sites. It 
is recognized that all units and unplanned releases within the operable unit or aggregate area 
will eventually be addressed collectively under the final remedy path to support a final 
aggregate area or operable unit Record of Decision (ROD). 

The initial step in the final remedy selection process path is to assess whether the 
combined data from the AAMS, and any completed ERAs, IRMs, and LFis are adequate for 
performing a risk assessment (RA) and selecting a final remedy. Whereas the scope of an 
ERA, IRM, and LFI is limited to individual waste management units or groups of similar 
waste management units, the final remedy selection path will likely address an entire 
operable unit or aggregate area. 

If the data are collectively sufficient, an operable unit or aggregate area RA will be 
performed. If sufficient data are not available, additional needs will be identified and 
collected. 

9.2 PATH RECO:Ml\1ENDATIONS 

Initial recommendations for ERA, IRM, and LFI are discussed in Section 9.2.1 through 
. 9.2.3, respectively. Waste management units and unplanned releases proposed for initial 

consideration under the final remedy selection path are discussed in Section 9.2.4. Table 9-1 
provides a summary of the data evaluation process path assessment. A summary of the 
responses to the decision points on the flowchart that led to the recommendations is provided 
in Table 9-2. Following approval by Ecology, EPA, and DOE, these recommendations will 
be further developed and implemented in work plans. 

9.2.1 Proposed Sites for Expedited Response Actions 

Three waste management units meet all the criteria for an ERA prior to determining 
whether the proposed action was within the scope of an operational program. The three units 
are: 

• 216-A-14 French Drain 

• 216-A-28 French Drain 

• 216-A-42 Retention Basin (Active). 

• 

However, each of the units is a surface contamination site and is recommended for 
disposition under the RARA program. A discussion of the recommendations for these waste • 
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management units are included in this section. Since the anticipated response actions are not 
expected to fully remediate the ERA sites, all units will be included for further data 
evaluation. 

9.2.1.1 Sites With Significant Surface Contamination. Each of the three units has levels 
of surface contamination that are high enough to be of immediate concern. Surface 
contamination is immediately accessible to humans (i.e., workers) and biota. The potential 
for transport by the wind or biota · is also significant and so surface migration is also a 
problem. It is expected that the releases of radionuclides and potential radiation exposure 
levels at these units would be greater than 100 times reportable quantities and concentration 
standards. The corrective actions for these surface contamination units are addressed within 
the scope of the RARA Program. 

Surface contamination control activities are recommended for evaluation and 
implementation under the RARA Program. Investigation as a part of the aggregate area RI is 
recommended following the RARA action to confirm waste management unit cleanup. 

• The 216-A-14 French Drain has surface contamination of up to 56,000 dis/min 
(alpha). 

• The 216-A-28 French Drain has surface contamination of up to 2,300 dis/min 
(alpha). 

• The 216-A-42 Retention Basin has surface contamination of up to 
200,000 dis/min (beta/gamma). 

9.2.1.2 Non-ERA Sites. The primary reason most waste management units and unplanned 
releases were not recommended for ERAs was because of the lack of driving force to an 
exposure pathway. Inactive cribs, ponds, ditches, and trenches are no longer receiving waste 
and, therefore, no longer have artificial recharge as a driving force to move subsurface 
contaminants. Natural recharge from local precipitation was not considered a significant 
short-term driving force. Specifics for each waste management unit or unplanned release are 
provided in Table 9-2. 

A majority of the unplanned release sites either will be addressed by the RARA 
Program to eliminate the airborne release pathway or had insufficient quantity and 
concentration of contamination to qualify as an ERA. 

9.2.2 Proposed Sites for Interim Remedial Measures 

Twenty-five of the 90 waste management units and unplanned releases addressed in the 
PUREX Plant Aggregate Area data evaluation process were identified as high priority units 
(refer to section 5. 0) and were assessed as candidates for IRMs. Sixteen of the 25 units were 
designated as high priority units and unplanned releases because of high HRS and mHRS 
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scores. The remaining 9 units and unplanned releases were designated as high priority 
because of surface radiation measurements. The Environmental Protection rankings did not • 
add to the high priority sites because they had been included on the list due to other criteria. 
In addition 8 low priority units were included as IRM candidates because of their similarities. 
Septic tanks and drain fields and the majority of the unplanned releases were two primary 
classes of units not considered in the IRM path. 

All of the 33 candidate IRM waste management units or unplanned releases met the 
criteria for IRM designation with the exception of having adequate data. No direct sampling 
information exists for any of these 33 units. It was determined that an LFI could gather 
sufficient data for 25 of the 33 waste management units or unplanned releases; therefore, 
25 units remain IRM candidates. The remaining 8 units and releases are recommended for 
direct inclusion in the final remedy selection path discussed in Section 9.2.4.1. A discussion 
of the LFis is provided in 9.2.3. 

9.2.3 Proposed Sites for Limited Field Investigation Activities 

Twenty-five waste management units are recommended to undergo LFis. The initial 
decision point in the IRM path is to assess whether data are adequate to conduct an IRM. 
For each of the twenty-five units, only screening level field data and inventory estimates are 
available. No data are available describing the nature and extent of contamination, so LFis 
are required before IRMs may be implemented. The rationale for IRM and LFI will be more 
completely developed in work plans; however, the following addresses possible 
considerations during work plan development. 

Possible LFI objectives would be to: 

• Evaluate the potential for releases from the waste management unit to impact 
underlying groundwater quality. 

• Determine if contamination exists in the soil beneath the waste management unit, 
and if so, assess the extent. 

• Assess the nature and extent of contaminant migration from the waste 
management unit in support of focused feasibility studies. 

Each waste management unit that is recommended for an LFI will be studied as part of 
an analogous group. The analogous site concept is presented in the Hanford Site Past­
Practice Strategy. 

This concept emphasizes that characterization activities can be reduced by identifying 
select sites (analogue sites) for characterization that are representative of group sites 
(analogous groups). This concept is particularly applicable to operable units which contain a 
number of waste management units that are similar in design, disposal history, and geology. • 
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Appropriate confirmatory characteriz.ation, as necessary to support remedial action, can then 
be performed at the sites within each analogous group during remediation. Collection of 
confirmatory data can again be reduced during remediation activities by emphasizing in work 
plans the use of the observational approach discussed in the Hanford Site Past-Practice 
Strategy. 

To facilitate the implementation of these strategies in work plans, individual LFis are 
assembled into analogous groups for study. One analogous group has been identified in the 
PUREX Plant Aggregate Area: cribs and french drains. Specific waste management units 
are then identified that are considered to be representative of the analogous groups. 
Considerations used to select an analogue site for an analogous group include, but are not 
limited to, the following : 

• Disposal history (including type and quantity of waste received) 

• Physical and chemical setting. 

Generally, the selection process favored as analogue sites those units or releases that 
received the most waste and were considered as conservative samples in terms of release 
mechanism, media of concern, exposure routes, and receptors. 

9.2.3.1 Cribs and French Drairis. Twenty-five waste management units have been 
assigned to this analogous group based on their design and type of waste received. These 
units include: 

• 216-A-1 Crib 

• 216-A-2 Crib 

• 216-A-3 Crib 

• 216-A-4 Crib 

• 216-A-5 Crib 

• 216-A-6 Crib 

• 216-A-7 Crib 

• 216-A-8 Crib 

• 216-A-9 Crib 

• 216-A-10 Crib 
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• 216-A-21 Crib 

• 216-A-24 Crib 

• 216-A-27 Crib 

• 216-A-30 Crib 

• 216-A-31 Crib 

• 216-A-32 Crib 

• 216-A-36A Crib 

• 216-A-36B Crib 

• 216-A-37-1 Crib 

• 216-A-37-2 Crib 

• 216-A-41 Crib 

• 216-A-45 Crib 

• 216-A-14 French Drain 

• 216-A-28 French Drain 

• 216-A-524 Control Structure . 

The cribs and french drains have been grouped together because they have similar 
release points. The 216-A-524 Control Structure is included in this LFI grouping since it is 
ancillary equipment which will be remediated along with the 216-A-24 Crib. The 216-A-10 
and the 216-A-36 B Cribs will be investigated under RCRA. Selection of these units as 
group analogs will allow for utiliz.ation of the data produced by the RCRA investigation in 
the CERCLA investigations. Any additional data requirements of the CERCLA investigation 
can be integrated into the RCRA investigation. This approach will maximize efficiencies and 
minimize costs, while securing data that is applicable to all the units in this analogous group . 
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The physical and chemical settings for the releases from these waste management units 
are generally similar: 

• Relatively large-scale liquid releases, up to 7,110,000,000 L (1,880,952,381 gal) 
occurred at these waste management units and wastewater probably reached the 
unconfined aquifer beneath the units (Table 4-15). 

• The waste management units were completed at about the same depths and in the 
same stratigraphic horizons. The depth to groundwater is also similar for all of 
the units (49 to 61 m [162 to 199 ft]). 

• The vadose zone stratigraphy is generally uniform beneath the aggregate area and 
would tend to favor the downward movement of fluid with little lateral spreading. 

Three cribs are proposed for analog study due to the distinct nature of their associated 
PUREX waste streams. These cribs include: 

• 216-A-8 Crib (241-A-431 Building Ventilation Condensate) 

• 216-A-10 Crib (PUREX Process Condensate). 

• 216-A-36B (PUREX Ammonia Distillate Condensate) . 

The french drains with surface contamination were addressed in the IRM path after first 
being assessed in the ERA path. The actions recommended for the units will not address the 
subsurface contaminations in the facilities; therefore, they were included for assessment 

cv under the remaining criteria. 

!"? 9.2.4 Proposed Sites for Fmal Remedy Selection 

• 

A number of unplanned releases, along with several diverse waste management units 
which are unique because of design, contaminants received, or operational history, have been 
proposed for the final remedy selection path. Section 9.2.4.2 discusses the sites proposed for 
direct inclusion in the final remedy selection risk assessment. Direct inclusion in the final 
remedy selection RI is recommended for 63 of the remaining 64 waste management units and 
unplanned releases due to the lack of information to perform RAs and select final remedies. 
These waste management units and unplanned releases are discussed in Section 9.2.4.1. 

9.2.4.1 Proposed Sites for Remedial Investigation. A RI has been recommended for the 
PUREX Plant Aggregate Area which includes several groups of waste management units and 
unplanned releases. The first group contains french drains. The second group contains 
reverse wells. The third group contains the ditches and trenches. The fourth group contains 
the septic tanks and drain fields which require confirmatory sampling to show that the units 
do not contain hazardous or radioactive substances. The fifth group contains retention 
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basins. The sixth group contains burial sites which require confirmatory sampling to show • 
no contamination exists. The seventh group contains unplanned releases which have unique 
contamination histories. 

9.2.4.1.1 French Drains. Nine french drains have been grouped as a single class 
because of their similarity (see Tables 9-1 and 9-2). The french drains include the following : 

• 216-A-11 French Drain 

• 216-A-12 French Drain 

• 216-A-13 French Drain 

• 216-A-15 French Drain 

• 216-A-22 French Drain 

• 216-A-26 French Drain 

• 216-A-26A French Drain 

• 216-A-33 French Drain 

• 216-A-35 French Drain . 

All french drains are low priority units which were assessed in the final remedy 
selection path. Insufficient data exist at this unit to conduct a risk assessment. A RI is 
recommended that would include each of these units to provide nature and extent of 
contamination information to perform a risk assessment for final remedy selection. 

9.2.4.1.2 Reverse Wells. Only one unit, the 299-E-34-11 Injection Well, appears in 
this group. 

This unit is a low priority unit which was assessed in the final remedy selection path. 
Insufficient data exist at this site to conduct a risk assessment. A RI is recommended to 
provide nature and extent of contamination information to perform a risk assessment for final 
remedy selection. 

9.2.4.1.3 Ditches and Trenches. Six units have been placed in this group due to 
their similarity. The group consists of two ditches and four trenches: 

• 216-A-29 Ditch 

• 216-A-34 Ditch 
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• 216-A-18 Trench 

• 216-A-19 Trench 

• 216-A-20 Trench 

• 216-A-40 Trench. 

Two of the units, the 216-A-29 Ditch and 216-A-40 Trench, were rated as high priority 
and evaluated along the IRM path. Data were not adequate to perform an IRM and an LFI 
would not collect sufficient data, so these units were moved to the final remedy selection 
path. In each case insufficient data exists at these sites to provide nature and extent of 
contamination information to perform a risk assessment for final remedy selection. 

The units were grouped and risk assessment possibilities were examined. No data 
exists to determine the nature and extent of contamination at these units. Therefore, 
inclusion in the aggregate area or operable unit RI was recommended to provide data 
adequate to perform a risk assessment and select a final remedy for the units. 

9.2.4.1.4 Septic Tanks and Associated Drain Fields. Seven units have been placed 
in this group because of their similarity. 

• 2607-EA Septic Tank and Drain Field 

• 2607-EC Septic Tank and Drain Field 

• 2607-ED Septic Tank and Drain Field 

• 2607-EG Septic Tank and Drain Field 

• 2607-EJ Septic Tank and Drain Field 

• 2607-EL Septic Tank and Drain Field 

• 2607-E6 Septic Tank and Drain Field . 

There are no sampling or inventory data for any of the units and so an RA cannot be 
performed. Therefore, these units are recommended for inclusion in the aggregate area RI to 
conduct confirmatory sampling. The purpose of a limited sampling program is to confirm 
that no contamination exists in the septic tanks and drain fields. If no contamination were to 
be found, then no further action would likely be recommended. 

9.2.4.1.5 Retention Basins. Two units, 207-A and 216-A-42, have been placed in 
this group. One retention basin (216-A-42) was recommended for action. The action 
implemented under the RARA rogram will mitigate surface radiation of concern. The action 
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implemented under the RARA Program will ~tigate the conditions that caused the unit to be • 
high priority; therefore, the unit was directly included in the final remedy selection path. 
The 207-A Retention Basin was low priority and directly included into the final remedy 
selection. In both cases insufficient data exists to provide nature and extent of contamination 
information to perform a risk assessment for final remedy selection. 

Investigations of the active 207-A Retention Basin and 216-A-42 Retention Basin will 
be included in the past-practices investigation if the units are deactivated prior to the 
investigation. Deactivation of the retention basins will remain with the ongoing program that 
is evaluating alternatives to replace the unit. 

9.2.4.1.6 Burial Sites. Four burial sites have been placed in this group due to their 
similarity. This group includes: 

• 218-E-1 Burial Ground 

• 218-E-8 Burial Ground 

• 218-E-12A Burial Ground 

• 218-E-13 Burial Ground. 

Two of the sites, 218-E-l and 218-E-13, were rated as high priority due to surface 
contamination an4 evaluated along the IRM path. Data were not adequate to perform an 
IRM and an LFI would not collect sufficient data so the units were directly included in the 
final remedy selection path. The 218-E-8 Burial Ground and 218-E-13 Burial Ground were 
low priority and were directly included in the final remedy selection path. In each case, 
insufficient data exist in these sites to provide the nature and extent of contamination 
information to perform a risk assessment for final remedy selection; therefore, the burial 
sites are recommended in the aggregate area RI. 

9.2.4.1. 7 Unplanned Releases. Thirty-four unplanned release sites have been placed 
in this group. The candidate sites are listed in Table 9-1. 

Two of the thirty-four unplanned releases, UN-200-E-88 and UN-200-E-100, were 
rated as high priority because of surface contamination and evaluated along the IRM path. 
Data were not adequate for an IRM and an LFI would not collect sufficient data, so these 
units were moved to the final remedy selection path. In all cases, insufficient data exists at 
these sites to provide nature and extent of contamination information to perform a risk 
assessment for final remedy selection; therefore, these sites are recommended for inclusion in 
the aggregate area RI. 
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9.2.4.2 Proposed Units for Risk Assessment. One candidate has sufficient 
information for inclusion in the RA under the final remedy selection path. The unit, 
216-A-38-1 Crib, was reportedly never used. It is recommended that this unit be included in 
the final RA without additional investigation. 

9.3 SOURCE OPERABLE UNIT REDEFINITION AND PRIORITIZATION 

The investigation process can be made more efficient if units with similar histories and 
waste constituents are studied together. The data needs and remedial actions required for 
similar waste management units are generally the same. It is much easier to ensure a 
consistent level of effort and investigation methodology if like units are grouped together. 
Economies of scale also make the investigation process more cost effective if similar units 
are studied together. 

9.3.1 Units Addressed By Other Aggregate Areas or Programs 

The investigation of one unit should be transferred from the PUREX Plant Aggregate 
Area to the B Plant Aggregate Area for investigation. The 216-A-29 Ditch should be 
transferred to allow it to be investigated with the 216-B-3 Pond System along with units of 
similar regulatory and waste histories. 

The investigation of several units should be transferred from the PUREX Plant 
Aggregate Area to other programs for investigation. The programs include the Waste 
Management Program, the Decommissioning and RCRA Closure Program, and the Single­
Shell Tank Closure Program. Table 9-3 lists the waste management units and unplanned 
releases that are recommended for deferral to these programs. 

The Waste Management Program is recommended to include four catch tanks and 
eleven diversion boxes. These units are located in operable units 200-PO-1 and 200-PO-3. 
The Decommissioning and RCRA Closure Program receives the waste management units 
upon decommissioning. 

The Single-Shell Tank Closure Program is recommended to include all single-shell 
tanks (241-A, 241-AX, and 241-C Tank Farms) and ancillary equipment and unplanned 
releases in the three single-shell tank farms. The UPR-200-E-59 unplanned release in the 
200-PO-1 Operable Unit and the four french drains, 216-A-16, 216-A-17, 216-A-23A and 
216-A-23B in the 200-PO-5 Operable Unit are also recommended for deferral to these 
programs. 

One potentially new site consisting of a fission products release to the environment has 
not been verified as an unplanned release. Action on this site is deferred until an actual 
release has been verified and the regulatory status of the site determined. The unplanned 
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release occurred within the 241-C Tank Farm area; therefore, it should be addressed by the • 
Single-Shell Tank Closure Program. This unplanned release is discussed in detail in 
Section 2.3.10. 

9.3.2 PUREX Plant Operable Unit Redefinition 

Redefinition of the 200-P0-1 through 200-PO-6 Operable Units is suggested based on 
the data valuation in this report. General redefinition is recommended as follows: 

• Investigation of groundwater should be removed from the scope and included in a 
200 East Area Groundwater Operable Unit. Groundwater beneath the source 
operable units interacts with all surrounding operable units since it is not confined 
by the geographic boundaries. Contamination from nearby operable units can 
migrate beneath any PUREX Plant Operable Units. Similarly, the contamination 
originating from the operable units may migrate outside the boundaries of the 
operable units. These interactions with other operable units will necessitate the 
integration of groundwater response actions throughout the 200 East Area. This 
integration would likely be best handled in a combined groundwater operable 
unit, rather than in individual source operable units. 

• High-level waste transfer facilities and encased pipelines should remain within the 
scope of the Waste Management Program and the Decommissioning and RCRA 
Closure Program. The facilities are also structures with no unplanned releases 
and can be dealt with more efficiently in these existing Hanford programs. The 
Tri-Party Agreement does not include these lines within the scope of the past­
practices investigation. Effluent transfer lines associated with individual waste 
management units will be investigated with the respective units. 

• Units included in other programs (e.g., RCRA, Waste Management Program, 
etc.) are listed in Table 9-3. All operable units had sites included in other 
programs. Operable unit 200-PO-6 had the least number of sites recommended 
for inclusion in other programs; only one site, operable unit 200-PO-3, had the 
greatest number of sites recommended for inclusion into other programs; over 50 
sites. 

Specific redefinition of the operable units are as follows: 

• 200-PO-l will have UPR-200-E-59 reassigned to 200-P0-3. This unplanned 
release is associated with the 216-A-40 Trench, but spread into the tank farm area 
and is, therefore, recommended for inclusion in the 200-PO-3 Operable Unit and 
subsequent jurisdiction of the Single-Shell Tank Closure Program. 
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200-P0-3 will have UN-200-E-68, UN-200-E-94, and UN-200-E-100 reassigned 
to 200-P0-1. These unplanned releases are outside the perimeter of the tank 
farm and are more appropriately addressed under the past-practices investigation. 

• 216-A-29 Ditch will be moved from PUREX Plant Aggregate Area jurisdiction to 
B Plant Aggregate Area jurisdiction. This ditch has been a contributor to the 

• 

B Pond System and is more appropriately addressed with the B Plant Aggregate 
Area units. 

Four french drains currently residing in the 200-P0-5 Operable Unit should be 
reassigned to the 200-P0-3 Operable Unit. These french drains currently reside 
within the 241-A Tank Farm boundary and are more adequately addressed as part 
of this operable unit. It is, therefore, recommended that the geographic 
boundaries of the units be redrawn in the area of the 216-A-16, 216-A-17, 
216-A-23A, and 216-A-23B French Drains. The units are located in close 
proximity to one another and very near to a common border of the two operable 
units. Movement of a section of the common border to the east would satisfy the 
recommendation. 

9.3.3 Investigation Prioritization 

Very little if any data exist to rank the waste management units and unplanned releases 
within the PUREX Plant Aggregate Area on a risk-related basis. The HRS and surface 
contamination data which were used to sort the waste management units and unplanned 
releases into either high or low priority are indicators of potential risk but are not suitable to 
develop a risk-related ranking. The most useful data for indicating potential risk are 
probably the waste inventories and facility construction or operation information. 

In the Tri-Party Agreement, the operable units were prioritized in the following order: 
(1) 200-P0-2, (2) 200-P0-5, (3) 200-P0-1 and 200-P0-4, and (4) 200-P0-6. Operable 
unit 200-P0-3 was not prioritized because it contained single-shell tanks. Based on estimated 
waste inventories in Table 2-2, the cribs and french drains received the largest quantities of 
contamination and should be investigated first. This approach would change the 
prioritiz.ation order of the Tri-Party Agreement to the 200-P0-4 Operable Unit being 
recommended for highest priority of investigation. The new order of prioritization would be 
(1) 200-P0-4, (2) 200-P0-2, (3) 200-P0-5, (4) 200-PO-l, and (5) 200-P0-6 . 
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9.3.4 Resource Conservation and Recovery Act Facility Interface 

A number of RCRA waste management units exist in the PUREX Plant Aggregate 
Area. They include: 

• 216-A-29 Ditch 

• 216-A-10 Crib 

• 216-A-36B Crib 

• 218-E-12B Burial Ground 

• 241-A, 241-AX, and 241-C Single-Shell Tank Farm Systems 

• 241-AN, 241-AP, 241-AW, 241-AY, and 241-AZ Double-Shell Tank Farm 
Systems 

• 244-AR and 244-CR Vault 

• 244-A Lift Station. 

• Grout Treatment Facility 

9.3.4.1 RCRA TSD Facilities. The following units are facilities under the control of the 
Waste Management Program: 

• 241-AN, 241-AP, 241-AW, 241-AY, and 241-AZ Double-Shell Tank Farm 
Systems 

• 244-AR and 244-CR Vault 

• 244-A Lift Station 

• 218-E-12B Burial Ground. 

• Grout Treatment Facility 

These units have current RCRA operating permits. Closure is not anticipated to occur 
for some time. Thus, there will be no need to interface with the past-practices program for 
these units at this time. In the event that any of these RCRA TSD facilities are closed while 
past-practices investigation or remediation activities are still occurring, it will be necessary at 
that time for the RCRA TSD closure activities to interface with the past-practices program . 
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9.3.4.2 216-A-10 and 216-A-36B Cribs. The 216-A-10 and 216-A-36B Cribs are inactive 
and also slated for closure. 

The 216-A-10 and 216-A-36B Cribs have been recommended for consideration under 
the IRM path. To be successful, the LFis/IRMs should be integrated with ongoing RCRA 
closure activities to ensure maximum efficiency, compatibility of remedial measures, and 
minimal duplication of efforts. Recommendations for such integration are discussed in detail 
below. 

The 216-A-10 Pond and the 216-A-36B Cribs are scheduled to undergo closure, and 
are expected to be subject to post-closure care. A closure plan is scheduled for submission 
to Ecology and EPA by May 1996. It is recommended that TSD facility closure activities 
and the RFI/CMS investigation and remediation activities for past-practice units be 
integrated. To accomplish the integration, it is recommended that prior to submittal the 
closure plan will include the past-practice program requirements. The resulting document 
would be a combined closure plan and RFI/CMS work plan. 

It is recommended that risk assessment and determination of clean closure be 
performed in a consistent manner for all the analogous group units. To accomplish this, the 
units would be evaluated in accordance with the risk assessment methodology being 
developed and agreed to between DOE, EPA, and Ecology under Tri-Party Agreement 
milestone M-29-03. The latest presentation of the risk assessment protocols appear in The 
Hanford Site Baseline Risk Assessment Methodology. It is expected that these risk 
assessment protocols will be at least as conservative as the guidelines established under the 
proposed 40 CFR Part 264 Subpart S EPA regulations published in the July 27, 1990 Federal 
Register. The Subpart S guidelines will provide the bases for closing RCRA units in a 
manner that will prevent future threats to human health and the environment. Use of the 
milestone M-29-03 methodology would both satisfy the past practices risk assessment 
procedures and allow evaluation of whether or not clean closure of RCRA TSD units had 
been accomplished. 

9.3.4.3 RCRA Single-Shell Tanks. The RCRA regulated 241-A, 241-AX, and 241-C Tank 
Farms and associated facilities will be addressed under the Single-Shell Tank Closure 
Program and are administered under a separate Tri-Party Agreement 30-year schedule. 
Therefore, although there will be RCRA interfaces on these tanks, these interfaces are not 
addressed under this AAMS. 

Investigations have been recommended for several non-RCRA burial ground units 
under this AAMS. Since partial closures and corrective actions of the RCRA burial grounds 
have not been established, the recommended investigations may precede or overlap with 
RCRA activities. It will be necessary to ensure that investigations at non-RCRA units are 
integrated with schedules and proposed actions for the RCRA burial grounds as they are 
incorporated into the final status permit. 
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In addition, there are a number of unplanned releases associated with RCRA TSD 
facilities within the PUREX Plant Aggregate Area that are recommended to be addressed 
during RCRA closure and/or permitting activities. Investigation and remediation of affected 
soils associated with these unplanned releases, if any, would results in a need to interface 
with the planned RCRA facility activities. 

9.4 FEASIBILITY STUDY 

Two types of the FS will be conducted to support remediation in the 200 Areas 
including focused and the final FS. The FFSs are studies in which a limited number of units 
or remedial alternatives are considered. Final FS will be prepared to provide the data 
necessary to support the preparation of final record of decision. Insufficient data exists to 
prepare either a focused or final FS for any units or group of units within the PUREX Plant 
Aggregate Area. Sufficient data are considered available to prepare a FFS on selected 
remedial alternatives. 

9.4.1 Focused Feasibility Study 

Both LFis and IRMs are planned for the PUREX Plant Aggregate Area for individual 
waste management units or waste management unit groups. The IRMs will be implemented 
as they are approved, and the FFSs will be prepared to support their implementation-. The 
FFSs applied in this manner are intended to examine a limited number of alternatives for a 
specific unit or groups of units. The FFSs supporting IRMs will be based on the technology 
screening process applied in Section 7.0, engineering judgement, and/or new characterization 
data such as that generated by an LFI. 

Recommendations for the FFS in support of IRMs are not provided in this report 
because of limited data availability. In most cases, LFis will be conducted at sites initially 
identified for IRMs. The information gathered is considered necessary prior to making a 
final determination whether an IRM is actually necessary or whether a remedy can be 
selected. 

Rather than being driven by an IRM, the FFSs will also be prepared to evaluate select 
remedial alternatives. In this case, the FFSs focuses on technologies or alternatives that are 
considered to be viable based on their implementability, cost, and effectiveness and have 
broad application to a variety of units. The following recommendations are made for FFSs 
that focus on a particular technology or alternative: 

• Capping 

• Ex situ treatment of contaminated soils 

• In situ stabilization . 
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These recommendations reflect select technologies developed in Section 7. 0 of this report . 

The FFS is intended to provide a detailed analysis of select remedial alternatives. The 
results of the detailed analysis provide the basis for identifying preferred alternatives. The 
detailed analysis for alternatives consists of the following components: 

• Further definition of each alternative, if appropriate, with respect to the volumes 
or areas of contaminated environmental media to be addressed, the technologies 
to be used, and any performance requirements associated with those technologies. 
Remedial investigations and treatability studies, if conducted, will also be used to 
further define applicable alternatives. 

• An assessment and summary of each alternative against evaluation criteria 
specified in EPA' s Guidance for Conducting Remedial Investigations and 
Feasibility Studies under CERCLA (EPA 1988b). 

• A comparative analysis of the alternatives that will facilitate the selection of a 
remedial action. 

9.4.2 Fmal Feasibility Study 

To complete the remediation process for an aggregate area, a final or summary FS will 
be prepared. This study will address those sites not previously evaluated and will summarize 
the results of preceding evaluations. The overall study and evaluation process for an 
aggregate area will consist of a number of FFSs, field investigations, and interim RODs. All 
of this study information will be summarized in one final FS to provide the data necessary 
for the final ROD. The summary FS will likely be conducted on an aggregate area basis; 
however, future considerations may indicate that a larger scope is appropriate. 

9.5 TREATABILITY STUDIF.S 

A range of technologies which are likely to be considered for remediation of sites 
within the PUREX Plant Aggregate Area were discussed in Section 7. 3. The range of 
technologies included: 

• Engineered multimedia cover 

• In situ grouting 

• Excavation and soil treatment 

• In situ vitrification 
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• Excavation, treatment, aiicl disposal of transuranic (TRU) radionuclides 

• In situ soil vapor extraction of volatile organic compounds (VOCs). 

Treatability testing will be required to conduct a detailed analysis for most of the 
technologies. Relevant EPA guidance will be relied upon to conduct these future treatability 
studies. A summary of existing programs and treatability testing needs is as follows: 

• Engineered multimedia cover--A number of cover design efforts have taken place 
in support of Hanford Site waste management, permitting, RARA and RCRA 
closure activities. Although performance testing is lacking, a number of 
conceptual cover designs have been developed for various types of waste 
management units. The feasibility/treatability process can be accelerated by 
utilizing existing cover design information. Long-term performance and 
maintenance objectives, and design criteria should be established for various 
categories of waste management units based on the degree of protection required. 
The adequacy of existing conceptual designs should be evaluated against these 
design criteria and modified appropriately. Hydrologic performance and 
constructibility data needs can then be assessed by pilot-scale testing of 
preliminary cover designs. 

• 

• 

In situ grouting--Field pilot tests would be required to assess the required 
injection well spacing and the optimum grout injection methods; bench-scale and 
pilot-scale tests would be required to demonstrate the effectiveness for stabilizing 
the contaminants. 

Excavation and soil treatment-Testing will likely be required for several 
components of an excavation and treatment system. It is anticipated that the 
waste management units would be excavated with conventional mining and 
construction equipment. However, some equipment modifications may be 
required to ensure worker protection. If available, remote excavation equipment 
could be utilized to protect workers at waste management units containing high 
exposure potential. Testing of measures to control fugitive dust during retrieval 
activities will be required. 

The testing required for the treatment process will depend on the type of 
treatment considered and the site-specific conditions. It is anticipated that most 
of the treatability information required could be obtained by a combination of 
literature research, laboratory screening, and bench-scale studies. However, 
pilot-scale testing may be required for certain treatment processes. 

Physical separation (i.e., soil washing) pilot-scale treatability testing within the 
300-FF-I Operable Unit is being planned which will be applicable for the 

• 

200 Areas. The soils of the Hanford Site are well suited for treatment with a 
physical separations process. The soils are predominantly coarse sand and • 
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gravel, with less than 10 % silts and clay. It is expected that contaminants will be 
,~ ' ~ ,, I". ,. :; . 

found largely adsorbed on the smaller soil particles and as coatings on larger 
particles. The physical soil washing process should provide removal of the 
precipitate coatings from the large particles and separation of large from small 
particles. This would result in a large volume reduction by separating and 
concentrating the contaminants. 

The physical separations test in the 300-FF-1 Operable Unit will be conducted in 
three phases. In Phase I, soils will be characterized to assess physical, chemical, 
and radioactive properties. Phase II testing will establish baseline operations and 
capabilities of a system utilizing water as the washing solution. In Phase III, 
performance of the system will be optimized. Phase III may consist of two parts, 
processing with water only, and processing using selected nonhazardous and 
environmentally acceptable chemical extractants, if necessary to optimize the 
system. Laboratory bench tests may be performed to determine the primary and 
secondary chemical extractants to be considered for use in Phase III testing. 
However, it is anticipated that in the 300 Area, physical separation resulting in a 
large volume reduction of contaminated soil may be achieved with water only. 
Chemical extracts maybe required for soil washing to be successful in other areas 
of the Hanford Site (i.e., 200 and 100 Areas). This will depend to a large extent 
on the type of contaminant at the adsorption coefficient. 

If the pilot-scale test is successful in the 300 Area, then the application of this 
process to the 200 Areas should be tested. 

In situ vitrification--In situ vitrification has been tested and field demonstrated on 
soil sites contaminated with radionuclides, heavy metals, and organic wastes. As 
a result of this testing and demonstration program, established capabilities and 
limitations of the in situ vitrification technology have been identified, along with 
technical issues that need to be resolved for successful implementation. The In 
Situ Vitrification Integrated Program was created by DOE's office of Technology 
Development to help resolve these issues and promote deployment of the 
technology in the field. The In Situ Vitrification Integrated Program is currently 
working to resolve the following key issues for implementation at contaminated 
soil sites: 

- Develop methods that accurately predict, measure, and achieve significantly 
greater melt depth and control of the melt shape. Presently, the in situ 
vitrification process has been demonstrated to a depth of 5 m (16 ft). 

- Improve the understanding of and verify VOC contaminant transport behavior . 
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- Determine the potential for transient gas release events while vitrifying • 
contaminated soils under varying conditions. Better define operating 
parameters and limits to ensure containment and treatment of off gases during 
processing. 

- Resolve secondary waste generation and handling concerns as they relate to the 
volatiliz.ation of 137es from highly concentrated soils. 

Other DOE in situ vitrification related activities include evaluating the cost of in 
situ vitrification against other technologies (report to be released before fiscal 
year end) and a field demonstration at the Idaho National Engineering Laboratory 
(INEL) during fiscal year 1993. Additional field demonstrations will be required 
before all issues surrounding implementation of in situ vitrification to 
contaminated soil sites can be resolved. 

There is a large uncertainty whether the In Situ Vitrification Integrated Program 
will obtain the funding required to resolve these issues. Without resolution of 
these issues in situ vitrification will have very limited application to remediation 
at the Hanford Site. 

Excavation, treatment and disposal of transuranic radionuclides--Development and 
testing of methods to characterize, retrieve, treat, and package waste from TRU 
contaminated waste management units will be required. The DOE Office of 
Technology Development has established the Buried Waste Integrated 
Demonstration (BWID) at INEL to resolve these issues. The BWID is focused 
on sites containing buried waste; however, it is expected that many of the original 
containers at INEL degraded significantly, resulting in contamination of the 
immediately surrounding soil. As a result, the BWID will also be resolving some 
of the issues surrounding retrieval and treatment of TRU contaminated soil. 

A major concern for retrieval of TRU contaminated materials will be control of 
fugitive dust. Testing of various types of foams and fixants, that will not 
interfere with treatment and disposal, will be required. In addition, development 
of foams and fixants for dust control will be important for non-TRU contaminated 
waste management units. The use of containment structures (e.g. buildings) to 
contain fugitive dust during remediation is very expensive and cumbersome 
(creating problems for both equipment and workers). A significant cost savings 
could be realized if foams and fixants are used in place of containment structures. 

In situ soil vapor extraction of volatile organic compounds--Development and 
testing of methods to characterize, retrieve, and treat waste from voe 
contaminated soil will be required. The DOE has established the voe-Arid 
Integration Demonstration to resolve these issues. The Z Plant Aggregate Area is 
currently the initial host site for the demonstration and is associated with an 
active ERA to remove carbon tetrachloride from the vadose zone using vapor 
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extraction. These activities are expected to resolve numerous design and 
treatability issues associated with irl situ soil vapor extraction. However, 
additional treatability testing may be required to resolve site specific data needs. 

As treatability testing of the various alternatives progresses, other parameters are likely 
to be identified which require further development. 
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Operable 
Waste Management Unit Unit ERA IRM LFI RA RI OPS Remarks 

. --

.-•.• - •:( :·_. :. :::::::!:::: :: tt>· ; .)y : .. ::: : :::r c~ h; itnd Drains -. _ ............ }_) tt•t<>••·••<·••· .><< < . •--- -·•••-•··•·-\< 
.... -.. 

._ .. , ··< ·::::.:::·. ·.·,:-: ·'.:·- ·. .. -

.., 
~ -('I) 
'° 216-A-1 Crib 200-P0-5 -- X X -- -- -- -- I -

216-A-2 Crib 200-P0-2 -- X X -- -- -- --
216-A-3 Crib 200-P0-1 -- X X -- -- -- --
216-A-4 Crib 200-PO-2 -- X X -- -- -- --

'"dV) 
de:: 
~§ 
~~ 

216-A-5 Crib 200-PO-2 -- X X -- -- -- --
216-A-6 Crib 200-PO-4 -- X X -- -- -- --
216-A-7 Crib 200-P0-5 -- X X -- -- -- --
216-A-8 Crib 200-PO-5 -- X X -- -- -- --
216-A-9 Crib 200-PO-l -- X X -- -- -- --
216-A-10 Crib 200-PO-2 -- X X -- -- -- --
216-A-21 Crib 200-P0-2 -- X X -- -- -- --
216-A-24 Crib 200-P0-5 -- X X -- -- -- --
216-A-27 Crib 200-PO-2 -- X X -- -- -- --
216-A-30 Crib 200-PO-4 -- X X -- -- -- --

'"do ..... ....., a s- e, 
0 >('I) tI1 (JQ:;ICI -(1Q ('I) 
~ '"1 r;n 

('I) t::: I 
(1Q - '° ~ i;;- N ..... 
('I) 0 I 

> ...... ~ 
~ 5' ::ic . s- ~ 
~~ 0 ::r ~ 
8 c:: ..... ~ 
...,.i:t. 

0 
0 ::s 
...... > °' r;n -~ 

216-A-31 Crib 200-PO-2 -- X X -- -- -- --
r;n 
r;n 

3 
216-A-32 Crib 200-PO-1 -- X X -- -- -- -- g ..... 

216-A-36A Crib 200-PO-2 -- X X -- -- -- -- o' 
'"1 

216-A-36B Crib 200-P0-2 -- X X -- -- -- --
216-A-37-1 Crib 200-PO-4 -- X X -- -- -- --
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Operable 
Waste Management Unit Unit ERA IRM 

216-A-37-2 Crib 200-PQ-4 -- X 

216-A-38-1 Crib 200-P0-2 -- --
216-A-41 Crib 200-P0-1 -- X 

216-A-45 Crib 200-P0-2 -- X 

216-A-11 French Drain 200-P0-1 -- --
216-A-12 French Drain 200-P0-1 -- --
216-A-13 French Drain 200-P0-1 -- --
216-A-14 French Drain 200-P0-1 -- X 

216-A-15 French Drain 200-P0-2 -- --
216-A-22 French Drain 200-P0-5 -- --
216-A-26 French Drain 200-P0-5 -- --
216-A-26A French Drain 200-P0-1 -- --
216-A-28 French Drain 200-P0-1 -- X 

216-A-33 French Drain 200-P0-1 -- --
216-A-35 French Drain 200-P0-1 -- --·.••••i•••·>.>I•:••· - .·.•. •···•·•·········· · ....... 

RevJrse Wells · .. 
/ ··• .. : .. ·.· . :: ··. t<( . ..... : 

299-E24-111 Iniection Well 200-P0-2 -- --

• 

LFI RA RI OPS 

X -- -- --
-- X -- --
X -- -- --
X -- -- --
-- -- X --
-- -- X --
-- -- X --
X -- -- X 

-- -- X --
-- -- X --
-- -- X --
-- -- X --
X -- -- X 

-- -- X --
-- -- X --

· .. · .. } > y \/ 
··• 

-- -- X --

Remarks 

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

RARA - Surface 
Contamination 

--
--
--
--

RARA - Surface 
Contamination 

--
--

··.. L ·•· / 
..: ·•·· . 

--

• 

0 -
0 
t!:! 
~ 
\0 
N " 
~ -

:;d 

~ ~ 
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216-A-29 Ditch Deferred to B Plant 
~--------------~---~--~-~--~-~--~-~-~A~r~e~are~A=r~~~~g[

3 216-A-34 Ditch G1 

200-P0-5 X 

200-P0-5 X 

200-P0-5 X 

200-P0-5 X 

200-P0-5 X 

200-PO-l X 

Facilities ·•· Diversion Boxes and Pi lines 

X X 
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~ 
~ ...... 
0 
\0 

I ...... . 

~~ u 
218-E- l Burial Ground 200-PO-l X ~o 

...... >-+, a-s- - t1 
218-E-8 Burial Ground 200-PO-6 X 0 >o ~ 

200-PO-6 
OQ ~ 

218-E-12A Burial Ground X OQ 0 ~ 
~ 

~ ~ I 

200-PO-l X OQ ...... \0 ~ ~ N - oo I 

Q. 
~ >-+, 

~ --- -

UN-200-E-10 Un lanned Release 200-PO-l X ~ 51 ~ . S' ~ 
UN-200-E-l l Un lanned Release 200-PO-l X -.. tr1 

(n < 0 

UN-200-E-12 Un tanned Release 200-PO-l X [~-..... ~ 
~ i::t. 

UN-200-E-13 Un tanned Release 200-PO-2 X 0 
0 ::s 
>-+, 

UN-200-E-15 Un tanned Release 200-PO-l X . > 
~~ 

0 
UN-200-E-19 Un tanned Release 200-PO-l X ti> 

ti> 

3 
UN-200-E-20 Un tanned Release 200-PO-l X 0 ::s ..... 
UN-200-E-22 Un tanned Release 200-PO-2 X o' 

'"1 

UN-200-E-25 Un tanned Release 200-PO-2 X 
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Waste Mana~ement Unit 
Operable 

Unit ERA IRM LFI RA RI OPS Remarks 

UN-200-E-26 Unplanned Release 200-PO-2 -- -- -- -- X -- --
UN-200-E-28 Unplanned Release 200-PO-l -- -- -- -- X -- --
UN-200-E-31 Unplanned Release 200-PO-l -- -- -- -- X -- --
UN-200-E-33 Unplanned Release 200-PO-l -- -- -- -- X -- ---
UN-200-E-35 Unolanned Release 200-PO-l -- -- -- -- X -- --
UN-200-E-39 Unplanned Release 200-PO-2 X --- -- -- -- -- --
UN-200-E-40 Unplanned Release 200-PO-2 -- -- -- -- X -- --
UN-200-E-42 Unplanned Release 200-PO-l -- -- -- -- X -- --
UN-200-E-49 Unolanned Release 200-PO-l -- -- -- -- X -- --
UN-200-E-56 Unplanned Release 200-P0-5 -- -- -- -- X -- --

..... 
UN-200-E-58 Unolanned Release 200-PO-l -- -- -- -- X -- --
UN-200-E-60 Unplanned Release 200-PO-l -- -- -- -- X -- --
UN-200-E-62 Unolanned Release 200-P0-6 -- -- -- -- X -- --
UN-200-E-65 Unplanned Release 200-PO-l -- -- -- -- X -- --
UN-200-E-67 Unolanned Release 200-PO-5 -- -- -- -- X -- --
UN-200-E-68 Unplanned Release 200-PO-3 -- -- -- -- X -- --
UN-200-E-72 Unplanned Release 200-PO-3 -- -- -- -- X -- --
UN-200-E-88 Unolanned Release 200-PO-l -- -- -- -- X -- --
UN-200-E-94 Unplanned Release 200-PO-3 -- -- -- -- X -- --
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Operable 
Waste Management Unit Unit ERA IRM LFI RA RI OPS Remarks 

UN-200-E-96 Unolanned Release 200-PO-l -- -- -- -- X -- --
UN-200-E-97 Unolanned Release 200-P0-2 -- -- -- -- X -- --
UN-200-E-99 Unolanned Release 200-P0-3 -- -- -- -- X -- --
UN-200-E-100 Unolanned Release 200-P0-3 -- -- -- -- X -- --
UN-200-E-114 Unolanned Release 200-PO-l -- -- -- -- X -- --
UN-200-E-117 Unolanned Release 200-P0-2 -- -- -- -- X -- --
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LFI Fmal 
ERA Evaluation Path IRM Evaluation Path Path Remedy 

Treat- No 
Wutc Manaaemelll ban melll Adverse ()per- Adverse 
Unit or Unplanned ERA Path- Quan- Concen- Avail- Conae- ational High Data Conae- Collect Data 
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Table 9-3 . Waste Management Units and Unplanned Releases Deferred to 
Other Programs. (sheet 1 of 3) 

Site Name Site Type Proerain Active/Inactive Ooerable Units 

~ ··+~~·~··•v:t1a::::: ;:;::::::::::- :): ·/[::··~ :::::::::=;::::::::-::::· 

241-A-3S0 Catch Tanlc WMP Active 200-PO-3 

241-A-417 Catch Tanlc WMP Active 200-PO-3 

241-A-101 Sin2le-Shell Tanlc SSTCP Inactive 200-PO-3 

241-A-102 Sinjde-Shell Tanlc SSTCP Inactive 200-P0-3 

241-A-103 Sin2le-Shell Tanlc SSTCP Inactive 200-P0-3 

241-A-104 Sin2le-Shell Tank SSTCP Inactive 200-P0-3 

241-A-10S Sin2le-Shell Tanlc SSTCP Inactive 200-PO-3 

241-A-106 Sin2le-Shell Tanlc SSTCP Inactive 200-PO-3 

241-A-302A Catch Tanlc WMP Active 200-PO-1 

241-AX-101 Sin2le-Shell Tanlc SSTCP Inactive 200-PO-3 

241-AX-102 Sin2le-Shell Tank SSTCP Inactive 200-P0-3 

241-AX-103 Single-Shell Tanlc SSTCP Inactive 200-PO-3 

241-AX-104 Single-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-101 Sin1?1e-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-102 Sin2le-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-103 Sin2le-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-104 Sinide-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-10S Sin2le-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-106 Sin2le-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-107 Sini?le-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-108 Sin2le-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-109 Sin2le-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-110 Sinide-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-111 Sinide-Shell Tanlc SSTCP Inactive 200-P0-3 

241-C-112 Sin2le-Shell Tank SSTCP Inactive 200-P0-3 

241-C-201 SinJde-Shell Tank SSTCP Inactive 200-P0-3 

241-C-202 Single-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-203 Single-Shell Tanlc SSTCP Inactive 200-PO-3 

241-C-204 Sin2le-Shell Tanlc SSTCP Inactive 200-P0-3 

241-C-301C Catch Tanlc SSTCP Inactive 200-PO-3 
.......... 

. /: \ ::::::: :::::{:{ :::::::::::::1::::::::::: :::::::::::r :::::: :::t±tltii~ ·> -
216-A-16 French Drain SSTCP Inactive 200-PO-S 

216-A-17 French Drain SSTCP Inactive 200-PO-S 

9T-3a 
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Table 9-3 . Waste Management Units and Unplanned Releases Deferred to 
Other Programs. (sheet 2 of 3) 

Site Name Site Type Proeram. Active/Inactive Operable Units . 
216-A-23A French Drain SSTCP Inactive 200-PO-5 

216-A-23B French Drain SSTCP Inactive 200-PO-5 

216-A-39 Crib SSTCP Inactive 200-PO-3 

216-C-8 French Drain SSTCP Inactive 200-PO-3 

··••\> - ··•· ,r::.,·········•·· '" , J ,d 
:;; ·.:•···•·~ ..... ·.; ]{i : ? ·=•· i : : : ...... 

241-A-151 Diversion Box WMP Active 200-P0-1 

241-A-152 Diversion Box SSTCP Inactive 200-PO-3 

241-A-153 Diversion Box SSTCP Inactive 200-PO-3 

241-A-A Diversion Box WMP Active 200-PO-3 

241-A-B Diversion Box WMP Active 200-PO-3 

241-AR-151 Diversion Box WMP Active 200-PO-3 

241-AX-151 Diversion Box WMP Active 200-P0-3 

241-AX-152DS Diversion Box WMP Active 200-PO-3 

241-AX-155 Diversion Box WMP • Active 200-PO-3 

241-AX-501 Valve Pit WMP Active 200-PO-3 

241-AX-A Diversion Box WMP Active 200-PO-3 

241-AX-B Diversion Box WMP Active 200-PO-3 

241-C-151 Diversion Box SSTCP Inactive 200-PO-3 

241-C-152 Diversion Box SSTCP Inactive 200-PO-3 

241-C-153 Diversion Box SSTCP Inactive 200-PO-3 

241-C-252 Diversion Box SSTCP Inactive 200-PO-3 

241-CR-151 Diversion Box SSTCP Inactive 200-PO-3 

241-CR-152 Diversion Box SSTCP Inactive 200-PO-3 

241-CR-153 Diversion Box SSTCP Inactive 200-PO-3 

241-ER-153 Diversion Box DWMP Active 200-PO-3 

: :: ::ir :1 : i:m:::: := u::=J :::::: ::::::::ti:::: ::::::::: IJ::uJ . ·.· ; ... ·; Ii~1~ : ]f: := : ::t t J: . ·•.J :: .>:ti/ff: u:: 
UN-200-E-16 Unolanned Release SSTCP - 200-PO-3 

UN-200-E-18 Unolanned Release SSTCP - 200-PO-3 

UN-200-E-27 Unolanned Release SSTCP - 200-PO-3 

UN-200-E-48 Unolanned Release SSTCP - 200-PO-3 

UN-200-E-81 Unolanned Release SSTCP - 200-PO-3 

UN-200-E-82 Unplanned Release SSTCP - 200-PO-3 

UN-200-E-107 Unplanned Release SSTCP - 200-P0-3 

UN-200-E-118 Unplanned Release SSTCP - 200-P0-3 

9T-3b 
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Table 9-3. Waste Management Units and Unplanned Releases Deferred to 
Other Programs. (sheet 3 of 3) 

Site Name 
~ 

Site Tvoe Protnam Active/Inactive - • 1e Units 

UPR-200-E-59 Unplanned Release SSTCP - 200-P0-1 

UPR-200-E-119 Unplanned Release SSTCP - 200-P0-3 

UPR-200-E-125 Unplanned Release SSTCP - 200-P0-3 

UPR-200-E-126 Unplanned Release SSTCP - 200-P0-3 

UPR-200-E-136 Unplanned Release SSTCP - 200-P0-3 

UPR-200-E-137 Unplanned Release SSTCP - 200-P0-3 

WMP = Waste Manafement Program 
SSTCP = Single-Shel Tanlc Closure Program 

9T-3c 
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A-1.1 INTRODUCTION 

Geophysical well logging has been conducted in monitoring wells located within the 
200 East and West Areas since 1954 and in the PUREX Plant Aggregate Area since at least 
as early as 1958. Such logging can be used to map lithologic boundaries (Additon 1978; 
Last et al. 1989; Brodeur and Koizumi 1989), soil moisture content (Lane 1990) and to 
evaluate the location and extent of radionuclides in the subsurface due to waste disposal 
activities (Fecht et al. 1977; Additon 1978; Brodeur 1988; Lane 1990). The geophysical 
borehole logging techniques that have been used include density, neutron, temperature, and 
gross gamma radiation logging. The most successful of these for mapping lithologic 
boundaries and monitoring radionuclides in the subsurface has been the gross gamma 
logging. The other techniques have been less successful because either they are not suitable 
for use in cased holes or they do not measure radiation (Lane 1990). 

Previous studies based on the gross gamma logs collected from wells monitoring 
various waste management units in the 200 East and West Areas were conducted in 1964, 
1969, 1977, 1978, 1986, and 1988. The tank farms located in the 200 East and West Areas 
were not considered in these reports. Additon et al. (1978) reports that the 1964 study by 
Raymond and McGhan discusses the disposition of radionuclides beneath most of the waste 
management units active between 1945 and 1963. The 1969 study (Tillson and 
McGhan 1969) is reported by Additon et al. (1978) to be a discussion of the waste 
management units where significant changes in the gamma logs were observed after 1963. 
The report by Fecht et al. (1977) is a qualitative study of the distribution, redistribution, and 
decay of radionuclides beneath approximately 100 waste management units in the 200 East 
and West Areas. Fecht et al. (1977) included a summary of the waste disposal history of 
each facility evaluated and based their conclusions on approximately 300 selected gross 
gamma logs collected between 1954 and 1976. Plots of the logs used were provided with the 
report. Additon et al. (1978) provided a complete summary of the logging systems used and 
a discussion of the limitations of using gross gamma logs to evaluate the distribution and 
composition of radionuclides in the subsurface. The methodologies used to qualitatively 
evaluate the gross gamma logs collected from wells monitoring the waste disposal facilities in 
the 200 East and West Areas were also summarized. Plots of the gross gamma logs 
collected from 154 monitoring wells outside the tank farms in the 200 East Area was 
included in the report by Additon et al. (1978). Chamness (1986) and Brodeur (1988) 
reviewed gross gamma logs available from selected wells in the 200 Areas and qualitatively 
summarized any changes in the logs between 1976 and the dates of their reports. 

Thirty-one active and inactive waste management units in the PUREX Plant 
Aggregate Area, which are monitored by wells in which gross gamma logs are collected, 
were evaluated in this study. These waste management units were grouped into eight 
geographically related areas and been qualitatively evaluated in terms of the location and 
extent of radionuclides in the subsurface, any evidence of vertical or lateral migration, and 
the potential for radionuclides reaching the ground water (Figure Al-1). The results of the 
evaluations for these waste management units are summarized in Table Al-1. Additionally, 
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logs from the three inactive single-shell tank farms in the PUREX Plant Aggregate Area 
were reviewed and the approximate extent, location and source of radionuclides in the 
subsurface summarized. The results of the tank farm evaluations are summarized in 
Table Al-1. 

A-1.2 GROSS GAMMA LOGGING 

Borehole gross gamma radiation measurements are used to determine the level of 
gamma activity with depth in the vicinity of the well bore. These measurements do not 
differentiate between the mechanisms through which gamma radiation is produced or the 
energy of the gamma radiation photons detected. The response of the gamma radiation 
detector to different energy levels is generally unknown, except perhaps for the lowest 
energy photon detectable (Arthur 1990). ,Gross gamma logs cannot be used to determine the 
isotopic composition of the subsurface since this is determined through the analysis of the 
energy spectra of the gamma radiation detected. The capability to measure the spectra of 
gamma radiation detected in the subsurface and assay the types and amounts of isotopes 
present is currently being developed, but has not yet reached the stage of practical application 
(Lane 1990; Price et al. 1990). 

The bulk of the gamma logs available for the PUREX Plant Aggregate Area were 
collected with scintillation probes by Pacific Northwest Laboratories (PNL) or by the Tank 
Farm Surveillance Analysis and Support group (TFSA&S). Scintillation probes detect the 
flash of light produced by the interaction between a gamma photon and a crystal of thallium­
activated sodium iodide (Nal(Tl)) with a photomultiplier tube. The resulting pulse of 
electricity is amplified, routed through a signal generator and sent through the logging cable 
to the surface. The pulses are separated from the electrical signal with a discriminator, 
amplified, counted by a rate meter and output to a pen plotter, which is driven at a rate 
determined by the logging speed (Pecht et al. 1977; Additon et al. 1978; Brodeur and 
Koizumi 1989; Arthur 1990). 

The accuracy and precision of gamma activity measurements in the subsurface is 
determined by details of the logging system instrumentation, the field data acquisition 
methodology, the surrounding media, and the radionuclides present. The relationship 
between the gamma activity detected by a scintillation probe and the actual activity, the 
distance gamma radiation may travel through geologic materials before being completely 
attenuated and the vertical resolution of changes in activity by the logging systems used will 
be discussed below. 

The time required for the logging system to process a detected gamma photon, or 
. 

11 dead time 11
, is an important limitation in the measurement gamma activity (Brodeur and 

• 

Koizumi 1989; Arthur 1990). During this short span of time, no other photons will be • 
processed by the instrument. The "dead time" computed for the PNL system currently in use 
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is 17.8 microseconds (Arthur 1990). Based upon this value, the maximum count rate this 
logging system is capable of is about 56,000 counts per second (ct/sec). If the activity is 
above that level, the system will become "paralyzed" and read Oct/sec until it resets itself. 
The maximum count rate of the TFSA&S system currently in use is about 100,000 ct/sec 
with Probe No. 4 (Strong 1980). This suggests that the "dead time" of their logging system 
is about 10 microseconds. There is no evidence that TFSA&S's system will become 
paralyzed if this activity level is exceeded. 

The actual gamma activity on an interval may be computed by multiplying the "dead 
time" corrected activity by a factor consistent with the amount of attenuation due to well 
construction. The amount of attenuation of the gamma radiation experiences in penetrating 
well casing is significant. A single string of casing reduces the count rate measured by the 
scintillation probe by about 25 % , groundwater in an uncased hole reduces the observed count 
rate by 11 % , and groundwater in a cased hole reduces the observed count rate by about 33 % 
(Brodeur and Koizumi 1989; Arthur 1990). 

The relationship between the gamma activity observed with a scintillation probe and 
the actual activity is linear over much of the system's range. However, above some 
threshold activity level, the relationship between the observed and actual activity becomes 
non-linear. At this point the tool is said to be saturated. The gross gamma logging system 
currently in use by PNL becomes saturated around 14,500 ct/sec (Brodeur and 
Koizumi 1989; Arthur 1990), and that currently in use by TFSA&S with Probe No. 4 
becomes saturated around 70,000 ct/sec (Strong 1980). 

Where the relationship between the observed and actual gamma activity is linear, and 
complete details of well construction are available, the activity may be converted to standard 
units related to decay rates or to concentrations of specific radionuclides (thorium or uranium 
for example). Such conversions allow the direct comparison of data collected by different 
logging systems and quantitative analyses of the concentrations of gamma emitters with 
depth. To achieve this, it is necessary to calibrate the scintillation probes used with a model 
bore hole containing intervals with known activities (Strong 1980; Brodeur and 
Koizumi 1989; Arthur 1990). The rigorous procedures and facilities necessary for 
calibrating scintillation probes have not yet been completed. 

A scintillation probe is calibrated by periodically adjusting the components of the 
system to meet established specifications and by logging a test well with intervals of known 
activity under standard conditions. The probe's calibration is then verified in -the field before 
and after each logging run using 1>9rtable equipment and procedures, which are correlated 
with those of the calibration procedure. Standard conditions are established by constructing 
the test bore hole in a known geologic environment with background radiation levels similar 
to those found in the area where the probe is used. The test well should be constructed in a 
similar fashion to the wells to be logged by the probe (Brodeur and Koizumi 1989). 

The average distance through which gamma radiation penetrates geologic and well 
construction materials and is still detected by the scintillation probe is known as the radius of 
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investigation. This distance is determined by the density of the media surrounding the bore • 
hole, the well construction materials, and the energy and intensity of the gamma radiation. 
The average radius of investigation for gross gamma radiation measurements in an open hole 
is about 0.3 m (1 ft) from the wall of the bore hole in sedimentary rocks 
(Schlumberger 1972). The radius of investigation is larger on intervals where there are high 
concentrations of radionuclides since higher intensities of gamma radiation will penetrate a 
greater thickness of a given material. The radius of investigation is decreased by well 
casing, grout, and groundwater since they increase the effective density of sediments. 
Another factor in determining the radius of investigation is the tool response to low energy 
(frequency) gamma photons. The scintillation probe currently used by PNL has a low energy 
cutoff of between 46.5 and 59.5 keV (Arthur 1990). Gamma radiation with energies below 
this value will not be detected by that probe. The low energy cutoff for the probes used by 
TFSA&S is unknown. 

The vertical resolution and apparent location of a change in the gamma activity 
measured by a scintillation probe depends upon details of how the probe signal is processed 
by the rate meter ~d the logging speed. The rate meter used in PNL's logging system 
differs from that used by TFSA&S. The rate meter used by PNL smooths its output using an 
electronic circuit (an RC circuit). The amount of smoothing is determined by the time 
constant of the circuit used. This removes statistical variations in the signal detected by the 
scintillation probe and improves the reproducibility and sensitivity of the data. However, a 
"lag" is introduced between the depth at which a change in the gamma activity is first 
encountered by the scintillation probe and the depth at which it is plotted. The size of this 
"depth lag" is the distance traveled before half of the amplitude of the change in activity is 
recorded. One time constant is required to reach 63% of the amplitude of any change in 
activity. So, the "depth lag" is approximately the product of the logging speed and the time 
constant used (Schlumberger 1972). Before 1989, the logging speed used by PNL was 4.5 m 
(15 ft) per minute (0.07 m, 0.25 ft per second) and the time constant used was 3 seconds. 
This results in a depth lag of 0.2 m (0. 75 ft). The thinnest interval of elevated activity 
which can be resolved is also 0.2 m (0.75 ft) on these older profiles. In 1989, the logging 
speed was reduced to 1.5 m/min (5 ft/min) 2.5 cm/sec (1 in./sec) and the time constant to 1 
second. The expected vertical resolution and "depth lag" of these logs is 2.5 cm (1 in.). 
The rate meter used by TFSA&S sums the pulses over the period of time required for the 
probe to ascend through 0.3 m (1 ft) and averages the reading over time. This process does 
not remove the statistical variations from the data so the data are less reproducible. Since no 
time constant is used, no "lag" between the depth a change in gamma activity is encountered 
and the depth where it is plotted is introduced. However, the vertical resolution of changes 
in activity on these logs is 0.3 m (1 ft), the distance over which the activity is averaged. 
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A-1.3 TECHNICAL APPROACH 

Scintillation probe profiles collected periodically from monitoring wells within the 
PUREX Plant Aggregate Area have been used to qualitatively to assess the location and 
extent of radionuclides in the subsurface, any evidence of vertical or lateral migration, and 
the potential for radionuclides from waste disposal activities reaching the groundwater. The 
approach used here is similar to that of Pecht et al. (1977). Scintillation probe profiles 
collected from wells monitoring a facility or group of facilities were compiled and analyzed 
in an attempt to gain an understanding of the subsurface distribution of gamma emitters from 
waste disposal activities. Each analysis is accompanied by a summary of the types and 
sources of wastes handled, the service dates and the volume of wastes disposed of or stored 
at a given facility. The conclusions reached in these evaluations should not be considered the 
final word since they are based on a limited data set, which can only be used for qualitative 
purposes. 

The approach used here differs from that of Pecht et al. (1977) and other previous 
evaluations in the manner in which the data were compiled and analyzed. The thirty-one 
waste management units evaluated were grouped into eight geographic areas and evaluated as 
a whole (Figure Al-1). The three tank farms for which summary evaluations were made 
were accounted for _three additional areas. Geological methods of analysis incorporating 
cross sections and mapping of subsurface attributes such as the thickness of zones of elevated 
gamma radiation and relevant lithologic horizons were used extensively. The advantages of 
this approach are the clearer representation of potential subsurface conditions around the 
waste disposal facilities, and identification of data deficiencies. 

Pecht et al. (1977) attempted to "normalize" the scintillation probe profiles used in 
their evaluations to a level consistent with the profiles collected in 1976. This normalization 
scheme involved scaling the profiles from each vintage using an average "peak to 
background" ratio and bulk shifting the corrected curves to correspond to the 1976 profiles. 
Since there are distinct differences between the response characteristics of each logging 
system and their modifications (in the saturation levels, low energy cutoff, etc), there are 
doubts to the validity of such an exercise. The logs used in the evaluations presented here 
have not been normalized. 

No attempt has been made to quantitatively compare the activity levels detected by 
different vintages of scintillation probes in the evaluations presented here. If gross changes 
in the profiles are evident, they have been noted in a qualitative sense. 
The criteria used to identify radionuclide decay are the significant, consistent decline of 
activity levels and the "narrowing" of the features representing elevated radiation on the logs 
over time. However, such changes may also be indicative of lateral migration of 
radionuclides away from a particular well. Identification of lateral migration is generally 
uncertain. The most reliable criteria for identifying lateral migration of radionuclides is the 
notable increase of activity on an interval in a well that is downgradient ( of a stratigraphic or 
hydrologic boundary) from other wells with elevated activity on a similar interval. It is very 
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important to consider the spacial and temporal context of the scintillation probe data in 
determining if lateral migration has occurred, even on a qualitative level. 

Although the activity measured by the scintillation probes cannot be quantified to 
known standards, the activity in the subsurface may be reliably located. The location of 
features in the scintillation probe profiles such as the top and bottom of intervals of elevated 
gamma radiation are generally found at the same depth on successive logs. Care must be 
taken in comparing the logs collected by TFSA&S and PNL. Depth discrepancies of up to 
5 feet have been noted between these logs. This error is due in part to the II depth lag II of the 
PNL logging system. This "depth lag" will place equivalent features on PNL logs (collected 
before 1989) 0. 75 feet shallower than those on TFSA&S logs. Also, differences in the 
responses of the PNL and TFSA&S systems may account for some of this discrepancy. 

Three criteria were used to establish downward migration of radionuclides in the 
vicinity of a well. The most important of these was an unambiguous downward displacement 
of the top and bottom of a region of elevated radiation with time. Downward migration of 
other correlatable features on an interval of elevated activity may be used in support of this 
evidence. Secondly, the total amount of downward migration should exceed the vertical 
resolution of the logging system used (0.22 m, 0. 75 ft, for the PNL pre-1989 logs and 
0.3 m, 1 ft, for TFSA&S logs). Finally, any change in the point from which depths are 
measured during logging should be identified and accounted for, this can be inferred from 
stationary subsurface features, such as lithologic boundaries and bottoms of casing strings. 

All of the available well data were reviewed for each area evaluated, and selected logs 
were used to construct cross sections representative of subsurface conditions. These cross 
sections were correlated with stratigraphic information from nearby wells, regional cross 
sections and regional mapping. Boundaries of zones of elevated gamma radiation were also 
marked. Any mappable attributes that could be used to represent the location and extent of 
the region of elevated gamma radiation were compiled into maps. The evaluation of the 
scintillation probe profiles referenced these graphical representations to describe the location 
and extent of any zones of elevated gamma radiation, and the behavior of this zone over 
time, particularly in regards to vertical or lateral migration. Any evidence of gamma 
emitters reaching the groundwater was also noted. 

To represent the logs used in the cross sections in a clear, yet compact format and to 
facilitate comparisons between different vintages of data, it was necessary to digitize the 
original logs and to redisplay them on a semi-logarithmic scale. Depth in feet from the top 
of casing was represented on the linear scale, and activity in ct/sec on the logarithmic scale. 
The logs used in these evaluations which were collected before 1976, and some of the 1976 
vintage logs had been previously digitized by PNL, who provided text files of the 
information. Unfortunately, it was not realized until late in the evaluations that the 1970 
vintage and earlier logs had been plotted on a scale of counts per minute (ct/min). The 
reader should be aware that these logs are not plotted in ct/sec, but in ct/min. The apparent 
wide difference between these earlier logs and those collected in 1976 and later is due to an 
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error in scaling. Logs plotted on a scale of ct/min were denoted on the legend for each plot 
of scintillation probe profiles. The cross sections are not scaled horizontally. 

Features that were mapped in the evaluations for the PUREX Plant Aggregate Area 
include the thickness of the interval of elevated gamma radiation, the top of the elevated 
gamma radiation and the top of any correlatable lithologic horizon, which is useful in 
explaining the distribution of radionuclides in the subsurface. The most commonly used map 
was the thickness of the interval of elevated gamma radiation. Although such maps do not 
give any indication of gamma activity, they do provide a reasonable representation of the 
potential extent of gamma emitters. Use of activity data was avoided since the data are not 
suitable to be used in such a quantitative fashion. 

A-1.4 EVALUATION OF WASTE MANAGEMENT UNIT AREAS 

A-1.4.1 216-A-1 AND 216-A-7 CRIBS 

Evaluation of Scintillation Probe Profiles: 

Well E25-2 monitors the 216-A-1 Crib and Well E25-54 monitors the 216-A-7 Crib. 
Previous evaluations using the scintillation probe profiles have been done by Fecht et al. 
(1976) (for 216-A-1 Crib) and by Chamness (1986) (for 216-A-7 Crib). In both cases the 
authors concluded the level of gamma activity in the subsurface is declining. Fecht et al. 
also concluded that there was no measurable migration of radionuclides under the 
216-A-1 Crib and that the contamination had not reached the groundwater. The following 
analysis is consistent with these conclusions. 

Scintillation probe profiles for the 2 wells that monitor cribs 216-A-1 and 216-A-7 
were compiled and roughly correlated with the stratigraphy of Well E24-5, located about 
460 m (1,500 ft) to the east, and Well E26-6, located about 330 m (1,100 ft) to the north 
(Lindsey et al. 1990) (Figure Al-2). The data are inadequate to construct a map of the 
contaminant thickness and extent. 

Elevated gamma radiation levels are found at two intervals in the subsurface. The 
upper interval is found beneath the 216-A-7 Crib from the surface to a depth of about 5 m 
(15 ft). The lower interval is found beneath both cribs at a depth of about 13 m (27 ft), and 
is about 5 m (15 ft) thick. The top of the lower interval of contamination is located at a 
depth consistent with that of the top of the fine-sandy facies of the Hanford formation. The 
upper interval of contamination appears to coincide with an erosional surface found in the 
stratigraphic column of Well E26-6 (Figure Al-2). 

There is no evidence of vertical or lateral migration of contaminants. · However, since 
the top of the fine-sandy facies of the Hanford formation dips (Lindsey et al. 1990), it is 
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unlikely that any lateral migration would be detected. Radiation levels have declined to near • 
background levels beneath the 216-A-1 Crib, but remain significant beneath the 
216-A-7 Crib. 

A-1.4.2 216-A-2, -4, -21, -26, -27, -31, -36A, AND -36B CRIBS 

Evaluation of Scintillation Probe Profiles: 

The 216-A-2, -4, -21, -27, -31 , -36A, and -36B Cribs are located in the 200-PO-2 
Operable Unit and the 216-A-26 and -26A French Drains in the 200-PO-1 Operable Unit. 
The 216-A-2 and 216-A-4 Cribs are monitored ·by Wells E24-53 and -54, respectively. Since 
the 216-A-26 and 216-A-26A French Drains are located between these cribs, they too are 
monitored by these wells. The 216-A-21 Crib is monitored by Well E24-12. 
The-216-A-27 Crib is monitored by the E17-2 and -3 wells. Well E24-9 monitors the 
216-A-31 Crib. The 216-A-36A Crib is monitored by Wells E17-4 (01-36-01), -9, and -10. 
The 216-A-36B Crib is monitored by Wells E17-5, -6, -7 (01-36-07), -11 (01-36-11), and 
-51 (01-36-06) (Fecht et al. 1977; Welty and Vermeulen 1989). 

All of the monitoring wells in the area of the 216-A-2, -4, -21, -26, -27, -31 , and 
-36 Cribs have been logged by PNL. Currently, Wells E17-4 (01-36-01) , -7 (01-36-07) , -11 
(01-36-11) , and -51 (01-36-06) are also logged on a semi-annual basis by TFSA&S (Welty 
and Vermeulen 1989). Details of the monitoring wells and the logs used in this evaluation 
are given in Table Al-3. 

Scintillation probe profiles from the wells monitoring the 216-A-2, -4, -21, -26, -27, 
-31 , and -36 Cribs have been evaluated in the past by Fecht et al. (1977), Chamness (1986) 
and Brodeur (1988) . 

Fecht et al. (1977) evaluated gross gamma logs from well monitoring the 216-A-2, 
-4, -21, -27, -31 , -36A, and -36B Cribs and concluded that there was no evidence of 
significant vertical migration of gamma emitters beneath these waste management units after 
waste disposal activities ceased and that radionuclides from these units had not reached the 
water table. Fecht et al. (1977) concluded that radionuclides disposed of in the 
216-A-36B Crib had not reached the southern end of the crib. This conclusion was based on 
the scintillation probe profiles collected from Well El 7-6, which according to the 
Westinghouse Hanford GIS listing of well statistics and Welty and Verrneullen (1989), is 
located approximately 90 m (300 ft) south of the location used by Fecht et al. (1977) . Some 
lateral migration of radionuclides was also noted under the 216-A-36B Crib. 

Chamness (1986) noted that radiation levels beneath the 216-A-27 and 216-A-36A 
cribs was declining slowly based on logs collected in 1986. 
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Brodeur (1988) evaluated cribs 216-A-2, -4, -27, -31, -36A, and -36B . 
Brodeur (1988) noted significant levels of activity beneath cribs 216-A-2, -4, -27, -36A, and 
-36B, and that radionuclides probably had reached the groundwater between cribs 216-A-36A 
and 216-A-27. Brodeur (1988) used a log from Well E24-65 in the evaluation of 
216-A-2 Crib. According to the Westinghouse Hanford GIS listing of well statistics, this 
well is located within the 241-A Tank Farm, a considerable distance northwest of the 
216-A-2 Crib. 

This evaluation concurs with Brodeur (1988) in regards to gamma emitters reaching 
the water table between the 216-A-27 and 216-A-36A Cribs. Fecht et al. (1977) had 
concluded that gamma emitters had not reached the water table in this area. This evaluation 
does not concur with Fecht et al. (1977) in regards to the distribution of radionuclides in the 
216-A-36B Crib. The conclusions of the current evaluation on this point is based on profiles 
from a recently emplaced well (El7-51) located near the southern end of the 216-A-36B Crib 
and the coordinates for Well E17-6 from the Westinghouse Hanford GIS listing of well 
statistics. 

Scintillation probe profiles from Wells E17-2, -3, -4, -5, -9, -10, -11, -51, E24-9, 
-12, -53, and -54 were compiled into four cross sections and correlated with the stratigraphy 
found in Well E17-4, and -12 (located about 265 m or 875 ft to the southeast), and with the 
regional mapping of Lindsey et al. (1992) (Figures Al-3 and Al-4). Although Wells El 7-6 
and -7 were not included in these cross sections, they were correlated with the stratigraphy 
from Wells E17-4 and -12 and used in this evaluation (Figure Al-5). The Hanford upper 
gravel, the Hanford sand, and the Ringold Formation are found in this area. The Hanford 
lower gravel may also be present on the edge of the area, in Well E17-10. The boundaries 
between these units are expressed as subtle features on the gamma logs from Wells E17-10, 
E24-9, and -12, which represent background conditions for the most part. Internal changes 
in facies within these units are not expressed on these background profiles. 

Significant levels of gamma activity within the Hanford sand has been detected in the 
vicinity of the two wells monitoring the 216-A-2 and 216-A-4 Cribs and the 216-A-26 and 
216-A-26A French Drains. The top of the zone of elevated radiation corresponds to the top 
of the Hanford sand and the base of the cribs (Figure Al-3). However, since the wells do 
not fully penetrate the zone of elevated radiation, the distribution of gamma emitters in that 
area cannot be further characterized. 

The well data are adequate to characterize the distribution of radionuclides beneath 
cribs A-27, -36A, and -36B. The top of the elevated radiation in the immediate vicinity of 
these cribs corresponds to the top of the Hanford sand and the base of the cribs (6.1 to 7.6 m 
or 20 to 25 ft below grade) and becomes considerably deeper (16.2 to 40.5 m or 53 to 133 ft 
below grade) outside the confines of these cribs (Figures Al-3 and Al-4). Over most of the 
area, the base of the elevated activity roughly corresponds to the top of a silty interval within 
the Hanford sand. Elevated levels of radiation in the Ringold Formation, above the water 
table, are found under crib 216-A-36A and the northern and eastern ends of cribs 216-A-36B 
and 216-A-27, respectively. The thickness and possible extent of the elevated gamma 
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radiation within the Hanford sand and the possible extent of elevated gamma radiation within 
the Ringold Formation are shown in Figure A-1.6. The approximate thickness of the 
elevated gamma radiation in the Hanford sand is currently 31.4 m (103 ft) near the southern 
end of crib 216-A-36A. In 1976, it was nearly 67 m (220 ft) thick, and the base of the 
interval of elevated radiation was within 4.6 m (15 ft) of the top of the Ringold Formation. 
This suggests that the 216-A-36A Crib was a source of gamma emitters to the groundwater 
before 1976. The thickness of the region of probable anthropogenic radionuclides within the 
Hanford sand also increases under the southern end of the 216-A-36B Crib and the 
216-A-27 Crib. However, no gamma emitters are detected within the Ringold Formation in 
these areas. 

There is evidence that the distribution of radionuclides below cribs 216-A-27, -36A, 
and -36B was controlled by lithologic facies changes within the Hanford sand. The 
scintillation probe profiles from the wells monitoring cribs 216-A-27, -36A, and -36B 
indicate that gamma emitters are confined to two distinct horizons within the Hanford sand 
beneath crib 216-A-36B and the western end of crib 216-A-27 (Figures Al-3, Al-4, and 
Al-5) . This is manifested by two well developed peaks separated by a thin interval 2.1 to 
4.6 m thick or 7 to 15 ft of near background readings found at a depth of 19.8 to 
21. 3 meters or 65 to 70 feet. In the past, gamma levels were much higher within this thin 
interval, but the character of the logs has remained consistent. This "notch" can be 
explained by postulating a thin, discontinuous lense of coarse grained material within the 
Hanford sand. Such a lense could act as a "leaky" barrier to the movement of wastes in the 
subsurface (Additon et al. 1978). Vertical movement would be inhibited because capillary 
attraction would prevent movement from less permeable to more permeable sediments. The 
scintillation profiles from Wells E17-2, -5, -7, -9, -11, and -51 (Figures Al-3, Al-4, and 
Al-5) indicate that this postulated lense is a synform whose axis is located between 
Wells E17-5 and -51 and plunges toward the northwest. This is consistent with deposition at 
the bottom of a river channel in an alluvial environment and the regional mapping of Lindsey 
et al. (1992). The profiles from Wells E17-3 and E17-4 do not have this "notched" character 
and the depth to the top of the elevated gamma activity is considerably deeper (Figures Al-3 
and Al-4). This suggests that the postulated lense is absent in that area so radionuclides 
could penetrate to a greater depth. The edge of this postulated lense corresponds to 
increased gamma radiation levels in the Ringold Formation (Figure Al-3 and Al-4). 

The wells monitoring cribs 216-A-21 and 216-A-31 do not appear to be optimally 
placed. The regional mapping of Lindsey et al. (1992) and the distribution of radionuclides 
beneath cribs 216-A-27, -36A, and -36B (Figure Al-6) suggest that potential contaminants 
may be found northwest of these cribs. 

There is no evidence of lateral or vertical migration of radionuclides after their 
emplacement beneath cribs 216-A-2, -4, -27, -36A, and -36B. The only changes in the 
scintillation probe profiles from the wells monitoring these structures over time has been a 
thinning of the peaks due to radionuclide decay. 

• I 
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Scintillation profiles from all the wells reaching the water table indicate that although 
elevated gamma radiation was detected in the groundwater under cribs 216-A-21, -27, -31, 
-36A, and -36B prior to the 1976 logging campaign (Pecht et al. 1977), levels are currently 
at or near background levels. 

A-1.4.3 216-A-5, -10, -15, AND -38-1 CRIBS 

Evaluation of Scintillation Probe Profiles: 

The 216-A-5, -10, and -38 Cribs and the 216-A-15 French Drain are all located 
within the 200-PO-2 Operable Unit, south of building 202-A. The 216-A-5 Crib is 
monitored by Wells E24-1, -10, -56, -57, and -58. The 216-A-10 Crib is monitored by 
Wells E17-1, E24-2, -15 (01-10-02), -59 (01-10-03), -60 (01-10-09), and -160 (01-10-01). 
No wells are positioned to monitor the 216-A-15 French Drain. The 216-A-38 Crib is 
monitored by Wells E17-8 and E24-ll. Except for Well E24-15, each of these monitoring 
wells have been logged by PNL. Wells E24-59, -60, and -160 are also logged by TFSA&S 
on a semi-annual basis. Well E24-15 was monitored by TFSA&S before it was taken out of 
service. Details of the monitoring wells and scintillation probe profiles used in this 
evaluation are given in Table Al-4. 

The 216-A-5, -10, and -38 Cribs were evaluated by Pecht et al. (1977), and the 
216-A-5 and 216-A-38 Cribs were also evaluated by Brodeur (1988). No previous 
evaluations are available for the 216-A-15 French Drain. Pecht et al. (1977) and Brodeur 
(1988) both noted significant levels of gamma radiation in the vadose zone and in the 
groundwater beneath the 216-A-5 Crib. Both studies conclude that radionuclides from the 
216-A-5 Crib may have reached the groundwater. Fecht et al. (1977) similarly concluded 
that radionuclides from the 216-A-10 Crib may also have reached the groundwater. Elevated 
gamma activity under the 216-A-38 Crib at a depth of about 30.5 m (100 ft) was observed by 
Fecht et al. (1977). Since that crib had never been used, this activity was attributed to 
lateral migration of radionuclides from the 216-A-10 Crib. Brodeur (1988) noted that 
elevated gamma radiation is evident only in the groundwater beneath the 216-A-38 Crib. 
The results of this evaluation do not differ significantly from those of Pecht et al. (1977) and 
Brodeur (1988). 

Except for Wells E24-2 and -11, the wells monitoring the 216-A-5, -10, and 
-38-1 Cribs were compiled into three cross sections and correlated with the stratigraphy from 
Wells El 7-4, located about 160 m (535 ft) to the northwest; El 7-12, located about 350 m 
(1,150 ft) south-southwest; and E24-5, located about 600 m (1,960 ft) north-northwest 
(Lindsey et al. 1992) (Figure Al-7). This correlation should be considered fair since the 
changes in lithology have very subtle expression on the gamma logs and the regional 
mapping by Lindsey et al. (1992) is not detailed on the scale used in this evaluation. 

Significant levels of gamma radiation are found under the 216-A-5 and 
216-A-10 Cribs. The top of the interval of containing probable anthropogenic radionuclides 
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is found between 9.1 to 11.9 m (30 to 39 ft) below the surface, and the bottom of this • 
interval at a depth of about 53.4 m (175 ft). The top of the elevated gamma radiation is 
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correlated with the top of the Hanford sand in Well E24-10, adjacent to the 216-A-5 Crib 
(Figure Al-7). Elsewhere, the top of the elevated activity does not correspond to a 
particular lithologic unit (Figure Al-7). The base of the elevated radiation appears to be 
controlled by the top of a silty interval found within the Hanford sand (Lindsey et al. 1992). 
The "sawtoothed" character of the scintillation probe profiles from wells that penetrate the 
interval of elevated activity suggest that this silty interval inhibited but did not stop the 
downward migration of gamma emitters (Figure Al-7). 

In the evaluations of the 216-A-5 and 216-A-10 Cribs by Fecht et al. (1977) and 
Brodeur (1988), secondary peaks were noted in the scintillation probe profiles from wells in 
the area. Fecht et al. (1977) attributed these secondary peaks to the relatively high retention 
of gamma emitting radionuclides in fine grained sediments versus that of coarse grained 
sediments. The well data are inadequate to further characterize these postulated lenses of 
fine grained material. 

The current gross thickness and probable extent of the interval of elevated gamma 
radiation was mapped (Figure Al-8). This map suggests that the gamma emitters from the 
216-A-10 Crib merged with those from the 216-A-5 Crib to the west. This is consistent with 
the dip of the top of the Hanford sand in this area (Lindsey et al. 1992). There is no explicit 
evidence of the presence of gamma emitters from the 216-A-15 French Drain. However, the 
"spreading" of the contours near Well E24-57 and the 13.4 m (44 ft) disposal depth for the 
216-A-15 French Drain suggests that there may be some influence on the shape of the region 
of elevated gamma activity due to radionuclides from the 216-A-15 French Drain . 

The extent of the elevated gamma radiation in the subsurface toward the east may 
have been influenced by the lateral migration of radionuclides from the 216-A-10 Crib when 

'."'".i it was active. Fecht et al. (1977) proposed that elevated gamma radiation observed at a 
depth of about 21.3 m (70 ft) in Well E17-8 was due to gamma emitters migrating laterally 
from the 216-A-10 Crib. However, to reach the 216-A-38 Crib from the 216-A-10 Crib, 
gamma emitters would have had to travel up the regional dip of the top of the Hanford sand 
(Lindsey et al. 1992). The available scintillation profiles from Well El 7-8 indicate that 
gamma activity on this interval had declined to near background levels by 1976. Brodeur 
(1988) observed no subsequent changes in the profiles for Well El 7-8 on this interval. 
Based on the available data, only small quantities, if any, of radionuclides from the 
216-A-10 Crib reached the 216-A-38 Crib area. 

Currently, the gamma radiation levels measured by scintillation probes in the 
groundwater beneath the 216-A-5, -10, -15, and -38 Crib areas are at or near background 
levels. However, the scintillation probe profiles from Wells E24-10 and E17-1, which 
monitor the 216-A-5 and 216-A-10 Cribs, respectively, suggest that gamma emitters did 
reach the groundwater between 1958 and 1979 (Figure Al-7). 
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There is no evidence that gamma emitters placed 'in the 216-A-5 and 216-A-10 Cribs 
are currently migrating laterally or vertically in the subsurface. The location of features on 
the scintillation probe profiles from the wells monitoring the cribs have remained constant 
over time (Figure Al-7). The consistent reduction in the amplitude of features on the 
profiles over time indicates that radionuclide decay is occurring. 

A-1.4.4 216-A-6 CRIB 

Evaluation of Scintillation Probe Profiles: 

Wells E25-3 and -53 monitor the 216-A-6 Crib. Details of these wells and the 
scintillation probe profiles used in this evaluation are given in Table A-1. 5. 

The scintillation probe profiles for Wells E25-3 and -53 have been evaluated by Fecht 
et al. (1977), Chamness (1986) and Brodeur (1988). Fecht et al. (1977) observed elevated 
levels of gamma radiation at the surface and between 6.1 to 12.2 m (20 to 40 ft) below the 
surface. Chamness (1986) noted that the 1986 profile for Well E25-53 did not differ from 
previous logs. Brodeur (1988) found no change in the character of the 1987 profiles from 
earlier profiles for both Wells E25-3 and -53. Brodeur (1988) also observed elevated activity 
at a depth of 10. 7 m (35 ft). This evaluation is consistent with these previous reports. 

A cross section was constructed from the compiled scintillation probe profiles from 
Wells E25-3 and 53 (Figure Al-9). The profiles were roughly correlated with the 
stratigraphy from Wells E24-5 and El 7-4 (Lindsey et al. 1992), located approximately 
670 m (2,200 ft) northeast and southeast of the 216-A-6 Crib, respectively. 

Elevated gamma radiation was detected at a depth between 6.1 to 12.2 m (20 to 40 ft) 
in Well E25-3. Slightly elevated radiation levels are also detected in Well E25-53 between 
6.1 to 12.2 m (20 to 40 ft). The top of the elevated activity is correlated with the top of the 
Hanford sand in this area (Lindsey et al. 1992). The distribution of the elevated gamma 
radiation levels is consistent with the northwesterly regional dip of the top of the Hanford 
sand (Lindsey et al. 1992). 

There is no evidence of vertical migration of radionuclides from the 216-A-6 Crib. 
The data are inadequate to assess the lateral extent of contaminants in the subsurface down 
dip from the 216-A-6 Crib . 
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A-1.4.5 216-A-8, -18, -19, -20, -24, -29, and 524 WMUs 

• 
Evaluation of Scintillation Probe Profiles: 

The 216-A-8 and 216-A-24 Cribs, 216-A-18, -19, and -20 Trenches, 216-A-29 and 
216-A-34 Ditches, and the 216-A-524 Control Structure are all located within the 
200-P0-5 Operable Unit, east of the 241-A and 241-AX Tank Farms. The 216-A-8 Crib is 
monitored by Wells E25-4 (01-08-08), -5 (01-08-09), -6 (01-08-07), -7 (01-08-10), -8 
(01-08-03), -9, -14, and -169. Well 299-£25-169 is reported to be near the 216-A-8 Crib, 
but the correct coordinates for the well were unavailable at the time of writing. The 
216-A-18, -19 and -20 Trenches and the 216-A-34 Ditch are monitored by Well 299-£25-10. 
The 216-A-18, -19, and -20 Trenches and the 216-A-34 Ditch are monitored by Well 
E25-10. The 216-A-24 Crib is monitored by Wells E26-2, -3, -4, -5, -7, -53, and -54. The 
216-A-524 Control Structure is located at the west end of the 216-A-24 Crib. The closest 
monitoring well to the control structure is Well 299-E26-5. This well monitors the 
216-A-24 Crib. The 216-A-29 Ditch is monitored by Well E25-28. All of these monitoring 
wells have been logged by PJl_a. Wells E25-4 (01-08-08), -5 (01-08-09), -6 (01-08-07), 
-7 (01-08-10), and -8 (01-08-03) are currently logged by TFSA&S on a semi-annual basis 
(Welty and Vermeulan 1989). Details of the monitoring wells are given in Table Al-6. 

The 216-A-8 Crib has been evaluated by Pecht et al. (1977). They concluded that no 
measurable migration of radionuclides has occurred beneath this crib and that breakthrough 
to the groundwater has not occurred. The conclusions of this evaluation differ from those of 
Fecht et al. (1977) on both points. 

The 216-A-24 Crib has been evaluated by Fecht et al. (1977), Chamness (1986) and 
Brodeur (1988). Fecht et al. (1977) concluded that measurable downward migration of 
contaminants occurred beneath the 216-A-24 Crib during waste disposal activities. They also 
concluded that gamma emitters have reached the water table under the western end of the 
216-A-24 Crib. Chamness (1986) reported that by 1986, activity in the vadose zone had 
decayed to background levels. Brodeur (1988) also reported background levels in the vadose 
zone. The activity detected between 61 to 73.2 m (200 to 240 ft) in depth reported by 
Brodeur (1988) is probably due to changes in lithology at that depth. The conclusions of this 
evaluation for the 216-A-24 Crib are consistent with the previous studies. 

Scintillation probe profiles from wells monitoring the 216-A-18, -19, and -
20 Trenches, the 216-A-29 and 216-A-34 Ditches have not been previously evaluated. 

Except for Wells E25-6, -28, -169, and E26-54, the wells monitoring the 216-A-8 and 
216-A-24 Cribs, the 216-A-18, -19, and -20 Trenches, and the 216-A-29 and 
216-A-34 Ditches were compiled into three cross sections and correlated with the lithologic 
column for Well E26-6 (Lindsey et al. 1992) and the regional mapping of Lindsey et al. 
(1992) (Figures Al-10 and Al-11). There is a discrepancy between the location of 

• 

Well E25-6 given by the GIS coordinates used to construct the basemap and that used on the • 
TFSA&S map (Welty and Vermeulen 1989). The elevation for the top of casing of 207 m 
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(680 ft) given by the GIS listing for Well E25-14 is probably incorrect. The top of casing of 
2 n~y Wells (E25-4 and 5) are both less than 200 m (660 ft). On cross section B-B' 
(Figure Al-10), the scintillation probe profile 'for well E25-14 was positioned to reflect a 
more consistent top of casing. Although the expression of the lithologic changes is subtle on 
the scintillation profiles in this area, the correlation may be considered good since well E26-6 
is located adjacent to the area (about 175 m or 600 ft west of the 216-A-24 Crib). Well 
299-E25-169 was not included in any of the cross sections since the correct coordinates for 
that well were not available. The coordinates for 299-E25-169 given by the GIS listing place 
it in the vicinity of the 216-A-29 Ditch. Apparently the actual location of the well is near 
the western end of the 216-A-8 Crib. The correct coordinates for this well were not 
available at the time of writing. 

Significant levels of gamma radiation are currently found beneath the 216-A-8 and 
216-A-24 Cribs and the 216-A-29 Ditch. The thickness and estimated extent of these regions 
of elevated gamma radiation are shown in Figure Al-12. Except in Wells E25-14 
(monitoring the 216-A-8 Crib) and E26-7 (monitoring the 216-A-24 Crib), the region of 
elevated gamma radiation is confined to the lower of 2 upward-fining sequences, which 
comprise the Hanford upper gravel in this area (Lindsey et al. 1992). The top of this lower 
sequence is 3 to 8.2 m (10 to 27 ft) below the surface and the bottom at 15.2 to 21.3 m (50 
to 70 ft) below the surface (Figures Al-10 and Al-11). The highest levels of gamma 
radiation are currently detected at the top of this lower sequence and, except in Wells E25-14 
and E26-7, decline to background levels at its base. In the vicinity of Wells E25-14 and 
E26-7, elevated radiation levels are detected well into the Hanford sand. 

The existing data from wells monitoring the 216-A-8 Crib are inadequate to fully 
define the lateral extent and potential for lateral migration of radionuclides in the subsurface. 
The map representing the thickness and extent of radionuclides in the subsurface is poorly 
constrained north and northeast of the 216-A-8 Crib due to lack of well control 
(Figure Al-12). No wells have been placed north of the 216-A-8 Crib, near potential 
contributors (the 216-A-18, -19, -20, and -34 waste management units) to the elevated 
activity detected, and no wells have been placed northeast of the 216-A-8 Crib, down the 
regional dip of the top of the Hanford sand. 

The increased thickness of the interval of elevated gamma activity under the 
216-A-8 Crib in the vicinity of Well E25-14 (Figure Al-12) suggests that the radionuclides 
placed in the crib have moved southward. This is not consistent with the northeasterly 
regional dip of the top of the Hanford sand (Lindsey et al. 1992). Although the cross 
sections in Figures Al-10 and Al-11 are consistent with the regional mapping of Lindsey 
et al. (1992), the correlations used are open to interpretation. It is possible that locally, the 
top of the Hanford sand dips toward the south. An alternative interpretation is that 
Well E25-14 was not properly constructed and serves as a conduit for the downward 
migration of contaminants. This would explain the inconsistent location of the thickest 
interval of elevated radiation relative to the 216-A-8 Crib and the regional dip of the Hanford 
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· sand. Also, the inconsistent character of the profiles from Well E25-14 relative to those 
from the surrounding wells could be explained by the difference in the pathways into the 
subsurface followed by the gamma emitters (Figure Al-10). 

There is evidence of measurable downward migration of contaminants under the 
216-A-8 Crib. Peaks and troughs in the profiles for Wells E25-4, -5, -7, and -14 show a 
downward displacement of about 1 m (3 ft) over 5 years (Figure Al-10) within the Hanford 
upper gravel. The development of a secondary peak at a depth of 50 to 55 m (165 to 180 ft) 
on the 1982 scintillation probe profile for Well E25-14 (Figure Al-10) is additional evidence 
of vertical migration of gamma emitters. Increasing radiation levels detected near the bottom 
of the 1987 profile (at a depth of 44 m or 145 ft) suggest that the peak is broadening. 
Currently, all of the wells monitored by TFSA&S are only logged to a depth of 45 . 7 m 
(150 ft), which is inadequate to detect this secondary peak. 

Currently, there is no evidence that gamma emitters reach the water table under the 
216-A-8 Crib. However, logs collected in 1958 from the wells monitoring this crib show 
levels of activity 2 or 3 orders of magnitude above background levels for logs of this vintage 
within the Ringold Formation and approaching the water table (Figure Al-10). 

The lateral extent of elevated gamma radiation beneath the 216-A-24 Crib is 
adequately constrained by surrounding wells (Figure Al-12). Fecht et al. (1977) noted that 
there was measurable downward migration of contaminants under the western end of this crib 
when it was active. There is no evidence of downward migration of gamma emitters on 
more recent profiles (Figures Al-10 and Al-11). The extreme thickness of the interval of 
elevated gamma activity in Well E26-7 relative to that of detected other, nearby wells 
suggests that the well bore itself may be a conduit for downward migration of radionuclides 
(Figure Al-12). The increase in activity from 1968 levels measured in Well E26-7 in 1976 
while all of the other wells monitoring the 216-A-24 Crib had lower levels of activity is 
further evidence that Well E26-7 may be improperly constructed (Figure Al-13). 

Currently there is no evidence that gamma emitters reach the water table under the 
216-A-24 Crib. However, levels of activity well above background levels were detected 
within the Ringold Formation in 1958 (Figures Al-10, Al-11 and Al-13). The proximity of 
elevated radiation levels to the water table suggests that radionuclides may have reached the 
groundwater under this crib. 

There is no evidence of gamma emitters from the 216-A-29 Ditch in the subsurface. 
Only background levels of gamma radiation have been detected in Wells 299-E25-28 and 
699-43-45. 
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A-1.4.6 216-A-9 CRIB AND 216-A-40 TRENCH 

Evaluation of Scintillation Probe Profiles: 

Both the 216-A-9 Crib and the 216-A-40 Trench are located within the 
200-PO-l Operable Unit, west of the 241-A and 241-AX Tank Farms. The 216-A-9 Crib is 
monitored by Wells E24-3, -4, -5, and -63. The 216-A-40 Trench is monitored by the E27-3 
well, located about 45.7 m (150 ft) off the northern end of the trench. Details of the 
monitoring wells and scintillation probe profiles used in this evaluation are given in 
Table A-1.7. 

The 216-A-9 Crib has been evaluated in the past by Fecht et al. (1977) and 
Chamness (1986). No previous evaluations are available for the 216-A-40 Trench. Fecht 
et al. (1977) reported that the region of elevated gamma radiation under the 216-A-9 Crib 
detected in 1963 had declined to near background levels by 1976. Chamness (1986) found 

I"'> no further change in the conditions under the 216-A-9 Crib in the profile from well E24-63 
collected in 1986. The conclusions of the current evaluation does not differ from those of 
the previous studies. 

• ,ii 

The scintillation probe profiles from the wells monitoring the 216-A-9 Crib were 
compiled into a cross section and correlated with the stratigraphic column available from 
Well E24-5 (Lindsey et al. 1992) (Figure Al-14). The well monitoring the 216-A-40 Trench 
was also correlated with the stratigraphic column for Well E24-5 (located about 230 m or 
750 ft to the south-southwest) (Figure Al-14). Although Well E24-5 is within the area 
evaluated, the lithographic correlations are only fair because the changes in lithology have 
very subtle or no expression on the scintillation profiles, and the regional mapping of 
Lindsey et al. (1992) is not detailed on the scale used in this evaluation. 

Currently, there is no evidence of elevated gamma radiation beneath the 216-A-9 Crib 
and the 216-A-40 Trench. Based upon the regional dip of the top of the Hanford sand 
(Lindsey et al. 1992), which probably controls the lateral distribution of radionuclides from 
the waste management units, the wells near the 216-A-9 Crib are well placed to detect the 
presence of gamma emitters in the subsurface. Although the well monitoring the 
216-A-40 Trench is also down dip, it may be too far from the trench (45.7 m or 150 ft off 
the northern end of the trench) to detect any gamma emitters from the trench. 

A-1.4.7 216-A-30, -37-1, -37-2, AND -42 CRIBS 

Evaluation of Scintillation Probe Profiles: 

The 216-A-30, -37-1, and -37-2 Cribs and the 216-A-42 Retention Basin are located 
within the 200-PO-4 Operable Unit. Each of these 4 units are active. The 216-A-30 Crib is 
monitored by Wells E16-2, E25-11, -12 (01-30-06), -190 (01-30-11), -191 (01-30-23) and 
-193 (01-30-03) (Fechtel al. 1977; Welty and Vermeulen 1989). The 216-A-37-1 Crib is 
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monitored by Wells E25-17, -18 (01-37-11), -19 (01-37-05), and -20 (Welty and 
Vermeulen 1989). Well E25-17 is also in a location suitable to monitor the 
216-A-42 Retention Basin. The 216-A-37-2 Crib is monitored by Wells E25-21, -22 
(01-37-22), -23 (01-37-17), and -24 (Welty and Vermeulen 1989). The location of the 
216-A-37-2 Crib does not agree with that shown by Welty and Vermeulen (1989) . 

Scintillation probe profiles have been collected for most of these wells by PNL or 
Westinghouse's TFSA&S. Wells E25-12, -17, -18, -190, -191, and -193 are currently 
logged by TFSA&S on a semi-annual basis (Welty and Vermeulen 1989). Well E25-19 has 
been taken out of service (Welty and Vermeulen 1989). The PNL has logged Wells E16-2, 
E25-17, -18, -19, and -20. Wells E25-37 and-38, which are northwest of the 216-A-30, -37 
and -42 Crib area, have also been logged by PNL. There are no profiles available for the 
wells monitoring the 216-A-37-2 Crib (Wells E25-21, -22, -23, and -24). Details of the 
monitoring wells and the logs used in this evaluation are given in Table Al-8. 

The only available previous evaluation of scintillation probe profiles from the 
monitoring wells in the 216-A-30, -37, and -42 area is that of Pecht et al. (1977) for the 
216-A-30 Crib. They found that the low levels detected in 1963 had declined to near 
background levels. They found no evidence of radionuclide migration beneath the 
216-A-30 Crib and concluded that breakthrough to the groundwater had not occurred. The 
present evaluation does not address the issue of the 1963 contamination since levels had 
reached background by 1976 and there is no evidence of migration of radionuclides. 

Scintillation probe profiles from Wells E16-2, E25-12, -17, -18 , -19, -190, -191 , and 
-193 were compiled into two cross sections (Figure A-15) . These cross sections were 
roughly correlated with the stratigraphy from Wells E17-12 and E26-6 (Lindsey et al. 1990) , 
located 1,130 m (3,720 ft) east and 820 m (2,700 ft) north, respectively, and with the 
regional mapping of Lindsey et al. (1990). This correlation must be considered poor since 
the wells are very far from the area evaluated, the mapping of Lindsey et al. (1990) is not 
detailed on the scale used and the lithologic boundaries do not have a clear signature on the 
gamma logs in this area. 

Low to moderate levels of gamma radiation is detected under the 216-A-30 Crib 
(Figure Al-12). The potential extent and thickness of the region of elevated gamma 
radiation is shown in Figure Al-16. The top of this plume corresponds to the base of the 
216-A-30 Crib, within the Hanford Upper Gravel and the base of the plume is at or near the 
top of the Hanford Sand (Figure Al-12). The northwesterly location of this plume relative to 
the 216-A-30 Crib implies that the lateral migration of radionuclides during empl~cement is 
controlled by the regional dip of the top of the Hanford Sand (Lindsey et al. 1990). 

There is evidence that the region of elevated gamma radiation under the 
216-A-30 Crib is currently migrating in a vertical direction. The peaks on the scintillation 
profiles from wells E25-190, -191, and -193 have broadened and moved downward 0.3 to 
1.5 m (1 to 5 ft) in the 8 years between 1982 and 1990 (Figure Al-12) .. 
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Background levels of gamma radiation were detected in the vicinity of the wells 
monitoring the 216-A-37-1 Crib and 216-A-42 Retention Basin. The wells monitoring these 
structures are well placed to detect any laterally migrating radionuclides (assuming the 
216-A-42 Retention Basin is properly located) given the northwesterly dip of the top of the 
Hanford Sand in this area and the behavior of the contaminant plume from the 
216-A-30 Crib. 

Since there are no scintillation probe profiles available for the wells monitoring the 
216-A-37-2 Crib, no evaluation could be done of this active unit. 

A-1.4.8 216-A-45 CRIB 

Evaluation of Scintillation Probe Profiles: 

The 216-A-45 Waste Management Unit is an active crib monitored by Wells E25-12, 
-13, -53 (01-45-04) and -54 (01-45-10). Wells E25-53 and 54 are logged by TFSA&S on a 
semi-annual basis (Welty 1988). Wells E25-12 and -13 were last monitored by PNL in 
1986, prior to the commencement of waste disposal activities. Details of the monitoring 
wells and scintillation probe profiles used in this evaluation are given in Table Al-9. 

Scintillation probe profiles from the wells monitoring the 216-A-45 Crib have not 
been previously evaluated. 

Scintillation probe profiles from Wells E25-53 and E25-54 were compiled into a cross 
section and roughly correlated with a stratigraphic column for Well E25-12 (Lindsey et al. 
1992) (Figure Al-17). Since the scintillation probe profile for E25-12 was collected before 
wastes were placed in the 216-A-45 Crib, it represents background conditions in the 
subsurface. Subtle changes in the profile for Well E25-12 correspond to the top of the 
Hanford sand, the top of the Hanford lower gravel and the top of the Ringold Formation 
(Figure Al-17). Internal facies changes of these lithologic units are not expressed on the 
gamma logs. 

Elevated gamma radiation (2 to 3 times background levels) is evident in Wells E25-53 
and E25-54 from a depth of about 12.2 m (40 ft) to the bQttom of the wells (Figure Al-17). 
The top of the elevated radiation corresponds to the base of the crib and to the top of the 
Hanford sand. A secondary peak appears to be developing at a depth of about 32 m (105 ft) 
in Well E25-53. This can be correlated with the top of a silty interval within the Hanford 
sand. 

The vertical extent of elevated gamma radiation beneath cannot be determined from 
these data since Wells E25-53 and E25-54 do not penetrate the region of elevated activity and 
no current scintillation probe profiles are available for Wells E25-12 and E25-13. However, 

Al-19 



DOE/RL-92-04, Rev. 0 

assuming that background conditions existed in the subsurface before waste disposal activities • 
commenced, the current interval of elevated radiation detected in wells E25-53 and E25-54 is 
good evidence of vertical migration of radionuclides. 

Although the lateral extent of contaminants in the 216-A-45 Crib area cannot be 
determined from these data, the potential for lateral migration can be assessed. Such 
migration is likely to be controlled by the dip direction of the top of the Hanford sand and 
the silty interval within the Hanford sand. The top of the Hanford sand is dipping to the 
northeast according to the regional mapping of Lindsey et al. (1992). Since the top of the 
Hanford Sand is an erosional surface, the dip direction of the silty interval within the 
Hanford sand cannot be determined from the mapped data. 

A-1.4.9 241-A TANK FARM AREA 

Evaluation of Scintillation Probe Profiles 

The 241-A Tank Farm is located within the 200-PO-3 Operable Unit, northeast of the 
PUREX Chemical Separations Facility. Each of the 6 single-shell tanks in the 241-A Tank 
Farm has a capacity of 1,000,000 gal. All of these tanks were removed from service by 
1980, and have been initially stabilized. Each tank has a status of interim isolated or 
partially interim isolated. Tanks 241-A-104 and 241-A-105 have been categorized as 
confirmed leakers (Welty 1988) (assumed leakers in Hanlon 1991) and tank 241-A-103 as an 
assumed leaker (Hanlon 1991; Welty 1988). Vapors from these tanks are processed along 
with those from the 241-AZ Tank Farm in the 241-AX facilities and routed to the 241-A or 
241-AX Tank Farm tanks or are disposed of in the 216-A-24 Crib. 

There are 7 outlying monitoring wells around the 241-A Tank Farm, 3 of which reach 
the water table. Tank 241-A-101 is monitored by 11 drywells, and by one well that reaches 
the water table (E25-1, 10-01-05). Tanks 241-A-102, -103, -104, -105; and -106 are 
monitored by 7 drywells each. The wells that are used to monitor the subsurface gamma 
activity in the 241-A Tank Farm are periodically logged by TFSA&S. Only 1 well, E24-65, 
is not logged by TFSA&S. This well was logged once by PNL in 1987. Details of each 
monitoring well within the 241-A Tank Farm are given in Table A-1.10. 

The wells used in this evaluation were selected based upon their historic activity as 
reported by Welty (1988). Logs from wells in which activity above 50 ct/sec was reported 
(Welty 1988) and logs from neighboring wells were used. It appears that elevated near 
surface activity was not always reported. It is possible that many wells where potential 
surface contamination was recorded may have been left out by the screening process used, so 
the extent of the near-surface region of elevated gamma radiation may not be adequately 
characterized in this evaluation. 

Scintillation probe profiles from selected monitoring wells within the 241-A Tank • 
Farm were compiled into five cross sections and correlated with the lithologic cross sections 
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of Price and Fecht (1976) (Figures Al-18, Al-19, and Al-20). The correlation between 
features on the scintillation probe profiles and the lithologic sections of Price and Pecht 
(1976) were good. 

The stratigraphy of the 241-A Tank Farm area can be divided into 3 units. The 
shallowest of these is the poorly sorted backfill composed of native material, which was used 
to fill the excavation where the tanks were placed (Price and Fecht 1976). The fill extends 
from the local surface grade to the base of the tanks, at a depth of about 16.8 m (55 ft). The 
fill material is composed of poorly sorted, slightly silty, pebbly, very coarse to coarse sand 
(Price and Pecht 1976). Beneath the backfill, a pebbly facies of the Hanford sand is found 
that reaches depths of 29 to 38.1 m (95 to 125 ft) below the surface. This pebbly facies is 
composed of interfingering lenses of pebbly material with varying amounts of silt and grain 
distributions of sand. Occasionally, well sorted lenses of sandy material, with no pebbles, 
are found (Price and Pecht 1976). Beneath the pebbly facies, a relatively homogenous sandy 
facies of the Hanford sand is found. This sandy facies grades laterally from slightly silty, · 
coarse to medium sands and coarse to medium sands into slightly pebbly, very coarse to 
coarse sands and slightly silty coarse to medium sands in the southeastern part of the farm, 
under tank A-101 (Price and Pecht 1976). On the lithologic sections of Price and Pecht 
(1976), a "high" trending to the north is evident in the top of the sandy facies beneath 
tanks 241-A-102 and 241-A-103. 

Significant levels of gamma radiation are detected at or near the ground surface, 
within the backfill and within the pebbly facies of the Hanford sand in several areas of the 
241-A Tank Farm. The relationships between the depths and lateral extent of each 
occurrence of gamma emitters is complex. It appears that the near surface occurrences of 
elevated gamma radiation merge laterally over much of the area into two or three large areas 
(Figure Al-21). There may be several different sources of gamma emitters within these 
areas. At greater depths, there appears to be two areas where elevated gamma radiation is 
detected in the backfill, and three within the pebbly facies (Figure Al-22). These areas 
overlap to a certain extent ~d may merge in some places. 

A-1.4.10 241-AX TANK FARM AREA 

Evaluation of Scintillation Probe Profiles 
' 

The 241-AX Tank Farm is located within the 200-PO-3 Operable Unit, northeast of 
the PUREX Chemical Separation Facility. Each of the 4 single-shell tanks in the 
241-AX Tank Farm has a capacity of 1,000,000 gal. These tanks have been removed from 
service and the ventilation system isolated from other tank farms. The 241-101-AX Single­
Shell Tank is monitored by 8 drywells, the 241-102-AX Single-Shell Tank by 11 drywells, 
the 241-103-AX Single-Shell Tank by 6 drywells, and the 241-104-AX Single-Shell Tank by 
7 drywells. These wells are periodically logged by TFSA&S. Details of the wells 
monitoring the 241-AX Tank Farm tanks are given in Table Al-11 . 
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Several of the wells monitoring the 241-AX Tank Farm tanks were compiled into four 
cross sections and correlated with the lithologic cross sections in Price (1976) • 
(Figures A-1.23, 24, and 25). Subtle changes in the logs often correspond to changes in the 
grain size distribution of the sediments. There is a discrepancy between the location for 
Well £25-121 (11-04-07) on the as-built drawing (Welty 1988) and that of Price (1976), so 
that well was not used in any of the cross sections. The top of casing for each well in the 
241-AX Tank Farm was scaled from the cross sections of Price (1976). 

The stratigraphy of the 241-AX Tank Farm area can be divided into 3 units. The 
shallowest of this is the poorly sorted fill which envelops the tanks and consists of slightly 
pebbly, slightly silty coarse to fine sand (Price, 1976). At the base of the fill and the tanks, 
a pebbly facies of the Hanford sand is present. This pebbly facies is made up of 
discontinuous lenses of pebbly material with varying amounts of silt and grain distributions 
of sand. The top of the pebbly facies is at an elevation of about 190 m (625 ft) and its base 
dips in a westerly direction from an elevation of about 182 m (600 ft) to about 175 m 
(575 ft) (Price 1976). A relatively homogeneous sandy facies of the Hanford sand is found. 
This sandy facies consists of slightly silty, very coarse to medium sand with occasional 
lenses of relatively sandy or silty material (Price 1976). 

Presently, there are eight areas of potential contamination by anthropogenic 
radionuclides within the 241-AX Tank Farm (Figure Al-26). In two of these areas, elevated 
gamma activity can be correlated between three or four adjacent wells. The remaining 
occurrences of elevated gamma radiation are isolated areas near single wells. In all of these 
areas, the gamma emitters detected are confined to the fill material. Activity is mainly found 
at or near the surface and declines to background levels with increasing depth. There is no 
evidence of elevated gamma radiation within the Hanford sand. 

A-1.4.11 241-C Tank Fann 

Evaluation of Scintillation Probe Profiles 

The 241-C tank farm is located with in the 200-PO-3 operable unit, north of the 
PUREX Chemical Separation Facility. Twelve of the sixteen single shell tanks in the 241-C 
tank farm have a capacity of 533,000 gal., and the remaining four tanks have a capacity of 
55,000 gal. These tanks have all been removed from service and have been partially or 
interim isolated. Tanks C-101, C-110 and C-112 are monitored by 4 drywells, tanks C-103 
and C-111 by 5 drywells, tanks C-104 and C-107 by 7 drywells, tank C-105 by 9 drywells, 
tank C-106 by 6 dry wells arid tank C-108 by 3 dry wells. No drywells are constructed to 
monitor tanks C-102, C-201, C-202, C-203 and C-204. However, the 11 drywells on the 
perimeter of the 241-C tank farm or wells which monitor neighboring tanks provide a degree 
of monitoring capability for these tanks. These wells are logged on a periodic basis by 
TFSA&S. Details of the wells monitoring the C-farm tanks and the scintillation probe 
profiles used in this evaluation are given in Table Al-12. 
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.. 
Scintillation probe profiles from several of the drywells in the C-farm were compiled 

into 5 cross sections and correlated with the lithologic cross sections of Price & Fecht 
(1976c) (Figures Al-27, Al-28, Al-29, Al-30 and Al-31). Although the response of the 
gamma logs to changes in lithology is often subtle, the correlation between the lithology and 
the gamma logs can be considered good due to the detail of the available lithologic 
information and the uniform response between the different vintages of logs used. 

The stratigraphy of the C-farm area can be divided into three units. The shallowest 
of these is the poorly sorted fill which envelops the tanks and consists of gravelly, very 
coarse to medium sand and occasional silt (Price & Fecht, 1976). The base of the fill, and 
the tanks, is at an elevation of about 610 feet. Beneath the backfilled excavation for the tank 
farm, a pebbly facies of the Hanford sand is present. This pebbly facies consists of 
discontinuous lenses of pebbly material with varying grain size distributions. In the southern 
portion of the C-farm, there is a lens of slightly silty coarse sand which does not contain 
pebbles between deeper pebbly material and the backfill. The base of the pebbly facies 
sediments dip toward the south from an elevation of about 600 feet to about 560 feet across 
the tank farm. Beneath the pebbly facies of the Hanford sand, a relatively homogeneous 
sandy facies is found. This sandy facies is generally composed slightly silty, coarse to very 
coarse sand. Over much of the area, there is discontinuous lens, up to 30 feet thick, of 
slightly silty coarse to medium sands at the top of the sandy facies sediments. Also, at 
greater depths within the sandy facies, a lens of slightly pebbly material is present in the 
northern part of the tank farm (Price & Fecht, 1976). ·· 

Elevated gamma radiation is found within several regions in the fill, the pebbly facies 
and the sandy facies. There are three areas where elevated activity is detected at or near the 
surface (Figure Al-32). The sources of this near surface activity can be attributed to known 
surface contamination or to radionuclides contained within piping at or near the surface. 
There is clear evidence of downward migration of gamma emitters in all three of these areas. 
There are eight areas where elevated radiation is found within the backfill and the pebbly 
facies (Figure Al-33). Of these, two can be attributed to leaking tanks, five are related to 
near surface releases and one is of unknown origin (adjacent to tank C-109). The is evidence 
of downward migration of gamma emitters in seven of the eight occurrences of elevated 
activity within the fill and the pebbly facies. There are two occurrences of elevated radiation 
within the sandy facies. The levels of activity of these occurrences is very low and may not 
be s~tistically significant on some of the profiles where it is identified (Figures Al-29, 
Al-30 and Al-31). The source of one of these occurrences can be attributed to a leaking 
tank, the source of the other is unknown. There is no evidence of downward migration of 
radionuclides for either of these occurrences of elevated gamma radiation in the sandy facies. 
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Figure A 1-1. PUREX Plant Aggregate Area: 
Waste Management Unit Areas Evaluated. 
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Figure Al-5. 216-A-2, -4, -21 , -26, -27, -31, and -36 Waste Management Units: 
Additional Scintillation Probe Profiles. 
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Figure Al-6. 216-A-2 , -4 , -21 , -26, -27, -31, and -36 Waste Management Units: 
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Figure Al-8. 216-A-5, -10, -15 , and -38 Waste Management Units: 
Elevated Gamma Radiation Isopach Map. 
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Figure Al-11. 216-A-8, -18, -19, -20, -24, -29, -34, and -524 Waste Management 
Units: Scintillation Probe Profile Cross Section C-C'. 
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Figure Al-13. 216-A-24 Waste Management Unit: Change in Gamma 
Radiation Levels, 1968-1976. 
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Both wells E26-4 and 5 show a decline in 
gamma radiat ion levels to background on 
the scintillation probe profiles collected 
between 1968 and 1976. 

In well E26-7 there is an increase in 
the levels of gamma radiation from 
1967 to 1976, after the waste disposal 
activities in the A-24 crib ceased. This 
is evidence of downward migration of 
radionuclides, possibly in the well bore. 
The water table is found at a depth of 
about 230 to 240 feet (70 to 73 meters) 
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Figure Al-15. 216-A-30, -37, and -42 Waste Management Units: 
Scintillation Probe Profile Cross Section A-A' and B-B'. 
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Lithologic cross section from Price & Fecht (1976), 
cross section F-P. Well data projected onto 

east-west line of section at 41255 North. 
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Figure Al-18. 241-A Tank Farm: Scintillation 

Probe Profile Cross Sections A-A' and B-B'. 
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Uthologic cross section from Price & Fecht (1976), 
cross section G-G'. Well data projected onto 

east-west line of section at 41153 North. 
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Figure Al -26. 241-AX Tank Farm: Elevated Gamma Radiation Isopach Map. 
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Table Al-1. Summary of Waste Management Unit Evaluation Results. 

Radiation Depth Evidence of Detected in 
WMU Description Detected Interval (ft) Migration 

216-A-2 Crib Yes 25-?? No No 
216-A-4 . __ -- - _-__ :,:_:_-,:<-,Crib_ ::_::.::_> __ -------,:/-_":'\,/'fes , __ :-_/_.":_\{::/~?.?.:, i/:'::.-_.-/}:,--::-_:.,.o-_:_-, ___ :,_::--:-,_:: :-':_..--,:--No -
216-A-21 - Crib Unknown 
2;·s-A.;26 ):• :?J=;rench Draln•_.\!f=:{:t/Xes·_ \tltt::r:~tt:?J:\I:\t=t\!:1:}~0> {}J:::•r 
216-A-26A French Drain Yes 25-?? No 
2

,·s-A-
27 

·-•-•··:•:••:.::••: ••••• : •• :::;;:::••::::•:!::!:•i:::::11::i:m0t:·:.::::.•:::J:·•:if':
1
i:.::i::::1111

1
1:!:i!l:

11;::.:••:•::: •• :.:f:::•:::;:;i:iii;ii:~~ ···•:i:1:::;;:::•:·•::::::;;:::u:i~~-•····-:. -.. -
~16-A~~, Crib Unknown 
216~A-36A })}Crib···:•><:··. • •· · J{f fY,~ _ ::·::• r:::::::::::::::~:.~-:: , ? /'.}:,):No ,,-_ ::r \ 

Yes . ·20~135+ . No No 216-A-368 Crib 

216-A-5 Crib 
216-A-10 

•,•. 
___ . Crib 

216-A-15 French Drain 
216-A-38 Crib 

1216-A-6 Crib 

216-A-8 Crib0 

216-A-18 ·Trench 
216-A-19 Trench 
216-A-20 Trench 
216-A-24 Crib 
216-A-29 •O1tch0 

216-A-34 Ditch 
216-A-524 Control 

Structure 

1216-A-9 Crib 
~16-A-40 Trench 

216-A-30 Crib0 

216-A-37-1 Crib• 
216-A-37-2 Crib0 

216-A-42 - ._ Retention _ 
__ ,:,-.,:eastn° .. 

!216-A-45 Crib0 

1241-A-101 Tank Farm 
_to 106 

1241-AX-101 Tank Farm 
to 104 

1241-C-101 Tank Farm 
to 112 

• Unit is Currently Active. 

Yes 25-50 No No 
::,:;yes ./\5~200 _ - '. No . - _: .... ___ -_: .. •.No 
\Jnknown --_ No 
···- -.No •- ·••- · : ... ..;;_ . ·_ ·,:·· .. ..;_ ._,.:_ 

Yes 

Yes 

··No 
No 

·No 
Yes 

-- ·/Yes 
No 

-· -:·No 

No 
-.-·•,,---\No -

Yes 
·'';No 
Uiiicnown· -

Yes 

Yes 

Yes 

Yes 

20-40 

0-120 
145-180+ 

: ·>·---~ 
0-123+ 
'18-31 

.·. ----: :::. 

8-42 
-•; .... 

.::;:·.:---
.;.::.;_.:,:=-

40-150+ 

0-100 

0-39 

AlT-1 

No 

Yes 

No 
Unknown 

. -:.::~:.~··:· 

Yes 

Yes 

Yes 

Yes 

No 

Unknown 

Unknown· 
·No 

·, . -:· . ---·=· 
No 

·. ---

Unknown 

"No 

No 
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Table Al-2. Details of Wells and Logs Used in Evaluation of 216-A-1 
and -7 Waste Management Units. 

2120ns • 
4/25/68 
5/14/63 
5/14/59 

E2S-54
·•:::-•-:•,•••·=····•:••., ...• 

4
;~_ .-- ::·t:::::::::1:::;;,J._~,.:::::i:;:!::;[:::::tii::;:11:;::;:J~!:i:i::!!:'.:::::::1:i::i:::j}~:::::::!!:1:::::i:ii:1::[!::!:!:1:l;sri!:lilf[1:!:ililji!i!::::i::;1::•:::i:'.;:t:r= :-:\ii!::f~• 

• Digitized Logs 

Source: Westinghouse GIS Listing of Well Statistics. · 

AlT-2 
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Table Al-3. Details of Wells and Logs Used in Evaluation of 216-A-2, 
-4, -21, -26, -27, -31, and -36 Waste Management Units. 

2119n5 
1,129no 
5/21/63 

• 

~,',':1'.1~1i~~~1,a111111: 
E17-4 38999 . . .. 48480 . . . ... '717.05 .. 379 .... ······ 29a;;:39e .......... · t/i4/87 .... ·• 
. ~~·. 

E17-5 38699 

Ei7-6 38140 

EH-7 38711 

E17-9 39027 

E17-10 38896 

E17-11 38924. 

E17-51 38540. 

E24-9 39295 

···48560 

. 48499 

48599 

48538 

48650 

·4a509 

1,129no 
4/16/68 

·118.69 .· :.328.::::::=:.::,\?29~335 .(\'/9/29182 .·:. • 
: .·.·=.••·· ..... 

· •· .,,:/.: .. ·,·=,·,·.·.•.·.·. ··.• ·• Yf:f):i::./ .. i:: .. :·:: · .. ,:; ··.. :.:·.::.\:,:.'.:.:.·.:.!.~ .. ~o .. 
::./.=·.:.::-:_:·, ... ·.· .... ;·•::::: .. ..,&,QI I' 

··'. :· ,:):// ··. · · .: =4116168 

;Qf, : . ·499 .•· .:<300-460 . ::· :::::.:::~1:'nS: 

719.19· 

.• 71.4.74 .... 325 .·.'. 

4129no 
7/2/65 

.. ·:•=··· .. 9119/88 .• 
7/14/87 · · • 

·. :4/28/76 . : • 
•4129no 

310-320 . : :\.i:i~ 
4/28/76 
4129no 
4/18/68 

• 

• 
• 

/:9/19/86. • 
:··:'JJ28/76 .• 

: . ·: .•• :.<:IJ29/70 . . • 
.. 9/19/88 • . 
9/29/82 • 

· 48510 · • ·· ,/f-;.-}'<i\/\1SO .. ·:··• ··: ··:;::;{(~'"~:}/::::::;\Iii'.;::::t== ·. : 
48292 · 11s:4~:<::.= ::.:~t ··· ·· · · 9/16/87 

2119n6 
4129n0 
5/21/63 

• 

4/28/76 • 
5121/63 

E
24·s.~.: · .. :.,.?{<:::::·:,::~~=:::::::,:::i:\:1~::;~:t'.:::::::::~:~~=:;}::::J:::'t~i:::i!~!!~1~.~:1:1:1:~~:i::1!i:1::~1:1~~:;:!::~:;:1i::i!•:i:i~\:::11.r.r!.f!fJ:1:1::;:i:1~:;::i:,:::::::::::1=::::\:~~r,:•··:.::::.::.::::::'.. 

• Digitized Logs 
Sources: Westinghouse GIS Listing or Well Statistics, Welty & Vermeullen (1989) 

AlT-3 
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Table Al-4. Details of Wells and Logs Used in Evaluation of 216-A-5, 
-10, -15, and -38 Waste Management Units. 

E24-2 

E24-10 

E24-11 39371 

E24-15 39300 

E24-56 

E24-57 

AlT-4 

• 

• 

• 



DOE/RL-92-04, Rev. 0 

Table Al-5. Details of Wells and Logs Used in Evaluation of 216-A-6 
Waste Management Unit. 

2120/76 
4/25/68 
5/13/63 
5/14/59 
4/28/58 

~t:~--.:}f)). :.-·.-397:~:-:_. -::..:_;•· ·\}~1000,.:::1{;1::i:::::::::::~;:~f/ti::::i::::::ii.;;:::J:il::!l!::::::::ii;i:i:::!;lii:i::::::::/i{:::I:::::;::::!i(t/::::::~~: 
• Digitized Logs 

Source: Westinghouse GIS Listing of Well Statistics. 

AlT-5 
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DOE/RL-92-04, Rev. 0 

Table Al-6. Details of Wells and Logs Used in Evaluation of 216-A-8, 
-18, -19, -20, -24, -29, -34, and -524 Waste Management Units. 

!Well# 
E25-4 
01-08-08 

:~~~I 

Northing Westing TOC TD Perforations Logs Used 
41615 '46739 659.39 263 239-281 3/23/90 

3/21/84 
2/20/76 
5/14/63 
611/59 

• 

2/19/58 • 

01-08-07 9130/82 • 

E25-7 
01-08-10 

E25-8 
01-08-03 

E25-9 

E25-10 

E25-14 

E25-28 
E25-169 

• Digitized Logs 

41709 

41682 

41779 

42000 

41600 

41424 
41675 

• 657.15 .·· 

46187 658.31 

·· ...•. 654.86 .• 261 

4/30/76 • 
4/25/68 
5/14/63 
613/59 
2/19/58 • 

· · / :": ·3123190 .· 
-::.·:--3121/84 ·• 
i\.4/30/76 . ..... . 
. 4125/68 .•· ·•····· 

5/14/63 ·. 
• ... 61'1/59 . 
>2119158 • 24,4.;~84 ·•·. . 3/23/90 .. ·. • 

· 233-288 

4/30/76 
5/14/63 
611/59 
2/19/58 
12/3/76 

. 9/29/82 
·2120/76 . 

: •4/25/68 
/ 5114/63 
· .. 61'1/59 . . 
\ 2/19/58 .• .. 
·.·. 12/3/76 . • 

12/12/58 • 
•· :• 46650 . . •.:i,{\-689~: :: \ .... )<?.04 ........ ·,·:: \/ .. ,-,.•::.:••.•. .::. 3/4/87 : .. :i .. .. :?)\{(:::._._. ··-· . ..-:•···<•:::- -. . -·9130182 ·····:::- • 

.. r• ·::>.:::::·::··•. ···· .·.:.:t:<: . ·:• ,: · ... :.-:. ·::. . . . .· •.·.· ·.:. : :/::=: ·:::r> • 
· ·. ·45541···; .. ; t::::i;i':44····•·· ·?:: 335:\:-• .. : ·· .:·':i:: ~-- · ··· ·411s,aa • 

. . · . · ·.·.·.•· .~ ·.-<:/::·:.-:()•·/ ·;;;;..·. i:'): ::::.:.•,•·•··•'::\--'~f ::\::\\:·/ ?}\'•-- · · .· ............ 9/30/82 · . . • 

•oiscrepency betwun GIS listing and Welty & Vermeulen (1989) 
•Toe inconsistent with nearby wells. 
Sources: Westinghouse GIS Listing of Well Statistics and Welty & Vermeulen (1989) • 

AlT-6a 
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!Well# 
E26-2 

DOE/RL-92-04, Rev. 0 

Table Al-6. Details of Wells and Logs Used in Evaluation of 216-A-8, 
-18, -19, -20, -24, -29, -34, and -524 Waste Management Units. 

Northing Easting TOC TO Perforations Logs Used 
42400 45664 635.3 260 220-265 8/12/87 

4/30/76 
5/14/63 
613/59 

• 

12/12/58 • 
-1129158 • 

: :: . ,/~li~i~~~1~!~• 11!1!\!!! !I ~!: 
E26-5 

E26-7 

E26-S3 
E26-54 

42285 

.. 42325 
42355 

650.33 

• igitized Logs 
Sources: Westinghouse GIS Listing of Well Statistics and Welty & Vermeulen (1989). 

AlT-6b 

4/30/76 • 
5/14/63 
613/59 

12/12/58 • 
······:,::,c\~~~ 

.. · S/24168 
\.' 5114/63 

·. · :}:\ 6/3/59 ·. · 
,12112158 . 

· .. ··::~~ . ·: 
. 6120/84 

4/30/76 
2/9/67 

•.. ;:·6121/84 
. 6121/84 • 

• 

• 
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Table Al-7. Details of Wells and Logs Used in Evaluation of 216-A-9 
and -40 Waste Management Units. 

TOC TD Perforations 

IgI1Iz ogs 
Sources: Westinghouse GIS Listing of Well Statistics, Fec:ht et al. (1977) and Welty & Vermeulen (1989 

AlT-7 
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Table Al-8. Details of Wells and Logs Used in Evaluation of 216-A-30, 
-37, and -42 Waste Management Units. 

E25-i7 

E25-18 40070 

E25-19 39935 

E25-20 39925 

E25-21 39609 
E25-22 39n6 
E25-23 39308 
E25-24 39484 
E25-37 40462 
E25-38 40056 
E25-190 39700 

E25-191 39560 

E25-193 39430 

1g11z ogs 

4/29(76 
4/25/68 
5113/63 

'i~ ~¼lil)1!111a!1i:II§ i:;; 
10/8/80 
4/29{76 
5/13/63 

••··~.·•1:::'.f B90 :'rf H½f ''t~¥ii' ce;.;5 · ·•.,·•~ 
·· •Gia1 · .··. ··••··•• ·· 6ifos ·•· · · 291 ••· •··•·••· ·•269:;294 •· · 61291aa· ·· • 

8/23/78 • 
12/3/76 • 

>i9129182· •·••:·.·• •:··• 
:: r: / 115/82 .. · · ··: •.•,. • 

.• 8123/78 • ·•:. 
· .. · · · · · · · .. .,. ' 1213/76 · • 

45875 / 6:,6.3 .. <• 294 •: . 268-ii .·•·,, 9/29/82 • 

45377 
45589 

;- 44745 
·44949 

· 45749 
45469 

<46075· 

45~00 

45532 ·. 

•-677,27 · ,· ·.· 295 
. 674.02 ·295 

<.680.13 ...• :295 
679.55 .· .. 293 

... ·673.29 280 

.. ... 673.52 280 
··:-:so . · 

·-·· 
···.· •\ so· 

1/5/82 • 
8/23/78 • 
12/3/76 • 

270-293 . :, ; ··:::::: •, 

·273.304 : ; : :•• : NIA . 
. 270-290 .. · NIA . 

.·. 260-280 6128/89 • • 
. 260-280 7/5/89 . • --- ·= ;.::.·--· .3/23190 ·': :::· .. :• 

·. 10/8182 . · • 
3/23/90 • 
10/13/82 • 

. .. -·.· 9/23/90 •:•·-: :_ :· • 
•· :}.'.11l'13/82·:·: > • 

• Coordinate changed to correspond to Welty & Vermeulen (1989). 
N/A Not Available 
Sources: Westinghouse GIS Listing of Well Statistics; Welty & Vermeulen (1989). 

AlT-8 
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Table- Al-9. Details of Wells and Logs Used in Evaluation of 216-A-45 
Waste Management Unit. 

EH-13 
E17-53 
01-45-04 

~l?;r-,o' : ::\:,:3-8354 :::;::::~::ii:;1~,;)(iJ:::1:::1:::j}~ j0:::;::::::::;:::;::::::::::1; ::::::::t:t:::t::r:::i:0:::::i:tl;i!!i!l:::[:1:::::::::;:~ ::\Jli 
1g1 IZ ogs 

Source: Westinghouse GIS Listing of Well Statistics • 
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Table Al-10. Details of Wells and Logs Used in 241-A Tank Farm Evaluation. 

Well# Northing 
E25-57 41379 
10-00-01 
~51 .· •: 
.1.0-00-02 .· .· 
E25-58 
10-00-04 
E25-15 ... 
10-00-06 
-:•· -. · ·. 

E24:.:14 
10-00-07 
E24-13 / 411187 
10-00-08 
E24-64 . 41155 
E25-97 41247 
10-01-01 
E25-91 . 
10-01-03 
E25-92 41172 
10-01-04 

E25-1 41166 
10-01-05 

E24-70 41157 
10-01-06 

E24-71 41178 
10-01-08 

E24-75 41200 
10-01-09 
E24-72 41224 
10-01-10 
E24.;;73 41250 
10-01-11 
E25-192 
10-01-16 

E25-204 
10-01-28 

Westing TOC TD 
47565 687.47 150 

••·••i4J1~ J fti?l()f 689.~7-• ::t/1't{Wl)S40 ·:: ::::rt rr:11:::m:t t}: \\ :]i/8/90 .. ·•::·· 
.· : •::1 ...• , ••. ,.::m•:r:•:::tt::>:u::tt •ttr:':::::v•··• •·· · · · .&13/85 

.... ,...:::.. •.. ;.;: .;:;:<>•t••·•·t\.,:., ·· ...... ......... •:••·•··• .. :':': •• .. ·· ·::-:-• :-i.:.: .• ~ .><:·>-
4n99 . 690.8 1 Not Used . .. 

·•···47757 

47809 

47845 

47853 

\ 47'.850 .. . 

. ::::ee1;95·.••r::/.!:ff:?J::r308•·· ·;: 
?f ··~ ·•·•· ·•·····•·••· ···••:: ::,r ·:ifu• 
· 689.09 125 

.· ... · 689.18 . ·.· . 75 

690.62 125 

.•. 690.48 125 

75 

47822· · · · · · ···. · ·. i••·•ssif83 ····•· · .. ··. ··•···"'"'· ... ···125 · 

:>::~9.52 . /\ 
·.·.-:•.· . 

52 

. . 52 

52 

1 

26 
. . . . . . 

·· . ~ 

26 

... 26 .. 

:,4 

Not Used 

i/27/92 
1/20/75 

· 1,20192 
10/29/84 
1/20/75 

'.618.190 
1/11/82 
~4177 . 
1/20/92 
9/4/90 
1/22/85 
4/4/77 
1/20/92 

< 1/22/85 
4/4177 

Not Used 

Not Used 

~iused 
··• 1213191 
.. 7/16/90 
1/10/85 
:3/9181 • 
12/3/91 
7/16/90 

-1122/85 
3/26/84 

E24-65• ·· · · · · .···•1110 ••••rt:: r:::••::::41a1a ·o::: • ·rt·t••·,:::·690 •< :::tr •••><ttso: · · ·r·t?t?••·•:r::o·• •·•• .': ••·< 911 S1a1 · 
Sources: Welty & Vermeulen (1989); Price & Fecht (1976); Jacques (1972); Westinghouse GIS listing. 
•TD from Westinghouse GIS llsting used, differs from Welty & Vermeullen (1989). 
•Logged by PNL. 
•Coordinate used from Westinghouse GIS listing differs from Jacques (1972). 
1SCaled from Price & Fecht (1976) • 

AlT- lOa 
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Table Al-10. Details of Wells and Logs Used in 241-A Tank Farm Evaluation. 

Well# 
E25-90 
10-02-01 

Northing 
41240 

Westing TOC 
47670 687.87 

TO 
125 

ogging 
Freq (/yr) 

26 
Lo s Used 

1/20192 
9/4/90 
1/21/85 
4/4/77 

E25-83 
1~02-03 · ·. 

E25-85 
10-02-05 

. ·.. ,••, • 

·····~1166 . 
· !:;~i:!tlf 111 i !E~:::g,~,,, ·•··•·::.::§ ...•.... 

E25-86 
10-02-06 

E25-87 
10-02-08 

E25-88 
10-02-10 

E25-89 
10-02-11 
E25-78 
10-03-01 

E25-79 
10-03-02 

E25-80 
10-03-04 

E25-81 
10-03-05 

E25-82 
10-03-07 

41158 

41184 

41226 

41250 

41250 

41234 

41180 

41158 

41168 

41223 

4TT4S 
: ... <···:· ... :::.:·,_::• 

689.42 
.... . •·. <125 .. · . 

4TT46 688.88 

4TT20 
688.9 . ·•· .· =·< 125 

47583 687.54 125 

47553 687.3 

47558 ·. 887.5-4 . . •>h:• ••• 1 ~ • . 

47591 

47632 

12 

.·· 12 

12 

4 

914/90 
1/20185 
4/4/77 

1/1.3.'92 · · · · 
··• B/29/90 

1/21/85 
4/4/77 
1/13/92 
1/21/85 
4/4/77 

1/13192 
7/30/90 
4/4/77 

Not Used 

12/3/91 
7/16/90 
12/Sm 
12/3/91 
7/16/90 
1215/77 
12/3/91 
7/16/90 
121sm 

>12/3191 
. 7/16/90 .·· 

·• 1'15/77 
1'13/91 
7/16/90 
,,ism 

< 1/13/92 . E25-55 
10-03-10 

41250 
.. .. ·,~:

1
; : :i· :~;«,1,iiti 1~~1; ,,1f1#b 

. 41635 .. . 687.53 .. . '75' . . 4 .. 
.. :::{::-r . 

_ 12/3/ll1 
4/2.WO 
1'15/77 

E25-84 
10-03-11 

Sources: Welty & Vermeulen (1989); Price & Facht (1976): JacQuas (1972); Westinghouse GIS listing. 
•TO from Westinghouse GIS listing used, differs from Welty & Vermeullen (1989). 
•Logged by PNL 
•Coordinate used from Westinghouse GIS listing differs from J1CQu11 (1972). 
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Table Al-10. Details of Wells and Logs Used in 241-A Tank Farm Evaluation. 

Well# 
-61 

10-04-01 

~56 '· 
10-04-04 
E25-63 
10-04-05 
E24-66 
10-04-07 
E24-67 
10-04-08 
E24-68 
10-04-10 
E24-69 
10-04-12 
E25-68 
10-05-02 
E25-70 
10-05-05 

E25-71 
10-05-07 
E25-98 
10-05-08 
E25-62 
10-05-09 

E25-66 
10-05-10 

E25-67 
10-05-12 

E25-74 
10-06-02 
E25-75 
10-06-04 
E25-76 
10-06-05 
E25-n 
;0-06-07 
E2S-69 
10-06-09 

E25-72 
10-06-10 

Ea-73 
10-06-12 

Northing 
41345 

.41283 :· 

4'fa75 
. · ... •.,:::41262 

41287 

• 41328 

41355 

41335 

41263 

41274 

41304 

41340' 

41355 

41337 

41296 

41264 

Westin TOC TD 
ogging 

Fr (/yr) Lo s Used 

•:::::,1s19 .. .. ::::, ::?\~ :~::::::r;:::.:itt/?J~t:\:tt:r:1:=::::r/t tr::=:1::::.: :·,:::<~.~.;µNd · · 
· •~7&49 · :~:ss ·• · ::;::;:ks ·· · · ... .. ,. ·· ; · ·,> >. ··~~·u~ · · 

47663 

47679 . 

4TT21 

~TT49 

4TT53 

46637 

47697 

47562 

--t7552 

475n• 

687.33 

. .: .:.: ','' ...... 
688.48 

688.64 

. 688:21 ·. 

. .· .. ·-: .. -.: _:_. 

687.48 

687.27 

121· 

56 

125• 

·. 125 

125 

. 686.9 •::' •] 25 ...•. : .· 
-· .. ••. :::_/:\;.:/:· .··. ,. ::l~f;fi·•· ···· ·· 1s · · .. •· 

·:: ·-
. ·. • . ·· . 

1 

, 
1 

, 

. , 

1 

. , 

:NotUsed .· .. •· .. 
•,-;.·-· :-:-. . 

618190 
1/3/77 

•·1213191 · 
. ' 7/16/90 

.. · d1101as 
·· '.'.•"',/4/77 

Not Used 

Not Used 

618190 
,mas 
4/4"7 

·. 618/90 
9/12/78 

. . 414/n 
. 618190 .. 

,mas 
414/n 

Not Used 

NotUsed 
:::_·. ·.> :'.•,• :-

Not Used . 

Sources: Welty & Vermeulen (1989); Price & Fecht (1976); JacQues (1972); Westinghouse GIS listing. 
•TO from Westinghouse GIS listing used, differs from Welty & Vermeullen (1989). 
•Logged by PNL 
•coordinate used from Westinghouse GIS listing differs from JacQues (1972) . 
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Table Al-11. Details of Wells and Logs Used in 241-AX Tank Farm Evaluation. 
Logging 

Well # Northing Westing TOC TO Freq / 

E25-99 
11-01-01 

E2S-100 
11:-01-02 
._:·.: . ·, ... 

E25-101 
11-01-04 

E25-102 
,1-01..;05 

E25-105 
11-01-07 

E25-104 
11-01-09 

E2S-131 
11-01-10 

E25-105 
11:.01-11 

E25-132 
11-02-01 

E25-106 
11-02-02 
E25-133 
11-02-03 
E2S-107 
11-02-04 
E2S-108 
11-02-05 
E2S-109 
11-02-07 
E25-110 
11-02-08 
E25-111 
11-02-10 

E25-112 
11-02-11 
E25.;.12a · 
1.1-02-12 
E25-127 
11-02-22 

41ns 47453 681 100 12 1120192 
1/22/85 
4/1na 

: ·: .:_-.. =_.·· .. :·4.: .. ·.1: ·7·. 1:::.o·· ... _·::; ;:::i/_!:_i.::.::_::_:i::iii~~~;::I:i::;_[:::_::.:!_il.!i.!.::i_!i_l·.::1:1:!!ii_:j_r.11:;::j!_!1It iii::!::1::11!:ii:::::1::i:!:i:!}}'.!i!i!i~:;; :):ii:~:1:::::::::!:!I:J11::j:;:::::ii::~:~ ::!:

1

!::ii:~:;::!;:J:::I}I.::~1:.'I./_·~-• _1m9

2

2····.=•.i_;:·= 
. 47 429 00 . ·.· :ce :::::: :::\:=::::::,:::::~:&,: :{\fr:})}:;/:· ::::.;:::12 I CUI 

1/22/85 
411m 

.. :/} :.(7.c.58 =::J::})(P.t :. · =:· ·· ·: ·100 : :.:---.' :·· ·12 ·::< = :·, 1120192 -·:·=··. 

•1692 ....• ;;oo ··' .... .:tli'i /(\$\/:';c•/C:1ii,i•Jf %f T .f~e•);i1' { ''}5)1: 
1/22/85 
411m 

41726 •7520 ,a .·· ·1121192 
.·_ i /22/85 

··.·116/77 
41763• 47S11 • . 680 . 18 1/27/92 

1/22/85 
1/25/82 

,41n3 •'47'495 680 · .·.··. . 100 1a ·· 1127192 

41668· 

•1648 

41629· 

47449• 

•7•29 

41728· 

681 

_682 

682 

•1600 •7•28 680 

41S85 '47455 > > 682 = 

:: sa2 

125 

: ··,· -:- ·. : ... ···: .,i ··•,·.··· 

.. ::::: : :.- -; ; .. ;:;:;;-;>:-:-··.·· · :•:• <•:•:• 

41595 
47520 . . . . . . . ~i :{ {: :: ;\;::::?WA 

1 

1 

1 

1 

, 
1 

.. . .. 
.. 
0 

1/22/85 
6/12n8 

6/14/90 
6112/85 
6/12n8 

Not Used 

Not Used 

Not Used 

Not Used 

NotUSed 

Not Used 

• Sealed from Drawing H-2-36935, Rev.4 (Tabaslnskl, 1978). 
Sources: Welty & Vermeulen (1989); Tabasinskl (1978) . 
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Table Al-11. Details of Wells and Logs Used in 241-AX Tank Farm Evaluation. 

Well# 

11-03-02 
E25-114 
11-03-05 

TD 

1/6177 

·~:.11s 
11-03-07 

· i,s91 · · · •·· 47589 684 · · · .. ::'·=t&, ·, 1/3/91 

£:25-116 
11-03-09 
E25-117 
11-03-10 

:. ::-c\: -41720 

41761 
:-:<<••::;:;.· •. · . . · .. ·.·.:• .. •.•'.•.•'.•'.•'.·'.·'.·'.'.•.:: ... ,.99··: 

E25-118 
11-03-12 

11-04-01 
E2S-120 
11-04-05 
E25-121 
11-04-07 

E25-122 
11-04-08 
E25-123 
11-04-10 

E25-124 
11-04-11 

E25-147 
11-04-19 

•1583 

41585 

41605 

41650 

41672 

41591 

•7569 .··. 

•7544 C:682 . . 

47686 682 

47604 685 

47612 :685 

47581 682 

47588 685 

• Scaled from Drawing H-2-36935, Rev.4 (Tabasinski, 1978). 
Sources: Welty & Vermeulen (1989); Tabulnski {1978). 

AlT-llb 

< 100 
.. . . 

95 

· .98 

101 

125 

125 

.:.4 ··· 

: .-· 1 

1 

1 

1 

1 

1 

1/9/85 
4/Sm 

<1/3191 
\ 1,11m 
1/3/91 
1/9185 
411m 

·.· NotUsed 

10/3/77 
Not Used 

6113/90 
6115/84 
10/5m 
6114/90 
l,/4f17 
6114/90 
6113/84 
4/5177 

-6/14/90 
' &'13/84 

.· 113/77 
6114/90 
6113/84 
417n8 

• 

• 
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Table Al-12. Details of Wells and Logs Used in 241-C Tank Farm Evaluation . 

Well# Northin Westing TOC TD 
Logging 

Freq.(/ 

E27-56 42954 48191 639.17 145• 4 Not Used 
30-00-01 

E27-55 
30-00-06 
i:27-.57 . ».oo-os•· 
E27-53 
30-00-10 
E27-121 
30-00-11 
E27-52 
30-00-12 

0 £27-123 
30-00-13 
E27-120 
30-00-22 
E27-122 
30-00-24 

E27-60 
30-01-01 
£27-59 
30-01-06 
E27-58 
30-01-09 
E27-61 
30-01-12 

E27-74 
30-03-01 
E27-75 
30-03-03 
E27-76 
30-03-05 
E27-n 
30-03-07 
E27-78 
30-03-09 

426n 48370 

43029 

43096 

43150 

42no 

42840 

42747 

42676 

42719 

42762 

42901 

42861 

42820 

42825 

42861 

: . :~83 
::·· 

. -.·.-: .:-;. . , •, •.-·.;..:::;::·::-:-:-.-: 

48549 

48322 

.· •... : (48500 ···:· 

48760 

•• 48650 

48295 

'·' 48328 

48373 

48339 

48168 

48165 

• . . :' 48215 ' 

48231 

649.17 

645.96 

646.66 

647.59 

647.25 

.. 646.82 

645 

645 

,so• 

,so• 

60 

100 

100 

.1 ()() 

125 

100 

100 

, 

, 

, 

12 

, 

Not Used 

Not Used 

6/14/90 
1219m 

··•·· .. <\tr:, .·•···· 
12/18/91 
111sm 

.··•· 0\ 617/90 . 
. 10/15/76 · .. 

6/7/90 
10/15/76 

. . ... 
·4 .. ,·. .4/24/90 

3/17ITT 

26 1/27/92 

17 

17 

12/9ITT 
. '1/23192 ·:··. ::,517r,s .... 

1/23/92 
1/24/75 

. > .x 1/16192. 
. ·· : 1/24/75 

1/23/92 
S114n9 

* Log collected with Probe #2 (shielded prob~) not with Probe #4 (unshielded). 

o Bottom 100 feet of well is perforated. 

Sources: Westinghouse GIS Listing of Well Statistics; 
Welty & Vermeulen (1989); Welty (1988) . 
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Table Al-12. Details of Wells and Logs Used in 241-C Tank Farm Evaluation. 

Well# 

E27-115 
30-04-01 
a"i--67 
30-~02 .. . 

E27-116 
30-04-03 

Northing Westing 

42829 48378 

~2a21 ·. 

42817 48365 

TOC TD 
646 50 4 4/24/90 

1/24/75 

::/}::~~:: !!1::::::::!::;::i::;::1:1;::1!!~:~ ;:::;:::;:::iil!!:i!!::::::;::1::!•1::::•:::1:::::;'•:!:~:::::·::::::: ::f::;;!!!:i::!:!•:::;~~; 
646 50 4 4/24/90 

9125/80 
E27-79 
30-04-04 

·· · <:?;:<,2~90 •·• · 
.. ••···::·.· :}

1•:::Jiffl:•:·;::;••
1

:i
11

::: .• 

E27-80 
30-04-05 
E27-66 
30-04-08 
E27-65 
30-04-12 

E27-70 
30-05-02 
E27-81 
30-05-03 
E27-69 
30-05-04 
E27-82 
30-05-05 
E27-119 
30-05-06 
E27-118 
30-05-07 

E27-117 
30-05-08 
E27-83 
30-05-09 
E27-68 
30-05-10 

42748 483n 

42835 

42893 

42861 

42825 

42813 

42814 

42826 

42838 

42861 

42893 

48405 

48290 

- 48282 

48294 

48328 

48353 

.·•8353 

48367 

48375 

48366 

647.08 100 4 4/24/90 

647.21 

645.7 

646.07 

••·•······ 646.21 

646 

646 

646.23 

135 

126 

120 

55 

47 

135 

4 

4 

4 

4 

4 

4 

12J9/TT 
··. •? ·~<4190 ·. 
· · ·· 71,sm :• 

4/24/90 
1/24/75 

4/24/90 
10/6/78 

. ~24/90 .· 
···• 111sm 

4/25/90 
10/10/75 

······ • )::4124190 
··••• 3112/76 

4/24/90 
9/15n8 
~24/90 

. 1112/76 
: · 211~5 .. ··.•. · ... ·•· 

4/24/90 
11/8/78 

. . ,.•~4190 
\)j)/24/75. · 

4124/90 
3110/82 

E27-72 42967 48244 645.33 125 17 1/23192 
30-os-02 1124n5 

.• 

~~03 
42933 

< .: .\: it0~~u::1:::•i:iili::::1i1i:::::::
11:11:1i! Ii!1:1:1i!i::i:1!!:l:l!l1;:1:1:1::111;1:1l::;;:::ii!!!:iiiillI:l:l:::li:::i;,Jl:::1:;1ii1it:::1;u ::t1f ::r:;i:1i::i!:1i:~={i;llti 

E27-73 42897 48288 644.71 130 17 1/23192 
30-06-04 ~724/75 

~!~09 · •.· ~29:l~.·-:: .. :.: ... :•· ... :.·: .. ·.-:: ::::::~~ .... :-:::::·:.::.::?·:::'.::?.::~:~:/;:-:::::::::::;·.:::-:::}.:::_;~~-::::.'.:::.·:·::::.:;:t::;::·:::-::;:::::::.:.:~:~;·._·.-· .. ·: .. :·.·::.·:.: .. :·:·::.:::·::·~~~~ .. • .. ::.·_ ... :.: 

E27-71 42963 48291 645.31 130 17 1/23/92 
30-06-10 1/24/75 

g?;Z!12;,..,_ __ · _;,;. ·_•_29_1_;,;s_· • :.;.;,a: .·_:-::_;,;:,::· _ _.:.•:.;;.;,•:'.~..;..-- :.;,.,··.···.;;.;,··o ·..;...- .. _""",.<:..;.._:::::..;..(i..;..·:}; __ ':~_- :_·:._•·'?r_j_::·::: __ ::::::_::::i . ...;.(i..;..:?_:}i:.;;.;,i:~..;..::··i;..;..:;:::=:...;...:::=::;..;..:~i:i:;..;,:if:;.;;,;·'.:!~::..;..:?;;,;.;.?:;;;,;.;.·:'~.,;,..:..;..··.::·:;;,;.;.·::'.: ..... -\:;.;;,;/ ·_:..;..: \ __ .:.-: _·~~_ .. -4_·;_: __ · ···_: :: __.:- -

• Log collected with Probe #2 (shielded probe) not with Probe #4 (unshielded) : 

o Bottom 100 feet of well is perforated. 

Sources: Westinghouse GIS Listing of Well Statistics; 
Welty & Vermeulen (1989); Welty (1988). 
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Table Al-12. Details of Wells and Logs Used in 241-C Tank Farm Evaluation . 

Well# 

E27-87 
30-07-01 

E27-89 
30-07-05 

Northing 

42911 

42823 

Westing 

48448 

48447 

TOC TO 
100 4 Not Used 

646 100 4 Not Used 

E27-90 . 
30-07-07 :.· :/!:::f !i'.'.i::~ ;:::J:::::r;:: :::=1 :::;:;:=1:::::J!l::!ffl:: ::::::::1:::::!1~!!:::i'!::\:i!:i~!:!!!iili!!:~ ;;1:: ::::i,:!::;i:1'.:J:j:~:·':Ji!:i!i!l:jiJ:::!!!!:l:~:::: , ... ... ::::::::~~:::~;,~ '':''.:i:'::'.::· 
E27-91 
30-07-08 

42842 48512 646 . 99 4 Not Used 

E27-92 
30-07-10 
E27-93 
30-07-11 

E27-94 
30-08-02 
E27-51 
30-08-03 
E27-95 
30-08-12 

E27-96 
30-09-01 
E27-97 
30-09-02 
E27-98 
30-09-06 
E27-135 
30-09-07 
E27-99 
30-09-10 
E27-100 
30-09-11 

E27-101 
30-10-01 
E27-102 
30-10-02 . · .. 

E27-1O3 
30-10-09 
m ..:,04 : ... 
30-10-11 . 

· ·42879 ·.·•.· · 'C/~15 ·· 

42898 48489 . 

42965 48363 
: 

42932 ·- ·. 48345 

42978 48398 

43047 48313 

43023 ,·. 48284 

42956 48327 

42965 ~342 

43026 48385 

·. 43045 · ···•· 

42979 

646.59 

647 

647 

644.85 
··.;-•,·,•·•:.• .· 

...... : .. ·645.17 

645 

645.43 

100 

100 

100 

100 

100 

100 

4 

1 

: : 1 

1 

:>::=:: ::::: Nof~;:r::::; t 
:::::).:;::::::tif\[}!/\1;::;::i=::;::::;.::'.:.: 

4/25/90 
1/24/75 

6/7/90 
9/11/80 

.. YNSi'u~ 
·-·=-· · -•• , •-•: - :❖.-• • -:-:: • · •. 

6/7/90 
1/24/75 

1 6/7/90 
1/24n5 

1 .. · .. •.··· :::i~~ •. 
1 6/7/90 

1218/77 
•ii ,,.. • .... .... , ...... .:.. ... r:f/ti<l . 

4 

. ·· 12(.16182 

4/24/90 
1/24n5 

:.: t~:: . 

• Log co))ected with Probe #2 (shielded probe) not with Probe #4 (unshielded). 

o Bottom 100 feet of well is perforated. 

Sources: Westinghouse GIS Listing of Wei) Statistics; 
Welty & Vermeulen (1989); Welty (1988) . 
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Table Al-12. Details of Wells and Logs Used in 241-C Tank Farm Evaluation. 

Logging 
Well# Northing Westing TOC TD FreQ. (/yr) Logs Used 

E27-63 "3036 48441 645.n 100 4 "412"'90 
30-11-01 1/31/75 

E27-64 42957 48469 646.49 100 1 6/7/90 
30-11-06 1/24175 

E27-106 43043 48495 646 100 1 Not Used 
30-11-11 

E27-107 
30-12-01 
E27-108 
30-12-03 
E27-109 
30-12-09 
E27-125 
30-12-13 

43120 

. 43088 

43074 

43116 

48380 645 

.•• 48352'./: ·.,,. , ... ,., ··:.···.&45 

48446 

.· 48387 

645 

•.••··- - ·:/ \ . 

100 

•.:• .· ·-· •·.--·.- .. -
100 4 "412"'90 

10/9/79 
}{({116 .. . :.i• ,· •. •: ':::!{1:::= 

• Log collected with Probe #2 (shielded probe) not with Probe #4 (unshielded) . 

o Bottom 100 feet of well is perforated. 

Sources: Westinghouse GIS Listing of Well Statistics; 
\\'elty & Vermeulen (1989); Welty (1988) . 
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APPENDIX A.2 

SAMPLE DATA 
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Table A-2.1. Results of Grid Soil Sampling (pCi/g) 
Location 2El 1 Page 1 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 

Ce-144 - - 2.l0E--01 1.90E--01 - - < 6.00E--02 1.30E--01 - - 1.35E--Ol 

Co-58 • - - - - - < -5.00E--03 1.70E--02 - - 5.00E--03 

Co-60 • - 2.00E--02 2.00E--02 - - < 7.70E--03 1.70E--02 - - 1.39E--02 

Cs-134 • - 8.00E--02 3.00E--02 - - < -2.40E--04 1.90E--02 - - 3.99E--02 

Cs-137 1.30E+0l 8.33E--01 1.40E+0l 1.42E+OO - - 8.60E+OO 8.70E--01 - - 1.19E+0 l 

Eu-152 1.82E--01 1.65E--01 2.30E--01 9.00E--02 - - 1.20E--Ol 9.90E--02 - - 1.77E--01 

Eu-154 • - - - - - < -5 .S0E--02 5.40E--02 - 5.50E--02 
~ - 0 

Eu-155 • < 1.B0E--02 7. lOE--02 1.B0E--02 tI1 - - - - - - - -
~ 1-129 - - - - - · - - - - - - ~ 

I 
\D ,., 

K-40 - - - - - - - - - - - N 
I I - 0 
~ Mn-54 • - - - - - 2.60E--02 l .60E--02 - - 2.60E--02 .J:>. 

Nb-95 • - - - - - - - - - - ~ 

Pb-212 - - - - - - - - - - - ~ 

Pb-214 - - - - - - 7.90E--Ol 1.l0E--01 - - 7.90E--Ol 0 

Pu-238 2.60E--03 8.00E--04 l.OOE--03 5.00E--04 - - 8.60E--04 6.S0E--04 - - 1.49E--03 

Pu-239 7.30E--02 8.00E--03 7.30E--02 8.00E--03 - - 4.20E--02 6.20E--03 - - 6.27E--02 

Ru-106 • - - - - - < 3.50E--02 1.B0E--01 - - 3.50E--02 

Sr-90 2.18E+OO 3.98E--Ol 8.90E--Ol 1.70E--Ol - - 2.70E+OO 5.l0E--01 - - 1.92E+OO 

Tc-99 

U (total) 3.85E--Ol 1.26E--01 3.70E--01 1.20E--01 - - 1.80E--01 6.40E--02 - - 3.12E--01 

Zn-65 • - - - - - < -1.60E-02 4.20E--02 - - 1.60E--02 

Zr-95 • - - - - - < 1.40E--02 3.30E--02 - - l .40E--02 



9 ) 7 7 6 

Table A-2.1. Results of Grid Soil Sampling (pCi/ g) 
Location 2El2 Page 2 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 < -4.40E--03 3.S0E--02 l.02E--Ol l.SIE--01 4.88E--02 

Ce-144 3.00E--01 2.60E--Ol < -7.00E--03 9.70E--02 < -l.l0E--02 l.l0E--01 l .45E--Ol 2.29E--Ol 1.07E--Ol 

Co-58 • < -6 .40E--03 l.80E--02 < -4.80E--03 l.60E--02 8.28E--03 2.27E--02 6.49E--03 

Co-60 • < -2.60E--03 2.00E--02 < 7.40E--04 l.60E--02 l.69E--02 2.29E--02 5.0IE--03 

Ca-134 6.60E--02 3.40E--02 8.00E--02 3.00E--02 4.S0E--02 2.00E--02 < -8.S0E--03 l.80E--02 2.73E--02 3.30E--02 4.20E--02 

Ca-137 1.21E+Ol 7.84E--01 2.55E+Ol 2.56E+OO 1.S0E--01 3.00E--02 6.80E+OO 6.90E--Ol 2.35E+0l 2.36E+OO l.36E+0l 

Eu-152 • l.l0E--01 8.80E--02 < 6.80E--02 7. I0E--02 l.75E--02 1.03E--Ol 6.52E--02 

Eu-154 • < 4.60E--02 5.00E--02 < -1.80E--02 5.20E--02 2.54E--02 7.07E--02 
ti 

l.78E--02 0 
Eu-155 • 1.90E--OI l.S0E--01 7.00E--02 S.40E--02 7.30E--02 6.20E--02 4.85E--02 1.02E--Ol 9.54E--02 

tr1 -> 1-129 2.37E--02 2.79E--Ol 2.37E--02 ~ 
N I 

~ '° I K-40 l.l9E+0l 1.46E+OO 1.19E+0l N ..... I 

a' Mn-54 • 3.00E--02 2.00E--02 2.20E--02 l.S0E--02 2. lOE--02 l.S0E--02 l.24E--02 2.47E--02 2.14E--02 l2 
Nb-95 • l.21E--Ol 6.42E--02 1.21E--Ol ~ 

Pb-212 7.8SE--Ol l .07E--Ol 7.85E--Ol ~ 

Pb-214 7.40E--Ol 1.I0E--01 6 .42E--Ol l.30E--Ol 6.91E--Ol 0 

Pu-238 9.00E--04 S.OOE--04 1.00E--03 S.OOE--04 4.S0E--04 2.S0E--04 < 4.40E--04 S.70E--04 4.18E--03 7.82E--04 l .39E--03 

Pu-239 2.80E--02 4.00E--03 4.20E--02 5.00E--03 7.40E--03 l.20E--03 l.60E--02 3.70E--03 l.OSE--01 l.I0E--02 3.97E--02 

Ru-106 • < 2. l0E--02 l .30E--01 < -2.20E--Ol l .80E--01 l .98E--01 3.22E--Ol 1.46E--01 

Sr-90 l .36E+OO 2.48E--Ol 2. l0E+OO 3.80E--Ol 4. l0E--01 1.00E--01 6.SOE--01 1.30E--01 l .67E+OO 3.20E--01 l.24E+OO 

Tc-99 3.41E--Ol l.07E+OO 3.41E--Ol 

U (total) 2.79E--01 9.SOE--02 2.20E--Ol 8.00E--02 l.30E--Ol 4.30E--02 2.lOE--01 7.00E--02 l.92E--Ol 6.32E--02 2.06E--Ol 

Zn-65 • < -3.20E--02 4.70E--02 < -1.20E--Ol 4.80E--02 2.27E--02 5.80E--02 5.82E--02 

Zr-95 9.80E--02 6.l0E--02 8.00E--02 6.00E--02 5.00E--02 2.90E-02 < l.30E--02 2.90E--02 3.52E--02 6.06E--02 5.52E--02 

• • 
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Table A-2.1. Results of Grid Soil Sampling (pCi/g) 
Location 2E17 Page 3 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 4.IOE-02 3.80E-02 6.6SE-02 9.90E-02 S.38E-02 

Ce-144 < -8.40E-02 1.30E-01 < S.60E-02 1.SOE-01 6.SIE-02 1.27E-01 1.24E-02 

Co-58 • S.OOE-02 3.00E-02 2.30E-02 1.40E-02 < 6.00E-04 1.SOE-02 8.00E-03 2.67E-02 2.04E-02 

Co-60 • < -1.20E-02 1.90E-02 < -3 .00E-03 2.00E-02 7.69E-03 1.89E-02 7.S6E-03 

Ca-134 • S.OOE-02 4.00E-02 3.70E-02 2. IOE-02 < -1.SOE-03 2.IOE-02 4.23E-02 2.16E-02 3.19E-02 

Ca-137 3.37E+OO 2.SIE-01 2.19E+OO 2.SOE-01 S.70E+OO S.90E-01 6.40E+OO 6.SOE-01 4.07E+OO 4.19E-01 4.3SE+OO 

Eu-152 • < -S .SOE-02 9 .80E-02 8.40E-02 8.30E-02 1.19E-Ol 8.41E-02 4.93E-02 
tj 

Eu-154 2.16E-01 1.03E-01 < 4.40E-02 S.40E-02 < -3.30E-02 6.IOE-02 3 .3SE-02 S.68E-02 6 .SIE-02 0 
Eu-155 • < -2.SOE-02 7.SOE-02 < 2.30E-02 8. IOE-02 4.67E-02 7 .llE-02 1.39E-02 t!! 

~ 
~ 

1-129 3.SSE-02 2.63E-01 3.SSE-02 I 
\0 

K-40 l .SOE+Ol l .69E+OO l.SOE+Ol N 
I I - 0 

0 Mn-54 • < 1.90E-03 1.90E-02 < 1.40E-02 1.70E-02 S.78E-04 2.07E-02 5.49E-03 ~ 

Nb-95 • 7.69E-02 6 .96E-02 7 .69E-02 :;:,;, 

Pb-212 7.90E-01 9.26E-02 7.90E-Ol ~ 

Pb-214 S.40E-01 9 . lOE-02 6.17E-Ol 8.87E-02 S.79E-Ol 0 

Pu-238 • 4.60E-04 3.90E-04 1.30E-03 S.60E-04 4.SlE-04 2.60E-04 7.47E-04 

Pu-239 2.00E-02 S.OOE-03 7.00E-03 2.00E-03 1.70E-02 2.SOE-03 3.20E-02 4.30E-03 4.09E-02 4.70E-03 2.34E-02 

Ru-106 • 2.60E-Ol 1.70E-01 < -2.60E-02 2.00E-01 2.0SE-01 l .94E-01 1.46E-01 

Sr-90 2.71E+OO 4.89E-01 3.04E+OO S.60E-01 S.20E+OO 1.30E+OO 3.40E+OO 6.20E-01 3. IOE+OO 6.17E-01 3.49E+OO 

Tc-99 2.3SE-01 1.06E+OO 2.3SE-01 

U (total) 2 .57E-01 8.90E-02 2.20E-01 7 .00E-02 1.60E-01 S.20E-02 2.20E-01 7.20E-02 2.88E-01 9.07E-02 2.29E-01 

Zn-65 • < -9 .60E-02 S.40E-02 < -3 .00E-02 4.70E-02 8.76E-02 S.61E-02 7.12E-02 

Zr-95 1.0SE-01 6 .60E-02 < 1.lOE-02 3.60E-02 < 1.90E-02 3.20E-02 2.90E-02 S.98E-02 4. IOE-02 
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Table A-2.1. Results of Grid Soil Sampling (pCi/g) 
Location 2E 18 Page 4 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 < -2.40E-02 3 .90E-02 l.35E-03 9 .21E--02 1.27£--02 

Ce-144 < -2.60E-02 l.l0E-01 < l.40E--02 l.l0E--01 -2 .71E-02 l.2SE--01 2 .24E--02 

Co-S8 • < 1.40£--03 1.60E-02 < -2.20E-02 1.70£--02 8.06E-03 2 .S0E--02 l.0SE-02 

Co-60 • < l.OOE-02 l .40E-02 < -9 .S0E--03 1.70£--02 7.46E-03 l.SSE--02 2.6SE--03 

Ca-134 4.30E-02 2.90E--02 9 .00E--02 3 .00E--02 3.20E--02 1.90E-02 < -3.80E-02 l.90E-02 S.S7E-03 l.72E--02 2 .6SE--02 

Ca-137 S. lSE+OO 3.49£--01 1.03E+0l 1.0SE+OO 4.60E+OO 4.70E-Ol 3.20E+OO 3 .30£--01 7.96E+OO 8.06£--01 6.24E+OO 

Eu-152 l.77E-Ol 1.08E-Ol l.30E-01 l.OOE-01 7.60E--02 6.60E-02 < 3.S0E-02 7.80£--02 1.79E--02 8.llE--02 8.72E-02 
~ 

Eu-154 • 7 .l0E-02 4.20E-02 < 7 .S0E--03 S.60E-02 3.9SE-03 4.98E-02 2.7SE-02 0 
Eu-1S5 • < 3.90£--03 6 .l0E--02 < 5. IOE-02 7 .20E-02 5.98E-02 6 .07£--02 3.82£--02 ~ 

~ 1-129 1.85£--01 4.53£--01 l.SSE--01 ~ 
I 

~ '° K-40 l.SlE+0l l.67E+OO l.SlE+0l N - I 

0. 0 
Mn-54 • 3. l0E--02 l.S0E-02 < l.l0E--02 l .60E-02 l.06E-02 l.74E-02 l.7SE-02 ~ 

Nb-95 • 3.44E-02 6 .23E-02 3.44E--02 ~ Pb-212 7.48E-01 8.78E--02 7.48£--01 

Pb-214 6 .30£--01 8.80E-02 7.48E-01 1.02£--01 6.89E-01 
0 

Pu-238 6.00E-04 4 .00E-04 4.00E-04 3.00E-04 < 2.IOE--05 l.l0E-04 < 7.30E-OS 1.00E-04 2 .23E-04 1.62E-04 2.63E-04 

Pu-239 l.l0E--02 2.00E--03 l.l0E--02 2.00E-03 6.80£--03 l.20E-03 6.20E-03 l.l0E--03 1.49E-02 1.95£--03 9.98E-03 

Ru-106 • < -4.60E--02 1.60£--01 < S.S0E--02 1.60E-Ol -8.82E--02 l.79E-01 6.31E-02 

Sr-90 l.18E+OO 2.17E-01 l.29E+OO 2.40E-01 1.20E+OO 3.00E-01 5.60E-01 1.l0E-01 2.40E+OO 4 .75£--01 1.33E+OO 

Tc-99 6 .86E-01 l.l0E+OO 6.86E-01 

U (total) 4.30E-01 1.38£--01 3 .80E-01 1.20E-01 2.60£--01 7.70E-02 2.l0E-01 7.00E-02 4 .08E-01 1.23£--01 3.38E-01 

Zn~S • 8.00E-02 S.OOE-02 < 3.20E-02 3.60£--02 < -9 .80E-02 S.OOE-02 -7 .07E-02 4.70E-02 6.69£--02 

Zr-9S • < -4.80E-04 3.l0E-02 3.S0E-02 2 .90E--02 2 .48£--02 4 .96E-02 l.98E-02 

• • 
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Table A-2.1. Results of Grid Soil Sampling (pCi/g) 
Location 2E23 Page 5 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 < 2.00E-02 S. l0E-02 2.00E-02 

Ce-144 < -l.l0E-01 l.80E-Ol l.80E-Ol l.40E-Ol 3.S0E-02 

Co-58 • < -2.70E-03 l.90E-02 < -2.20E-02 l.S0E-02 l.24E-02 

Co-60 • 3.00E-02 2.00E-02 2.90E-02 2.00E-02 < 1.40E-02 2.lOE-02 2.43E-02 

Ca-134 • 6.00E-02 4.00E-02 < 1.70E-02 2.60E-02 < -7.90E-02 2.90E-02 4.20E-02 

Ca-137 9.29E+OO 6.08E-Ol 9.98E+OO l.02E +OO l.l0E+ 0l 1.I0E+OO 9.60E+OO 9.80E-Ol 9.97E+OO 

Eu-152 l.2SE-Ol 1.16E-Ol 2.30E-Ol 1.00E-01 < 6.90E-02 8.60E-02 l.60E-Ol 9.60E-02 l.46E-O l 

Eu-154 • < 4.80E-02 6.80E-02 < 3.00E-02 6.80E-02 3.90E-02 0 
0 

Eu-155 • l .90E-01 1.60E-01 l.S0E-01 1.00E-01 < 3.l0E-02 8.20E-02 l.24E-01 t!! 
> 1-129 ~ N 
~ I 

\0 I K-40 N ..... 
0 

I 

Mn-54 2.l0E-02 2.00E-02 < l.70E-03 2.l0E-02 < l .40E-02 2.lOE-02 l.22E-02 0 
~ 

Nb-95 • ::0 
Cl) 

Pb-212 < 
Pb-214 6.80E-Ol l.l0E-01 6.80E-Ol 0 

Pu-238 S.30E-03 l.20E-03 4.00E-03 l.40E-03 l.S0E-01 l.S0E-02 S.OOE-03 l.40E-03 4.llE-02 

Pu-239 l.84E-Ol l.S0E-02 l.20E-01 1.60E-02 3.90E-02 4.70E-03 l.60E-Ol l.90E-02 l.26E-Ol 

Ru-106 • < l.40E-Ol 2.40E-Ol < l.l0E-02 2.40E-Ol 7.SSE-02 

Sr-90 2.34E+OO 4.2SE-Ol 4.47E+OO 8.S0E-01 l.60E+OO 3.90E-Ol 1.I0E-01 2.S0E-02 2.20E+OO 

Tc-99 

U (total) 3.00E-01 1.I0E-01 S.30E-Ol l.70E-Ol 2.90E-Ol 8.70E-02 2.70E-Ol 8.80E-02 3.48E-Ol 

Zn-65 • l.I0E-01 S.OOE-02 < -6. l0E-02 S.70E-02 < -1.I0E-01 S.80E-02 9.37E-02 

Zr-95 • 9.00E-02 6.00E-02 < 3.20E-02 3.70E-02 < .l.20E-02 3.60E-02 4.47E-02 



1985 

Radionuclide Result 

Ce-141 

Ce-144 

Co-58 • 
Co-60 • 
Cs-134 1.18E-Ol 

Cs-137 4.94E+OO 

Eu-152 2.31E-Ol 

Eu-154 • 
Eu-155 • 

~ 1-129 

~ K-40 I -...., Mn-54 • 
Nb-95 • 
Pb-212 

Pb-214 

Pu-238 5.00E-04 

Pu-239 2.60E-02 

Ru-106 • 
Sr-90 l .28E+OO 

Tc-99 

U (total) 3.42E-Ol 

Zn-65 • 
Zr-95 • 

• 

Error 

3.60E-02 

3.48E-01 

l.48E-Ol 

3 .00E-04 

3 .00E-03 

2.38E-Ol 

l.13E-Ol 

• 1 

', 

Table A-2.1. 

1986 

Result Error 

5.00E-02 4.00E-02 

8.95+00 9.20E-01 

1.60E-Ol l.20E-01 

l.l0E-03 5 .00E-04 

4.00E-02 5 .00E-03 

l .27E+OO 2 .30E-Ol 

4.60E-Ol l.S0E-01 

IF) ... 1 7 7 0 

Results of Grid Soi~ Sampling (pCi/g) 
Location 2E24 Page 6 of 15 

1987 1988 1989 
Average 

Result Error Result Error Result Error Result 

< 2.20E-02 3.60E-02 2.97E-02 l.17E-Ol 2.59E-02 

< -5 .00E-02 l.20E-Ol < 7.60E-02 l .50E-Ol -1.94E-02 l .44E-Ol 2.20E-03 

< -8. IOE-03 l .60E-02 < -4.60E-03 l.S0E-02 2.87E-03 2.43E-02 1.19E-03 

< 9.00E-03 l.l0E-02 < 8.60E-03 l.70E-02 3.09E-03 l.71E-02 6.90E-03 

3.50E-02 1.90E-02 < -1.20E-02 2.00E-02 6 .50E-03 l .52E-02 3.95E-02 

6 .80E+OO 6.90E-01 5.80E+OO 5.90E-Ol 9.68E-Ol l.12E-01 5.49E+OO 

l.OOE-01 6 .50E-02 < 6.40E-02 l .OOE-01 6.49E-02 8 .95E-02 l.24E-Ol 0 
< -3 .90E-02 5.20E-02 < 2.50E-02 5 .60E-02 -3 .89E-03 4.50E-02 2.26E-02 0 

tI1 
< -1.30E-02 6.90E-02 < 3.50E-02 -8 .00E-02 2.35E-02 8.05E-02 l.52E-02 

~ < -3.20E-Ol 3.70E-Ol l.74E-Ol 2.59E-Ol 2.47E-Ol I 
\0 

l .37E+0l l.60E+OO l .37E+0l 
N 
I 

0 
< -3 .S0E-03 l .40E-02 < l.30E-02 l .90E-02 -l.31E-02 l.83E-02 9.97E-02 

.J:,.. 

-1.07E-Ol 6.58E-02 l.07E-Ol ~ 
~ 

8.55E-Ol l.OOE-01 8.55E-Ol 
0 

6.60E-Ol 9.90E-02 6.84E-Ol 9.64E-02 6 .72E-Ol 

4. IOE-04 3.30E-04 6.20E-04 4.40E-04 7.92E-04 2.89E-04 6.84E-04 

2.50E-02 3.20E-03 2.70E-02 4.00E-03 3.35E-02 3 .75E-03 3.03E-02 

< l.S0E-01 1.60E-Ol < -1.00E-02 2. l0E-01 -8.61E-02 l.68E-Ol l.S0E-02 

l .20E+OO 3.00E-01 < l .S0E-03 5.70E-03 2.19E-Ol 4.37E-02 7.94E-Ol 

< 7.60E-03 7.70E-Ol 3.25E-Ol l.07E+OO l.66E-Ol 

2.IOE-01 6 .40E-02 3 .20E-Ol l .OOE-01 3.27E-01 l.02E-Ol 3.32E-Ol 

< -2 .20E-02 4.00E-02 < -3.50E-02 4.60E-02 -l .72E-02 4.08E-02 2.47E-02 

4. IOE-02 2.70E-02 < -1.S0E-03 3 .50E-02 2.0lE-02 5.19E-02 l .98E-02 

• 
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Table A-2.1. Results of Grid Soil Sampling (pCi/ g) 
Location 2E29 Page 7 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error ReBUlt Error Result Error Result Error Result 

Ce-141 3 .03E-02 7.97E-02 3.03E-02 

Ce-144 < -l.60E-Ol l.S0E-01 -4.S0E-02 l.02E-Ol l.03E-Ol 

Co-58 4.S0E-02 4.lOE-02 2.70E-02 2.20E-02 l .53E-02 2.6SE-02 2.91E-02 

Co-60 • < 9.00E-03 l.80E-02 S.42E-03 l.70E-02 7.21E-03 

Cs-134 6 .60E-02 4.20E-02 8.00E-02 3.00E-02 < 3.00E-03 2.20E-02 -7.63E-03 l .69E-02 3.53E-02 

C•-137 2.98E+OO 2.31E-Ol 2.37E+OO 2.SOE-01 3 .20E+OO 3.40E-Ol l.93E+OO 2.07E-Ol 2.62E+OO 

Eu-152 • l.S0E-01 8.00E-02 < -2.20E-03 l.20E-Ol 5 .63E-02 6 .98E-02 6.80E-02 

Eu-154 • < 9.S0E-03 7.30E-02 3 .97E-03 S.14E-02 6.74E-03 t:I 
0 

Eu-155 • < 2.80E-02 8.J0E-02 l.43E-02 5.52E-02 2.12E-02 tr1 -
~ 

1-129 l.74E-01 3.09E-Ol l.74E-Ol ~ 
I 

1-i K-40 l .54E+0l l.74E+OO l.54E+0l \0 
I N - Mn-54 • < 4.S0E-04 2.lOE-02 -l.0lE-02 l.96E-02 5.28E-03 

I 

(JQ 0 
.&::,. 

Nb-95 l .23E-Ol 6.20E-02 -3 .27E-02 7.08E-02 4.52E-02 
~ 

Pb-212 8.75E-Ol l .OlE-01 8.75E-Ol ~ 
Pb-214 7.60E-Ol l.lOE-01 6 .67E-Ol 9.09E-02 7 .14E-Ol 0 

Pu-238 2.40E-03 7.00E-04 l.S0E-03 l .OOE-03 l.90E-03 5.60E-04 l .24E-03 3.70E-04 l.84E-03 

Pu-239 7.70E-02 8.00E-03 4.60E-02 7 .00E-03 6.80E-02 7.80E-03 5.06E-02 5.48E-03 6.04E-02 

Ru-106 • 4.00E-01 2.20E-Ol < l.40E-Ol 2.20E-Ol l.30E-Ol l.79E-Ol 2.23E-Ol 

Sr-90 l.l9E+OO 3.SlE-01 4.20E-Ol 8.00E-02 4.80E-Ol 8.80E-02 3 .32E-Ol 6.28E-02 7.86E-Ol 

Tc-99 2.24E-Ol l .06E+OO 2.24E-0l 

U (total) 3 .99E-Ol l.29E-Ol 5.90E-Ol 2.00E-01 3.20E-Ol l.OOE-01 4.82E-Ol l.42E-Ol 4.48E-Ol 

Zn-65 • < -l.60E-02 5 .80E-02 -l.87E-02 4.41E-02 l.74E-02 

Zr-95 9 .60E-02 7.90E-02 < -l.OOE-02 4.S0E-02 -2.22E-02 5.98E-02 2.lJE-02 
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Table A-2.1. Results of Grid Soil Sampling (pCi/ g) 
Location 2E30 Page 8 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 - - - - < -l.90E-02 2.80E-02 - - -4.98E-02 7.60E-02 3.44E-02 

Ce-144 - - - - < 2.40E-02 9.60E-02 < 8.30E-03 l.20E-Ol -4.86E-02 9.92E-02 2.70E-02 

Co-58 • - - - < -7.30E-03 l.50E-02 < -S.lOE-03 l.80E-02 3.24E-04 2.47E-02 4.24E-03 

Co-60 • - - - < S.OOE-03 l.70E-02 < 3.00E-03 2.00E-02 -l.84E-03 l.45E-02 2.0SE-03 

Ca-134 • - - - 4.70E-02 l.80E-02 < l.40E-02 l .60E-02 -7.36E-02 l.93E-02 4.49E-02 

Ca-137 2.33E-Ol 4.20E-02 - - 2.20E-Ol 3 .30E-02 3.20E-Ol 4.60E-02 3.41E-Ol 4.66E-02 2.79E-Ol 

Eu-152 • - - - < S.70E-02 6 .20E-02 < 2. lOE-02 9.90E-02 9.74E-02 7.13E-02 5.8SE-02 
~ 

Eu-154 • - - - < 4.30E-02 4.90E-02 < 3.l0E-02 4.80E-02 -4.69E-02 5.44E-02 9.03E-03 0 
Eu-155 • - - < 3.80E-02 5.50E-02 < 2.80E-02 7 .S0E-02 7.8SE-02 5.03E-02 4.82E-02 ~ -

~ > 1-129 - - - - - - - - 6.30E-02 4.65E-01 6.30E-02 N I 
\0 

t-i K-40 - - - - - - - - l .35E+Ol l.51E+OO l.35E+0l N 
I I - ~ ::r Mn-54 3.l0E-02 2.30E-02 - - < -l.30E-02 l.80E-02 < 2.30E-03 l.80E-02 -4.48E-03 l.70E-02 3.96E-03 

Nb-95 • - - - - - - - -1.14E-02 6.82E-02 l.14E-02 ~ 
0 

Pb-212 7.04E-Ol 8.07E-02 7 .04E-Ol < - - - - - - - -
Pb-214 - - - - - - 6.50E-Ol 8.90E-02 6.02E-Ol 7.97E-02 6.26E-Ol 

0 

'Pu-238 7.00E-04 4.00E-04 - - 5.90E-04 2.70E-04 S.40E-04 2.40E-04 2.68E-03 5.62E-04 l .13E-03 

Pu-239 l .90E-02 3 .00E-03 - - l.70E-02 2.l0E-03 l.80E-02 2.30E-03 3.S3E-02 3.89E-03 2.23E-02 

Ru-106 • - - - 5.00E-01 l.70E-Ol 3.20E-Ol l.70E-Ol 3.28E-Ol l.52E-Ol 3.83E-Ol 

Sr-90 6.48E-Ol l.23E-Ol - - 2.00E-01 5.00E-02 4.20E-Ol 7.70E-02 2.03E-Ol 4.31E-02 3.68E-01 

Tc-99 - - - - - - l.66E-Ol l .0SE+OO l .66E-Ol 

U (total) 4 .S0E-01 l.45E-Ol - - S.l0E-02 2.30E-02 l.70E-Ol 5 .90E-02 5.S6E-01 l.62E-01 3.07E-Ol 

Zn-65 • - - - < 6.20E-03 3.30E-02 4.30E-02 4.00E-02 -9.23E-02 5.26E-02 l.44E-02 

Zr-95 • - - < 3.S0E-03 3.l0E-02 < 2.00E-02 3.30E-02 3.36E-02 5.22E-02 l.90E-02 

·\ 

• • .. 
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Table A-2.1. Results of Grid Soil Sampling (pCi/ g) 
Location 2ED Page 9 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 - - - - 3.80E--02 3.30E--02 - - -2.74E--02 8.64E--02 5.30E--03 

Ce-144 - - - - < -l.S0E--02 l.l0E--01 < 3.70E--02 9.70E--02 -5.57E--02 l.06E--Ol 3.59E--02 

Co-58 • - - - < 8.70E--03 l.70E--02 < -l.OOE--02 l .40E--02 2.44E--02 2.57E--02 7.70E-03 

Co-60 • - - - 2.S0E--02 l.S0E-02 < -7.lOE--03 l.70E--02 -8.91E-03 l.56E--02 3.00E-03 

Cs-134 7.30E--02 2.20E--02 6.00E--02 3.00E--02 4.30E--02 .1 2.20E--02 < -5 .60E--03 l.S0E--02 l.29E--03 l.40E--02 3.43E--02 

Cs-137 8.15E+OO 5.l0E-01 2.33E+OO 2.50E--Ol 2.80E+OO 2.90E--Ol 3.40E+OO 3.50E--Ol 2.42E+OO 2.53E--Ol 3.82E+OO 

Eu-152 • - - l.l0E--01 8.00E--02 < 5.50E--02 7.80E--02 l .30E--Ol 8.50E--02 l.29E--OI 7.95E--02 1.06E-Ol t1 
0 

Eu-154 • - - - 8.40E--02 4.70E--02 < -2.50E--02 5.S0E--02 3.94E--02 5.77E--02 3.28E-02 tI1 -Eu-155 • - 9.00E--02 7.00E--02 < 6.00E--02 6.20E--02 < 4.60E--02 5.30E--02 6.19E--02 5.08E--02 6.45E--02 ~ 
I 

~ 1-129 - - - - 5.60E--01 3.20E-01 - · - -2.52E--OI 5.34E--OI l.54E--Ol ID 
N 
I 

~ K-40 - - - - - - - - l .63E+0I l.79E+OO l.63E+Ol 0 
I 

""" ..... 
Mn-54 • l.80E--02 l .S0E--02 2.40E--02 l.70E--02 -l.S0E--02 l.83E--02 9.00E-03 

~ .... - - -
~ 

Nb-95 • - - - - - - - -6.84E--02 7.l0E--02 6.84E--02 ~ 
Pb-212 - - - - - - - - 7.70E--01 8.71E-02 7.70E-Ol 0 

Pb-214 - - - - - - 6.90E--Ol 9.00E--02 6.76E--Ol 8.82E--02 6.83E-Ol 

Pu-238 2.50E--03 7.00E--04 5.00E--04 3.00E--04 6.50E--04 2.90E--04 9.00E--04 3.lOE--04 l .60E--04 l.35E--04 9.42E--04 

Pu-239 7.l0E--02 7.00E--03 3.l0E--02 4.00E--03 4.50E--02 5. l0E-03 3.90E--02 4.30E--03 l.80E--02 2.24E--03 4.08E--02 

Ru-106 • - - - < 2.70E--02 l.S0E--01 < 6.40E--02 l.S0E--01 7.0lE--02 l.48E--Ol 5.37E-02 

Sr-90 l .83E+OO 3.40E--01 7.20E--Ol l.40E--Ol 7.00E--01 l.70E-Ol 8.00E--01 l.S0E--01 4.51E--Ol 9.42E--02 9.00E--01 

Tc-99 - - - - < 2.20E--02 9.B0E--01 - - 2.30E--Ol l.03E+OO l.26E--Ol 

U (total) 5.16E--Ol l .63E--Ol 9.50E--Ol 3.lOE--01 3.40E--Ol 9.B0E-02 3.20E--Ol l .OOE--01 3.56E--01 l.09E--Ol 4.96E-Ol 

Zn-65 • - - - 4.60E--02 3.B0E--02 < -l.60E--Ol 5.30E--02 -8.64E--02 4.89E--02 9.75E--02 

Zr-95 • - - - < 2.20E--02 3.40E--02 < -1.60E-02 2.B0E--02 3.73E--02 5.25E--02 l.44E-02 

L 
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Table A-2.1. Results of Grid Soil Sampling (pCi/g) 
Location 2EDB Page 10 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 < l.90£-02 3. l0E-02 l.90£-02 

Ce-144 < 9.20£-03 l.l0E-01 9 .20E-03 

Co-58 < 7.60£-03 l.30£-02 7.60E-03 

Co-60 < 8.40E-03 l .60E-02 8.40E-03 

Cs-134 6.60£-02 2. l0E-02 6.60£-02 

Cs-137 2.80E+OO 2.90£-01 2.80E+OO 

Eu-152 l.S0E-01 6.80E-02 l.50E-Ol 

Eu-154 < -3.90E-02 6. l0E-02 3.90E-02 ~ 
Eu-155 5.80E-02 5.50E-02 5.80£-02 0 

t!! 
t 1-129 < l.OOE-01 3.40£-01 l.OOE-01 ~ 
~ K-40 I 

\0 
C. N 

Mn-54 l.70E-02 1.60£-02 l.70E-02 I 
0 

Nb-95 
~ 

Pb-212 ~ 
~ 

Pb-214 
0 

Pu-238 5.00E-04 2.40£-04 5.00E-04 

Pu-239 4.00E-02 4.40E-03 4.00E-02 

Ru-106 < l.OOE-01 l.30E-Ol l.OOE-01 

Sr-90 6.60£-01 l.60E-Ol 6.60E-Ol 

Tc-99 < 5.20£-01 l.l0E+OO 5.20E-Ol 

U (total) 3.70E-Ol l.l0E-01 3.70E-Ol 

Zn-65 < 4.00E-03 3.60£-02 4.00E-03 

Zr-95 < -2.00E-03 3.20E-02 2.00E-03 

• • 
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Table A-2.1. Results of Grid Soil Sampling (pCi/ g) 
Location GRTl Page 11 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 < -1.S0E-02 3.S0E-02 -3.37E-02 8.04E-02 2.44E-02 

Ce-144 < -9 .J0E-02 l.20E-Ol < -1.40E-02 7.40E-02 -1.60E-02 1.03E-Ol 4.lOE-02 

Co-58 < -1.40E-02 1.80E-02 < l .OOE-02 l.l0E-02 l.74E-02 2.47E-02 4.47E-03 

Co-60 < -2 .30E-02 2.00E-02 < -3.20E-03 l.30E-02 -1.09E-02 l .S7E-02 l.24E-02 

Cs-134 3.90E-02 2.20E-02 < -4.40E-03 l.l0E-02 -4.60E-04 l.47E-02 l.14E-02 

Cs-137 l.80E+OO l.90E-Ol 7. l0E-01 7.90E-02 l.98E+OO 2.09E-01 l.S0E+OO 

Eu-152 l.30E-Ol 8.lOE-02 < S.80E-02 6 .30E-02 l .3SE-Ol 8.S3E-02 l.08E-Ol 

Eu-154 < -4.60E-02 6 .00E-02 < -9 .90E-04 4.20E-02 -1.70E-02 S.03E-02 2.13E-02 0 
0 

Eu-lSS < 4.00E-02 S.90E-02 S.lOE-02 4.20E-02 4.48E-02 S.03E-02 4.S3E-02 ~ 
> 1-129 < -1.40E-Ol 3.40E-Ol 3.30E-Ol 2.80E-Ol -l.7SE-Ol S.SlE-01 S.OOE-03 ~ N I 

~ K-40 1.4SE+Ol l.62E+OO l .4SE+0l \0 
N - Mn-54 3.90E-02 l.60E-02 < 4.20E-03 l.30E-02 2.0SE-02 l.82E-02 2.12E-02 
I 

Ii'." 0 
~ 

Nb-95 -S .28E-02 7.16E-02 S.28E-02 
~ 

Pb-212 7.63E-Ol 8.72E-02 7.63E-Ol ~ 
Pb-214 S.S0E-01 7.30E-02 S.97E-Ol 8.27E-02 S.89E-Ol 0 

Pu-238 3.90E-04 2.S0E-04 < 1.40E-04 2.20E-04 S.34E-04 2 .31E-04 3.SSE-04 

Pu-239 l.70E-02 2.20E-03 7.30E-03 l.S0E-03 2.00E-02 2.38E-03 l.48E-02 

Ru-106 < -l.80E-Ol l.70E-Ol < -4.00E-02 1.00E-01 -1.26E-02 1.48E-Ol 7.7SE-02 

Sr-90 4.40E-01 l.l0E-01 3.00E-01 S.80E-02 3.6SE-Ol 7 .02E-02 3.68E-Ol 

Tc-99 < 5.20E-Ol 8.60E-Ol 4.92E-02 l.16E+OO 2.8SE-Ol 

U (total) 2.20E-Ol 6.90E-02 4.42E-OI l .33E-Ol 3 .31E-01 

Zn-65 4.80E-02 3.90E-02 < -1.70E-02 2.80E-02 -S.70E-02 4.SSE-02 4.07E-02 

Zr-95 4.I0E-02 3.70E-02 < -8.70E-03 2.20E-02 2.57E-02 S.llE-02 l .93E-02 
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Table A-2.1. Results of Grid Soil Sampling (pCi/ g) 
Location GRT2 Page 12 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 < -l.S0E-02 4.40E-02 2.47E-02 9.40E-02 4.85E-03 

Ce-144 < -2.S0E-02 1.40E-Ol < -1.S0E-02 9 .90E-02 2.08E-03 l.12E-Ol l.40E-02 

Co-58 < -7. l0E-03 l.80E-02 < -l.l0E-03 l.40E-02 l.84E-02 2.58E-02 3 .40E-03 

Co-60 l .80E-02 l.70E-02 < -7.40E-03 l .S0E-02 -l.43E-02 l.87E-02 l.32E-02 

Ca-134 3.20E-02 2.40E-02 < 3.40E-03 l.40E-02 -5.30E-02 2.07E-02 2.95E-02 

Cs-137 2.30E+OO 2.40E-01 2.30E+OO 2.40E-Ol l.19E+OO l.31E-Ol l.93E+OO 

Eu-152 9.20E-02 8.60E-02 < 7.60E-02 7.60E-02 -2.45E-02 8.30E-02 4.78E-02 t:, 
Eu-154 < 2.30E-02 5.70E-02 < -3.00E-02 5.30E-02 4.84E-02 6.34E-02 l.38E-02 0 

tT1 -Eu-155 < -6.70E-03 8.40E-02 7 .30E-02 5.80E-02 3.09E-02 5.60E-02 3.24E-02 ~ 
1-129 < l.S0E-01 3.30E-Ol < l.60E-02 3.40E-01 9.59E-02 4.68E-Ol 9.73E-02 I 

\0 

~ N 
K-40 1.42E+0l l.60E+OO l.42E+0l I 

~ 
Mn-54 

~ 
I < l.l0E-02 l.70E-02 < -2.20E-03 l.60E-02 -3 .87E-03 l.78E-02 l.64E-03 -- ~ Nb-95 -8.71E-02 7.34E-02 8.71E-02 ~ -

Pb-212 8.43E-Ol 9.71E-02 8.43E-Ol 
0 

Pb-214 6.40E-Ol 8.40E-02 6.04E-Ol 8.36E-02 6.22E-Ol 

Pu-238 7.70E-04 2.90E-04 < -1.60E-05 4.30E-04 7.33E-04 2.93E-04 4.96E-04 

Pu-239 7.l0E-02 7.S0E-03 l.l0E-02 3. lOE-03 9.48E-03 l.39E-03 3 .0SE-02 

Ru-106 < l.20E-Ol 1.60E-Ol < 9.40E-02 l.30E-Ol 5.72E-02 l.69E-Ol 9 .04E-02 

Sr-90 3 .90E-Ol 1.00E-01 4.80E-Ol 9.40E-02 l.83E-Ol 3.52E-02 3 .SlE-01 

Tc-99 < 5.30E-Ol l.l0E+OO 2.47E-01 1.17E+OO 3.89E-Ol 

U (total) 3.20E-Ol 9.40E-02 4.SlE-01 l.34E-01 3.86E-Ol 

Zn-65 8.20E-02 3.90E-02 < -1.S0E-02 4. lOE-02 -1.60E-01 6.l0E-02 8.67E-02 

Zr-95 < -3. l0E-02 4. lOE-02 3.00E-02 2.80E-02 4.95E-02 6.43E-02 l.62E-02 

• • 
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Table A-2.1. Results of Grid Soil Sampling (pCi/ g) 
Location GRT4 Page 13 of 15 

1985 1986 1987 1988 1989 
I Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 < -3 .40E-02 4.40E-02 2.24E-02 7.90E-02 2.82E-02 

Ce-144 < -2.30E-02 l.30E-Ol < -4.00E-03 8.50E-02 2.49E-02 9.69E-02 l.73E-02 

Co-58 < -3.lOE-03 l.80E-02 < 9.30E-03 l.40E-02 l.l0E-02 2.53E-02 5.73E-03 

Co-60 < -2.30E-02 2.00E-02 < -4.30E-03 l.40E-02 -2.82E-02 l.82E-02 l .85E-02 

Ca-134 6.50E-02 2.40E-02 < -7.30E-03 l.40E-02 -8.l0E-02 l.97E-02 5. llE-02 

Cs-137 l.30E+OO l.40E-Ol l .20E+OO l.30E-Ol 5.26E-Ol 6 .43E-02 l.0lE+OO 

Eu-152 l.l0E-01 7.40E-02 l.20E-Ol 7.S0E-02 8.71E-02 7.78E-02 l.06E-Ol 

Eu-154 < - l.50E-02 6.30E-02 < -l.S0E-02 4.40E-02 l.16E-02 5.12E-02 l.49E-02 
tj 
0 

Eu-155 < 7.50E-02 7.60E-02 6.70E-02 4.70E-02 3 .24E-02 4.93E-02 5.81E-02 tI1 -
~ 

1-129 < -1.l0E+OO 6.S0E-01 < -5.70E-Ol 5.70E-Ol -9.87E-02 4.90E-Ol 5.90E-Ol ~ 
I 

K-40 l.51E+0l l.67E+OO l.51E+0l \0 
N 

I I ..... Mn-54 2.30E-02 l.70E-02 < l.30E-02 l.50E-02 -6 .94E-03 l.84E-02 9.69E-03 0 
3 ~ 

Nb-95 -2.89E-02 6.53E-02 2.89E-02 ~ 
Pb-212 7 .91E-Ol 8.86E-02 7 .91E-Ol ~ 
Pb-214 6.90E-Ol 8.80E-02 5 .98E-Ol 7.77E-02 6 .44E-Ol 0 

Pu-238 3.40E-04 l.90E-04 < 3.30E-04 3 .30E-04 6.64E-04 3.05E-04 4.45E-04 

Pu-239 l.60E-02 l.90E-03 2.00E-02 3.20E-03 7.35E-03 l.24E-03 l.45E-02 

Ru-106 < -2.70E-03 l.S0E-01 < 5.30E-02 l.20E-Ol 5.74E-02 l.40E-Ol 3.59E-02 

Sr-90 3.40E-Ol 8.S0E-02 3.S0E-01 7.20E-02 l.S0E-01 3 .53E-02 3 .00E-01 

Tc-99 < 2.40E-Ol 8.50E-Ol 4.23E-Ol l.04E+OO 3.32E-Ol 

U (total) 3.lOE-01 9. l0E-02 3.24E-Ol 9.97E-02 3 .17E-Ol 

Zn-65 < l.S0E-03 4.00E-02 < -6.60E-02 4. l0E-02 -9 .95E-02 4.99E-02 5.58E-02 

Zr-95 < l.S0E-02 3.20E-02 < - l.60E-02 2.S0E-02 2.23E-02 5.46E-02 8.lOE-03 
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Table A-2.1. Resu~ts of Grid Soil Sampling (pCi/g) 
Location GRT5 Page 14 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 < 7.20E-03 3 . l0E-02 -2.47E-02 8.02E-02 l.60E-02 

Ce-144 < -6 .00E-02 l.OOE-01 < -1.70E-02 7 .70E-02 -l .36E-03 9.9SE-02 2.61E-02 

Co-58 < 9.20E-04 l.70E-02 < -7. l0E-03 l .20E-02 -2.34E-02 2.93E-02 1.0SE-02 

Co-60 < l.20E-03 l.70E-02 < -9.30E-03 l.20E-02 l.24E-02 l.64E-02 l.43E-03 

Ca-134 6.30E-02 2.00E-02 < 8. l0E-04 l.20E-02 9.82E-03 l.54E-02 2.4SE-02 

Ca-137 l.20E+OO l.30E-01 l.30E+OO l.30E-01 2.33E+OO 2.44E-01 1.61E+OO 

Eu-152 9.30E-02 7.20E-02 < 4.60E-02 6.40E-02 4.24E-02 7.41E-02 6.0SE-02 

Eu-154 < 2.l0E-02 S.90E-02 < S.90E-03 4.l0E-02 -4.09E-02 S.44E-02 2.26E-02 0 
Eu-155 < 2.40E-02 S.60E-02 < 4. l0E-02 4.30E-02 2.3SE-02 S.31E-02 2.9SE-02 0 

t!! > 1-129 3.60E-Ol 3 .00E-01 < -2.60E-Ol S.lOE-01 -3 .37E-01 S.73E-01 3.19E-Ol ~ Iv .., 
K-40 1.48E+Ol 1.6SE+OO l.48E+0l I 

I \0 - N ::s Mn-54 < l .30E-02 1.S0E-02 < l.30E-03 1.40E-02 S.56E-03 l.93E-02 6.62E-03 I 

~ 
Nb-95 -1.49E-01 7.13E-02 l.49E-01 

Pb-212 7.97E-01 9.2SE-02 7.97E-Ol 
~ 
~ 

Pb-214 6.90E-Ol 8.S0E-02 6 .SlE-01 8.70E-02 6.71E-01 0 
Pu-238 2.60E-04 l .80E-04 3.90E-04 2.60E-04 3 .60E-04 l.92E-04 3.37E-04 

Pu-239 6.90E-03 1.00E-03 1.30E-02 2. IOE-03 1.84E-02 2.23E-03 l.28E-02 

Ru-106 < -2.00E-01 l.S0E-01 < S.20E-02 1.I0E-01 -7 .SIE-03 l.67E-01 8.6SE-02 

Sr-90 2.20E-Ol S.S0E-02 3.30E-01 6.S0E-02 9 .76E-01 l.91E-01 S.09E-01 

Tc-99 < 2.70E-Ol 8.S0E-01 S.62E-01 l .0SE+OO 4.16E-01 

U (total) 3.S0E-01 1.00E-01 4.13E-01 1.2SE-Ol 3.82E-Ol 

Zn-65 < 8.40E-03 4. l0E-02 < -8.20E-02 3 .S0E-02 -9.42E-03 S.14E-02 3.33E-02 

Zr-95 ·< 2.l0E-03 3.30E-02 < I.S0E-02 2.30E-02 0.OOE+OO S.76E-02 S.70E-03 

• • 
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Table A-2.1. Results of Grid Soil Sampling (pCi/ g) 
Location GRT6 Pa e 15 of 15 

1985 1986 1987 

Radionuclide Result Error Result Error Result 

Cc-141 < -3 .60E--03 

Cc-144 < -2 .90E--02 

Co-58 > 8.80E--03 

Co-60 < -2.S0E--03 

Ca-134 3.80E--02 

C•-137 2.30E+OO 

Eu-152 < 4.60E--02 

Eu-154 < 4.40E--02 

Eu-155 < 5.60E--02 

1-129 3.90E--Ol 

K-40 

Mn-54 < -7.l0E--03 

Nb-95 

Pb-212 

Pb-214 

Pu-238 8.S0E--04 

Pu-239 l.60E--02 

Ru-106 < -l.30E--02 

Sr-90 4. lOE--01 

Tc-99 < 2.S0E--01 

U (total) 3.S0E--01 

Zn-65 < 2.30E--02 

NOTE: Negative values indicate concentrations at or near background levels of radioactivity. 
Shaded Areas indicate a positive detection, the result is larger than the error. 
Dashes indicate no data are available. 

Error 

3.90E--02 

1.J0E-01 

l.80E--02 

2.l0E--02 

2.30E--02 

~.S0E--01 

8.30E--02 

5 .70E--02 

7.30E--02 

2.90E--Ol 

2 .00E--02 

3.SOE--04 

2.20E--03 

l.S0E--01 

l.OOE--01 

8.SOE--01 

l.OOE--01 

4.20E--02 

1988 1989 

Result Error Result Error 

-5.63E--02 8.22E--02 

< 2 .S0E--03 9.30E--02 -5.48E-02 l.l0E--01 

< -4.00E--03 l.S0E--02 -2.92E--02 3 .34E--02 

< 6.30E--03 l.40E--02 l.20E--02 l.97E--02 

< -4.S0E--03 l.30E--02 2.19E--03 l.78E--02 

l.20E+OO 1.J0E--01 l.70E+OO l.83E--Ol 

< 6.90E--02 7.l0E--02 5.60E--02 7.58E--02 

< l.40E--02 4.70E--02 -9.17£--03 6.06E--02 

5.90E--02 5.30E--02 2.62E--02 5.80E--02 

4.60E--Ol 2.70E--Ol l.l lE--01 3 .24E--01 

I .S0E+0l l.71E+OO 

< 6 .00E--04 l.SOE--02 9.42E--03 2.28E--02 

-1.38E--Ol 7.12E--02 

8.28£--01 9.69E--02 

5.80E--Ol 7.80E--02 6.68E--Ol 9.S0E--02 

< -l.60E--05 l.70E--04 l.58E--04 l.44E--04 

5 .90E--03 l.40E--03 l.02E--02 l.S0E--03 

< 3.60E--02 l.20E--01 -3.91£--02 l.70E--Ol 

2 . l0E--01 4. lOE--02 2.39E--01 4.64E--02 

3.59E--Ol l.04E+OO 

4.47E--Ol l.34E--Ol 

< -l.30E--02 3 .60E--02 -2.36E--02 5 .45E--02 

An asterisk (•) indicates that radionuclide concentration is less than detectable. The detection limits are as follows: Mn-54 = 2.0E--02, Co-58 = 2 .0E--02, Co-60 = 2.0E--02, 
Zn-65 = 4.0E--02, Sr-90 = 5.0E--03, nb-95 = 3.0 E--02, Zr-95 = 3 .0E-02, Ru-106 = l.7E--Ol, Cs-134 = 2 .0E--02, Cs-137 = 2.0E--02, Eu-152 = l.lE--01, Eu-154 = 5.0E--02, 
Eu-155 = 5.0E--02, Pu-238 = 6.0E--04, Pu-239 = 6 .0E--04, and U total = l.0E--02. 
Source: Schmidt et al. 1990; Elder ct al. 1986, 1987, 1988, 1989 

Average 
Result 

3 .00E--02 

2.88E--02 

l .40E--02 

5 .27E--03 

l.19E--02 

l.73E+OO 

5.70E--02 

l.63E--02 

4.71£--02 

3.20£--01 

l.S0E+0l 

9.73E--04 

l.38E--01 

8.28E--Ol 

6.24E--Ol 

3.31E--04 

l.07E--02 

2.94E--02 

2.86E--Ol 

3.0SE--01 

3.99E--Ol 

l.99E--02 

~ 
0 
tI1 -~ 

I 
\0 
tv 

I 

l2 
~ 
~ 
0 
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Table A-2.2 Results of Feiiceline Soil Sampling (pCi/g) 

Location 2E-1 Page 1 of 15 
1985 1986 1987 1988 1989 

Average 
Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 <9.l0E-03 2.80E-02 <1.20E-02 2 .60E-02 -2.40£.-02 8.26£.-02 -9.67E-04 

Ce-144 <2.90£.-02 9.30E-02 -4.48&-04 1.06E-01 1.43E-02 

Co-58 • <3.40E-03 1.S0E--02 0.OOE+OO 2.37E--02 1.70E-03 

~o 6.l0E-02 3.l0E--02 < 1.30£.-02 1.60E-02 7.06&-04 1.45E--02 2.49E-02 

C•-134 7.00E--02 3.50E-02 3.00E--02 2 .90E--02 <1.00E--02 2.00E--02 <7.30E-03 1.20E-02 -5 .15£.-02 1.94E-02 1.32E--02 

Ca-137 3.59E+OO 2.91E-01 1.31E+OO l.S2E-01 1.l0E+OO 1.20E-01 1.50E+OO 1.60E-01 4.85+00 4.94E-01 2 .47E+OO 

Eu-152 • 2.35E-01 8.90E--02 1.30E-01 6 .60E-02 7 .60£.-02 6 .40E-02 4.16E-02 6.84E--02 1.21E-01 

Eu-154 • 1.20E-01 4.50E-02 <1.l0E--02 4.90E-02 -1.74E-02 4.67E--02 3.79E--02 

Eu-155 • <-3.70£.-02 5.70E-02 <3 .00E--02 S.20E-02 2.32E-02 5.69£.-02 S.40E-03 t1 
1-129 0 
K-40 1.32E+0l 1.46E+OO 1.32E+0l 

tI1 -
Mn-S4 • <5.80E-03 1.60E-02 <1.90E-03 1.S0E-02 1.16£.-02 1.64E--02 6.43E-03 ~ 

> I 

Nb-9S • 2.00E-03 S.lSE--02 2.00E-03 \0 tv .tv 
1-i I 

I Pb-212 6.29E-01 7.46E--02 6.29E-01 0 
tv ~ 
~ Pb-214 4.60E-01 7.0lE--02 4.60E-01 

Pu-238 2.00E-04 2.00E-04 <4.40E-OS 1.20E-04 <-1.60E-05 9 .20E-05 7.60E-OS 
~ 
~ 

Pu-239 2.S0E--02 3 .00E-03 2 .00E-03 1.00E-03 1.l0E-03 4.00E-04 1.60E-03 4.80E-04 8.18E-03 

Ru-106 • < 1.20E-01 1.J0E-01 <2.20E-02 1.20E-01 4.33£.-02 1.60E-01 6.18E--02 
0 

Sr-90 1.12E+OO 2.S0E-01 4 .42E-01 8.60 3.S0E-01 8.70E-02 5.20E-01 9.80E-02 6.08E-02 

Tc-99 

U (total) 2.S0E-01 8.70E-02 3.60E-01 1.18E-01 3.20E-01 1.S0E-01 1.30E-01 4 .80E-02 2.65E-01 

Zn-65 • <-5 .50E-02 4 .20E-02 -1.13E-01 4.97E-02 -8.40E-02 

Zr-95 • < -7.90E-03 3 .00E-02 <-8.70E-03 2.60E-02 -3 .56E-03 4.43E--02 -6.72E--03 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/g) 
Location 2E-2 Page 2 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result 

Ce-141 <-3.l0E-02 5.90E-02 <2.20E-03 3.70E-03 5 .23E-02 8.72E-02 7.83E-03 

Ce-144 <8.20E-02 2.00E-01 -4.45E-02 1.17E-01 l.88E-02 

Co-58 • <3. l0E-04 1.70E-02 -1.22E-02 2 .17E-02 -S.9SE-03 

C0-60 • < -7 .60E-03 1.60E-02 -1.20E-03 l.S8E-02 -4.40E-03 

C•-134 • 7.S0E-02 2. lOE-02 <1.S0E-02 1.90E-02 -4 .9SE-03 1.76E-02 2.94E-02 

C1-137 2.l0E+0l 1.35E+OO 2.12E+0l 2. lSE+OO 2.S0E+0l 2 .S0E+OO 1.S0E+ 0l 1.S0E+OO 7.66E+OO 7 .76E-01 1.S0E+0l 

Eu-152 • 1.67E-01 1.06E-01 <5.60E-02 7 .40E-02 8.S0E-02 8.I0E-02 6.20E-02 6.74E-02 9.2SE-02 

Eu-154 • <5.00E-02 5.30E-02 <-6 .S0E-04 4.80E-02 6.12E-02 4 .40E-02 3.69E-02 

Eu-155 • <8.70E-02 1.20E-OI <5.40E-02 7.S0E-02 3.61E-03 5.73E-02 4.82E-02 

1-129 
tJ 
0 

K-40 1.36E+0l 152E+OO 1.36E+0l tT1 -Mn-54 • <8.40E-03 l.60E-02 <7.70E-03 1.40E-02 1.S6E-02 l.61E-02 1.06E-02 ~ > Nb-95 
I 

N • -1.64E-02 4.46E-02 -1.64E-02 \0 

~ N 
Pb-212 6 .13E-OI 7.S0E-02 6.13E-01 I 

N ~ er Pb-214 4.69E-01 7 .60E-02 4.69E-01 

Pu-238 5.00E-04 3.00E-04 <2.70E-04 4.00E-04 <-3 .20E-05 3.30E-04 2.46E-04 ::ti 
(l) 

Pu-239 8.00E-03 2 .00E-03 7.00E-03 2.00E-03 7 .30E-03 l.70E-03 4.J0E-03 1.S0E-03 6.6SE-03 < 

Ru-106 • l.88E-01 4 .45E-OI <2.30E-01 2.S0E-01 < l.20E-01 2.00E-01 3 .73E-02 1.71£-01 2.16E-01 0 

Sr-90 2.67E+OO 4.95E-01 2.35E+OO 4.28£-01 2 .60E+OO 6.60£-01 2. I0E+OO 3.90E-OI 2.43£+00 

Tc-99 

u (total) 3 .08£-01 1.03E-01 2 .87£-01 9 .S0E-02 3.90E-OI 1.80£-01 3 .30£-01 1.00E-01 3.29£-01 

Zn-65 • 1.09E-01 6 .20£-02 <1 .60£-02 4 .00E-02 -3.69E-02 4 .26£-02 2.94£-02 

Zr-95 • <-2.40E-02 3 .20E-02 <6.80E-03 2.S0E-02 -2.52E-02 4 .19E-02 -1.41E-02 

• • 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/g) 
Location 2E-3 Page 3 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 - - - - < -8.70E-03 2.90E-02 <7.S0E-03 2.60E--02 -l.94E-02 6.8SE-02 -6 .87E-03 

Ce-144 - - - - <-9.30E-02 9 .80E-02 - - -7.68E-02 8.S0E-02 -8.49E-02 

Co-58 • - - - <7.S0E-03 1.60E-02 - - -8.49E-03 2.S3E-02 -3 .4SE-04 

C0-60 • - - - <6.40E-03 l.60E-02 - - S.46E-03 l.SIE-02 S.93E-03 

Cs-134 9.60E-02 6 .40E-02 - - 4.90E-02 2.40E-02 2.S0E-02 l .40E-02 -4.99E-03 l.39E-02 4.13E-02 

Ca-137 6 .00E-01 l.17E-Ol 2.23E-Ol 4.60E-02 4.90E-Ol 6.40E-02 7.S0E-01 8.90E-02 2.90E-Ol 3.94E-02 4.77E-Ol 

Eu-152 • - l.41E-Ol 9.40E-02 l.OOE-01 6.I0E-02 7.20E-02 S.70E-02 1.28E-Ol 7.SIE-02 l.l0E-01 

Eu-154 • - - - <7.40E-03 S.20E-02 <l.B0E-02 4.40E--02 -3 .33E-04 S.06E-02 8.36E-03 

Eu-lSS • - - - <-4.00E-03 S.90E-02 S.S0E-02 S.30E-02 S.17E-02 4.S9E-02 3.42E-03 

1-129 
t, 

- - - - - - - - - - - 0 
K-40 - - - - - - - - 1.43+01 l.S8E+OO l.43E+0l tT1 -Mn-54 • - - - 2.30E-02 l.70E-02 <9.30E-03 l .S0E--02 S.33E-03 l.66E-02 l.2SE-02 ~ > 

N Nb-95 • -4.ISE-02 S.4SE-02 -4. ISE-02 
I - - - - - - - \0 

';'i N 
Pb-212 - - - - - - - - 6;61E-01 7.6SE-02 6.61E-Ol I 

N 0 
0 Pb-214 S.28E-01 7.0SE-02 S.28E-Ol ~ - - - - - - - -

Pu-238 4 .00E-04 3.00E-04 4.00E-04 3 .00E-04 3.90E-04 2.40E-04 3 .S0E-04 l.90E-04 - - 3.SSE-04 ~ -
Pu-239 4.20E-02 S.OOE-03 l .OOE-02 2.00E-03 l.OOE-02 l .60E-03 l .30E-02 l.70E-03 - - l.88E-02 ~ 

Ru-106 9 .89E-01 6 .89E-01 2.22E-01 2.19E-Ol 4.40E-Ol l.B0E-01 2.30E-Ol l.40E-01 2. llE-02 l.48E-01 3.80E-01 0 

Sr-90 1.00E+OO l.87E-01 3.06E-01 6.20E-02 S.70E-Ol l.40E-Ol 2.S0E-01 4.S0E--02 - - S.32E-01 

Tc-99 

U (total) 2 .67E-01 9.20E-02 3.97E-Ol l .29E-Ol 2.40E-Ol 1.20E-01 3.20E-01 1.00E-01 - - 3.06E-Ol 

Zn-6S • - - - <3.30E-02 3.60E-02 - - -1.60E-02 - 8.S0E-03 

Zr-95 • - - - <2.60E-02 3 .I0E-02 < -1.60E-02 2.S0E-02 2.03E-02 4.83E-02 l.0IE-02 



Radionuclide 

Ce-141 

Ce-144 

Co-58 

C0-60 

Ca-134 

C•-137 

Eu-152 

Eu-154 

Eu-lSS 

1-129 

K-40 

~ Mn-54 

~ Nb-95 
N 

Pb-212 0. 

Pb-214 

Pu-238 

Pu-239 

Ru-106 

Sr-90 

Tc-99 

U (total) 

Zn-65 

Zr-95 

• 

1985 

Result Error 

• 
• 

8.60E+0l 

• 
• 

• 
• 

"-

• 
2.30E+02 

• 
7.80E+OO 

• 
• 
• 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/g) 
Location 2E-4 

1986 1987 1988 

Result Error Result Error Result Error 

1989 

Result Error 

Page 4 of 15 

Average 
Result 

8.60E+0l 

2.30E+02 

7.80E+OO 

• 

t1 
0 
tr1 -~ 

I 
\0 
N 
I 

0 
.i:,.. 
~ 

~ 
~ 
0 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/g) 
Location 2E-NE Page 5 of 15 

1985 1986 1987 1988 1989 
Avenge 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 - - - - · <l.80E--02 2.80£-02 <-2.00E-03 3.I0E-02 -3.888-102 7.668-02 -7.60E-03 

Ce-144 - - - - <-6.408-02 I.OOE-01 - - l.67E-02 I.I0E-01 -2.37E-02 

Co-58 • - - - <-l.OOE-02 l.80E--02 - - -9.lSE-03 2.69E--02 -9.S8E-03 

C0-60 • - - - <l.20E-02 I.S0E-02 - - 8.39E-03 l.60E--02 l.02E-02 

Ca-134 9.408-02 S.60E-02 9.80E-02 3 .408-02 :J.20E-02 2.00E-02 <-3 .00-03 2 . l0E-02 -2.168-03 I.SSE--02 4.38E-02 . 
C•-137 S.I0E-01 l.83E-Ol I.S4E+OO l.7SE-01 I.I0E+OO l.20E-Ol l.70E+OO l.90E-Ol 1.08+00 l.20E-Ol 1.19E+OO 

Eu-152 • - - - <-2.00E-03 8.I0E-02 <8.00E-02 9.60E-02 l.71E-02 8.308-02 3.17E-02 

Eu-154 • - - - <3.90E-02 4.40E--02 <l.80E-02 6 .60E-02 l.21E-03 S.78E-02 l.94E--02 

Eu-155 • - - - <4.40E-02 S.30E-02 <6.80E-02 7.30E-02 2.00E-02 4.83E--02 4.308-02 t1 
1-129 - - - - - - - - - - 0 
K-40 - - - - - - - - l.38E+0l I.S7E+OO l.38E+0l t!2 

> Mn-54 6.708-02 4.90E-02 · 2.908-02 2.408-02 <-I.I0E-02 1.808-02 <l.60E-02 l.90E-02 1.728-02 1.938-02 2.368-02 ~ 
N I 

Nb-95 '° ~ • - - - - - - - -4.638-02 6.438-02 -4.63E--02 N 
I I 

N Pb-212 - - - - - - - - 7.27E-01 8.478-02 7.27E-Ol 0 
('II ~ 

Pb-214 6.00E-01 8.36E--02 6.00E-01 
~ - - - - - - - -
~ 

Pu-238 6.00E-04 4 .00E-04 - - <l.60E-04 l.80E-04 <2.20E-04 2 :40E-04 - - 3.27E-04 ~ 
Pu-239 S.OOE-03 l.OOE-03 S.OOE-03 l.OOE-03 S.l0E-03 I.OOE-03 6.S0E-03 l.S0E-03 - - S.40E-03 

0 
Ru-106 • - - - <3.l0E-02 1.40E-Ol <-2.70E-02 2.00E-01 -2.S3E-02 I.S3E-OI -6.S0E-03 

Sr-90 l.88E+OO 3.44E-Ol l.46E+OO 2.71E-01 I.OOE+OO 2.S0E-01 2.20E+OO 4.20E-01 - - l .64E+OO 

Tc-99 

U (total) 2.14E-OI 7.60E-02 3.S4E+OO 1.17E-01 l.20E-Ol 6.20E--02 2.30E-01 7.40E-02 - - 2.30E-Ol 

Zn-65 • - 6.S0E--02 4.808-02 <-I.S0E-03 3.60E-02 - - -2.408-02 4.9SE-02 l.43E-02 

Zr-95 l.28E-Ol l.03E-Ol 7.60E-02 7.408-02 <-2.S0E-02 2.70E-02 <2.40E-03 4.l0E-02 6.48E-03 S.31E--02 3.76E-02 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/ g) 
Location 2E-SE Page 6 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 <-2.20E-02 l.S0E-02 <9.30E-03 2.30E-02 l.0lE-02 8.18E-02 -8.67E--04 

Ce-144 <5.90E-02 6 . l0E-02 -8.94E-03 1.06E-Ol 2.S0E-02 

Co-58 • <-6.90E-03 9.60E-03 S.69E-03 2.48E-02 -6 .05E--04 

C0-60 3 .60E-02 2.40E-02 l .30E-02 9 .70E-03 -1.79E-03 l.90E-02 l.S7E-02 

Ca-134 S.40E-02 4.40E-02 7 .80E-02 3.40E-02 4.70E-02 l.40E-02 <-6.70E-02 l.80E-02 1.llE-03 1.46E-02 2.26E-02 

Ca-137 6.30E-02 S.20W-02 1.66E-Ol 4.30E-02 l.20E-Ol 2.00E-02 l.OOE-01 2.40E-02 l.34E+OO l.46E-Ol 3.58E-Ol 

Eu-152 • l.03E-Ol 9 ;20E-02 <4.l0E-02 4.70E-02 <3.70E-02 8.l0E-02 l.S0E-01 7.30E-02 8.28E-02 

Eu-154 • <5.60E-03 3.70E-02 <-1.80E-02 S.S0E-02 3.77E-02 S.39E-02 8.43E-02 

Eu-155 • <2.40E-02 3.30E-02 <3 .60E-02 S.lOE-02 6 .49E-02 S.46E-02 4.16E-02 ti 
1-129 0 

t!! 
K-40 l.SlE+0l l .68E+OO l.SlE+0l ~ 

> Mn-54 • <-9.l0E--04 9.90E-03 <l.20E-02 l.S0E-02 3.8SE-03 l.70E-02 4.98E-03 ~ 
I 

N l,C) 

~ Nb-95 • -S.S4E-02 6.S0E-02 -S .54E-02 N 
I 

N Pb-212 7.48E-01 8.57E-02 7.48E-Ol 0 
'"+) ~ 

Pb-214 6.14E-Ol 8.48E-02 6.14E-Ol ~ 
Pu-238 4.00E--04 3.00W--04 3.00E--04 3 .00E--04 <-3.l0E-06 8.S0E-05 < l.S0E--04 1.90E--04 2.19E--04 ~ 
Pu-239 2.00E-03 1.00W--04 l.OOE-03 l.OOE-03 l .S0E-03 4.20E--04 l.90E-03 S.SOE--04 1.60E--04 0 
Ru-106 • 2.60E-01 2.07E-Ol < -3.20E-02 7.90E-02 < -2.30E-02 1.30E-Ol 6.0SE-02 l.49E-Ol 6.64E-02 

Sr-90 1.56+00 2.90E-Ol 4.83E-01 9.S0E-02 3.S0E-01 9.00E-02 3.80E-Ol 7.40E-02 6.93E-Ol 

Tc-99 

U (total) 3.62E-01 l.19E-Ol 3.14E-Ol l.04E-Ol 2.40E-Ol l.20E-Ol 2.90E-Ol 9.30E-02 3.02E-Ol 

Zn-65 • <-2.S0E-02 2.90E-02 -7.47E-02 4.79E-02 -4.99E-02 

Zr-95 • <l.OOE-02 2.00E-02 < l.20E-02 2.80E-02 2.49E-02 S.22E-02 l.56E-02 

• • 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/ g) 
Location A-TF-El . Page 7 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error. Result Error Result Error Result 

Ce-141 < -1.60E--02 3.20E-02 < -1.l0E-03 2.S0E-02 -5.66E-02 9.96E-02 -2.46E-02 

Ce-144 <-2.00E--02 1.l0E-01 -6 .39E-02 1.17E-01 -4.20E-02 

Co-58 • <-2.60E-03 1.70E-02 3.04E-02 2 .79E-02 1.39E-02 

C0-60 • <-1.20E--02 1.60E-02 1.l0E-02 1.92E-02 -5.00E-04 

Ca-134 • 4.l0E-02 2.90E-02 3.70E-02 2 .S0E-02 <-2.00E--03 1.40E-02 4.29E-03 1.88E-02 2.0lE-02 

Ca-137 9 .60E--01 1.35E-Ol 2.44E+OO 2.70E-01 2 . lOE+OO 2.20E-Ol 3.70E+OO 3.80E-Ol 2 .79E+OO 2.94E-Ol 2.40E+OO 

Eu-152 • 2.30E-01 1.17E--01 8.40E-02 8.20E-02 8.30E-02 6.90E-02 2.55E-02 9 .47E-Ol 1.06E-01 

Eu-154 • <4.00E--02 4.80E-02 < -3.20E-02 4.60E-02 3.32E-02 5.92E-02 1.37E-02 

Eu-155 • <5.J0E-02 6 .30E-02 8.20E-02 5.S0E-02 l.84E-02 5.98E-02 5.llE-02 t, 
1-129 0 
K-40 1.21E+Ol 1.43E+OO 1.21E+0l 

tI1 -
> Mn-54 • <3.70E--03 l.60E-02 <4.80E-04 l .30E-02 5.0SE-03 l.84E-02 3.08E--03 ~ 
N I 

~ Nb-95 • -4.77E-02 7.27E-02 -4.77E-02 l,O 
N 

N Pb-212 4.82E-02 6.83E-02 4.82E-01 
I 

0 (J'Q .i:,.. 

Pb-214 5.0lE--01 8.14E-02 5.0lE-01 

Pu-238 • l.40E-03 7 .00E-04 <-1.00E--05 7 .70E-05 <7.S0E--05 1.lOE-04 4.88E-04 
:;d 
rt) 

< 
Pu-239 2.00E-03 l .OOE--03 3.00E-03 l.OOE-03 <6.l0E--05 9 . l0E-05 3. l0E--03 6.20E-04 2.04E-03 

Ru-106 • < 1.30E--Ol 1.60E-Ol <-1.70E-02 1.20E-Ol 1.49E--01 1.91E--01 8.73E-02 
0 

Sr-90 3.63E--Ol 7 .lOE-02 3.98E-01 7.90E--02 4.80E-Ol l.20E--Ol 4.70E--Ol 9.l0E-02 4.28E-Ol 

Tc-99 

U (total) 2.57E--Ol 8.90E-02 2 . l0E-01 8.70E-02 2 .80E-Ol 1.30E-Ol 1.40E-Ol 5.00E-02 2.22E-Ol 

Zn-65 < -5.70E-02 4.80E-02 -4.80E-02 5.29E-02 -5 .25E-02 

Zr-95 <3.00E-02 3 .00E-02 <-6 . lOE-03 2 .60E-02 -9.53E-03 6.06E--02 4.79E-03 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/g) 
Location A-TF-E2 Page 8 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 <7.30E-03 3.70E--02 <8.40E--04 3 .OOE--02 4.0SE--02 9.S2E--02 l.62E--02 

Ce-144 <4.S0E--03 l.30E--Ol -4.02E--02 1.24E--01 -l.79E--02 

Co-58 • 4.70E--02 2.S0E--02 <2.80E--04 l.S0E--02 l.88E--02 2.76E--02 2.20E--02 

C0-60 • l.S0E--02 l.20E--02 -S.44E--03 l.7SE--02 6.28E--03 

Ca-134 • 4.20E--02 2.40E--02 8.00E--02 2.20E--02 2.S0E-02 l.60E--02 3.42E--03 l.88E--02 3.76E--02 

C•-137 4.S7E+OO 3.S2E-02 l.26E+0l L28E+OO l.l0E+0l l.l0E+OO 4.20E+OO 4.40E-01 4.08+00 4.18E--Ol 7.29E+OO 

Eu-152 • 1.00E-01 6.30E-02 l.l0E--01 6.70E-02 7.S0E--02 7.4SE--02 9.S0E--02 

Eu-154 • S.l0E--02 4.S0E--02 <-S .20E--02 S.40E--02 -S .44E--02 S.44E--02 -1.SSE--02 

Eu-155 • 7.30E--02 6.40E--02 <3.90E--02 6.00E--02 S.23E--02 S.41E--02 S.48E--02 
~ 

1-129 
~ K-40 l .39E+0l I.SSE+OO l.39E+0I -> Mn-54 6.40E--02 3.S0E--02 2.20E--02 l.90E-02 <-I.S0E-03 l.60E-02 <1 .206--03 l.60E--02 l.58E--02 l.90E--02 2.03E--02 ~ N 

~ Nb-95 7.40E--02 -S .21E--02 6.66E--02 2.956--02 
I 

I l.llE-01 \0 
N N =- Pb-212 6.68E--OI 7.966--02 6.686--01 I 

Pb-214 5.27E--Ol 7.SSE--02 S.27E-Ol ~ 

Pu-238 • S.OOE--04 5 .006--04 9.00E--04 4.30E--04 < 1.106--04 1.906--04 S.036--04 ~ 

Pu-239 I.OOE--03 1.006--03 4.006--03 1.006--03 7.60E-03 1.406--03 3.70E--03 l.l0E-03 4.086--03 ~ 

Ru-106 • <-5.206--02 1.706--01 1.706--01 l.S0E-01 l.31E--01 l.89E-OI 8.30E--02 0 

Sr-90 l.17E+OO 2.16E-OI 2.416+00 4.44E-OI 4.306+00 1.106+00 7.206--01 1.40E-OI 2.156+00 

Tc-99 

U (total) 2.66E--Ol 9.206--02 S.526--01 l.83E-Ol 3. lOE-01 1.406--01 3.206--01 9.906--02 3.626--01 

Zn-65 • < -3 .106--02 4.006--02 -3 .27E--03 4.576--02 -1.716--02 

Zr-95 l.43E-Ol 1.026--01 <1.006--02 2.80E--02 < 1.00E--03 2.80E--02 9.31E--04 5.676--02 3.87E--02 

• • 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/g) 
Location 2E-1 Page 9 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 <2.70E-03 3 .80E-02 <2.60E+O 7.30E+OO -8.41E-02 l.llE-01 8.40E-Ol 
0 

Ce-144 <2.SOE-02 l.30E-Ol -8 .47E-02 l.48E-Ol -2.99E-02 

Co-58 • <-2.90E-03 l .30E-02 S.98E-03 2.61E-02 l .S4E-03 

c~o 4.SOE-02 2.60E-02 <7.00E-03 l.SOE-02 -2.49E-02 l.89E-02 9.03E-03 

Ca-134 S.SOE-02 3.70E-02 l.l9E-Ol 3.40E-02 8.SOE-02 2.40E-02 <9.lOE-03 2.20E-02 l.36E-02 2.20E-02 S.63E-02 

Cs-137 S.36E+OO 3.97E-Ol l.SlE+Ol l.S2E+OO l.lOE+Ol l.lOE+Ol l.30E+Ol l.30E+OO 7.09E+OO 7.22E-Ol l.03E+Ol 

Eu-152 • 8.SOE-02 6.90E-02 <4.60E-02 6. lOE-02 <6.00E-02 7.70E-02 6.16E-02 7.SOE-02 6.32E-02 

Eu-154 • 7. lOE-02 4.80E-02 <-2.lOE-02 S.40E-02 4.S2E-02 4.69E-02 3.17E-02 

Eu-lSS • <l.20E-02 7. lOE-02 <6.80E-02 8.30E-02 2.79E-02 8.32E-02 3 .60E-02 tJ 
1-129 0 
K-40 1.SlE+Ol l.72E+OO l.SlE+Ol 

tT1 -> Mn-54 • 2.SOE-02 l.60E-02 <9.00E-03 l.30E-02 <2.lOE-02 2.70E-02 3.6SE-02 2.84E-02 2.29E-02 ~ N 
~ 

I 

Nb-95 • -8.16E-02 6.65E-02 -8.16E-02 v::, 
I N N 

7.07E-Ol 
I .... Pb-212 7.07E-Ol 9.03E-02 0 
~ 

Pb-214 S.OOE-01 8.93E-02 S.OOE-01 

Pu-238 • 4.00E-04 4.00E-04 <-S .90E-OS l.30E-04 2.90E-04 l.60E-04 2.lOE-04 ~ 
~ 

Pu-239 3.00E-03 l.OOE-03 3.00E-03 l .OOE-03 l.40E-03 S.40E-04 4.30E-03 7.30E-04 2.93E-03 

Ru-106 • 6.96E-Ol 3.30E-Ol <l.40E-Ol 1.90E-Ol <6.30E-02 2.90E-Ol 7.74E-02 2.40E-Ol 2.44E-Ol 
0 

Sr-90 8.32E-Ol l.SSE-01 S.2SE+OO 9.60E-Ol l.60E+OO 3.90E-Ol 2.lOE+OO 3.90E-Ol 2.4SE+OO 

Tc-99 

U (total) 3.2SE-Ol 1.09E-Ol 2.34E-Ol 7 .80E-02 1.70E-01 l .OOE-01 2.90E-01 9 .00E-02 2.SSE-01 

Zn-65 8.20E-02 4.80E-02 <-3.20E-02 4.00E-02 l.37E-02 4.SOE-02 2.12E-02 

Zr-95 • <-2.lOE-02 2.70E-02 <-1.70E-01 4. lOE-01 -2.28E-02 5.91E-02 -7.13E-02 



1985 

Radionuclide Result Error 

Ce-141-

Ce-144 

Co-58 

~o 
Ca-134 

Ca-137 

Eu-152 

Eu-154 

Eu-lSS 

1-129 

K-40 

> Mn-54 
N Nb-95 
";i 

Pb-212 8-
Pb-214 

Pu-238 

Pu-239 

Ru-106 

Sr-90 

Tc-99 

U (total) 

Zn-65 

Zr-95 

• 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/ g) 
Location A-TF-E4 

1986 1987 1988 

Result Error Result Error Result Error 

<-S .30E-02 7.00E-02 <-4.30E-03 3.70E-02 

<-8.60E-03 2.30E-Ol 

4.60E-02 3.00E-02 <8.90E-03 l.40E-02 

<-9.20E-03 2.00E-02 

9.04E+0l 9 .06E+OO 3.60E-02 2.l0E-02 < -S.90E-02 2.S0E-02 

4 .20E+0l 4.20E+OO l.OOE+0l l.OOE+OO 

9.00E-02 4.90E-02 l.20E-Ol 6.30E-02 9.90E-02 8.00E-02 

2.34E-Ol l.86E-Ol <2.00E-02 S.40E-02 <-8.70E-03 6.00E-02 

<6. l0E-02 l.30E-Ol <S.80E-04 8.00E-02 

<l.l0E-02 l .S0E-02 <l.40E-02 l.S0E-02 

9 .00E-04 5.00E-04 8.60E-04 7.60E-04 3.20E-04 l.70E-04 

l.40E-02 2 .00E-03 8.20E-03 2.l0E-03 8.60E-03 l.20E-03 

< - l.S0E-02 3.80E-Ol <l.30E-01 2.00E-01 

7 .66E+OO l.40E+OO 4 .90E+OO l .20E+OO 4.lOE+OO 7.70E-Ol 

3.91E-Ol l.27E-l l.70E-Ol 1.00E-01 3.00E-01 9.S0E-02 

<l.30E-02 4.60E-02 

<-l.20E-03 3.40E-02 <2.60E-02 2.80E-02 

Page 10 of 15 
1989 

Average 
Result Error Result 

S.17E-02 8.31E-02 -1.87E-03 

-7.31E-03 1.07E-01 -7.96E-03 

-S.S0E-03 2.27E-02 1.6SE-02 

-2.66E-03 l.36E-02 -S.93E-03 

-8.9SE-03 l.43E-02 -l.07E-02 

4.37E+OO 4.46E-Ol 3.67E+0l 

-6.92E-03 6 .99E-02 7.07E-02 

l.lSE-02 S.07E-02 2.82E-02 e, 
3.73E-02 S.26E-02 8.32E-02 0 

t!! 
l.29E+0l l.43E+OO l.29E+0l ~ 

I 

3.33E-03 l.53E-02 9.44E-03 '° N 
-2.98E-02 S.57E-02 -2.98E-02 I 

0 

6.06E-Ol 7.17E-02 6.06E-Ol 
~ 

5.25E-Ol 7.S4E-02 S.2SE-01 ~ 

6.93E-04 
~ 

l.03E-02 0 

3.67E-02 l.4SE-Ol S.06E-02 

S.SSE+OO 

2.87E-Ol 

-1.71E-02 3.70E-02 -l.SIE-02 

l.lSE-02 4.7SE-02 I .21E-02 

• 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/g) 
Location A-TF-Wl Page 11 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 < -2.00E-02 3.70E-02 < -3.50E-02 2.70E-02 -1.20E-Ol l.33E-Ol -5.23E-02 

Ce-144 <-7.50E-02 l.20E-Ol 9.25E-02 l.59E-Ol 8.75E-03 

Co-58 • 2.l0E-02 l.S0E-02 -l.79E-02 3.96E-02 l.55E-03 

C0-60 • 3.00E-02 l.70E-02 6.26E-03 2.16E-02 l.SlE-02 

Ca-134 • 2.90E-02 2.70E-02 7.50E-02 2.70E-02 <-5 .OOE-02 l.90E-02 -l.03E-02 2.24E-02 l.09E-02 

C•-137 6.76E-Ol 9.30E-02 2.89E+OO 3.07E-Ol 3.70E+OO 3.80E-Ol l .90E+OO 2.00E-01 2.02E+OO 2.22E-Ol 2.24E+OO 

Eu-152 • l.l0E-01 7.60E-02 8. l0E-02 7. l0E-02 7.88E-02 1.14E-Ol 8.99E-02 

Eu-154 l .21E-Ol 9.80E-02 <9.20E-03 4.70E-02 <-3 .40E-02 5.40E-02 l.l0E-02 7.22E-02 2 .68E-02 

Eu-155 • <l .40E-02 7.50E-02 <2.00E-02 6.50E-02 5.74E-02 8.75E-02 3.05E-02 t, 
1-129 0 

~ 
K-40 1.49E+0l l.77E+OO l .49E+0l 

~ 
> Mn-54 • <-l.S0E-02 2.00E-02 2.20E-02 l.60E-02 l.22E-02 2.43E-02 6.40E-03 I 

\0 
N Nb-95 • -4.25E-02 8.78E-02 -4.25E-02 N 
1--i I 

I Pb-212 6.41E-Ol 9.38E-02 6.41E-Ol 0 
N .i:,. 
~ Pb-214 5.96E-Ol 9.92E-02 5.96E-Ol 

~ 
Pu-238 • <l.S0E-04 2.40E-04 l .S0E-04 l.40E-04 l.S0E-04 ~ 
Pu-239 l.OOE-03 1.00E-03 3.00E-03 1.00E-03 5.l0E-03 l.30E-03 3.40E-03 6.60E-04 3.13E-03 0 
Ru-106 <-l.60E-Ol l.80E-Ol 1.S0E-01 l.40E-Ol l.13E-01 2.24E-Ol 4.43E-02 

Sr-90 6.62E-Ol l .23E-Ol l.02E+OO 1.90E-Ol l.80E+OO 4.40E-Ol 9.50E-Ol l.S0E-01 l.llE+OO 

Tc-99 

U (total) 2.75E-Ol 9.50E-02 3.18E-Ol l.06E-Ol 2.70E-Ol l.30E-Ol l .90E-Ol 6.40E-02 2.63E-Ol 

Zn-65 • <-2.40E-02 4. lOE-02 -4.76E-02 6.89E-02 -3 .58E-02 

Zr-95 • 4.40E-02 3.20E-02 < l.70E-02 2.60E-02 l .20E-02 8.00E-02 2.43E-02 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/ g) 
Location A-TF-W2 Page 12 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 - - - - < 1.90E-02 2.S0E-02 <1 .S0E-03 3.90E-02 -6.SSE-02 l.OOE-01 -l.S0E-02 

Ce-144 - - - - <2.l0E-02 8.40E-02 - - -4.79E-02 l.32E-Ol -1.35E-02 

Co-58 • - - - <l.70E-03 l.30E-02 - - -3 .25E-02 3.36E-02 -l.54E-02 

C0-60 • - - - <5 .90E-03 l.40E-02 - - 5.30E-03 2.17E-02 5.60E-03 

Ca-134 • - 3.S0E-02 3.20E-02 2.60E-02 1.80E-02 <-l.60E-02 2.60E-02 5.47E-03 1.69E-02 l.26E-02 

Ca-137 1.69E+OO l.70E-01 8.31E-01 l.09E-01 l.70E+OO l.80E-01 1.20E+0l l.20E+OO 3.19E-01 4.87E-02 3.31E+OO 

Eu-152 • - - - <3.90E-02 6. l0E-02 9.l0E-02 7.20E-02 2.45E-02 9.71E-02 5. lSE-02 

Eu-154 • - - - <2.00E-02 4.40E-02 <3.40E-02 5.S0E-02 -8.79E-02 6 .81E-02 -1.13E-02 

Eu-155 • - - - <4.70E-02 5.00E-02 <3 .40E-02 9.20E-02 6.67E-02 7.42E-02 4.92E-02 ~ 
1-129 - - - - - - - - - 0 

tT1 
K-40 l.55E+0l l.77E+OO l.SSE+0l -- - - - - - - -

~ > Mn-54 • - - - <2.20E-04 1.30E-02 2.40E-02 l.70E-02 3.40E-03 2.28E-02 9.21E-03 I 
N 

Nb-95 • -1.52E-01 
l,O 

i-i - - - - - - - 7.54E-02 -l .52E-01 N 
I I 

N Pb-212 - - - - - - - - 9.38E-01 1.08E-Ol 9.38E-01 0 - ~ 

Pb-214 - - - - - - - - 8.16E-01 l.06E-01 8.16E-01 
~ 

Pu-238 • - 3.00E-04 2.00E-04 <1.60E-04 2.20E-04 2.30E-04 l.S0E-04 - - 2.30E-04 0 
< 

Pu-239 2.00E-03 1.00E-03 l.OOE-03 l.OOE-03 1.30E-03 5.S0E-04 3.30E-03 6. l0E-04 - - 1.90E-03 
0 

Ru-106 • - - - <-6.20E-02 l.20E-01 <3.40E-02 2.60E-01 l.74E-01 1.87E-01 4.87E-02 

Sr-90 2.45E+OO 4.40E-01 7.64E-01 l.45E-01 1.l0E+OO 2.70E-01 7.60E+OO 1.40E+OO - - 2.98E+OO 

Tc-99 

U (total) 2 .90E-01 9 .80E-02 5.lOE-01 l.67E-01 2 .20E-01 1.l0E-01 2.40E-Ol 7.80E-02 - - 3. lSE-01 

Zn-65 • - - - <l.80E-02 3 .S0E-02 - - -1.02E-01 7.19E-02 -4.20E-02 

Zr-95 • - - - 3.30E-02 2.30E-02 <2.80E-02 3.20E-02 5.20E-02 6.63E-02 3.77E-02 

• • 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/ g) 

Location AW-TF-E Pa2e 13 of 15 
1985 1986 1987 1988 1989 

Average 
Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Cc-141 <2.70E-03 2.00E-02 < -2.00E-02 4.20E-02 -8.65E-03 

Ce-144 <5.J0E-04 6 .80E-02 5 .J0E-04 

Co-58 • < - l.J0E-02 l.40E-02 -l.J0E-02 

C0-60 • 3.60E-02 l.S0E-02 <-1.40E-02 l.J0E-02 l.l0E-02 

Cs-134 6.J0E-02 5.J0E-02 7.lOE-02 2.S0E-02 <4.J0E-02 l.40E-02 <-2.J0E-02 2.80E-02 3.85E-02 

Cs-137 9 .J0E-02 5.00E-02 2.16E-Ol 4.J0E-02 <3. l0E-01 4.l0E-02 <6.90E-Ol 9 .S0E-02 3.27E-01 

Eu-152 • <4.70E-02 5.lOE-02 <-8.20E-03 l.40E-Ol l .94E-02 

Eu-154 • <l.20E-02 4.lOE-02 <-l.90E-02 8.J0E-02 -3 .S0E-03 

Eu-155 • <5 .80E-03 3.70E-02 <-1.J0E-02 1.00E-01 -3.60E-03 

I-129 tj 

> K-40 0 
N Mn-54 5.70E-02 4.00E-02 <4.80E-03 l.l0E-02 <l.l0E-02 2.40E-02 2.43E-02 t!2 
~ ~ I Nb-95 l.OSE-02 7.70E-02 l.OSE-01 N I 

9 Pb-212 '° N 
I 

Pb-214 i 
Pu-238 2.20E-03 7.00E-04 <3.J0E-04 2.J0E-04 2.80E-04 1.70E-04 9 .37E-04 

~ 
Pu-239 7.l0E-02 7.00E-03 l.OOE-03 l.OOE-03 <5.20E-03 9.80E-04 4.20E-03 7.40E-04 2.04E-02 ~ 
Ru-106 4.39E-01 4.28E-Ol <-6.l0E-02 l.OOE-01 <-1.90E-Ol 2.60E-Ol 6.27E-02 

0 
Sr-90 3.40E-02 l.90E-02 3.66E-Ol 7.J0E-02 <l.60E-01 4.00E-02 6.lOE-01 l.201E-01 2.93E-Ol 

Tc-99 

U (total) 2072E-Ol 4.38E-Ol 4.38E-Ol l.43E-Ol <5.lOE-01 2.80E-01 3.l0E-01 9.80E-02 3.83E-Ol 

Zn-65 • <l.l0E-02 3.lOE-02 l.l0E-02 

Zr-95 • <5 .60E-03 l .90E-02 <-2.00E-03 5.20E-02 l.80E-03 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/g) 
Location C-TF-NE Page 14 of 15 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 < l .OOE-02 9.40E-02 <6.J0E-03 3.40E-02 2.27E-02 l.65E-Ol 1.J0E-02 

Ce-144 < l.S0E-01 3.20E-Ol 6.36E-03 2.00E-01 7.82E-02 

Co-58 3.90E-02 2.40E-02 <6.J0E-03 l.90E-02 -3.93E-03 3.42E-02 l.38E-02 

C0-60 • 3.00E-02 l.60E-02 -2.S0E-03 2.18E-02 l.38E-02 

C•-134 4.60E-02 4.40E-02 5. l0E-02 3.J0E-02 6.S0E-02 2.60E-02 <l .60E-02 1.S0E-02 -2.79E-02 2.92E-02 3.00E-02 

C•-137 3.25E+OO 2.74E-Ol 4.62E+OO 4.88E-Ol 8.20E+0l 8.20E+OO 1.00E+0l l.OOE+OO l.75E+0l l.76E+OO 2.35E+0l 

Eu-152 • <6.80E-02 8.40E-02 <2.70E-02 6.60E-02 6.0lE-02 l.04E-Ol 5.17E-02 

Eu-154 l .35E-Ol 7.80E-02 l.69E-Ol 8.S0E-02 < l.70E-02 5.20E-02 <-7.90E-03 4.S0E-02 l.l7E-02 6.53E-02 6.S0E-02 
ti 

Eu-lSS • <2.20E-02 l.S0E-01 <6.70E-02 6.90E-02 6.78E-02 8.75E-02 5.23E-02 0 
1-129 t!2 
K-40 l.45E+0l l.70E+OO l.45E+0l ~ 

I 

> Mn-S4 • <-3.J0E-03 2.00E-02 <6.70E-03 l.40E-02 8.29E-03 2.38E-02 3.90E-03 IQ 
N 

N Nb-95 • l.88E-Ol l.l7E-Ol -5.48E-02 9.35E-02 6.66E-02 I 

~ 0 
I 

Pb-212 7.40E-Ol 9.95E-02 7.40E-Ol 
~ 

N 
::s ~ Pb-214 6.75E-Ol l.l7E-Ol 6.57E-Ol 

~ 
Pu-238 • l .OOE-03 5.00E-04 <3 .90E-04 6.J0E-04 2.40E-04 l.60E-04 5.43E-04 

Pu-239 l .OOE-03 l .OOE-03 3.40E-02 4.00E-03 2.l0E-02 4. l0E-03 l .60E-02 2.00E-03 l.83E-02 0 

Ru-106 • < -5.90E-02 5. l0E-01 <5.S0E-02 1.70E-Ol -2.46E-Ol 3.14E-Ol -8.33E-02 

Sr-90 4.74E+OO 8.75E-Ol 3.63E+OO 6.67E-Ol l.l0E+0l 2.60E+OO 2.80E+OO 5.J0E-01 5.54E+OO 

Tc-99 

U (total) 2.70E-Ol 9.J0E-02 3.63E-Ol l.l9E-Ol 2.70E-Ol I.J0E-01 4.40E-OI I.J0E-01 3.36E-Ol 

Zn-65 7.90E-02 7.00E-02 <-7.70E-03 3.80E-02 -2.SSE-02 S.4SE-02 l.53E-02 

Zr-95 • <5.80E-03 3.J0E-02 <6.70E-03 2.90E-02 -2.52E-02 7.46E-02 -4.23E-03 

• • 
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Table A-2.2 Results of Fenceline Soil Sampling (pCi/g) 

Location C-TF-SE Page 15 of 15 
1985 1986 1987 1988 1989 

Average 
Radionuclide Result Error Result Error Result Error Result Error Result Error Result 

Ce-141 <4.90E-03 5.40E-02 < -2.60E-02 2.80E-02 l .27E-02 2.56E-Ol -2.80E-03 

Ce-144 <-2.S0E-02 l.90E-Ol -1.32E-Ol 3.20E-Ol -7 .85E-02 

Co-58 <-l.l0E-02 l.70E-02 5.39E-03 3.23E-02 -2.81E-03 

C0-60 2.20E-02 l.S0E-02 l.91E-02 2.06E-02 2.06E-02 

Ca-134 6.90E-02 2.40E-02 <-5 .90E-02 2.00E-02 -5 .76E-02 4.60E-02 -l .59E-02 

Ca-137 3.90E+0l 2.30E+0l 2.30E+OO 3.70E+OO 3.80E-01 6.20E+0l 6.21E+OO 3.19E+0l 

Eu-152 9 .S0E-02 6.80E-02 9.60E-02 3. lOE-02 3.37E-02 9.79E-02 7.49E-02 

Eu-154 < -1.00E-02 6 .20E-02 < l.S0E-02 5.40E-02 l.52E-03 6 .0SE-02 3.17E-03 

Eu-155 <-3 .20E-02 l.OOE-01 6.90E-02 6.30E-02 l.06E-Ol l .53E-Ol 4.77E-02 0 
0 

1-129 ~ 
K-40 l.56E+0l l.79E+OO l .56E+0l ~ > Mn-54 <2.00E-03 l.60E-02 <-4.30E-04 l.S0E-02 4.42E-03 2.19E-02 2.00E-03 I 

N '° ~ Nb-95 -8.14E-02 8.43E-02 -8.14E-02 N 
I 

I 

~ N Pb-212 6.19E-Ol l.18E-01 6.19E-Ol 0 
Pb-214 5.56E-Ol l.39E-Ol 5.56E-Ol :;d 
Pu-238 7.S0E-04 6 .40E-04 7.S0E-04 2.60E-04 7 .S0E-04 ~ 
Pu-239 l .S0E-02 2.90E-03 4.60E-03 7.S0E-04 9 .80E-03 0 

Ru-106 <2.S0E-01 2.S0E-01 <2.00E-03 l.40E-01 -3.0SE-01 4.58E-Ol -l.77E-02 

Sr-90 3.20E+0l l .S0E+0l 3.S0E+OO 3.40E+OO 6.40E-Ol l.68E+0l 

Tc-99 

U (total) 2.70E-Ol l.30E-Ol 2.40E-Ol 7.80E-02 2.SSE-01 

Zn-65 <-1.60E-02 4.00E-02 -2.20E-02 5.19E-02 -1.90E-02 

Zr-95 <0.OOE+OO 2.80E-02 <l.S0E-02 2.70E-02 7.82E-02 6 .41E-02 3.llE-02 

NOTE: Negative values indicate concentrations at or near background levels of radioactivity. 
Dashes indicate a positive detection, the result is larger than the error. 
An Asterisk (*) indicates that radionuclide concentration is less than detectable. The detection limits are as follow: Mn-54=2.0E-02, 
Co-58=2.0E-02, Co-60=2.0Ej2, Zn-65=4.0e-02, Sr-90=5.0e-03, Nb-95=3.0E-02, Zr-95=3.0E-02, Ru-106-1.7E01 , Cs-134=2.0E-02, 
Cs-137=2.0E-02, Eu-152 = 1.1 -01 , Eu-154=5.0E-02, Eu-155 = 5.0E-02, Pu-238 = 6.0E-04, Pu239 = 6.0E-04, and U total= 1.0E-02. 
Source: Schmidt et al. 1990; Elder et al. 1986, 1987, 1988, 1989. 
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Table A-2.3. Results of Air Monitoring for 1991 (pCi/m3
). Page 1 of 6 

Location N158 Location N969 Location N970 Location N972 Location N977 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Be-7 Quarters 1-2 7 .20E-02 4.60E-02 2.30E-02 4.80E-02 8.90E-02 4.90E-02 8.00E--02 4. l0E-02 4.60E-02 5.20E-02 • 
Quarters 3-4 8.80E-02 2.20E-02 7 .90E-02 2.00E-02 9.90E-02 2.00E-02 5.20E--02 1.60E-02 8.30E-02 2.20E-02 
Average 8.00E-02 3.40E-02 5. IOE-02 3.40E-02 9.40E-02 3.S0E-02 6.60E--02 2.90E-02 6.40E-02 3.70E-02 

CePr-144 Quarters 1-2 -9.20E-04 2.90E-03 5.40E-04 2.80E-03 8. IOE-04 2.30E-03 -2.40E--03 3.00E-03 -9.40E-04 3.30E-03 
Quarters 3-4 9.00E-04 2.20E-03 -1. IOE-03 2. IOE-03 1.90E-03 2.00E-03 1.40E--03 2.00E-03 -l.20E-03 2.20E-03 
Average - l .30E-05 2.60E-03 -2.90E-04 2.70E-03 1.30E-03 2.20E-03 -5. IOE-04 2.S0E-03 -1. IOE-03 2. 70E-03 

Co-60 Quarters 1-2 2.00E-04 4.80E-04 1. 70E-04 3.30E-04 8. 70E-05 1.20E-04 -4. 70E--05 2. 80E-04 -4.80E-05 2.90E-04 
Quarters 3-4 1.20E-04 2.S0E-04 -9.S0E-05 1.80E-04 1.20E-05 2. l0E-04 -5.40E--05 2.90E-04 5.70E-05 1.S0E-04 
Average 1.60E-04 3.70E-04 3.90E-05 2.60E-04 5.00E-05 1.60E-04 -5. l0E--05 2.90E-04 4.40E-06 2.20E-04 t:I 

Cs-134 Quarters 1-2 1. 70E-04 2. 70E-04 5.30E-05 2.60E-04 3.40E-05 2. 70E-04 -8. 30E--05 1. 70E-04 -9.70E-05 2.40E-04 ~ 
> -N Quarters 3-4 -1. IOE-04 2. 30E-04 -1.60E-04 1.90E-04 1.40E-04 2.00E-04 -7.00E--06 2.l0E-04 -9.IOE-05 2.20E-04 ~ ""1 Average 2.90E-05 2.SOE-04 -5.20E-05 2.30E-04 8.60E-05 2.30E-04 -4.S0E--05 1.90E-04 -9.40E-05 2.30E-04 I 

I 

'° w N SI) 

3.30E--05 2.80E-04 1.90E-04 2.20E-04 
I 

Cs-137 Quarters 1-2 9.S0E-04 4.30E-04 1.40E-04 2.40E-04 1.80E-04 2.30E-04 ~ 
Quarters 3-4 7.90E-04 3.S0E-04 5.00E-05 2.20E-04 -5.40E-05 1.90E-04 5.40E--04 2.60E-04 6.80E-05 1.80E-04 ~ 

Average 8.70E-04 3.90E-04 9. 70E-05 2.30E-04 6.20E-05 2. l0E-04 2.90E--04 2.70E-04 1.30E-04 2.00E-04 ~ 

~ 
Eu-154 Quarters 1-2 -4.40E-04 7. 70E-04 3.S0E-04 6.60E-04 -6.80E-04 1.00E-03 1.90E--04 6.30E-04 -1.30E-04 7.S0E-04 

0 
Quarters 3-4 4.60E-04 6. l0E-04 7 .20E-04 6.S0E-04 ' -2.30E-04 7.30E-04 4.30E--04 5.80E-04 -3.00E-04 6.00E-04 
Average 1.l0E-05 6.90E-04 5.40E-04 6.60E-04 -4.60E-04 8. 70E-04 3. l0E--04 6.00E-04 -2.l0E-04 6.70E-04 

Eu-155 Quarters 1-2 1.90E-04 3.60E-04 -9.00E-05 4. l0E-04 2.S0E-05 3.70E-04 -8.60E--05 6.00E-04 -3.40E-04 5.20E-04 
Quarters 3-4 6.80E-05 4.S0E-04 2.80E-04 4.30E-04 2.60E-04 4. IOE-04 -8. IOE--06 4.90E-04 -1 .S0E-04 4. IOE-04 
Average 1.30E-04 5.40E-04 9.30E-05 4.20E-04 1.40E-04 3.90E-04 -4. 70E--05 5 .40E-04 -2.S0E-04 4.60E-04 

K-40 Quarters 1-2 8.30E-03 4.20E-03 6.00E-03 4.20E-03 8.60E-04 3.70E-03 2.90E--03 4. IOE-03 2.20E-03 3.S0E-03 
Quarters 3-4 3.80E-03 3.00E-03 4.90E-03 2.30E-03 1.40E-03 3.00E-03 6.90E--03 3.80E-03 3.40E-03 2.80E-03 
Average 6.00E-03 3.60E-03 5.S0E-03 3.30E-03 1. l0E-03 3.30E-03 4.90E--03 3.90E-03 2.80E-03 3.l0E-03 
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Table A-2.3. Results of Air Monitoring for 1991 (pCi/m3
). Page 2 of 6 

Location N158 Location N969 Location N970 Location N972 Location N977 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Pu-238 Quarters 1-2 7.90E-07 9.00E-07 5.90E-07 7.90E-07 4.60E-07 7. ?0E-07 -8.20E-08 5.S0E-07 6.40E-08 4. lOE-07 
Quarters 3-4 6.60E-07 6. ?0E-07 1.20E-06 9.90E-07 4.00E-07 5.60E-07 3. l0E-07 5.S0E-07 1.60E-08 4.20E-07 
Average 7.20E-07 7.S0E-07 9.00E-07 8.90E-07 4.30E-07 6.60E-06 1. lOE-07 5.60E-07 4.00E-08 4. lOE-07 

Pu-239, Quarters 1-2 3. l0E-06 1.60E-06 2.60E-06 1.60E-06 3.60E-06 2. l0E-06 2.30E-06 1.30E-06 1. ?0E-06 1.20E-06 
240 Quarters 3-4 3. lOE-06 1.40E-06 2.40E-06 l .S0E-06 1. ?0E-06 1. I0E-06 2.S0E-06 l .20E-06 3.?0E-06 1.S0E-06 

Average 3. l0E-06 4.S0E-06 2.S0E-06 l .S0E-06 2. ?0E-06 l .60E-06 2.40E-06 1.20E-06 2. ?0E-06 1.S0E-06 

Ru-106 Quarters 1-2 -1.30E-04 2.90E-03 1. l0E-04 3.40E-03 -7.S0E-04 3.00E-03 -1.40E-03 3.40E-03 1.90E-03 3.20E-03 
Quarters 3-4 7 .40E-04 2.20E-03 0.OOE+OO 1.60E-03 3.?0E-04 1.90E-03 6.30E-04 1.60E-03 5.00E-04 1.60E-03 t, 
Average 3. l0E-04 2.S0E-03 5.30E-05 2.S0E-03 -2.00E-04 2.S0E-03 4.00E-04 2.S0E-03 l .20E-03 2.40E-03 0 

Sb-125 Quarters 1-2 -3.?0E-04 7. lOE-04 2.90E-05 5.40E-04 1.40E-04 5.90E-04 -1.?0E-04 6.00E-04 -2.90E-04 6.60E-04 t!! 
~ > Quarters 3-4 1.20E-04 6. l0E-04 4.00E-04 4.90E-04 5.S0E-04 4.20E-04 -2.40E-04 5.20E-04 1.30E-04 5.S0E-04 

t-> I 

Average -1.30E-04 6.60E-04 2.l0E-04 5.20E-04 3.60E-04 5.00E-04 -2.00E-04 5.60E-04 -8.30E-05 6.20E-04 \0 
~ N 

I w ~ a Sr-90 Quarters 1-2 2.S0E-04 8.S0E-05 2.30E-05 2.00E-05 1.30E-04 4.S0E-05 9.?0E-05 3.90E-05 2. l0E-05 1.90E-05 
~ 

Quarters 3-4 2.l0E-04 5.40E-05 6.20E-05 3. l0E-05 1.S0E-05 1.90E-05 9.00E-05 3.30E-05 3.S0E-05 2.30E-05 ~ 
Average 2.40E-04 7. lOE-05 4.30E-05 2.60E-05 7.30E-05 3.30E-05 9.40E-05 3.60E-05 3.00E-05 2. lOE-05 ~ 

U-234 Quarters 1-2 2.40E-05 6. ?0E-06 6.?0E-06 2.S0E-06 1.60E-05 3.90E-06 8.SOE-06 3.90E-06 8.S0E-06 3.lOE-06 0 

Quarters 3-4 1.40E-05 3.S0E-06 1.20E-05 3.00E-06 9.S0E-06 2.40E-06 2.00E-05 4.00E-06 1.00E-05 3.40E-06 
Average 1.90E-05 5. l0E-06 9.20E-06 2.90E-06 1.30E-05 3. lOE-06 1.40E-05 4.00E-06 9.40E-06 3.20E-06 

U-235 Quarters 1 -2 1. ?0E-06 3. lOE-06 6.40E-07 8.S0E-07 8.60E-07 8.S0E-07 -2.60E-08 7.60E-07 9.30E-07 9.20E-07 
Quarters 3-4 4.00E-07 6.60E-07 6.S0E-07 7.40E-07 4.20E-07 5.40E-07 1.40E-06 9.00E-07 3. lOE-07 1.00E-06 
Average 1.00E-06 1.90E-06 6.60E-07 7.90E-07 6.40E-07 7 .OOE-07 6.S0E-07 8.30E-07 6.20E-07 9.60E-07 

U-238 Quarters 1-2 2.S0E-05 7 .20E-06 6.30E-06 2.?0E-06 1.S0E-05 4. lOE-06 8. ?0E-06 4.00E-06 7 .20E-06 2. ?0E-06 
Quarters 3-4 1.S0E-05 3.?0E-06 1.20E-05 2.90E-06 8.30E-06 2.20E-06 2.S0E-05 4.60E-06 8.70E-06 3.30E-06 
Average 2.00E-05 5.S0E-06 9.00E-06 2.S0E-06 1.30E-05 3.20E-06 1. ?0E-05 4.30E-06 8.00E-06 3.00E-06 

• • 
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Table A-2.3. Results of Air Monitoring for 1991 (pCi/m3
). 

Location N158 Location N969 Location N970 Location N972 

Radionuclide Result Error Result Error Result Error Result Error 

Zn-65 Quarters 1-2 2.S0E-04 1. lOE-03 2.40E-04 9.30E-04 1. l0E-03 9.40E-04 -1.00E-03 1.30E-03 
Quarters 3-4 -2.00E-04 6.90E-04 -2.20E-05 7.90E-04 -4.S0E-04 5.70E-04 6.40E-04 6.40E-04 
Average 4. l0E-05 8.S0E-04 1. l0E-04 8.60E-04 2.S0E-04 7.S0E-04 -1.S0E-04 9.S0E-04 

ZrNb-95 Quarters 1-2 2.S0E-03 6.00E-03 -2. 70E-03 5.SOE-03 -1.00E-03 6.60E-03 3.S0E-03 6.lOE-03 
Quarters 3-4 -6.90E-04 2.20E-03 9.60E-04 1.S0E-03 -1.30E-03 1.S0E-03 -4.00E-04 1.90E-03 
Average 1.00E-03 4. lOE-03 -8.S0E-04 3.SOE-03 -1.20E-03 4.20E-03 1. 70E-03 4.00E-03 

• 
Page 3 of 6 

Location N977 

Result Error 

-7.30E-05 1.00E-03 
-2.S0E-04 6.S0E-04 
-1.60E-04 8.40E-04 

-2.30E-04 5.20E-03 
9.40E-04 1.60E-03 
3.60E-04 3.40E-03 



Radionuclide 

Be-7 Quarters 1-2 
Quarters 3-4 
Average 

CePr-144 Quarters 1-2 
Quarters 3-4 
Average 

Co-60 Quarters 1-2 
Quarters 3-4 
Average 

Cs-134 Quarters 1-2 
Quarters 3-4 
Average 

Cs-137 Quarters 1-2 
Quarters 3-4 
Average 

Eu-154 Quarters 1-2 
Quarters 3-4 
Average 

Eu-155 Quarters 1-2 
Quarters 3-4 
Average 

K-40 Quarters 1-2 
Quarters 3-4 
Average 

• 
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Table A-2.3. Results of Air Monitoring for 1991 (pCi/m3
) 

Location N978 Location N984 Location N985 Location N991 

Result Error Result Error Result Error Result Error 

5.40E-02 3.S0E-02 -2.408-03 5.90E-02 7.60E-02 5.00E-02 1.20E-01 4.S0E-02 
7.30E-02 1.S0E-02 6.40E-02 1.90E-02 7.90E-02 1.90E-02 9.40E-02 1.90E-02 
6.30E-02 2.70E-02 3.lOE-02 3.90E-02 7.S0E-02 3.40E-02 1.lOE-01 3.40E-02 

-5.30E-04 2. lOE-03 -1.l0E-03 3.40E-03 1.908-03 3. lOE-03 -1.20E-03 2.SOE-03 
7.90E-04 2.20E-03 -4.S0E-04 2.00E-03 9.60E-04 2.00E-03 -5. l0E-04 2.30E-03 
1.30E-04 2. l0E-03 -7. 70E-04 2. 70E-03 1.40E-03 2.S0E-03 -8.70E-04 2.40E-03 

8.00E-05 2.20E-04 1.40E-04 1.70E-04 -2.40E-05 2.00E-04 -7.S0E-05 3.70E-04 
1.90E-05 2.30E-04 5.00E-05 1.70E-04 -5.60E-05 2.40E-04 7.90E-05 1.90E-04 
1.40E-04 2.20E-04 9.70E-05 1.70E-04 -4.00E-05 2.20E-04 1.S0E-06 2.S0E-04 

1.S0E-04 2.S0E-04 -2.00E-04 3.30E-04 -1.00E-04 2. lOE-04 8.S0E-06 2.90E-04 
-2.S0E-05 1.S0E-04 -7.40E-05 2.lOE-04 -9.60E-05 1.90E-04 -1.l0E-04 2.20E-04 
7.70E-05 2.20E-04 -l .40E-04 2. 70E-04 -9.S0E-05 2.00E-04 -4.S0E-05 2.S0E-04 

1. 70E-04 2.20E-04 5.90E-04 3.30E-04 4.S0E-04 2.S0E-04 1.20E-04 2.30E-04 
2.00E-04 1.90E-04 9.SOE-04 3.lOE-04 1.90E-04 2.30E-04 6.40E-04 2.00E-04 
1.90E-04 2.00E-04 7.70E-04 3.20E-04 3.20E-04 2.S0E-04 3.S0E-04 2.20E-04 

3.20E-04 6. lOE-04 3.lOE-04 1.00E-03 -S.60E-04 8.00E-04 -1.00E-03 9. lOE-04 
-2.90E-04 7.40E-04 S.OOE-04 4.70E-04 2.20E-04 7.20E-04 4.20E-04 3.40E-04 
1. 70E-OS 6. 70E-04 4.00E-04 7.60E-04 -1.708-04 7.60E-04 -3.l0E-04 6.30E-04 

2.70E-04 3. lOE-04 -2.S0E-04 6.S0E-04 -1.70E-04 4.20E-04 1.20E-04 4.S0E-04 
-2.40E-OS 4.40E-04 -2.S0E-04 S. lOE-04 1. l0E-04 5.00E-04 2.60E-04 4.S0E-04 
1.20E-04 3.S0E-04 -2.S0E-04 S.S0E-04 -3.20E-05 4.60E-04 1.90E-04 4.S0E-04 

5.20E-03 3.40E-03 1.20E-02 S.40E-03 2.00E-03 3.90E-03 5.S0E-03 4.00E-03 
1. lOE-03 2.00E-03 2.30E-03 2.708-03 3.90E-03 3.00E-03 7. lOE-03 3.00E-03 
3. lOE-03 2. 70E-03 6.90E-03 4. lOE-03 3.00E-03 3.40E-03 6.S0E-03 3.S0E-03 

Page 4 of 6 

Location N992 

Result Error 

2.S0E-02 4.S0E-02 
8.90E-02 2.00E-02 
5.70E-02 3.20E-02 

-7.S0E-04 2.70E-03 
3.40E-04 1.S0E-03 
-2.l0E-04 2.20E-03 

1.S0E-04 2.S0E-04 
2.90E-04 2.S0E-04 
2.20E-04 2.60E-04 

-1.00E-04 2.60E-04 
-1.40E-04 2.00E-04 
-1.20E-04 2.30E-04 

1.70E-04 2.00E-04 
6.S0E-05 1.S0E-04 
1.20E-04 1.90E-04 

3.90E-04 S.60E-04 
l.40E-04 5.00E-04 
2.70E-04 S.S0E-04 

9.S0E-05 4.70E-04 
6. lOE-05 4.70E-04 
7.90E-OS 4.70E-04 

1.00E-03 3.S0E-03 
5.20E-03 2.90E-03 
3.l0E-03 3.20E-03 

• 
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Table A-2.3. Results of Air Monitoring for 1991 (pCi/m3
) Page 5 of 6 

Location N978 Location N984 Location N985 Location N991 Location N992 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Pu-238 Quarters 1-2 3.S0E-07 5.00E-07 6. l0E-08 2.90E-07 2.S0E-07 4.30E-07 -8.70E-08 4.S0E-07 -8.30E-08 3.90E-07 
Quarters 3-4 6.20E-07 8.60E-07 4.20E-07 7.00E-04 6.00E-07 6.20E-07 1.20E-06 8.70E-07 6.S0E-07 6.S0E-07 
Average 4.S0E-07 6.S0E-07 2.40E-07 5.00E-07 4.40E-07 5.20E-07 5.40E-07 6.70E-07 2.SOE-07 5.20E-07 

Pu-239, Quarters 1-2 4.00E-06 1.60E-06 3.60E-06 l.S0E-06 3.00E-06 1.20E-06 2.90E-06 l.40E-06 5.90E-06 l.90E-06 
240 Quarters 3-4 8.60E-07 7 .90E-07 3.90E-06 2.00E-06 3.?0E-06 1.S0E-06 l.lOE-05 2.S0E-06 5.00E-06 l.S0E-06 

Average 2.40E-06 l.20E-06 3.S0E-06 l.S0E-06 3.30E-06 1.40E-06 7.00E-06 2.l0E-06 5.SOE-06 l.S0E-06 

Ru-106 Quarters 1-2 -3 .40E-04 2.40E-03 2.lOE-04 3.S0E-03 2.30E-03 2. lOE-03 -1.20E-03 3.40E-03 9.60E-05 2.40E-03 
Quarters 3-4 -8.20E-04 2. lOE-03 3.S0E-04 2.00E-03 -8.S0E-04 2. lOE-03 -8.?0E-04 2.40E-03 -1.l0E-04 l.S0E-03 
Average -5.S0E-04 2.20E-03 2.S0E-04 2.90E-03 7.20E-04 2.l0E-03 -l.l0E-03 2.90E-03 -6.S0E-06 2.lOE-03 

Sb-125 Quarters 1-2 3.00E-04 4.90E-04 5.S0E-04 5.20E-04 -8.l0E-04 7.40E-04 -l.S0E-04 6.40E-04 2.40E-04 6.S0E-04 
Quarters 3-4 -4. lOE-04 4.S0E-04 -6. lOE-05 . 4.90E-04 l. ?0E-05 5.20E-04 5.30E-05 5.00E-04 -2.?0E-04 5.90E-04 
Average -5.70E-05 4.S0E-04 2.60E-04 5.00E-04 -4.00E-04 6.30E-04 -6.S0E-05 5.?0E-04 -l.SOE-05 6.20E-04 

Sr-90 Quarters 1-2 3.30E-05 2.30E-05 l.OOE-04 3.90E-05 5.60E-05 2.S0E-05 4.00E-06 l.60E-05 2.20E-05 2.lOE-05 
Quarters 3-4 1.20E-04 3.S0E-05 3.60E-04 8.30E-05 2.30E-05 2.30E-05 3.70E-05 2.30E-05 1.40E-05 l.90E-05 
Average 7.S0E-05 3. lOE-05 2.30E-04 6. lOE-05 3.90E-05 2.60E-05 2.l0E-05 2.00E-05 l.SOE-05 2.00E-05 

U-234 Quarters 1-2 8.40E-06 2.S0E-06 7.90E-06 2.90E-06 l.60E-05 4.l0E-06 l.lOE-05 3.l0E-06 1.30E-05 3.60E-06 
Quarters 3-4 9.20E-06 2.S0E-06 1.?0E-05 5.S0E-06 1.60E-05 4.00E-06 9.40E-06 3.60E-06 l.20E-05 2.90E-06 
Average 8.S0E-06 2.S0E-06 l.20E-05 4.30E-06 l.60E-05 4.00E-06 l.OOE-05 3.40E-06 l.20E-05 3.30E-06 

U-235 Quarters 1-2 l.S0E-07 5. l0E-07 l.30E-07 5.70E-07 9.40E-07 9.30E-07 2.60E-07 3.l0E-07 6.S0E-07 7.S0E-07 
Quarters 3-4 2.30E-07 5.40E-07 l.OOE-05 4.30E-06 7.lOE-07 8.70E-07 6.S0E-07 8.70E-07 l.lOE-06 7.70E--07 
Average 2.00E-07 5.20E-07 5.20E-06 2.40E-06 8.30E-07 9.00E-07 4.60E-07 7.40E-07 8.S0E-07 7.60E-07 

U-238 Quarters 1-2 7.30E-06 2.70E-06 l.l0E-05 3.20E-06 2.lOE-05 4.?0E-06 l.30E-05 3.40E-06 l.20E-05 3.S0E-06 
Quarters 3-4 6. 70E-06 2.40E-06 2.20E-05 6.60E-06 1.S0E-05 3.70E-06 l.lOE-05 3.90E-06 l.S0E-05 3.30E-06 
Average 7.00E-06 2.S0E-06 l.60E-05 4.90E-06 l. S0E-05 4.20E-06 l.20E-05 3.70E-06 1.40E-05 3.40E-06 
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Table A-2.3. Results of Air Monitoring for 1991 (pCi/m3
) 

Radionuclide 

Zn-65 Quarters 1-2 
Quarters 3-4 
Average 

ZrNb-95 Quarters 1-2 
Quarters 3-4 
Average 

Location N978 

Result Error 

-1.40E-03 1.20E-03 
-9.90E-05 7.70E-04 
-7.30E-04 9.90E-04 

1.60E-03 7 .40E-03 
-4.20E-04 1.30E-03 
5.70E-04 4.40E-03 

Source: Schmidt et al. 1992. 

Location N984 

Result Error 

-3 .60E-04 1.00E-03 
-1.20E-04 5.20E-04 
-2.40E-04 7. 70E-04 

-3 .60E-03 7.40E-03 
2.S0E-04 1.S0E-03 
-1.70E-03 4.40E-03 

Location N985 

Result Error 

3.S0E-04 9.60E-04 
-4.S0E-04 6.60E-04 
-5. l0E-05 8. lOE-04 

3.70E-03 5.S0E-03 
1.30E-04 1.S0E-03 
1.90E-03 3.60E-03 

Negative values indicate concentrations at or near background levels of radioactivity. 
Shaded areas indicate a positive detection, the result is greater than the error . 

• 

Location N991 

Result Error 

1.00E-04 9.20E-04 
1.30E-04 7.20E-04 
1. l0E-04 8.20E-04 

-1.20E-03 3.40E-03 
-2.lOE-03 2.lOE-03 
-1.70E-03 2.70E-03 

Page 6 of 6 

Location N992 

Result Error 

-4.60E-04 1.20E-03 
4.00E-04 5.30E-04 
-3. lOE-05 8.S0E-04 

8.20E-04 5.30E-03 
-3.30E-04 2.20E-03 
2.S0E-04 3.S0E-03 

• 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 
Location 2El 1 Page 1 of 16 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Be-7 

Ce-141 < -1.802E-02 8.30E-02 < -1.S0E-02 

Co-60 • < l.l0E-03 2.l0E-02 < l.l0E-03 

Cs-134 8.81E-02 4.44E-02 a/ 8.81E-02 

Cs-137 3 .23E-Ol 3.14E-02 3.92E-01 6.68E-02 l .40E-Ol 3.l0E-02 2.8SE-Ol 

Eu-152 7.00E-02 6.lOE-02 < 4.70E-02 9.70E-02 S.8SE-02 

Eu-154 • 2.23E-Ol l.40E-Ol < -4.lOE-02 7 . l0E-02 9. lOE-02 

Eu-155 l.13E-Ol l.07E-Ol < -1.S0E-04 S.80E-02 S.64E-02 

1-129 b/ t, 
K-40 0 
Nb-95 < -5 .60E-02 S.40E-02 < -5 .60E-02 t!! 

> Pb-212 9 .J0E-01 9 .30E-Ol ~ N I 

1-:1 Pb-214 2.00E+OO 2.00E+OO 
ID 

!,. N 
I 

~ Pu-238 • b/ ~ 
Pu-239 • b/ :.ti 
Ru-103 • b/ ~ 
Ru-106 • a/ 0 
Sr-90 • b/ 

Tc-99 

Zr-95 • l.38E-Ol l.02E-Ol < 4.20E-02 4.S0E-02 < 4.20E-02 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 
Location 2E12 Page 2 of 16 

1985 1986 1987 1988 1989 
A~erage 

Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Be-7 1.8SE+OO 3.19E-Ol l.8SE+OO 

Ce-141 < l.40E-04 S.90E-02 2.78E-03 2.6SE-03 l.46E-03 

Co-60 • l.S0E-02 l.S0E-02 7.70E-03 l.S0E-02 2.4SE-03 2.lSE-02 9.38E-03 

Cs-134 l.79E-01 4.2SE-02 3 .20E-02 l.S0E-02 a/ l.06E-Ol 

Cs-137 3.31E-01 3.SlE-02 4.28E-Ol 6.S2E-02 2.70E-Ol 3.70E-02 3.60E-Ol 4.40E-02 2.27E-Ol 3 .69E-02 3.23E-Ol 

Eu-152 • l.44E-Ol 6.94E-02 S.30E-02 S.80E-02 -6.40E-02 6.80E-02 -4.68E-02 8.90E-02 2.16E-02 

Eu-154 • 2.00E-03 4.90E-02 l.20E-02 S.OOE-02 2.S6E-02 6.14E-02 l.32E-02 

Eu-lSS • -3.20E-02 4.30E-02 -6.80E-04 3.70E-02 l.60E-02 S.72E-02 -S .S6E-03 

1-129 b/ b/ 6.08E-02 3.19E-Ol 6.08E-02 
t1 

K-40 l.06E+0I l.30E+OO L06E+0l 0 
Nb-95 • < l.40E-02 2.l0E-02 -4.00E-02 S.30E-02 -2.49E-03 2.30E-02 -9.S0E-03 t!! 

> Pb-212 2.78E-02 3.42E-02 2.78E-02 ~ N ..., 
I 

I Pb-214 4.llE-02 3.S2E-02 4.llE-02 '° ~ N er Pu-238 • b/ b/ 3.03E-04 2.23E-04 3.03E-04 
I 

~ 
Pu-239 • b/ b/ l.08E-03 3.99E-04 l.08E-03 

Ru-103 • l.13E-Ol 7 .04E-02 l.13E-OI 
:;ti 
~ 

Ru-106 • a/ a/ 

Sr-90 • b/ 3.40E+OO 6.60E-Ol l.06E-Ol 2. llE-02 l.7SE+OO 
0 

Tc-99 b/ b/ 7.38E-01 l.ISE+OO 7.38E-Ol 

Zr-95 • < l.70E-02 2.90E-02 3.70E-02 4.60E-02 -l.06E-02 3.73E-02 l.4SE-02 

• • 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 

Location 2El 7 Page 3 of 16 
1985 1986 1987 1988 1989 

Avenge 
Radionuclide Result Error Result Error Result Error Result Error Result Error Result, 

Be-7 2.64E+OO 3.71E-01 2.64E+OO 

Ce-141 -2.20E-02 6.20E-02 S.19E-03 2.06E-02 -8 .41E-03 

Co-60 3 .71E-02 l .92E-02 l.70E-02 l.30E-02 l.S0E-02 l.70E-02 l.27E-02 l.68E-02 2.12E-02 

Cs-134 4.S0E-01 8.66E-02 4.20E-02 l.S0E-02 a/ 2.46E-Ol 

Cs-137 1.16E+OO 7.93E-02 l.04E+OO l.34E-01 S.40E-Ol 6.40E-02 3 .S0E-01 4.S0E-02 3.07E-01 4.34E-02 6.79E-Ol 

Eu-152 • 2.80E-02 6.30E-02 -2.80E-02 6.90E-02 6.96E-03 7.0SE-02 2.32E-03 

Eu-154 2.lSE-01 S.81E-02 -2.40E-02 S.IOE-02 2.20E-02 S.20E-02 3.41E-02 4.87E-02 6.18E-02 

Eu-lSS 2.9SE-Ol 6.37E-02 4.00E-02 S.OOE-02 l.80E-02 4. l0E-02 4.03E-02 3.84E-02 9 .83E-02 

1-129 b/ 9.20E-03 2.90E-Ol -S.SlE-02 2.67E-Ol -2.30E-02 t1 
K-40 1.39E+0l l.S7E+OO l.39E+0l 0 
Nb-95 • l.29E-01 9 .82E-02 -1.20E-02 2.30E-02 -S.60E-02 S.40E-02 -1.07E-02 1.nE-02 l.26E-02 t!! 

~ Pb-212 7.77E-02 3.41E-02 7.77E-02 ~ 
1-:1 · I 

'° .I:. Pb-214 8.68E-02 3.97E-02 8.68E-02 N 
0 I 

Pu-238 4.30E-03 . 9 .00E-04 7.00E-04 S.OOE-04 3.30E-04 2.l0E-04 4.l0E-04 2.S0E-04 S.85E-04 3.42E-04 l.27E-03 ~ 
Pu-239 l.43E-02 l .90E-03 2.00E-03 9.00E-04 2.l0E-03 5.70E-04 l.l0E-02 l.70E-03 3.38E-03 9.07E-04 6.56E-03 

~ 
Ru-103 • 4.85E-Ol 1.17E-01 b/ 4.8SE-01 ~ 
Ru-106 S.49E-Ol 1.38E-Ol 9 .0lE-01 3.86E-Ol a/ a/ 7.2SE-Ol 

0 
Sr-90 2.73E+0l 5.42E+OO 9.43E+OO l.74E+OO l.OOE+0l 2.40E+OO 7.20E+OO l .S0E+OO S.81E+OO l.lSE+OO l.19E+0l 

Tc-99 b/ 2.70E+OO 3.00E+OO 8. lSE-01 l.16E+OO l.76E+OO 

Zr-95 2.S4E-02 2.48E-02 < l.70E-02 2.80E-02 4.20E-02 4.S0E-02 -1.47E-02 3.06E-02 1.74E-02 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 
Location 2E18 Page 4 of 16 

198S 1986 1987 1988 1989 Average 
Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Bc-7 2.63E+OO 3.80E-Ol 2.63E+OO 

Ce-141 -3.J0E-02 6.20E-02 -6 .82E-03 2.lSE-02 -1.99E-02 

Co-60 • < 4.J0E-03 2.l0E-02 4.80E-03 l .40E-02 l.08E-02 l.88E-02 6.63E-03 

Ca-134 2.23E-Ol 5.48E-02 7.60E-02 2.80E-02 a/ 1.S0E-01 

Ca-137 5.28E-Ol 4.17E-02 l.85E+OO 2.13E-Ol 9.l0E-01 l.I0E-01 7.00E-01 7.90E-02 4.73E-01 6.02E-02 9.83E-Ol 

Eu-152 • l.92E-01 9.24E-02. 2.60E-02 9.l0E-02 0.OOE+OO 6.40E-02 -1.27E-02 8.S0E-02 5.13E-02 

Eu-154 • -l,S0E-02 6.90E-02 -1.20E-02 4.70E-02 8.42E-03 6.78E-02 -1.29E-02 

Eu-15S • 3.70E-02 6.l0E-02 3 .20E-02 3.70E-02 l.40E-02 4.S0E-02 2.77E-02 

1-129 b/ 3.S0E-01 2.S0E-01 2.20E-Ol 2.J0E-01 2.76E-Ol 

K-40 l.45E+0l l.64E+OO l.45E+0l ~ 
0 

Nb-95 • < 1.00E-02 2.90E-02 -1.90E-02 4.60E-02 6.23E-03 2.17E-02 -8.93E-04 ~ 
~ Pb-212 5.86E-02 3 .0JE-02 5.86E-02 ~ ~ I I Pb-214 8.79E-02 3.47E-02 8.79E-02 '° · ""' Q. N 

Pu-238 • 4.S0E-04 2.70E-04 2.S0E-04 2.00E-04 l.17E-04 l.JIE-04 2.72E-04 I 
0 

Pu-239 • l.90E-03 5.70E-04 2.00E-03 6.20E-04 l.OOE-03 4.06E-04 l .63E-03 ""' 
Ru-103 • 2.16E-Ol l.ISE-01 2.16E-Ol :;d 

Ru-106 3.23E-Ol l.20E-Ol a/ a/ 3.23E-Ol ~ 

Sr-90 • 2. lOE-01 5 .40E-02 l.I0E+OO 2. l0E-01 5.18E-Ol l.04E-Ol 6 .09E-01 0 

Tc-99 b/ 2.40E+OO 3.00E+OO 3.26E-Ol l.12E+OO l.36E+OO 

Zr-95 • 5.60E-02 4.J0E-02 3.80E-02 4.30E-02 -4.72E-03 2.94E-02 2.98E-02 

• • 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 

Location 2E23 Page 5 of 16 
1985 1986 1987 1988 1989 Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Be-7 

Ce-141 2.l0E--02 7.70E-02 2.l0E-02 

Co-60 • < -1.70E-02 2.30E-02 -S.40E-03 . 2 .20E-02 -1.12E-02 

Cs-134 .,.. 7 .80E--02 3.31E-02 al a/ 7.80E-02 

Cs-137 l .53E-Ol 3 .02E-02 2 .02E-Ol 4.16E-02 l.l0E-01 3.30E-02 l .40E-Ol 2 .90E-02 l.SlE-01 

Eu-152 • -8.70E-02 9 .70E-02 2.S0E--02 8. l0E--02 -3 . l0E-02 

Eu-154 • -3 .80E-03 7 .00E-02 -1.70E-02 7 .20E--02 -l.04E-02 

Eu-155 • -l.70E-02 6.30E-02 -2.S0E-02 5.30E-02 -2.l0E-02 

1-129 -3.80E-Ol 4.l0E-01 -3 .80E-Ol 
t:j 

K-40 0 
Nb-95 • < -3 .40E-03 3.60E-02 -4.40E--02 6.S0E--02 -2.37E--02 t!! 

> Pb-212 ~ N 
~ 

I 
Pb-214 '° I N .i:,.. 
Pu-238 4.00E-04 2.00E-04 8.60E-OS l.70E-04 9.60E-05 l.30E-04 1.94E-04 I n 

~ 
Pu-239 4.l0E-03 8.00E-04 6.00E-04 S.OOE-04 2.90E-03 l.l0E-03 2.20E-03 6. l0E-04 2.4SE-03 

Ru-103 1.43E-Ol 4.19E--02 8.81E-Ol l.47E-Ol S.12E-Ol ~ 
Ru-106 9.4SE-Ol 2.83E-Ol 8.46E+OO l.02E+OO a/ 3.40E-Ol 2.00E-01 3.2SE+OO 

< 

Sr-90 l.39E+OO 2.80E-Ol l.69E-Ol 4 .75E-02 3.S0E--02 l.20E-02 l .40E-Ol 2 .90E-02 4.34E-Ol 
0 

Tc-99 b/ l.l0E+OO 2.90E+OO l.l0E+OO 

Zr-95 • < -S .20E-03 4 .90E-02 -3 .60E-02 6 .l0E--02 -2 .06E--02 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/ g). 
Location 2E24 Page 6 of 16 

1985 1986 1987 1988 1989 Average 
Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Be-7 3.23E+OO 4 .34E-Ol 3.23E+OO 

Cc-141 2.30E-02 8.80E-02 -l.92E-02 2 .87E-02 l.90E-03 

Co-60 7.21E-02 4.77E-02 3.90E-03 l.40E-02 9.70E-03 l.90E-02 2.41E-02 l.84E-02 2.75E-02 

Ca-134 l.97E-Ol 3.95E-02 5 .S0E-02 l.S0E-02 a/ l.26E-Ol 

Cs-137 3.SlE-01 7.66E-02 l.24E+OO l.40E-Ol l.S0E+OO l.60E-Ol l.30E+OO l.40E-Ol l.09E+OO l.21E-Ol l.l0E+OO 

Eu-152 • 7.31E-02 5.95E-02 l .J0E-02 6.70E-02 2.70E-02 8.S0E-02 -7.86E-02 l.0lE-01 8.63E-03 

Eu-154 • 5. l0E-02 4.70E-02 5.S0E-02 6.20E-02 2.29E-02 S.96E-02 4.J0E-02 

Eu-155 • -3 .J0E-02 4.00E-02 2.60E-02 5.00E-02 8.lJE-04 6.03E-02 -2.06E-03 

1-129 -3 .90E-Ol 4.l0E-01 1.S0E-01 2.60E-01 2.48E-Ol 2.91E-Ol 2 .67E-03 

K-40 l.30E+0l l.49E+OO l.J0E+0l 
t, 
0 

Nb-95 • -6.60E-03 2.00E-02 -l.40E-02 7.l0E-02 -4.73E-03 2.lSE-02 -8.44E-03 t!! 
> Pb-212 5.lJE-02 3.59E-02 5.lJE-02 ~ N 
73 Pb-214 9.76E-02 4.52E-02 9.76E-02 

I 

'° N .&:,. Pu-238 l.40E-03 l.20E-03 7.80E-05 l .60E-04 l.90E-04 2.S0E-04 8.90E-04 5.04E-04 6.40E-04 I ...... 
~ Pu-239 9.S0E-03 3.l0E-03 9.00E-03 l.70E-03 5.90E-03 l.20E-03 l.20E-02 2.l0E-03 8.09E-03 l.S0E-03 8.90E-03 

Ru-103 l.67E-Ol l.0lE-01 3.46E-01 9.68E-02 2.57E-Ol ~ 

Ru-106 6.67E-Ol 4.46E-Ol l.66E+OO 3.18E-Ol a/ a/ 4.42E+OO 5.42E-Ol 2.25E+OO ~ 

Sr-90 2.51E+OO 5.04E-Ol 4.28E-Ol 8.72E-02 3 .80E-Ol 9.70E-02 8.90E-Ol l.70E-Ol 7.79E-Ol l.49E-Ol 9.97E-Ol 0 

Tc-99 2 .00E-01 8.40E-Ol 2.30E+OO 3.00E+OO l.48E+OO l.26E+OO l.33E+OO 

Zr-95 • -l.S0E-02 2.70E-02 2.80E-02 6.80E-02 -l.68E-02 3.27E-02 2.27E-03 

• • 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 

Location 2E29 Page 7 of 16 
1985 1986 1987 1988 1989 

Average 
Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Be-7 2.0lE+OO 3.33E-Ol 2.0lE+OO 

Ce-141 < -S .20E-02 7.40E-02 -2.07E-02 2.37E-02 -3.64E-02 

Co-60 • 2.63E-02 2.40E-02 < l.20E-02 2. l0E-02 8.S3E-03 l .87E-02 l.S6E-02 

Ca-134 l.16E-Ol 3.39E-02 a/ 1.16E-OO 

Ca-137 • 2.49E-Ol 4 .83E-02 7.60E-02 3. lOE-02 4.S2E-02 2.26E-02 l.23E-01 

Eu-152 • < -3.lOE-02 8.70E-02 -8.29E-02 9.26E-02 -S.70E-02 

Eu-154 • < 4.40E-02 6.20E-02 -2.S3E-02 S.36E-02 9.3SE-03 

Eu-lSS • < -2.S0E-02 4.60E-02 3.S9E-03 3.70E-02 -1.07E-02 

1-129 0.OOE+OO l.94E-Ol 0 .OOE+OO 

K-40 l.49E+0l l.71E+OO l.49E+0I t, 
0 

Nb-95 • < -3 .00E-02 7.00E-02 l .42E-03 2.12E-02 - l.43E-02 tI1 
> -
~ 

Pb-212 l .98E-02 2.96E-02 l.98E-02 ~ 
Pb-214 3.28E-02 2.96E-02 3.28E-02 I 

I '° ,I:,,,. N (JQ Pu-238 • 4.00E-04 4.00E-04 b/ 9.47E-OS l.3SE-04 2 .47E-04 I 
0 

Pu-239 9 .00E-04 6 .00E-04 l.70E-03 7.00E-04 b/ 9.24E-04 3.S0E-04 l.17E-03 ,I:,,,. 

Ru-103 • S.38E-Ol l.17E-Ol S.38E-Ol ~ 
Cl> 

Ru-106 4.S2E-01 3.43E-Ol 6.21E+OO 7.38E-Ol a/ 3.33E+OO < 
Sr-90 2.0lE-01 S.41E-02 l.42E-Ol 3.S3E-02 l .90E-01 3 .80E-02 l.l0E-01 2.20E-02 1.61E-01 0 

Tc-99 b/ l.llE+OO l.23E+OO l.llE+OO 

Zr-95 • < l.70E-02 6.40E-02 l.16E-02 3.2SE-02 l.43E-02 



Radionuclide Result 

Be-7 

Ce-141 

Co-60 

Ca-134 

C•-137 

Eu-152 

Eu-154 

Eu-155 

1-129 

K-40 

Nb-95 

> Pb-212 tv 
~ Pb-214 I 
.i:,.. 
::r Pu-238 

Pu-239 

Ru-103 

Ru-106 

Sr-90 

Tc-99 

Zr-95 

• 

• J 
,.} ') 

' . ' I 8 8 

Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 
Location 2E30 Page 8 of 16 

1985 1986 1987 1988 1989 
Average 

Error Result Error Result Error Result Error Result Error Resulta 

l.S0E+OO 2.S0E-01 l.S0E+OO 

< 2. IOE-02 7.20E-02 -1.49E-02 l.94E-02 3.0SE-03 

< l.OOE-02 l.S0E-02 l.87E-03 l.44E-02 S.94E-03 

a/ a/ 

3.90E-01 4.80E-02 7.68E-02 2.31E-02 2.33E-Ol 

< l.S0E-02 6.30E-02 -4.89E-02 7.49E-02 -1.SSE-02 

< -2.30E-02 4.80E-02 -2.38E-02 4.71E-02 -2.34E-02 

< -2.S0E-03 4.00E-02 l.97E-02 3.19E-02 8.60E-03 

7.3SE-02 2.49E-Ol 7.3SE-02 

l.09E+0l l .2SE+OO l.09E+0l 

< l.40E-02 4.90E-02 -2.l0E-02 l.96E-02 -3.0SE-03 

7.60E-02 3.18E-02 7.60E-02 

7.13E-02 2.78E-02 7.13E-02 

b/ S.30E-04 3.70E-04 S.30E-04 

b/ 4.67E-03 1.lSE-03 4.67E-03 

2.80E+OO 3.60E-Ol 6.62E-Ol 1.7SE-Ol l.73E+OO 

4.70E-Ol 9.00E-02 S.69E-Ol l.06E-Ol S.20E-Ol 

b/ S.78E-Ol l.l9E+OO S.78E-Ol 

< 4.30E-02 4.70E-02 S.86E-03 2.69E-02 2.44E-02 

• 

t:1 
0 
t!! 
~ 
I 
\0 
tv 

I 
0 
.i:,.. 
~ 

~ 
~ 
0 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 

Location 2ED Page 9 of 16 
1985 1986 1987 1988 1989 Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Be-7 

Ce-141 -9.S0E--02 9.60E-02 -9.S0E-02 

Co-60 • l.90E-02 l.80E-02 -1.40E-03 2.00E-02 8 .80E-03 

Cs-134 2.S0E-01 6.93E-02 6.80E-02 2.40E-02 3.80E--02 2.00E-02 l.19E-Ol 

Cs-137 2.43E-01 7.0SE-02 l.95E+OO 2.30E-Ol 3.00E-01 4.40E-02 6.40E-01 7.S0E-02 7.83E-Ol 

Eu-152 • 0.OOE+OO 8.40E-02 3.00E--02 8.60E-02 l.S0E-02 

Eu-154 • -1.90E-02 6.00E-02 -1.l0E-01 6.70E--02 -6.45E-02 

Eu-155 • l.40E-03 4.S0E-02 3.40E-02 5.l0E--02 l.77E-02 

1-129 -2.il0E-01 3.l0E-01 3.40E-Ol 8.40E-Ol 3.00E-02 t, 
K-40 0 
Nb-95 • 2. l0E-01 l .25E-Ol -2.30E--02 3 .30E-02 2.lOE--02 7.00E--02 6.93E-02 t!! 

> Pb-212 ~ N 
1--3 I 

Pb-214 \0 
I N .,::.. I I-"• Pu-238 • 3.l0E-05 6.S0E-05 l.S0E-04 l.S0E-04 9 .0SE-05 0 .,::.. 

Pu-239 • 8.00E-03 l.30E-03 l .S0E--02 2. l0E-03 1.lSE-02 

Ru-103 • 2.36E-Ol l.SlE-01 2.36E-Ol 
~ 
~ 

Ru-106 • a/ 1.l0E+OO 2.70E-Ol l.l0E+OO 
0 

Sr-90 • 3.70E-OI 9.40E-02 3.00E-01 5.70E--02 3.35E-Ol 

Tc-99 3.80E-Ol 8.S0E-01 l.40E+OO 3.00E+OO 8.90E-Ol 

Zr-95 • l.23E-01 l.lSE-01 4.90E-03 3.90E-02 6.90E-02 6.60E-02 6.56E--02 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 
Location 2EDB Page 10 of 16 

1985 1986 1987 1988 1989 Average 
Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Be-7 

Ce-141 

c~o < l.40E-02 l .60E-02 l.40E-02 

Cs-134 5.20E-02 2.l0E-02 5.20E-02 

Cs-137 2.80E-Ol 3.90E-02 2.80E-Ol 

Eu-152 < 4.80E-02 6.40E-02 4.80E-02 

Eu-154 < -2.90E-02 4.90E-02 -2.90E-02 

Eu-155 < l.40E-02 3.80E-02 l.40E-02 

1-129 < -l .40E-01 3.70E-Ol -1.40E-Ol e, 
K-40 0 

tT1 

~ Nb-95 < l.SOE-02 2.90E-02 l.80E-02 -~ 1-::1 Pb-212 I 

~ 
\0 

Pb-214 N 
I 

Pu-238 < 8.90E-05 l.30E-04 8.90E-05 ~ 
Pu-239 8.00E-03 l .S0E-03 8.00E-03 :.0 
Ru-103 ~ 
Ru-106 a/ 0 

Sr-90 3.30E-01 8.40E-02 3.30E-Ol 

Tc-99 9.60E-Ol 8.80E-Ol - 9.60E-Ol 

Zr-95 < 8.90E-03 3.90E-02 - 8.90E-03 

• • 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 

Location 2EDC Page 11 of 16 
1985 1986 1987 1988 1989 

Average 
Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Bc-7 2.98E+OO 4 .80E-Ol 2.98E+OO 

Ce-141 -2.25E-02 3.41E-02 -2.25E-02 

Co-60 6.69E-03 2.04E-02 6.69E-03 

Ca-134 

Ca-137 4.27E+OO 4 .37E-01 4.27E+OO 

Eu-152 6.64E-02 7.72E-02 6.64E-02 

Eu-154 6.04E-02 S.72E-02 6.04E-02 

Eu-lSS 2.l0E-02 S.lSE-02 2.l0E-02 

1-129 -S.80E-02 2.86E-Ol -5 .80E-02 

K-40 l.32E+0l 1.49E+OO l.32E+0l ~ 

Nb-95 7.19E-03 2 .58E-02 7.19E-03 g 
> -
N Pb-212 l.06E-Ol 3.S7E-02 l.04E-Ol ~ ~ Pb-214 9.76E-02 4.39E-02 9.76E-02 I 

I \0 
~ N 
X" Pu-238 4.83E-04 2 .94E-04 4.83E-04 I 

0 
Pu-239 l.60E-02 2 .43E-03 l.60E-02 ~ 

Ru-103 ::0 
Ru-106 5.09E-Ol l.S0E-01 5.09E-Ol ~ 
Sr-90 4.19E-Ol 8.42E-02 4.19E-Ol 0 

Tc-99 7.47E-01 l.l0E+OO 7.47E-01 

Zr-95 2.16E-02 3 .S3E-02 2.16E-02 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 
Location GRTl Page 12 of 16 

1985 1986 1987 1988 1989 Average 
Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Bc-7 3.00E+OO 4.75E-Ol 3.00E+OO 

Cc-141 -7.S0E-03 l .40E-02 -1.93E-02 4.76E-02 -1.34E-02 

C<Hi0 < 5.S0E-03 l.70E-02 -l.60E-03 l .40E-02 0.OOE+OO 2.24E-02 l.30E-03 

Cs-134 6 . l0E-02 2.20E-02 a/ 6. lOE-02 

Cs-137 3 .60E-01 4.90E-02 3.40E-Ol 4.30E-02 l.03E+OO l.19E-01 5.77E-Ol 

Eu-152 6 .90E-02 6.70E-02 3.80E-03 4.70E-02 8.00E-02 9.64E-02 5.09E-02 

Eu-154 < -5 .80E-02 5.90E-02 7.60E-03 4. l0E-02 7 .66E-03 7 .02E-02 -1.42E-02 

Eu-155 < -2.S0E-02 4.30E-02 7.20E-03 3 .40E-02 -6 .40E-03 5.45E-02 -8 .70E-03 

1-129 < -3 .S0E-01 3.00E-01 3.30E-Ol 2. l0E-01 -1.23E-Ol 2.79E-Ol -4.77E-02 0 
K-40 1.18E+0l l.46E+OO l.18E+0l 0 
Nb-95 < -l.l0E-02 2.80E-02 7.60E-03 l .20E-02 - l.lSE-02 3.07E-02 -6.17E-03 

tI1 -> Pb-212 9.SlE-02 3.75E-02 9.SlE-02 ~ N I 
~ Pb-214 3.71E-02 4.SlE-02 3.71E-02 \0 
I N 
~ I - Pu-238 3.20E-04 2.60E-04 9.60E-05 l .90E-04 l .59E-04 l.82E-04 l.92E-04 0 

~ 
Pu-239 6 .00E-03 l .30E-03 6.30E-03 l.30E-03 7.04E-03 l.24E-03 6.45E-03 

Ru-103 
:::a 
(1) 

< 
Ru-106 a/ l.S0E+OO 2.30E-Ol 5.97E-01 2.70E-Ol 1.0SE+OO 

0 
Sr-90 2.20E-Ol 5.70E-02 2.70E-Ol 5. lOE-02 4.56E-Ol 8.47E-02 3. lSE-01 

Tc-99 b/ 2.40E+OO 3.l0E+OO 5.59E-Ol l.08E+OO l.48E+OO 

Zr-95 < l.40E-02 4.20E-02 3.S0E-03 2. l0E-02 4.70E-03 4.SlE-02 7 .40E-03 

• • 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 

Location GRT2 Page 13 of 16 
1985 1986 1987 1988 1989 Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Be-7 2.61E+OO 4.09E-Ol 2.61E+OO 

Ce-141 < -l.S0E-03 l.90E-02 -4.0SE-03 3 .18E-02 -2.78E-03 

Co-60 3.40E-02 2.S0E-02 -1.60E-02 l.90E-02 -l.91E-02 l.97E-02 -3.67E-04 

Cs-134 8.30E-02 3 .00E-02 a/ 8.30E-02 

Cs-137 3.60E-Ol 5.00E-01 l.70E-Ol 3.70E-02 2.03E+OO 2.lSE-01 8.53E-Ol 

Eu-152 < 7.S0E-02 9.20E-02 l.20E-02 8.l0E-02 3.94E-02 8.52E-02 4.21E-02 

Eu-154 < 2.70E-02 7.70E-02 6.40E-02 5.S0E-02 -l.S2E-02 6.52E-02 2.53E-02 

Eu-155 < 2.00E-02 6 . l0E-02 l.30E-03 4.30E-02 -1.06E-02 4.78E-02 3.57E-03 

1-129 < -l.l0E-01 2.20E-Ol l.30E-Ol 2.20E-01 -2.49E-Ol 2.75E-Ol -7.63E-02 

K-40 l.30E+0l l.48E+OO l.30E+0l tj 
0 

> Nb-95 < 7.00E-03 2.S0E-02 -l.20E-02 l.70E-02 3.09E-03 2.68E-02 -6.37E-04 ~ 
N Pb-212 1.0SE-01 3 .59E-02 l.0SE-01 ~ 1-3 
I Pb-214 l .37E-Ol 4.24E-02 l.37E-Ol I 

+>- \0 

3 Pu-238 < l.90E-04 2.70E-04 7.90E-05 l.S0E-04 4.45E-04 3.09E-04 2.38E-04 N 
I 

0 
Pu-239 2.90E-03 l.l0E-03 l .60E-03 7.90E-04 6.36E-03 l.29E-03 3.62E-03 +>-
Ru-103 ~ . 

Ru-106 a/ 2.20E-Ol l.70E-Ol 2.85E-Ol l.37E-01 2.53E-Ol ~ 
Sr-90 3.60E-01 9.00E-02 l.l0E-01 2.40E-02 2.75E-Ol S.2SE-02 2.48E-Ol 0 

Tc-99 4.70E+OO l.l0E+OO 2.S0E+OO 3.I0E+OO 5.49E-Ol l.08E+OO 2.58E+OO 

Zr-95 < -1.30E-03 3.70E-02 l .OOE-02 2.80E-02 l.70E-02 3.59E-02 8.57E-03 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 
Location GRT4 Page 14 of 16 

1985 1986 1987 1988 1989 
Average 

Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Bc-7 3 .22E+OO 4.44E-Ol 3.22E+OO 

Ce-141 2.30E-02 2.l0E-02 l.61E-02 3.17E-02 l.96E-02 

Co-60 < l .S0E-02 l.80E-02 S.30E-03 l.S0E-02 6 .96E-03 l.9SE-02 9 .09E-03 

Cs-134 S.OOE-02 2.20E-02 a/ S.OOE-02 

Ca-137 4 .S0E-01 6 .l0E-02 l.S0E-01 3.40E-02 4. llE-01 S.21E-02 3.S7E-Ol 

Eu-152 < 2.90E-02 7.70E-02 -2.30E-02 7.90E-02 6.38E-02 8.0lE-02 2.33E-02 

Eu-154 < 4.30E-02 S.30E-02 -1.20E-02 6 .l0E-02 -S .42E-03 6 .0lE-02 8.S3E-03 

Eu-155 < -2.40E-02 S.OOE-02 -1.90E-02 S.40E-02 3.29E-02 S.02E-02 -3.37E-03 

1-129 < 4.60E-02 2.80E-Ol 3.30E-Ol 3.40E-Ol -4.S9E-03 1.7SE-Ol l.24E-Ol 

K-40 1.l7E+Ol l.34E+OO 1.l7E+0l t1 
Nb-95 < 2.60E-03 3.20E-02 4.40E-03 l .S0E-02 -1.78E-02 2.S7E-02 -3.60E-03 

0 
~ > Pb-212 7.78E-02 2.91E-02 7.78E-02 ~ N 

~ Pb-214 1.lSE-01 3.76E-02 1.lSE-01 I 

'° .i:,. 
Pu-238 < 9.90E-04 l.40E-04 -4.90E-OS 1.l0E-04 4.74E-04 2 .99E-04 l.7SE-04 N = I 

Pu-239 7.30E-03 l .S0E-03 2.60E-03 8 .OOE-04 7.74E-03 l .42E-03 S.88E-03 
0 
.i:,. 

Ru-103 ~ 
Ru-106 a/ 2.S0E+OO 3 .90E-Ol 2 .17E+OO 3 .19E-Ol 2.34E+OO ~ 
Sr-90 3.40E-Ol 8.S0E-02 l .90E-Ol 3.70E-02 l.87E-01 3 .82E-02 2.39E-Ol 0 

Tc-99 < 2.30E-Ol 8.40E-Ol 2 . lOE+OO 3.00E+OO 6.03E-Ol l.09E+OO 9.78E-Ol 

Zr-95 < -3.60E-02 4.l0E-02 -S .60E-03 3.20E-02 l.80E-02 3.48E-02 -7.87E-03 

• • 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 
Location GRT5 Page 15 of 16 

1985 1986 1987 1988 1989 Average 
Radionuclide Result Error Result Error Result Error Result Error Result Error Results 

Be-7 2.82E+OO 4.S3E-01 2 .82E+OO 

Ce-141 8.30E-03 1.60E-02 7.36E-03 4 .07E-02 7 .83E-03 

Co-60 < 9.70E-03 l .S0E-02 -2.70E-03 1.S0E-02 -1.77E-02 2.23E-02 -3.S7E-03 

Cs-134 8.S0E-02 l.90E-02 a/ 8.S0E-02 

Cs-137 4.60E-01 S.60E-02 2.30E-01 3.30E-02 2.04E-01 3.82E-02 2 .98E-Ol 

Eu-152 < -8.20E-03 7.00E-02 -2.l0E-02 S.80E-02 -1.30E-02 1.02E-01 -1.41E-02 

Eu-154 < -3 .30E-02 S.OOE-02 -1.S0E-02 4.B0E-02 -2.SlE-02 6.20E-02 -2.44E-02 

Eu-lSS < -3 .20E-02 4.30E-02 2.00E-02 4.20E-02 -6.03E-02 6.44E-02 -2.41E-02 

1-129 < -1.00E-01 2.80E-Ol -9.20E-03 2.60E-01 6.63E-02 2 .33E-01 -1.43E-02 

K-40 l.29E+0l l .SSE+OO 1.29E+0l ~ 
0 

> Nb-95 < l.l0E-02 2.l0E-02 -S .S0E-03 1.40E-02 4.98E-03 2.93E-02 3.49E-03 tI1 -tv Pb-212 6.S8E-02 3.42E-02 6.S8E-02 ~ ~ 
I Pb-214 S.77E-02 3.69E-02 S.77E-02 I 

.i,.. '° 0 Pu-238 < 8.30E-OS 9.80E-OS l.90E-04 2.60E-04 4.69E-04 2.84E-04 2.47E-04 
tv 
I 

0 
Pu-239 4.00E-03 7.90E-04 2.30E-03 7.30E-04 2.42E-03 6.87E-04 2.91E-03 .i,.. 

Ru-103 ~ 
~ 

Ru-106 a/ 4.60E-01 1.80E-01 4.60E-Ol < 

Sr-90 l .40E-01 3.70E-02 2.20E-01 4.20E-02 4.12E-01 7 .91E-02 2.S7E-Ol 0 

Tc-99 < 2.l0E-02 8.30E-Ol 2.00E+OO 3.00E+OO l.74E+OO l.18E+OO l.2SE+OO 

Zr-95 < -3.90E-03 2.90E-02 S.60E-03 2.40E-02 -2.31E-03 4.0lE-02 -2.03E-04 
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Table A-2.4. Result of Grid Site Vegetation Sampling 1985-1989 (pCi/g). 
Location GRT6 Page 16 of 16 

1985 1986 1987 1988 1989 Average 
Radionuclide Result Error Result Error 

Bc-7 

Ce-141 

c~o 
Cs-134 

Cs-137 

Eu-152 

Eu-154 

Eu-155 

1-129 

K-40 

Nb-95 

Pb-212 

Pb-214 

Pu-238 

Pu-239 

Ru-103 

Ru-106 

Sr-90 

Tc-99 

Zr-95 

Source: Schmidt et al. 1990; Elder ct al. 1986, 1987, 1988, 1989. 
Negative values indicate concentrations at or near background levels of radioactivity. 
Shaded areas indicate a positive detection, the result is larger than the crrcr. 
Dashes indicate no data arc available. 

Result 

< l.l0E-02 

8.00E-02 

4.90E-Ol 

< l .OOE-02 

< -3.70E-02 

< 0.OOE+OO 

< l.70E-Ol 

< l.90E-02 

< -1.S0E-06 

9.40E-03 

a/ 

2.40E-Ol 

< 6.40E-01 

< 3.70E-02 

Error Result Error Result 

2.09E+OO 

-5.l0E-03 l.90E-02 4.61E-03 

l .S0E-02 2.40E-03 l.70E-02 4.45E-03 

2.l0E-02 3.l0E-02 l .40E-02 

5.90E-02 4.00E-01 5.l0E-02 4.l0E-01 

7.l0E-02 -2.20E-02 7.00E-02 9.45E-02 

5.40E-02 l.40E-02 4.90E-02 -3.45E-02 

3.80E-02 2.90E-02 4.60E-02 -7.63E-03 

3.70E-Ol 9.20E-03 2.60E-01 l.79E-01 

l.l0E+0l 

2.80E-02 -1.40E-02 l.S0E-02 -l.92E-02 

5.95E-02 

7.84E-02 

8.l0E-04 -3.90E-05 l.90E-04 l.75E-04 

3.S0E-03 6 .70E-03 l.J0E-03 6.95E-03 

5.l0E-01 l.70E-01 3.37E-Ol 

6.00E-02 2.70E-Ol 5.00E-02 S.04E-Ol 

8.60E-Ol 1.40E+OO 3.00E+OO 8.79E-Ol 

3.J0E-02 -4.80E-03 2.S0E-02 -l.54E-02 

An asterisk indicates that radionuclide concentration is less than detectable. The detection limits arc as follows : Co-60 = 3.0E-02, Sr-90 = S.0E-03, 
Nb-95 = 5.0E-02, Zr-95 = 5.0E-02, Ru-103 = 3.0E-02, Ru-106 = 2.6E-0l, Cs-137 = 3.0E-02, Eu-152 = 1.7E-Ol, Er-154 = 8.0E-02, 
Eu-155 = 7.0E-02, Pu-238 = 6.0E-04, Pu-239 = 6.0E-04. 

a/ Not routinely reported . 
b/ Not analyzed for this radionuclide . 

• 

Error Results 

3.56E-01 2.09E+OO 

2.99E-02 -2.54E-04 

l.86E-02 5.95E-03 

5.SSE-02 

5.69E-02 4.33E-01 

8.75E-02 2.75E-02 

6.40E-02 -1.92E-02 

4.07E-02 7 .12E-03 

1.68E-Ol l.19E-Ol 

1.JSE+OO l.l0E+0l 

2.85E-02 -4.73E-03 

3.52E-02 5.95E-02 

4.78E-02 7.84E-02 

l.72E-04 4.48E-05 

l.33E-03 7.68E-03 

l.SSE-01 4 .24E-01 

l.02E-Ol 3.38E-Ol 

l.llE+OO 9.79E-Ol 

3.79E-02 S.60E-03 

• 

t1 
0 
tI1 -~ 

I 
\0 
N 
I 

0 
~ 

:::0 
(D 

< 
0 
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Table A-2.5. Results of Vegetation Sampling for 1990 and 1991 (pCi/g). 
Location 67 Page 1 of 3 

1990 1991 Average 
Radionuclide Result Error Result Error Result 

Be-7 -3.00E+OO 1.40E+0l 3.00E+OO 

CePr-144 -2.00E+OO 2.00E+OO 2.00E+OO 

Co-60 3.70E-Ol 2. lOE-01 3.70E-01 

Cs-134 1.60E-01 1.80E-01 1.60E-01 

Cs-137 4.lOE-01 1.80E-01 4.lOE-01 

Eu-154 3.70E-01 5.20E-Ol 3.70E-01 

Eu-155 8.30E-02 3.90E-01 8.30E-02 

K-40 2.70E+0l 6.40E+OO 2.70E+Ol 

Pb-212 

> Pb-214 
N 

Pu-238 4.0SE-05 2.90E-04 4.0SE-05 ~ 
I 

V\ Pu-239/240 8.00E-04 5.S0E-04 8.00E-04 Sil 

Ru-106 -1.60E+OO 2.00E+OO 1.60E+OO 

Sb-125 -1.00E-02 4.20E-01 1.00E-02 

Sr-90 3.S0E-01 8. lOE-02 3.80E-Ol 

U-234 9.00E-02 1.70E-02 9.00E-02 

U-235 3.70E-04 2.60E-03 3.70E-04 

U-238 2.40E-02 7.60E-03 2.40E-02 

U (Total) 

Zn-65 -5.20E-01 6.l0E-01 5.20E-01 

ZrNb-95 -3.S0E-01 2.lOE+OO 3.S0E-01 



Radionuclide 

Be-7 

CePr-144 

Co-60 

Cs-134 

Cs-137 

Eu-154 

Eu-155 

K-40 

Pb-212 

> Pb-214 
tv 
~ Pu-238 
I 

Ut 
a' Pu-239/240 

Ru-106 

Sb-125 

Sr-90 

U-234 

U-235 

U-238 

U (Total) 

Zn-65 

ZrNb-95 

• 
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,j .2 8 

I 

' -,· , , ·1 " ? 8 

Table A-2.5. Results of Vegetation Sampling for 1990 and 1991 (pCi/g). 
Location 78 

1990 1991 

Result Error Result Error 

9.96E+OO l.19E+0l -4. lOE+OO 6.70E+OO 

8.16E-02 3.04E-01 -2.30E-Ol 7.S0E-01 

-9.40E-03 1.76E-02 1.S0E-02 6.lOE-02 

-3.54E-02 2.07E-OO -9.lOE-03 5.S0E-02 

7.67E-02 2.14E-02 2.90E-Ol 8.40E-02 

-2.24E-02 5.SSE-02 1.30E-01 1.60E-01 

3.89E-03 5.06E-02 1.lOE-02 1.60E-Ol 

1.60E+0l 1.74E+OO 1.20E+0l 2.00E+OO 

3.66E-02 2.23E-02 

• 
1.65E-04 1.30E-04 4.60E+05 1.00E+04 

9.32E-03 1.30E-03 9.90E-04 3.l0E-04 

8.69E-03 2.SSE-01 -1.90E-Ol 6.S0E-01 

-2.0SE-02 4.49E-02 4.60E-02 1.60E-01 

1.54E-02 4.74E-03 3.60E-02 1.00E-02 

1.S0E-02 5.70E-03 

-5.60E-04 1.60E-03 

1.00E-02 4.lOE-03 

4.53E-02 1.43E-02 

-1.44E-01 1.45E-Ol -6.70E-03 2.S0E-01 

3.21E-01 1.52E+OO 1.S0E-01 1.lOE+OO 

Page 2 of 3 

Average 
Result 

7.03E+OO 

1.56E-01 

1.37E-02 

2.23E-02 

1.83E-Ol 

7.62E-02 

7.45E-03 

1.40E+0l ~ 

3.66E-02 ~ 
~ 
I 

1.06E+04 \0 
tv 
I 

5.16E-03 0 
~ 

9.93E-02 :;d 

3.34E-02 ~ 

2.57E-02 0 

1.S0E-02 

5.60E-04 

1.00E-02 

4.53E-02 

7.54E-02 

2.SlE-01 

• 
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Table A-2.5. Results of Vegetation Sampling for 1990 and 1991 (pCi/g). 
Location 79 

1990 

Radionuclide Result Error Result 

Be-7 1.80E+OO 

CePr-144 1.40E--Ol 

Co-60 6.S0E--02 

Cs-134 -1.l0E--01 

Cs-137 -7.00E--02 

Eu-154 1.S0E--01 

Eu-155 2.S0E--02 

K-40 2.90E+0l 

Pb-212 

Pb-214 

Pu-238 9.20E--05 

Pu-239/240 1.90E--03 

Ru-106 -1.l0E+OO 

Sb-125 -1. lOE--01 

Sr-90 1.30E--Ol 

U-234 5.90E--02 

U-235 3.40E--04 

U-238 2. l0E--02 

U (Total) 

Zn-65 -3.S0E--01 

ZrNb-95 9.S0E--01 

Source: Schmidt et al. 1992. 
Negative values indicate concentrations at or near background levels of radioactivity. 
Shaded areas indicate a positive detection, the result is greater than the error. 
Dashes indicate no data are available. 

1991 

Error 

6.80E+OO 

1.l0E+OO 

7.90E--02 

9.00E--02 

9.20E--02 

2.60E--Ol 

2.30E--01 

4.00E+OO 

1.l0E--04 

4.30E--04 

1.l0E+OO 

2.20E--Ol 

2.70E--02 

1.l0E--02 

1.90E--03 

6.30E--03 

3.S0E--01 

1.00E+OO 

The detection limits are as follows: Mn-54 = 2.0E-02, Co-58 = 2.0E--02, Co-60 = 2.0E--02, Zn-65 = 4.0E--02, 
Sr-90 = 5.0E--03, Nb-95 = 3.0E--02, Zr-95 = 3.0E--02, Ru-106 = 1.7E--Ol, Cs-134 = 2.0E--02, 
Cs-137 = 2.0E--02, Eu-152 = 1.lE-01 , Eu-154 = 5.0E-02, Eu-155 = 5.0E-02, Pu-238 = 6.0E--04, 
Pu-239 = 6.0E-04, and U (Total) = 1.0E--02. 

Page 3 of 3 

Average 
Result 

1.80E+OO 

1.40E--01 

6.S0E--02 

1. l0E--01 

7.00E--02 

1.S0E--01 

2.S0E--02 

2.90E+0l 

9.20E--05 

1.90E--03 

1.l0E+OO 

1. l0E--01 

1.30E--Ol 

5.90E--02 

3.40E--04 

2.lOE--02 

3.S0E--01 

9.S0E--01 

-• 

t, 
0 
t!! 
~ 
I 
\0 
N 
I 

0 
~ 

~ 
~ 
0 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/rrr) 
Location N006 Page 1 of 17 

1985 1986 1987 1988 1989 Average 

Result 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 max 2.9E-04 1.JE-04 2.92E-04 1.46E-04 2.91E-04 

min < 5.8E--05 7.JE--05 --0 .00000 8.46E--05 2.90E--05 

avg 1.SE-04 l.lE-04 1.42E-04 1.lSE-04 1.46E-04 

ti 
Cs-137 max 7.lE-04 5.2E-04 4.07E-04 7.68E-04 5.59E-04 0 

tT1 
min 3.0E--05 6.4E-04 -1.21E-04 4.82E-04 -4.55E-04 -• ~ N avg 3.BE-04 3.lE-04 l.43E-04 6.25E-04 2.62E-04 I .., \0 

I N 
0\ I 

~ ~ 
Pu-239 max l .BE--05 9.9E--06 1.06E--05 5 .OOE--06 l .43E--05 

~ 
min < 9.9E--07 l .BE--06 l.S0E-06 3.48E--06 l.25E-06 (l) 

< 
avg 6 .SE-06 8.9E-06 6.0SE-06 4.24E--06 6.28E-06 0 

U(total) max -9 .6E--07 l.9E-06 5.48E-06 2.84E--05 2.26E-06 

min -1.2E--05 3.0E--05 3.02E-06 l .97E--05 -4.49E--06 

avg -6.lE-06 7.4E--06 4.25E-06 2.41E--05 -9.25E--07 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/m3) 
Location N007 Page 2 of 17 

1985 1986 1987 1988 1989 Average 

Result 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 max 3 .9E-04 I .SE-04 l.3lE-04 9.62E--05 2.61E-04 

min < 2.0E--05 6 .9E--05 --0 .00003 7.04E--05 -5 .00E-06 

avg l.9E-04 l .6E-04 4.73E--05 8.33E--05 l.l9E-04 

Cs-137 max -- < 8.4E-04 l.lE--03 9 .64E--05 4.67E-04 4.68E-04 ti 
\ 0 

min < -9 .6E--05 4.0E-04 -4.97E--05 7.98E-04 -7.29E--05 tr1 
---• avg 2.lE-04 5.JE-04 2.33E-04 6.33E-04 l.l7E-04 ~ 

N I 

1-1 \0 
I N 

O'I I 

r::r 0 
Pu-239 max l .2E--05 7.9E-06 l.54E-06 2.99E-06 6 .77E-06 .i,.. 

min < l.JE-06 2.6E-06 --0 .00000 l.34E-06 6 .S0E--07 :-0 
(I) 
<: 

avg 4.2E-06 6 .2E-06 7.25E--07 2.17E-06 2.46E-06 0 

U(total) max 3 .SE--05 3 .JE--05 l.lJE--05 2.12E--05 2.32E--05 

min < -l.0E--05 3 .0E--05 --0 .00000 2.47E--05 -5 .00E-06 

avg 7 .9E-06 2. IE-05 5 .S0E-06 2.J0E--05 6 .70E-06 

• • 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/rrr) 

Location N008 Page 3 of 17 

1985 1986 1987 1988 1989 Average 

Result 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 max 4.0E--04 1.5E-04 1.44E--04 8.85E-05 2.72E--04 

min < 3.9E-05 l.3E--04 -0. 00000 7.75E-05 l.95E-05 

avg l.SE--04 1.7E--04 6.96E-05 8.30E-05 l.l0E--04 

Cs-137 < 2.6E--04 7.lE--04 6.03E--04 3.86E--04 4.32E-04 
tj 

max 0 
min < -3 .0E--04 9.3E--04 -l.63E--04 6 .0SE--04 -2.32E--04 ~ 

> -4.9E-05 3.SE--04 2.20E--04 4.95E--04 8.SSE-05 ~ 
N avg I 

t-i \0 
I N 

~ 
I 

0 
~ 

Pu-239 max < 2.SE-06 2.SE-06 l.OOE-05 4.65E-06 6 .25E-06 
:,d 

min < l .9E-07 2.8E-06 6.56E-07 2.00E-06 4.23E-07 ~ 
avg l.SE-06 3.2E-06 5.33E-06 3.33E-06 3 .42E-06 0 

U(total) max < 2.4E-05 2.8E-05 5.47E-05 2.92E-05 3.94E-05 

min < -9.3E-06 I .SE-OS 7.58E-06 2 .57E-05 -8 .60E-07 

avg 9.4E-06 l.6E-05 3 . l!E-05 2 .75E-05 2.03E-05 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/m3) 
Location N012 Page 4 of 17 

1985 1986 1987 1988 1989 Average 
Result 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 max 6.6E--04 2.2E-04 5.00E-05 7.26E-05 3.SSE--04 

min I.6E--04 I .3E--04 -0.00000 6.66E-05 8.00E-05 

avg 4.lE--04 5.lE-04 2.60E-05 6.41E-05 2.18E--04 

Cs- 137 < 8.9E--04 9.6E-04 7.97E--04 7.47E--04 8 .44E--04 t1 max 0 
min 5.9E--04 4.3E--04 5.44E-05 5.71E--04 3.22E--04 ~ 

;J>, avg 7.4E--04 6 . lE--04 3.65E--04 6 .17E--04 5.53E--04 ~ 
N I 

IO 
~ N 
I I 

~ 0 
Pu-239 4.SE-06 

~ 
max 3.9E-06 3.36-06 3.06E-06 3.93E-06 

~ 
min < l.SE-06 4.SE-06 -0.00000 l.35E-06 7.S0E-07 0 

< 
avg 3.0E-06 3.2E-06 1.97E-06 2.64E-06 2 .49E-06 0 

U(total) max < -4.2E-06 l .8E-05 l.93E-05 I.35E-05 7.SSE-06 

min < -5.2E-05 3.7E-05 -0.00000 l.94E-05 -2.60E-05 

avg -2.SE-05 5. lE-05 9.88E-06 l.92E-05 -9.06E-06 

• • 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/nt') 
Location N158: 241-AX Tank Farm Page 5 of 17 

1985 1986 1987 1988 1989 Average 

Result 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 max 2.83E-03 4 .19E-04 5.44E-04 6.7E-04 2 .2E-04 1.24E-03 3.33E-04 l.14E-03 

min 3 .00E-04 3 .29E-04 l.49E-04 1.3E-04 8.9E-05 4.57E-05 8.70E-05 l.91E-04 

avg I .57E-03 2 .38E-03 3 .81E-04 8.98E-05 3 .55E-04 3.44E-04 3.5E-04 2.4E-04 3.78E-04 l .49E-04 6 .07E-04 

Cs-137 max 4.36E-03 5.57E-03 3 .16E-03 1.7E-03 7 .8E-04 l.93E-03 9.69E-04 3.34E-03 t1 
0 

min l .29E-03 7.56E-04 2.81E-04 < l .8E-04 5.5E-04 l.39E-04 6.71E-04 5.29E-04 tI1 -
> avg 2.37E-03 2.74E-03 2 .42E-03 4.31E-03 l.64E-03 2 .36E-03 l.2E-03 7.3E-04 9.45E-04 7.33E-04 l.72E-03 ~ 
N I 

.-i \0 
N I I 

&' 0 
Pu-239 max 6.15E-05 l .83E-05 l.21E-05 3.0E-05 9.8E-06 2.37E-03 2.42E-04 4.98E-04 ~ 

min 2 .64E-05 2.12E-06 3.56E-06 < -5.6E-07 5.0E-06 l.17E-06 2.03E-06 6.S4E-06 ~ 
~ 

avg 4 .64E-05 3.02E-05 9.72E-06 l.65E-OS 6.56E-06 7.66E-06 l.lE-OS 1.4E-06 S.9SE-04 6 .2SE-OS l.34E-04 
0 

U(total) max l .64E-04 8.55E-05 3.S0E-05 3.7E-OS 2.7E-05 9.43E-OS 3.48E-05 8.32E-0S 

min 3 .29E-05 2.21E-0S l.94E-05 < 4.2E-06 2.0E-OS -0.00000 l.88E-0S ! .S7E-OS 

avg I.03E-04 l.31E-04 4 .80E-05 S.80E-OS 2.63E-06 l.31E-05 l.7E-OS I.SE-OS 3.8SE-OS 2.42E-OS 4.18E-OS 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/nr) 
Location N969: SW of PUREX Plant Page 6 of 17 

1985 1986 1987 1988 1989 Average 
Result 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 max l.26E-03 7.96E-04 2.37E-04 3.0E-04 l.JE-04 l.J0E-03 3.63E-04 7.79E-04 

min l .45E-04 9 .74E-05 l .28E-05 < l.JE-05 6.SE-05 2.85E-05 6.42E-05 5.93E-05 

avg 6 .06E-04 I.0SE-03 3 .75E-04 5.95E-04 9.22E-05 2.45E-04 l.SE-04 l.6E-04 3.78E-04 l.47E-04 3.20E-04 

Cs-137 max 5.45E-04 l.54E-03 -5 .06E-05 < 2.0E-04 6.9E-04 2.S0E-04 5.21E-04 4.97E-04 t, 
0 

min -8. l0E-04 2.45E-05 -4.33E-04 < -I.0E-04 5.8E-04 -3 .0SE-05 6.27E-04 -2.70E-04 trl -
> avg -3.27E-05 l.lJE-03 7.06E-04 l.26E-03 -2.56E-04 3.31E-04 8.9E-04 l.BE-04 l.46E-04 6 .23E-04 l.J0E-04 ~ 

I N \0 
---3 N 

I I 
C'7\ ~ ...... 

1.57E-04 2.37E-05 9. l0E-06 5.SE-05 1.2E-05 9.72E-06 5 .0lE-06 5.09E-05 Pu-239 max 

min 5.65E-05 6 .04E-06 6.29E-07 < l.lE-06 2.SE-06 4 .64E-07 l.55E-06 l.29E-05 
~ 
~ 

avg 9 .0lE-05 9 . lJE-05 1.62E-05 l.71E-05 4.82E-06 7 .19E-06 l .9E-05 2.SE-05 3.53E-06 2.80E-06 2.67E-05 0 

U(total) max 8.75E-04 9 .79E-05 3.69E-05 5 .6E-05 3.lE-05 4.44E-05 2.07E-05 2.18E-04 

min 2.91E-05 l.83E-05 4.37E-06 < - l.2E-07 l.9E-05 2.07E-06 2.0SE-05 l .07E-05 

avg 2.59E-04 8.0lE-04 5 .94E-05 7.04E-05 2.47E-05 2.86E-05 3.3E-05 2.SE-05 2.19E-05 1.99E-05 7 .96E-05 

• • 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/nt') 
Location N970 Page 7 of 17 

1985 1986 1987 1988 1989 Avenge 
Result 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 ma x l.85E-03 2.31E-04 2.80E-04 2.5E-04 1.3E-04 9.79E-05 7 .94E-05 5.42E-04 

min 9 .94E-05 1.32E-04 -2.26E-05 1.IE-04 I.IE-04 -0.00003 5.70E-05 5.78E-05 

avg 6 .11 E-04 l .66E-03 1.81 E-04 8.60E-05 8.76E-05 2.74E-04 l.7E-04 7.2E-05 5.45E-05 7.18E-05 2.21E-04 

Cs-137 max 4.70E-04 4.72E-03 3.82E-04 3.9E-04 4.6E-04 4.78E-04 5.S0E-04 l .29E-03 ~ 
0 

min -7.12E-04 5.42E-04 0 .OOE+OO < -3.0E-04 5.9E-04 -2.74E-04 5.85E-04 -l.49E-04 tT1 -
• avg 7.03E-05 1.08E-03 l.97E-03 3 .92E-03 l .60E-04 3 .41E-04 4.8E-05 3.3E-04 1.14E-04 6.12E-04 4.72E-04 ~ 

I 

N '° ..., N 
I 

I 0 
°' ~ 

(JQ Pu-239 max l.71E-04 7.17E-05 l .25E-05 4.9E-05 1.2E-05 4.45E-05 l.07E-05 6.97E-05 

min 4.95E-05 5.59E-06 3.04E-06 1.3E-05 5.7E-06 1.04E-06 2.67E-06 1.44E-05 ~ 
(1) 
< 

avg 8.73E-05 1.13E-04 2.92E-05 5.87E-05 7.70E-06 8.88E-06 3. IE-05 l .5E-05 1.80E-05 5 .97E-06 3.46E-05 0 

U(total) max 1.59E-04 3.91E-04 4.08E-05 4.0E-05 2.7E-05 4.67E-05 2.06E-05 l .36E-04 

min 4.62E-05 3.14E-05 l .07E-05 < - l.7E-06 1.9E-05 1.28E-05 2. lSE-05 l.99E-05 

avg 9.72E-05 9 .50E-05 1.40E-04 3 .38E-04 2.28E-05 2.72E-05 2.0E-05 1.7E-05 2.94E-05 2. IIE-05 6.l0E-05 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/m3) 
Location N97 l Page 8 of 17 

1985 1986 1987 1988 1989 Average 

Result 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 max l.48E--02 5.44E-04 4.20E-04 2.7E--04 J.2E-04 7.50E-04 2.41E-04 3.21E--03 

min 2.SIE-04 l .29E-04 2.30E--05 1.2E-04 l.lE-04 J.49E--05 6.12E-05 J.71E-04 

avg 4. ISE--03 I .42E--02 3. ISE-04 3.77E-04 l .35E-04 3.82E-04 J.9E-04 6.7E--05 3.03E-04 J.31E-04 9.65E-04 

Cs-137 max 7.65E--04 1.41E-03 6.94E-04 7.0E-04 6.2E--04 6.35E-04 3.88E-04 S.77E-04 t1 
0 

min O.OOE+OO -7.63E-04 2.35E-04 < S.SE--05 S.SE-04 -6.86E-04 S.SSE-04 -1.07E-04 tT1 -> ~ N avg 3.06E--04 6.52E-04 5.SSE-04 I .87E--03 S.43E-04 4.16E-04 3.9E-04 3.2E-04 -6.S2E--OS S.14E-04 3.S9E-04 
~ I 

I \0 
O'I N 
::r I 

0 
Pu-239 max 1.73E--04 I .SSE-04 l.3SE--05 3.IE--05 8.4E--06 J.76E-04 2.S2E-OS 7.S2E-OS .I=>, 

min 7.17E-OS l .60E-05 3.S7E--06 8.0E--06 4.SE--06 4.29E--07 I .66E--06 2.89E--OS ~ 
~ 

avg l .20E-04 9.48E-OS 5.55E-OS l .37E-04 6.S4E-06 9.4SE--06 2.2E--OS I .OE-OS 4.S2E--OS 7.84E--06 4.08E--OS 0 

U(total) max l.14E-04 8.0SE-05 3.02E--05 < 2.4E--OS 2.SE--OS 7.16E--OS 2.79E-OS S.ISE--05 

min 3.76E-05 I .49E--05 I .03E--05 < -7.4E--06 I .SE-OS l.OIE--OS 2.14E--05 I .SSE--05 

avg 6.77E--05 6.96E--OS 3.93E--05 5.77E--OS 2.0IE--OS I .66E--05 7.4E--06 I .3E--OS 3.72E--OS 2.34E--05 2.69E--05 

• • 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/m3) 

Location N976 Page 9 of 17 

1985 1986 1987 1988 1989 Average 
Result 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 max 6.23E-03 1.19E-01 2.98E--04 5.0E--04 2.0E--04 4.36E--04 l.74E--04 2.53E-02 

min 5.SIE-04 5 .20E-04 l.46E--04 l.7E-04 l .2E--04 3.56E-05 8.79E-05 2.85E--04 

avg 2 .S0E-03 5.J0E-03 6 .27E-04 I .87E--04 2.SIE--04 l.41E--04 2.9E--04 I.SE--04 2 .08E--04 I .16E--04 7.75E--04 

Cs-137 5.67E-04 1.81 E-03 5 .54E--04 < l.7E--04 6 .0E--04 7 .OOE--04 6 .20E--04 7.60E--04 
t:i 

max 0 
min -4.59E--04 3.43E-04 2.06E--04 <-I.IE--04 5.JE--04 -2.28E--04 5.41E--04 -4.96E-05 t!! 

> ~ N avg 2 .04E-04 9 .39E--04 7.82E--04 l.3SE-03 4.07E--04 3.02E--04 -3.0E-07 l .SE--04 2.39E--04 5.SlE--04 3.26E--04 I 
~ '° I N 
O'I I -· 0 

Pu-239 max 2 .91E-05 4.99E-06 6.83E-06 < 5 .SE-07 
~ 

l.6E-06 l.99E-06 2.97E-06 8.69E-06 
:;d 

min l .36E-05 6.81E-07 l.90E-06 < -1.7E-06 l.6E-06 -0.00000 3 .28E-06 2.90E-06 0 
< 

avg I .94E-05 1.39E-05 3 .64E-06 4 .0JE-06 3 .88E-06 4.21E-06 -l.JE-07 I.IE-06 2.44E-07 2 .25E-06 5.41E-06 0 

U(total) max 1.17E-04 4.83E-05 6.0IE-05 < 9 .9E-06 2.0E-05 2.21E--04 7.04E-05 9.lJE-05 

min l .97E-05 3.25E-05 l.65E-05 < -8.3E-07 l.9E-05 -0.00000 l.86E-05 l .36E-05 

avg 7 .21E-05 8.89E-05 3.79E-05 l.43E-05 3 .39E-05 3 .71E-05 4 .SE-06 4.7E-06 8.57E-05 3.73E-05 4.68E-05 



1985 

Radionuclide Result Error 

Sr-90 max 5.88E-03 

min 4.78E-04 

avg 2.08E-03 5.14E-03 

Cs-137 max l .OOE-03 

min l.05E-04 

)-
5.02E-04 8.08E-04 N avg 

~ 
I 

~ 

Pu-239 max 1.13E-04 

min 3.20E-05 

avg 7.29E-05 6 .90E-05 

U(total) max l.61E-04 

min 4.30E-05 

avg 8.27E-05 l .07E-04 

• 

I' 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/m3) 
Location N977 

1986 1987 1988 

Result Error Result Error Result Error 

3.5 IE-04 2.90E-04 2.7E-04 1.4E-04 

2.14E-04 3 .62E-05 1.IE-04 l.0E-04 

2.86E-04 l.41E-04 l.23E-04 2.28E-04 l .9E-04 9.IE-05 

8.76E-04 7 .03E-04 8.5E-04 6.3E-04 

-3.73E-04 3 .91E-04 < -1.IE-04 5.IE-04 

2.75E-04 l .23E-03 5.51E-04 2.57E-04 2.7E-04 4.7E-04 

2.39E-05 7 .66E-06 4.4E-05 l .3E-05 

5.I0E-06 5.31E-07 3.9E-06 3.2E-06 

l.24E-05 1.62E-05 3 .56E-06 7.39E-06 l.5E-05 2.0E-05 

4.77E-05 4.27E-05 < 1.IE-05 2.3E-05 

l.20E-05 1.03E-05 < -4.3E-06 2.0E-05 

2.76E-05 3.31E-05 2.41E-05 2.95E-05 1.6E-06 7.6E-06 

Page 10 of 17 

1989 Average 
Result 

Result Error 

1.07E-04 9 .90E-05 1.38E-03 

-0. 00003 1.07E-04 1.68E-04 

2.19E-05 9.31£-05 5.40E-04 

~ 
3.69E-04 4.77E-04 7.60E-04 0 

tT1 
-3.78E-04 6.14E-04 -7.48E-05 ---~ 
-6.22E-05 5.43E-04 3.07E-04 I 

\0 
N 

I 

0 ... ) 

6.83E-06 4.ISE-06 3.91E-05 
:;d 

2.48E-07 1.64E-06 8.36E-06 
(1) 

< 

2.61E-06 2.46E-06 2.13E-05 0 

l .27E-04 4.35E-05 7 .79E-05 

9.56E-06 2.lOE-05 1.41E-05 

6.31E-05 3.04E-05 3.98E-05 

• 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/nt') 
Location N984 Page 11 of 17 

1985 1986 1987 1988 1989 Average 

Result 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 max 2.71E-03 9.80E-04 7 .88E-03 8.0E-04 2.6E-04 S.68E-04 2.lSE-04 2.59E-03 

min 2.07E-04 2.73E-04 l.18E-04 2.7E-04 l.3E-04 2.0lE-05 7 .41E-OS 1.78E-04 

avg l .29E-03 2. ISE-03 S.74E-04 6 .9SE-04 2.llE-03 7 .70E-03 4.2E-04 2.6E-04 2.61E-04 l .40E-04 9.31E-04 

~ 
Cs-137 max 3 .79E-03 2.95E-03 3.12E-03 l .9E-03 7 .8E-04 7.41E-04 4.53E-04 2.S0E-03 0 

tT1 -min l.3SE-04 - l.27E-04 4.48E-04 6.9E-04 4.8E-04 3.S0E-04 7.40E-04 2.99E-04 ~ • N I 

avg 2.32E-03 3.52E-03 l.37E-03 3 .23E-03 1.58E-03 2.23E-03 l.lE-03 5.8E-04 5.89E-04 6.43E-04 l .39E-03 \0 
'""3 N 

I I 

°' 0 
:i,;-- ~ 

Pu-239 max 3.49E-05 6.60E-06 3.43E-06 5.6E-06 4.0E-06 4.17E-05 l.0SE-05 l.84E-05 ~ 
('I) 

min l .SIE-05 4.24E-06 6 .76E-07 < 4.2E-07 2.0E-06 4.0IE-06 4.34E-06 4.89E-06 < 

avg 2.29E-0S l .72E-05 5.24E-06 2.35E-06 2.12E-06 2.44E-06 2.6E-06 2.SE-06 l.48E-05 5.85E-06 9.53E-06 
0 

U(total) max l.46E-04 5.76E-0S l.SIE-05 < 8.7E-07 l.9E-05 7.71E-05 3.03E-05 5.93E-05 

min 2.65E-05 2.19E-05 6 .76E-06 < -5.6E-06 l.9E-05 -0.00000 2.00E-05 9.91E-06 

avg 7 .93E-05 l.l lE-04 3.94E-05 2.95E-05 1.1 lE-05 7.09E-06 -l.7E-06 2.9E-06 4.25E-05 2.58E-05 3.41E-05 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/m3) 
Location N985 Page 12 of 17 

1985 1986 1987 1988 1989 Average 

Result 

Radionuclide Result Error Result Error Result Error RcBUlt Error Result Error 

Sr-90 max I .02E--03 8 .29E-04 5.48E--04 2.9E-04 l .3E-04 2 .63E-04 1.16E-04 5.90E-04 

min 3 .81E--04 3 .37E-04 l.43E-04 <7.SE--05 8.IE--05 --0 . 00002 8 .00E--05 l.87E-04 

avg 6 .91E-04 6.40E-04 5 .71E-04 4 .16E-04 3 .19E--04 3.43E-04 l.SE-04 1.0E-04 l .20E-04 9 .46E--05 3 .70E-04 

Cs-137 max 9 .62E-04 I .28E--03 4.08E-04 4.4E-04 4.2E-04 5 .94E-04 5 .28E-04 7.37E-04 0 
0 

> min 7 .34E-04 5 .52E-04 -3 .02E-04 <-8 .SE--05 6.9E-04 -l.52E-04 5 .22E-04 l.49E-04 tr1 -N 

~ ~ avg 8.81E-04 2.SSE-04 9.44E-04 6 .96E-04 6 .85E--05 7.43E-04 l .4E--05 2.8E-04 l.24E-04 5 .94E-04 4.32E-04 I 

°' 
I - I.O 

N 
I 

0 
Pu-239 max 4 .68E--05 2 .53E--05 5.28E--06 I.0E-04 2. lE--05 4.16E-04 5 .56E--05 l.19E-04 ~ 

min 2 .27E--05 I .44E--06 9.41E--07 <2.7E--06 3.8E--06 9 .13E--07 l.73E--06 5 .74E--06 :;;:, 
~ 

avg 3 .70E--05 2 .SJE--05 l.54E--05 2 .J0E--05 3. lSE--06 3.63E-06 3 .3E--05 4.9E--05 l .0SE-04 l.57E--05 3.87E--05 
0 

U(total) max 2 .20E-04 9.40E--05 3 . 14E--05 <2.4E--05 2.4E--05 7.65E--05 2.83E--05 8.92E--05 

min 2 .52E-05 l.75E--05 l.34E--05 <2 .4E--06 2.0E-05 2.61E--05 2.41E--05 I.69E--05 

avg l.23E-04 I .95E--04 4 .33E--05 6 .88E--05 2.32E--05 l.48E--05 l .JE-05 9 .7E--06 4.48E--05 2 .48E--05 4.95E-05 

• • 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/rrt') 

Location N991 Page 13 of 17 

1985 1986 1987 1988 1989 Average 

Result 

Radionuclid.: Result Error Result Error Result Error Result Error Result Error 

Sr-90 max l.56E-04 2.72E-04 l .0SE-04 2.6E-04 l.2E-04 l.26E-04 8.37E-05 l.84E-04 

min 8.36E-05 l.50E-04 -8 .84E-06 <2. IE-06 9.2E-05 l.94E-05 9 .59E-05 4.93E-05 

avg l .20E-04 l .02E-04 2.0SE-04 1.IOE-04 5.31E-05 9 .64E-05 l.3E-04 l.lE-04 7.67E-05 8.69E--05 l.17E-04 

tj 
Cs-137 1nax 8.58E-04 7.12E-04 4.85E-04 <6.8E-04 8.3E-04 3.97E-04 5.51E-04 6.21E-04 0 

tT1 -> min 2.73E-05 2.49E-04 -l.13E-05 <8.7E-05 6 .SE-04 -l.93E-04 4.70E-04 3.18E-05 ~ N ..., 4.43E-04 l .17E-03 4.40E-04 4.46E-04 2.55E-04 3.91E-04 2.7E-04 3.2E-04 l.09E-04 5.S0E-04 3.03E-04 I avg '° I N 0\ I 

3 0 .,. 
Pu-239 max 5.47E-05 2.70E-05 3.64E-06 l.lE-05 6 .0E-06 3.94E--05 l.03E-05 2.71E-05 

~ 
(I) 

min 3.31E-05 I .59E-06 4.66E-08 < l.7E-06 2.6E-06 6 .86E-07 l .S0E-06 7.42E-06 <: 

4.39E-05 3 .05E-05 I .24E-05 2.20E-05 l .62E-06 3 .02E-06 6.3E-06 4.SE-06 l .07E-05 3 .86E-06 l .S0E-05 0 avg 

U(total) max 2.00E-04 6 .60E-05 2.84E-06 < l.lE-05 2.lE-05 5.57E-05 2.25E-05 6.71E-05 

min 3.04E-05 I .54E-05 l.23E-06 <-8 .7E-06 2.0E-05 8.70E-07 l.98E-05 7.84E-06 

avg l.lSE-04 2.40E-04 4.43E-05 4.44E-05 l.35E-05 2.24E-05 l.SE-06 8.3E-06 2.41E-05 l.97E-05 3.97E-05 



1985 

Radionuclide Result Error 

Sr-90 max 2.78E-04 

min 2.78E-04 

avg 2.78E-04 2.50E-04 

Cs-137 max -7.08E-04 

min -7.08E-04 

> avg -7.08E-04 9 .87E-04 
N 
>--j 

I 
0\ ::, 

Pu-239 max 0.OOE+OO 

min 0.OOE+OO 

avg 0 .OOE+OO 3.S0E-06 

U(total) max 2.0JE-05 

min 2.0JE-05 

avg 2.0JE-05 3.36E-05 

• 

9 . ' 
·.} 

Q 
V 7 , 

J 3 

Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/m3) 
Location N992 

1986 1987 1988 

Result Error Result Error Result Error 

2.78E-04 l.33E-04 

5.04E-05 3 .79E-05 

J.60E-04 I.86E-04 8.52E-05 8.78E-05 2.7E-04 J.5E-04 

J.15E-03 8.88E-04 

- J.88E-04 -7.54E-04 

5.06E-04 J.21E-03 J.87E-04 l.64E-03 <4.5E-04 5.4E-04 

9 .23E-06 3 .65E-06 

J.04E-06 7.38E-07 

6 .29E-06 7.64E-06 2. I0E-06 2.64E-06 <5.4E-07 J.8E-06 

6 .7JE-05 2.06E-05 

J.67E-05 - J.77E-05 

4.23E-05 4.40E-05 8.62E-06 3 .57E-05 < l.3E-05 2.5E-05 

Page 14 of 17 

1989 Average 
Result 

Result Error 

6.02E-04 2.07E-04 2.58E-04 

-0.00003 6 .14E-05 7.33E-05 

l.52E-04 1.0JE-04 l.89E-04 

4.09E-04 4.70E-04 3.48E-04 0 
0 

-6 .66E-05 4.73E-04 -3 .43E-04 tr1 -
1.73E-04 4.77E-04 1.22E-04 ~ 

I 
\0 
N 

I 
0 

8.20E-07 1.77E-06 2.74E-06 ~ 

-0.00000 2.26E-06 3.56E-07 ~ 
~ 

-0.00000 l .66E-06 l.79E-06 
0 

3.39E-05 l.66E-05 2.84E-05 

-0.00000 J.90E-05 3.86E-06 

2.09E-05 l.85E-05 2.I0E-05 

• 



• 9 
• f 

\) 4 • 
Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/rrt') 

Location N993 Page 15 of 17 

1985 1986 1987 1988 1989 Average 

Result 

Radionuclid.: Result Error Result Error Result Error Result Error Result Error 

Sr-90 max l .0SE-04 4.33E-04 l.66E-04 3.2E-04 l .4E-04 3.71E-04 l .45E-04 2.79E-04 

min l.0SE-04 l .38E-04 4.28E-05 <2.6E-05 9 .SE-05 l.84E-05 7.23E-05 6 .60E-05 

avg 1.0SE-04 l.89E-04 3 .04E-04 2.46E-04 l .02E-04 1.19E-04 l.?E-04 l.3E-04 1.33E-04 9.73E-05 l.63E-04 

Cs-137 max -5.45E-05 5. ISE-03 l .28E-03 7.IE-04 6.JE-04 7.53E-04 5.89E-04 l.57E-03 
t1 
0 
tT1 

mm -5.45E-05 3.47E-04 -4.92E-06 <-9 .7E-05 5.2E-04 -2.96E-04 5.75E-04 -2.99E-05 -• -5 .45E-05 l.12E-03 2.JIE-03 4.19E-03 8.65E-04 l .23E-03 3.2E-04 3.4E-04 2.76E-04 5.53E-04 7.43E-04 ~ 
N avg I 

o-3 \0 
N I I 

~ 0 
.i:.. 

Pu-239 max 9.82E-07 3.26E-05 7.48E-06 8.0E-06 5. IE-06 4.19E-06 3.25E-06 1.0?E-05 
:;,;; 

min 9.82E-07 6.61E-06 3.0SE-06 < l.5E-06 2.6E-06 l.29E-06 2.38E-06 2.69E-06 0 
< 

avg 9.82E-07 l .97E-06 2.26E-05 2.36E-05 5.48E-06 4.53E-06 4.IE-06 3 .2E-06 2.39E-06 2.58E-06 7.llE-06 0 

U(total) max 2.64E-05 2.16E-04 l .42E-04 4.SE-05 2.9E-05 9.J0E-05 3 .JIE-05 l.04E-04 

min 2.64E-05 2.62E-05 2.46E-05 <9.9E-06 2.0E-05 7.65E-06 2.0SE-05 l.90E-05 

avg 2.64E-05 3.45E-05 9 .76E-05 l .69E-04 6.0SE-05 1.I0E-04 2.0E-05 l .8E-05 4.JIE-05 2.43E-05 4.59E-05 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/nt') 
Location N996 Page 16 of 17 

1985 1986 1987 1988 1989 Avenge 
Result 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 max l .39E-04 8.43E-04 4.7E-04 l.7E-04 2.81E-04 2.09E-04 4.33E-04 

min J .39E-04 1.89E-05 <7.8E-05 l.lE-04 4.76E-05 9.69E-05 7.09E-05 

avg J .39E-04 2.44E-12 2 .72E-04 7.67E-04 2.3E-04 2.0E-04 l.59E-04 l.40E-04 

Cs-137 max 6.41E-04 4.64E-04 6.2E-04 5.0E-04 l.80E-04 5.99E-04 
~ 

4.76E-04 0 
tT1 

min 2.74E-04 -3.25E-04 <-5.3E-04 6.SE-04 -4.45E-04 9.45E-04 -2.57E-04 -> ~ N 
4.58E-04 5.19E-04 9.02E-05 8.03E-04 2.4E-04 5.3E-04 -8.53E-OS 7.0lE-04 ~ avg I 

I IO 
0\ N 

"O I 
0 
~ 

Pu-239 max 2 .40E-OS J .95E-05 7.3E--06 6.9E--06 2.65E--06 S.49E--06 l.34E-OS 
~ 

min 1.73E-05 1.98E--06 < -5.6E-07 1.7E--06 -0.00000 2.23E--06 4.68E--06 (1) 

< 
avg 2.06E-05 9.48E--06 7.26E--06 l.66E-OS 2.6E--06 4.2E--06 l .20E--06 3.33E--06 0 

U(total) max 6 .42E-05 7.40E-05 <l.0E-05 2.4E-05 7.99E-05 3 .62E-05 5.70E-05 

min 4.0SE-05 2.45E-05 <3 .3E--06 2.0E-05 2.71E-05 2 .73E-OS 2 .39E-05 

avg 5.25E-05 3.31E-05 4 .14E-05 4.58E-05 6.7E--06 3.SE--06 4.59E-05 3 .07E-05 3 .66E-05 

• • 
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Table A-2.6. Results of Air Monitoring 1955 - 1989 (pCi/m3) 

Location N997 Page 17 of 17 

1985 1986 1987 1988 1989 Avenge 
Result 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 max l.35E-03 7.17E-04 2.2E-04 I.IE-04 l.41E-04 l.27E-04 6.07E-04 

min 6.48E-04 4.77E-05 < l .5E-05 7.2E-05 -0. 00008 l .60E-04 l .78E-04 

avg 9 .99E-04 9.93E-04 2.51E-04 6.25E-04 I .4E-04 9.7E-05 3.79E-05 2.77E-04 

t:j 
Cs-137 max 2 .JIE-03 l .23E-03 <5.9E-04 6 .9E-04 2.53E-03 3.27E-03 l .67E-03 0 

tT1 
• l .78E-03 -2 .64E-04 <2.9E-04 4 .7E-04 -3.69E-05 6.68E-04 4 .42E-04 --min 

~ N 
'""1 2.04E-03 7.50E-04 3.JIE-04 I.J0E-03 4.9E-04 l.7E-04 I.0lE-03 l .66E-03 I 
I avg \0 

°' N ..0 I 
0 
.J:>. 

Pu-239 max 3 .09E-05 3.70E-05 <3.IE-06 3 .JE-06 5 .52E-06 3 .99E-06 l.91E-05 
:;.:i 

min 4 .29E-06 l.44E-06 <-5.6E-07 2 .8E-06 -0.00000 l.47E-05 l.29E-06 
~ 
< 

avg l .76E-05 3.76E-05 l.47E-05 3.22E-05 l .2E-06 2.2E-06 5.SlE-07 7.47E-06 8.51E-06 0 

U(total) max 1.18E-04 2.51E-05 <3 .SE-06 2 .IE-05 l.61E-04 8.87E-05 7.69E-05 

min 2.40E-05 2.04E-06 < -5.IE-06 2.0E-05 -0.00001 6 .0lE-05 5.24E-06 

avg 7. l0E-05 l .33E-04 l.31E-05 2.l0E-06 -2 .0E-05 4 .9E-06 4.46E-05 5.69E-05 3.17E-05 

Source: Schmidt et al. 1990; Elder et al. 1986, 1987, 1988, 1989. 
Shaded Areas indicate a positive detection, the result is larger than the error. 
Negative values indicate concentrations at or near background levels of radioactivity. 
Dashes indicate no data are available . 
An asterix indicates sites sampled one quarter only show the overall counting error rather than the standard deviation of the mean of quarterly composites. Only one reading was taken in 
1988 . 
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Table A-2.7. Results of Air Monitoring for 1990 (pCi/m3

) Page 1 of 2 

Location NI58 Location N969 Location N970 Location N972 Location N977 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 Quarter I 4.57E-05 8.70E-05 2. 85E-05 6.42E-05 9.79E-05 7.94E-05 l.07E-04 8.38E-05 -4.89E-05 7.12E-05 
Quarters 2-4 3.68E-04 2.20E-04 -5.98E-06 l.80E-05 2.55E-05 9.IOE-05 l. ISE-04 4. IOE-05 8.25E-06 9.30E-05 
Average 2.07E-04 l .54E-04 l.13E-05 4.IIE-05 6.17E-05 8.52E-05 l. l lE-04 6.24E-05 -2.03E-05 8.21E-05 

Cs-137 Quarter I l.39E-04 6.71E-04 2.S0E-04 5.21E-04 -2.74E-04 5.85E-04 4.92E-04 4.37E-04 -3.87E-04 6.14E-04 
Quarters 2-4 2.65E-03 7 .50E-04 5.34E-05 5.S0E-04 3.44E-04 5.20E-04 6.02E-04 3.I0E-04 -6.59E-05 5.00E-04 
Average l.39E-03 7.IIE-04 1.52E-04 5.36E-04 3.50E-05 5.53E-04 5.47E-04 3.74E-04 -2.26E-04 5.57E-04 

Pu-239 Quarter I 4.21E-06 2.89E-06 l .04E-06 2.19E-06 l.04E-06 2.67E-06 2.00E-06 2.91E-06 2.02E-06 2.08E-06 
Quarters 2-4 3.24E-06 4.90E-06 4.22E-06 4.80E-06 6.98E-06 2.90E-06 5.87E-06 0.OOE+OO 9.74E-06 6.40E-06 t:J 
Average 3.73E-06 3.90E-06 2.63E-06 3.S0E-06 4.0IE-06 2.79E-06 3.94E-06 l.46E-06 5.88E-06 4.24E-06 0 

tr1 
4.44E-05 2.07E-05 4.00E-05 l.92E-05 5.34E-05 2.39E-05 l.27E-04 4.35E-05 -U (total) Quarter I 9.43E-05 3.48E-05 ~ 

> Quarters 2-4 2.61E-05 8.J0E-06 l .97E-05 4.00E-06 2.49E-05 4.40E-06 3.00E-05 9.80E-06 1.55E-05 7.80E-06 t"'" 
I 

N Average 6.02E-05 2.16E-05 3.21E-05 l.24E-05 3.25E-05 l.18E-05 4.17E-05 l .69E-05 7.13E-05 2.57E-05 \0 
>--3 N 
I I 

....J 0 
PJ ~ 

~ 
(1) 

< 
0 
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Table A-2.7. Results of Air Monitoring for 1990 (pCi/m3
) Page 2 of 2 

Location N978 Location N984 Location N985 Location N99 l Location N992 

Radionuclide Result Error Result Error Result Error Result Error Result Error 

Sr-90 Quarter I 5.14E-05 8.98E-05 3.23E-04 l.32E-04 2.63E-04 1. 16E-04 1.26E-04 8.37E-05 3.94E-07 6.08E-05 
Quarters 2-4 1.43E-05 2.00E-05 6.09E-04 6.90E-04 l.0IE-04 l.80E-05 2.87E-05 6. I0E-05 4.32E-05 9.90E-05 
Average 3.29E-05 5.49E-05 4.66E-04 4. 11 E-04 l.82E-04 6. 70E-05 7.74E-05 7.24E-05 2.18E-05 7.99E-05 

Cs-137 Quarter I -1.29E-04 4.79E-04 6. 7 IE-04 8.58E-04 5.94E-04 5.28E-04 3.97E-04 5.SIE-04 -6.66E-05 4.73E-04 
Quarters 2-4 l.l lE-04 8.70E-04 1.13E-03 3.30E-04 3.0IE-04 l.OOE-04 2.38E-04 3.90E-04 5.79E-05 9.30E-04 
Average -9.00E-06 6.75E-04 9.0IE-04 5.94E-04 4.48E-04 3.14E-04 3.18E-04 4.71E-04 -4.35E-06 7.02E-04 

Pu-239 Quarter I 9.66E-06 4.56E-06 8.58E-06 4. 74E-06 l.49E-06 2.3 IE-06 9.27E-07 l.42E-06 -3.19E-08 2.26E-06 
Quarters 2-4 5.87E-06 8.80E-06 9.65E-06 7.S0E-06 3.S0E-06 2.S0E-06 9.22E-06 5.80E-06 9.72E-06 9.40E-06 t1 
Average 7.77E-06 6.68E-06 9.12E-06 6.12E-06 2.S0E-06 2.41E-06 5.07E-06 3.61E-06 4.84E-06 5.83E-06 0 

tI1 
U (total) Quarter 1 9.77E-05 3.63E-05 7 .0SE-05 2. 76E-05 7.65E-05 2.83E-05 2.54E-05 l.38E-05 2.96E-05 1.54E-05 -~ • Quarters 2-4 I .38E-05 3.40E-06 3.58E-05 1.S0E-05 3.14E-05 3.00E-05 2.33E-05 9.60E-06 2.86E-05 4.90E-06 

I 

N Average 5.58E-05 1.99E-05 5.32E-05 2.13E-05 5.40E-05 2.92E-05 2.44E-05 1.17E-05 2.91E-05 1.02E-05 '° ..., N 
I 

I 0 
~ Source: Schmidt et al. 1992. ~ 

Negative values indicate concentrations at or near background levels of radioactivity. ~ 
Shaded areas indicate a positive detection, the result is greater than the error. ~ 
The detection limits are as follows: 0 

Mn-54 = 2.0E-02, Co-58 = 2.0E-02, Co-60 = 2.0E-02, An-65 = 4.0E-02, Sr-90 = 5.0E-03, Nb-95 = 3.0E-02, Zr-95 = 3.0E-02, 
Ru-106 = 1.7E-0I, Cs-134 = 2.0E-02, Cs-137 = 2.0E-02, Eu-152 = 1. IE-01, Eu-154 = 5.0E-02, Eu-155 = 5.0E-02, Pu-238 = 6.0E-04, 
Pu-239 = 6.0E-04, and U total = l.0E-02. 

• • 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 

Location 64 Page 1 of 16 

1990 1991 
Average 

Radionuclide Result Error Result Error Result 

Be-7 -2.06E+0l 3.15E+0l 1.90E+0l 1.70E+0l 2.25E+0l 

CePr-144 3.94E-02 5.62E-01 -1.J0E-01 8.50E-01 8.47E-02 

Co-60 -5.27E-03 2.0JE-02 1.20E-02 5. l0E-02 8.64E-03 

Cs-134 -1.41E-Ol 3.21E-02 -2.S0E-001 8.40E-02 1.96E-01 

Cs-137 2.37E+OO 2,47E-Ol 3.50E+OO 3.S0E-01 2.94E+OO 

Eu-154 4.38E-02 6. I lE-02 2.S0E-02 1.50E-01 3.59E-02 

Eu-155 9.90E-02 7.88E-02 5.J0E-03 1.40E-Ol 5.22E-02 t:1 
K-40 l.42E+0I I.58E+OO 1.80E+0l 2.20E+OO 1.61E+0l 0 

trl -Pb-212 7.0IE-01 8.22E-02 7.0IE-01 ~ 
> 5.34E-Ol 

~ 
Pb-214 5.34E-Ol 7.78E-02 I 

~ IO 

Pu-238 3.SIE-04 3.04E-04 4.50E-04 2.J0E-04 4.16E-04 
N 

I I 
00 0 
Pl Pu-239/240 l.12E-02 2.05E-03 l.70E-02 2.IOE-03 1.41E-02 ~ 

Ra-226 5.66E-Ol 7.92E-02 5.66E-Ol ~ 
(1) 

< 
Ru-106 -l.16E-Ol 3.51E-Ol -9.I0E-02 6.70E-Ol l.04E-Ol 

0 
Sb-125 -4.55E-02 6.96E-02 -4.20E-02 1.60E-Ol 4.38E-02 

Sr-90 2.82E+OO 4.91E-Ol 3.20E+OO 5.60E-Ol 3.0lE+OO 

U-234 7.J0E-01 8.S0E-02 7.J0E-01 

U-235 1.3 lE-02 I.26E-02 l.90E-02 9.60E-03 1.61E-02 

U-238 7.62E-Ol l.07E-Ol 6.60E-Ol 8.IOE-02 7. llE-01 

U (Total) 8. ISE-01 l.13E-Ol 8. ISE-01 

Zn-65 -3.75E-Ol 1.54E-Ol -3.90E-Ol 2.60E-Ol 3.74E-Ol 

ZrNb-95 1.75E+00 2.83E+OO -3.50E-02 2.IOE+OO 8.93E-Ol 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 
Location 65 Page 2 of 16 

1990 1991 
Average 

Radionuclide Result Error Result Error Result 

Be-7 -l.72E+0l 5.30E+0l 1.50E+Ol 3.30E+0l l.61E+0l 

CePr-144 -3.45E-0l 7.64E-01 -9.S0E-03 1.30E+OO 1.77E-Ol 

Co-60 -9.58E-04 2. lSE-02 2.30E-02 4.60E-02 1.20E-02 

Cs-134 -3.16E-02 3. 1 lE-02 -3.70E-01 l.OOE-01 2.0lE-01 

Cs- 137 7.02E+OO 7. 13E-01 1.70E+0l 1.70E+OO 1.20E+0l 

Eu-154 -8.80E-02 l .60E-01 -8.80E-02 l.60E-01 5.49E-02 

Eu-155 2.37E-02 9.15E-02 -1.70E-02 2.00E-01 2.04E-02 I.: ~ 
K-40 l.44E + 0l l.61E+OO 1.70E+0l 2.30E+OO l.57E+0l 0 

tT1 -> Pb-2 12 6.33E-Ol 7.91E-02 6.33E-01 ~ 
N r-4 
i-3 Pb-214 4.77E-Ol 8. 15E-02 4.77E-01 I 

\0 I 
N 00 Pu-238 7.85E-04 4.79E-04 3.lOE-04 2.20E-04 5.48E-04 I O"' 0 

Pu-239/240 5.18E-02 6.31E-03 8.20E-03 l.40E-03 3.00E-02 
~ 

Ra-226 4.32E-Ol 7.28E-02 4.31E-01 ~ 
(l) 

< 
Ru-106 3.84E-02 4.18E-01 8.00E-02 9.60E-01 5.92E-02 

0 
Sb- 125 2.75E-02 1. lOE-01 -2.20E-02 3.00E-01 2.48E-02 1, 

Sr-90 2.93E+OO 5.36E-Ol 1.80E+OO 3.40E-01 2.37E+OO 

U-234 7.30E-01 9. I0E-02 7.30E-01 

U-235 3.73E-02 1.96E-02 2.lOE-02 l.I0E-02 2.92E-02 . 
U-238 7.64E-01 1.06E-01 7.S0E-01 9.20E-02 7.57E-01 

U (Total) 7.04E-01 1.0lE-001 7.04E-Ol 

Zn-65 - l.42E-01 l.45E-Ol -1.90E-Ol 2.50E-Ol 1.66E-Ol 

ZrNb-95 -l.91E+00 3.00E+OO 1.20E+OO 2.20E+OO 1.56E+OO 

• • 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 
Location 66 Page 3 of 16 

1990 1991 
Average 

Radionuclide Result Error Result Error Result 

Be-7 -2.91E+OO 6.34E+0l ~3.J0E+OO 2.lOE+Ol 1.62E+OO 

CePr-144 -4.60E-Ol 8.53E-Ol 6.40E-01 7.90E-Ol 5.SOE-01 

Co-60 l.06E-02 2.04E-02 -3.60E-02 3.80E-02 2.33E-02 

Cs-134 -3.69E-Ol 6.08E-02 -8.60E-02 5.20E-02 2.28E-01 

Cs-137 1.19E+0I 1.20E+OO 1.00E+Ol 1. lOE+OO 1.lOE+Ol 

Eu-154 -1.48E-02 7.23E-02 2.70E-02 1.00E-01 2.09E-02 

Eu-155 5.72E-02 l.12E-01 I.50E+0l 1.90E+OO 1.56E+Ol tj 
0 

K-40 l.62E + 0l l.79E+OO 1.50E+0l l.90E+OO 1.56E+Ol ~ 

• Pb-212 8.22E-01 l.OOE-01 8.22E-01 ~ N I 

~ Pb-214 7.06E-Ol 1.08E-01 7.06E-01 '° I N 
00 Pu-238 4.07E-05 2.SIE-04 2.60E-04 2.00E-04 1.SOE-04 

I 
(") 0 

~ 

Pu-239/240 7.38E-03 l.67E-03 9.00E-03 1.40E-03 8.19E-03 
~ 

Ra-226 0 
< 

Ru-106 l.1 IE-01 5.44E-01 -2.40E-01 6.J0E-01 1.76E-01 0 

Sb-125 3.62E-02 l.33E-01 9.J0E-02 1.90E-01 6.46E-02 

Sr-90 1.84E+OO 3.36E-01 l.80E+OO 3.20E-01 1.82E+OO 

U-234 7.S0E-01 9.00E-02 7.S0E-01 

U-235 3.02E-02 1.74E-02 2.20E-02 1.20E-02 2.61E-02 

U-238 7.76E-01 l.07E-01 6.80E-Ol 8.J0E-02 7.28E-01 

U (Total) 7.17E-01 1.02E-01 7.17E-01 

Zn-65 -3 .1 IE-01 1.77E-01 -1.40E-Ol 1.70E-01 2.26E-Ol 

ZrNb-95 -4.95E-01 3.39E+OO 2.40E-01 1.50E+OO 3.68E-01 



Radionuclide 

Be-7 

CePr-144 

Co-60 

Cs-134 

Cs-137 

Eu-154 

Eu-155 

K-40 

> Pb-212 
N 
~ Pb-214 
I 

00 
Pu-238 0. 

Pu-239/240 

Ra-226 

Ru-106 

Sb-125 

Sr-90 

U-234 

U-235 

U-238 

U (Total) 

Zn-65 

ZrNb-95 

• 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 
Location 67 

1990 1991 

Result Error Result Error 

l.34E+0l 3.84E+0l -7.50E-Ol l.20E+Ol 

-l.41E-01 8.65E-Ol -7.60E-02 6.30E-01 

-4.78E-03 2.47E-02 -2.00E-02 4. lOE-02 

-3.0SE-01 5.36E-02 -8.90E-02 4.50E-02 

1.0lE+OO 1.19E-01 5.30E-Ol 9.S0E-02 

-6.26E-02 8.0lE-02 1.20E-02 1.20E-01 

-5 .52E-02 1.04E-01 -2.04E-02 l.20E-01 

1.26E+0l 1.50E+OO l.60E+0l 2.00E+OO 

7.51E-Ol 9.28E-02 

5.72E-Ol 8.90E-02 

-1.54E-05 1.68E-04 l.30E-04 l.40E-04 

5.18E-03 l .25E-03 3.90E-03 7.lOE-04 

5.56E-Ol 9.14E-02 

-4.02E-Ol 4.31E-Ol 4.00E-02 4.70E-Ol 

1.45E-02 7.76E-02 -9.60E-03 9.50E-02 

1.04E+OO 1.87E-Ol 7.60E-Ol l.50E-Ol 

6.50E-Ol 8.30E-02 

5.16E-02 2. 16E-02 2.30E-02 l .20E-02 

7.84E-Ol l.06E-01 7.30E-01 9. lOE-02 

9.14E-Ol 1.20E-Ol 

-2.93E-01 2.09E-Ol -2.40E-Ol l.90E-Ol 

1.17E+OO 4.05E+OO 2. lOE-01 l.70E+OO 

Page 4 of 16 

Average 
Result 

7.08E+OO 

l.09E-Ol 

1.24E-02 

l.97E-01 

7.70E-01 

3.73E-02 

3.96E-02 : ~ 
0 

1.43E+0l tT1 --7.SlE-01 ~ 
5.72E-Ol 

I 
\0 
N 

6.77E-05 
I 

0 
.J:>. 

4.54E-03 
~ 

5.56E-Ol ~ 
2.21E-Ol 0 

1.21E-02 

9.00E-01 

6.S0E-01 

3.73E-02 

7.57E-01 

9.14E-Ol 

2.67E-Ol 

6.90E-01 

• 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 
Location 68 Page 5 of 16 

1990 1991 
Average 

Radionuclide Result Error Result Error Result 

Be-7 -2.48E+0l 3.31E+0l 4.60E+OO 1.40E+Ol 1.47E+0l 

CePr-144 -1. l7E-02 5.60E-01 6.30E-02 7.60E-01 

Co-60 -5 .66E-03 2.34E-02 -3 .80E-02 5.70E-02 2.18E-02 

Cs- 134 -1.46E-0l 3.42E-02 -7.00E-02 5.30E-02 1.08E-01 

Cs- 137 4.35E-Ol 5.65E-02 4.50E-01 8.40E-02 4.43E-01 

Eu-154 -5. 13E-02 7.37E-02 -1.30E-01 1.70E-01 9.07E-02 

Eu-155 -3.07E-03 7.64E-02 3.00E-02 1.40E-01 1.65E-02 t:I 
K-40 l.59E + 0l 1.77E+OO 1.70E+0l 2.30E+OO 8.80E+OO 0 

~ 
> Pb-2 12 7.51E-Ol 8.77E-02 7.51E-01 ~ N Pb-2 14 7.67E-Ol 9.96E-02 7.67E-Ol I 

~ '° I 
Pu-238 4.79E-04 3.53E-04 8.90E-04 3. lOE-04 6.85E-04 

N 
00 I 

0 0 
Pu-239/240 6.04E-03 1.32E-03 1.lOE-02 l.40E-03 8.52E-03 ""' 
Ra-226 6.03E-Ol 8.67E-02 6.03E-Ol ~ 

0 
< 

Ru-106 l.20E-Ol 3.30E-Ol -5.00E-01 5.80E-01 3.lOE-01 
0 

Sb-125 3.68E--02 5.86E-02 -6.80E-02 1.S0E-01 5.24E-02 

Sr-90 3.53E+OO 6.55E-Ol 8.00E-01 l.60E-01 2.17E+OO 

U-234 7.30E-Ol 8.80E-02 7.30E-Ol 

U-235 4.87E-02 2.17E-02 2.50E-02 l.lOE-02 3.69E-02 

U-238 6.23E-02 9.38E-02 7. I0E-01 8.S0E-02 6.67E-Ol 

U (Total) 5.91E-Ol 9.20E-02 5.91E-01 

Zn-65 -4.02E-Ol 1.77E-01 -2.70E-Ol 2.S0E-01 3.36E-Ol 

ZrNb-95 -1.08E+OO 3.59E+OO 1.40E+OO 2.00E+OO 1.24E+OO 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 
Location 69 Page 6 of 16 

1990 1991 
Average 

Radionuclide Result Error Result Error Result 

Be-7 -3.55E-01 3.85E+0l -7.30E+OO 1.60E+0l 3.83E+OO 

CePr-144 3.66E-01 6.05E-Ol 1.80E-01 7.60E-Ol 2.73E-Ol 

Co-60 8. 16E-03 2. 12E-02 8.00E-02 3.70E-02 4.41E-02 

Cs-134 -2.89E-01 4.96E-02 -3.30E-01 7.S0E-02 3. I0E-01 

Cs-137 2.98E+OO 3.09E-01 8.70E-01 1.20E-01 1.93E+OO 

Eu-154 1.17E-02 6.37E-02 -3.40E-02 l.40E-01 2.29E-02 

Eu-155 4.71E-02 8.39E-02 8.00E-02 l.20E-Ol 6.36E-02 ~ 
t, 
0 

K-40 l.39E + 0l 1.57E+OO 1.50E+0l 2.00E+OO l.45E+0l ~ 
> Pb-212 6.82E-Ol 8.14E-02 6.82E-01 ~ 
N I 

t-3 Pb-214 6.19E-Ol 9.04E-02 6.19E-01 '° N I I 
00 Pu-238 2.24E-04 2.16E-04 2.60E-04 2.00E-04 2.42E-04 0 ...... ~ 

Pu-239/240 3.06E-03 8.93E-04 2.J0E-03 6.S0E-04 2.68E-03 
~ 

Ra-226 5.77E-Ol 8.48E-02 5.77E-01 (1) 

< 
Ru-106 -l.07E-Ol 3.76E-Ol 5.70E-01 5.90E-01 3.39E-01 0 

Sb-125 8.35E-03 7.84E-02 -4.40E-02 1.20E-01 2.62E-02 

Sr-90 6.17E-Ol 1.09E-01 4.60E-01 8.90E-02 5.39E-01 

U-234 9.70E-01 1.20E-01 9.70E-Ol 

U-235 3.73E-03 9.13E-02 3.S0E-02 1.40E-02 1.94E-02 

U-238 9.21E-01 4.36E-01 9.60E-01 1.20E-01 9.41E-01 

U (Total) 1.15E+OO 4.99E-01 1.15E+OO 

Zn-65 -4.63E-01 1.77E-01 -3.30E-Ol 2.60E-Ol 3.97E-01 

ZrNb-95 -3 .08E+OO 3.54E+OO 0.OOE-01 1.80E+OO 1.99E+OO 

• • 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 

Location 70 Page 7 of 16 

1990 1991 
Average 

Radionuclide Result Error Result Error Result 

Be-7 -l.87E+0l 2.69E+0l l.20E+OO l.IOE+0l 9.41E+OO 

CePr-144 7.97E-02 4.81E-Ol 3.40E-02 6.80E-Ol 5.69E-02 

Co-60 1.49E-02 l.81E-02 9.30E-03 4.00E-02 l.21E-02 

Cs- 134 -3.0IE-02 2. 19E-02 -9.60E-02 4.80E-02 6.31E-02 

Cs-137 5.65E-Ol 6.81E-02 2.80E-Ol 5.90E-02 4.23E-Ol 

Eu-154 -1. l lE-03 5.89E-02 -3.S0E-02 1.20E-Ol l.81E-02 . 
Eu- 155 2.59E-02 6.65E-02 4.S0E-02 l.20E-Ol 3.55E-02 t1 
K-40 l.46E+0l l.61E+OO l.80E+0l 2.20E+OO 1.63E+0l 0 

tT1 
Pb-212 6.43E-Ol 7.51E-02 6.43E-Ol -• Pb-2 14 5.54E-Ol 7.27E-02 5.54E-Ol ~ N I 

>-3 '° I Pu-238 9. 19E-05 l.61E-04 l.IOE-04 l.l0E-04 l.OIE-04 N 
00 I 

(JQ 0 
Pu-239/240 9.36E-04 4.09E-04 5.40E-03 8.70E-04 3.17E-03 .i,. 

Ra-226 5.48E-Ol 7.33E-02 5.48E-01 :;ti 

Ru-106 l. l9E-Ol 2.59E-Ol -5 .90E-02 4.90E-Ol 1.25E-Ol ~ 

Sb-125 - l.76E-02 5.53E-02 -3 .20E-03 9.80E-02 l .04E-02 
0 

Sr-90 6.89E-Ol l.25E-01 2.30E-01 4.S0E-02 4.60E-Ol 

U-234 7.S0E-01 9.20E-02 7.S0E-01 

U-235 3.86E-02 1.83E-02 3.30E-02 l.30E-02 3.58E-02 

U-238 8.44E-0l l. l IE-01 7.S0E-01 9.IOE-02 7.97E-Ol 

U (Total) 8.52E-Ol l .13E-Ol 8.52E-Ol 

Zn-65 -3.14E-Ol l.29E-Ol -2.80E-Ol 2. IOE-01 2.97E-Ol 

ZrNb-95 l.04E+OO 2.93E·+oo -3 .20E-Ol 1.60E+OO 6.80E-Ol 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 
Location 71 Page 8 of 16 

1990 1991 
Average 

Radionuclide Result Error Result Error Result 

Be-7 -2.54E--Ol 2.35E+Ol 4.00E--01 l.20E+Ol l.29E+Ol 

CePr-144 5.45E--01 4. 79E--01 4.60E--Ol 8.00E--01 5.03E--Ol 

Co-60 -1.6IE--02 1.SOE--02 -l.50E--02 4.60E--02 1.56E--02 

Cs-134 -3.16E--02 1.82E--02 -2.40E--01 6.00E--02 1.36E--01 

Cs-137 5.58E--Ol 6.62E--02 4.50E--Ol 7.70E--02 5.04E--01 

Eu- 154 -3.91E--02 5.19E--02 -4.30E--02 1.30E--01 4.llE--02 

Eu-155 5.14E--02 6.16E--02 2.70E--03 1.30E--Ol 2.71E--02 t1 
0 

K-40 l.26E+Ol 1.40E+OO l,50E+Ol l.90E+OO l.38E+Ol ~ 

> Pb-212 5.77E--Ol 6.70E--02 5.77E--Ol ~ 
I 

N Pb-214 4.81E--Ol 6.41E--02 4.81E--01 '° 1--1 N 
I 

I 
Pu-238 3.46E-05 2.27E--04 1.30E--04 l.SOE--04 8.23E--05 0 00 

::r' ~ 

Pu-239/240 1.73E--03 6.25E--04 2.50E--03 6.70E--04 2.12E--03 ~ 
Ra-226 4.0IE--01 5 .83E--02 4.0lE--01 0 

< 
Ru-106 8.63E--02 2.36E--01 -6.30E--Ol 4.80E--Ol 3.58E--Ol 0 

Sb-125 2.63E-03 5.09E--02 -l.60E--02 l. lOE--01 9.32E--03 

Sr-90 9.04E--Ol 1.59E--Ol 5.50E--Ol l.OOE--01 7.27E--01 

U-234 8.50E--01 1.00E--01 8.50E--01 

U-235 6.43E--02 2.40E--02 3.90E--02 l.40E--02 5.17E--02 

U-238 9.89E--01 l.27E--Ol 8.60E--01 l.OOE--01 9.25E--Ol 

U (Total) 1.12E+OO l.42E--Ol l.12E+OO 

Zn-65 -2.78E--01 l.32E--Ol -4.00E--01 2.30E--Ol 3.39E--Ol 

ZrNb-95 1.l3E+OO 2.59E+OO 2.90E--01 l.70E+OO 7. lOE--01 

• • 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 
Location 72 Page 9 of 16 

1990 1991 
Average 

Radionuclii:le Result Error Result Error Result 

Be-7 -9.43E+OO 3.32E+0l 9.60E+OO 7.80E+OO 9.52E+OO 

CePr-144 -l. IOE-01 6.35E-Ol -4.20E-Ol 5.S0E-01 2.65E-Ol 

Co-60 l.36E-02 2.31E-02 8.90E-03 3.IOE-02 l.13E-02 

Cs-134 -5.52E-02 2.76E-02 -2.60E-Ol 5. IOE-02 l.58E-Ol 

Cs-137 5.56E-Ol 7.29E-02 4.80E-02 3.00E-02 3.02E-Ol 

Eu-154 2.0IE-02 7.69E-02 5.IOE-02 8.70E-02 3.56E-02 

Eu-155 7. l lE-02 7.90E-02 5.80E-02 8.00E-02 6.46E-02 ~ 
0 

K-40 l. 27E+ 0I l.51E+OO 1.50E+0l 1.80E+OO 1.39E+0l tT1 -
Pb-212 5.59E-OI 7.33E-02 5.59E-Ol 

~ 
t'"' 

> I 

Pb-214 5.02E-OI 8.02E-02 5.02E-Ol \0 
N N 
>--3 I 

I Pu-238 8.97E-04 5.33E-04 7.40E-05 9. l0E-05 4.86E-04 0 
00 ~ ..... 

Pu-239/240 2. 15E-02 3.53E-03 l.70E-03 4.J0E-04 1. 16E-02 ~ 
Ra-226 4.53E-0I 7.78E-02 4.53E-Ol 0 

< 
Ru-106 4.70E-02 3.48E-Ol 2.S0E-01 3.60E-Ol l.49E-Ol 0 

Sb-125 5.88E-02 6.71E-02 5.40E-02 6.80E-02 5.64E-02 

Sr-90 8. 13E-01 1.44E-Ol 9.00E-02 1.90E-02 4.52E-Ol 

U-234 5.S0E-01 7.90E-02 5.S0E-01 

U-235 2.09E-02 l.4IE-02 2.80E-02 1.40E-02 2.45E-02 

U-238 6.66E-Ol 9.28E-02 6.J0E-01 8.70E-02 6.48E-Ol 

U (Total) 6.86E-Ol 9.61E-02 6.86E-Ol 

Zn-65 -2.78E-Ol 1. 79E-Ol -l.60E-Ol l.60E-Ol 2.19E-Ol 

ZrNb-95 - l.08E-Ol 3.94E-O0 -6.20E-Ol l.20E+OO 3.64E-0l 



Be-7 

CePr-144 

Co-60 

Cs-134 

Cs-137 

Eu-154 

Eu-155 

K-40 

> Pb-2 12 
N Pb-214 .., 
I 

~ Pu-238 

Pu-239/240 

Ra-226 

Ru-106 

Sb-125 

Sr-90 

U-234 

U-235 

U-238 

U (Total) 

Zn--65 

ZrNb-95 

• 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 
Location 73 

1220 

-2.78E+0l l.02E+02 -8.30E+OO 2.60E+0l 

l.0IE+OO I.52E+OO 6.70E-Ol 9.20E-Ol 

7.65E-03 2.23E-02 -l.20E-02 3.?0E-02 

-1.54E-OI 5.65E-02 -7.80E-02 5.SOE-02 

2.05E+0l 2.07E+OO I.70E+0l l.70E+OO 

1.23E-Ol 7.45E-02 7.S0E-02 9.60E-02 

4.03E-02 2.0IE-01 9.20E-02 l.60E-Ol 

1. 13E+0l 1.36E+OO 1.30E+0l l.70E+OO 

5.24E-OI 1.0IE-01 

4.73E-OI 1.13E-Ol 

6.56E-03 1.38E-03 6.S0E-05 1.40E--04 

1. 76E-01 2.08E-02 4. IOE-03 7.90E--04 

5.0SE-01 9.69E-02 

-1.88E-01 7.82E-01 -9.70E-02 6.40E-01 

8.39E-02 2.09E-Ol -4.60E-02 2.00E-01 

1.0IE+0l 1.92E+OO 1.40E+OO 2.?0E-01 

6.60E-01 8.30E-02 

I .73E-02 1.36E-02 2.00E-02 1.00E-02 

8. 12E-0l l.09E-01 6.60E-01 8.30E-02 

7.91E-01 l.09E-0l 

-3 .69E-0l 1.80E-0l -2.20E-01 1.?0E-01 

-4.89E+00 3.99E+OO -1.70E+O0 1.50E+OO 

Page 10 of 16 

l.81E+Ol 

8.40E-Ol 

9.83E-03 

l.16E-Ol 

l.88E+0l 

9.90E-02 

6.62E-02 

l.22E+0l ~ 
0 

5.24E-01 tT1 -4.73E-Ol ~ 
I 

3.31E-03 l,O 
N 
I 

9.0IE-02 0 
~ 

5.0SE-01 
~ 

1.43E-01 0 
<: 

6.S0E-02 0 

5.75E+OO 

6.60E-01 

1.87E-02 

7.36E-Ol 

7.9IE-01 

2.95E-01 

3.30E+OO 

• 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 

Location 74 Page 11 of 16 

l22Q 

Be-7 I -6.82E-02 3.53E-01 -5.30E+OO 1.70E+0l 2.68E+OO 

CePr-144 -1.51E-Ol 3.68E-Ol 1.30E-01 8.00E-01 1.41E-Ol 

Co-60 2.33E-02 2.38E-02 -3.60E-02 6.30E-02 2.97E-02 

Cs-134 -1.64E-Ol 3.72E-02 -7.20E-02 5.60E-02 1.18E-01 

Cs-137 6.32E-01 8.27E-02 8.40E-Ol 1.20E-Ol 7.36E-Ol 

Eu-154 3.51E-02 8.16E-02 -1.60E-02 1.60E-01 2.56E-02 

Eu-155 2.34E-02 1.0lE-01 2.40E-02 1.30E-Ol 2.37E-02 

K-40 1.33E+0l I.62E+OO 1.80E-Ol 2.40E+OO l.57E+0l t1 
0 

Pb-212 5.68E-OI 8.56E-02 5.68E-Ol tT1 -• Pb-214 ~ N 
~ I 

Pru-238 -4.69E-05 4.66E-05 2.80E-04 2.lOE-04 l.61E-04 \0 I N 00 
~ 

I 

Pu-239/240 2.75E-03 8.98E-04 9.20E-03 l.40E-03 5.98E-03 0 
,i:.. 

Ra-226 
~ 

Ru-106 1. l0E-01 2.40E-Ol -1.70E-Ol 5.80E-Ol l.40E-Ol ~ 
Sb-125 5.45E-02 6.03E-02 -3.70E-02 l.40E-01 4.58E-02 0 

Sr-90 8.35E-02 l.71E-02 l.OOE-01 2.00E-02 9.18E-02 

U-234 8.00E-01 9.50E-02 8.00E-01 

U-235 1.49E-02 1.28E-02 l.80E-02 9.90E-03 l.65E-02 

U-238 6.78E-Ol 9.54E-02 6.90E-Ol 8.50E-02 6.84E-Ol 

U (Total) 7.02E-Ol 9.89E-02 7.02E-0l 

Zn-65 -8 .83E-02 6.82E-02 -l.50E-01 2.30E-01 l.19E-Ol 

ZrNb-95 -5.98E-02 8.15E-02 -l.80E+OO 2.lOE+OO 9.30E-Ol 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 
Location 75 Page 12 of 16 

122Q 

Be-7 1.24E+0l 2.7IE+0l -9.00E+OO 1.00E+Ol l.07E+0l 

CePr-144 4.36E-Ol 5.17E-Ol -3.20E-02 6.IOE-02 2.34E-Ol 

Co-60 - l.0IE-02 l.96E-02 - l .50E-02 3. I0E-02 l.26E-02 

Cs-134 -l.65E-Ol 3.32E-02 -3.40E-Ol 5.90E-02 2.53E-Ol 

Cs-137 7.87E-Ol 8.94E-02 l.30E+OO 1.50E-Ol l.04E+OO 

Eu-154 -8.76E-03 5.97E-02 -l.70E-02 9.50E-02 1.29E-02 

Eu-155 4.64E-02 6.82E-02 4.50E-03 l.OOE-01 2.55E-02 

K-40 l.48E+0I I.63E+OO I.70E+0l 2.00E+OO 1.59E+0l C, 
0 

Pb-2 12 6.28E-OI 7.39E-02 tT1 .._ 

> Pb-214 5.82E-Ol 7.77E-02 ~ 
N I 

1-j Pu-238 l.54E-03 6.57E-04 1.20E-03 4.30E-04 l.37E-03 I.O 
I N 

00 I - Pu-239/240 4.0SE-02 5.92E-03 l.40E-02 2. I0E-03 2.74E-02 0 
.,::.. 

Ra-226 4.82E-OI 6.88E-02 !,d 

Ru-106 I.05E+OO 3.34E-Ol -1.70E-Ol 4. l0E-01 6. IOE-01 ~ 
Sb-125 4.93E-02 5.65E-02 4.90E-03 l.OOE-01 2.71E-02 0 

Sr-90 1.78E+OO 3.36E-0l 4.00E-01 7.40E-02 1.09E+OO 

U-234 8.90E-Ol 1. IOE-01 8.90E-Ol 

U-235 l.47E-02 l.40E-02 3.30E-02 1.30E-02 2.39E-02 

U-238 6.SIE-01 l .02E-Ol 8.30E-Ol 9.90E-02 7.56E-Ol 

U (Total) 7.36E-0l I.09E-Ol 

Zn-65 -3 .SlE-01 1.68E-Ol -4.03E-Ol 1.90E-Ol 4.06E-Ol 

ZrNb-95 -l,44E+OO 2.85E+OO 7.80E-Ol 1.20E+OO 1.1 IE+OO 

• • 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 
Location 76 Page 13 of 16 

1220 

Be-7 -3.27E+0l 2 .63E+0l -l.80E-Ol 8.60E+OO l.64E+0l 

CePr-144 -5 .87E-02 5.43E-Ol -7.lOE-02 5.S0E-01 6.49E-02 

Co-60 -9 .08E-04 2.14E-02 -8.60E-03 3.20E-02 4.75E-03 

Cs- 134 -4.93E-02 2.28E-02 -6.40E-02 3.80E-02 5.67E-02 

Cs-137 2.61E-Ol 3.81E-02 1.30E-01 3.60E-02 l.96E-Ol 

Eu-154 -I.OOE-02 5.87E-02 3.S0E-02 1. lOE-01 2.25E-02 

Eu-155 I 5.59E-02 6.69E-02 l.40E-Ol 1.00E-01 9.80E-02 

K-40 1.32E + 0I 1.48E+OO l.40E+0l 1.80E+OO 1.36E+0l - t;j 

Pb-2 12 7.43E-01 8.53E-02 7.43E-01 0 
tT1 

> -N Pb-214 5.85E-Ol 7.76E-02 5.85E-Ol -~ 
"'"3 Pu-238 7. lOE-04 3.91E-04 4.60E-04 2. lOE-04 5.85E-04 I 

I • \O 
00 N 
=1 Pu-239/240 7.56E-02 9.36E-03 5.90E-03 9.00E-04 4.08E-02 I 

· o 
5.84E-01 -"" Ra-226 5.84E-Ol 7.81E-02 

Ru-106 9.SlE-02 2.61E-Ol 8.00E-02 4.40E-Ol 8.76E-02 
~ 

-~ 
Sb-125 -7.24E-03 5.S0E-02 -5.30E-03 8.90E-02 6.27E-03 

0 
Sr-90 2.92E-Ol 5.67E-02 l.40E-01 3.60E-02 2. 16E-01 

U-234 7.20E-Ol 1.20E-Ol 7.20E-01 

U-235 3.69E-02 1.6E-02 l.80E-02 2.80E-02 2.75E-02 

U-238 8.80E-01 l.12E-Ol 6.80E-Ol 1. lOE-01 7.80E-Ol 

U (Total) 9. l lE-01 1.16E-0l 9. llE-01 

Zn-5 -3 .26E-01 1.48E-0l -l.90E-01 1.70E-01 2.58E-01 

ZrNb-95 - l.89E + OO 2.86E-OO l.OOE+OO 1.40E+OO l.45E+OO 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 
Location 77 Page 14 of 16 

1220 
Avera e 

Be-7 -1.86E+OO 2.73E+Ol -1.60E-Ol 7.S0E+OO 1.0lE+OO 

CePr-144 -6.19E-02 4.14E-Ol -3 .20E-Ol 5.40E-01 1.91E-01 

Co-60 -7. lOE-03 2.00E-02 8. lOE-03 2.80E-02 7.60E-03 

Cs-134 -7.70E-02 2.53E-02 -3. lOE-01 5.40E-02 1.94E-01 

Cs-137 8.60E-Ol 9.89E-02 9.70E-02 3.80E-02 4.79E-Ol 

Eu-154 -1. l0E-02 5.29E-02 -1.80E-03 8.40E-02 6.40E-03 

Eu-155 6.22E-02 5.25E-02 6.30E-03 9.20E-02 3.43E-02 

K-40 1.46E+0l 1.63E+OO 1.S0E+Ol 1.80E+OO 1.48E+0l 0 
0 

Pb-212 5.96E-Ol 7.07E-02 5.96E-Ol tT1 -> Pb-214 5.46E-Ol 7.64E-02 5.46E-01 ~ N 
1--j I 

Pu-238 8.45E-04 3.87E-04 3. l0E-04 1.90E-04 5.78E-04 '° I N (X) I 
::s Pr-239/240 2.56E-02 3.44E-03 4.40E-03 7.70E-04 1.S0E-02 0 

~ 

Ra-226 5.28E-01 7.87E-02 5.28E-01 
~ 

Ru-106 -1.23E-Ol 2.92E-Ol -2.00E-01 3.70E-Ol 1.62E-Ol (I) 
< 

Sb-125 2.28E-02 5.79E-02 -9.20E-02 7.80E-02 5.74E-02 0 

Sr-90 1.76E-Ol 3.43E-02 1.20E-01 2.90E-02 1.48E-Ol 

U-234 7.20E-Ol 1.20E-01 7.20E-Ol 

U-235 3.30E-02 1.74E-02 3.90E-02 2.20E-02 3.60E-02 

U-238 7.02E-Ol 9.88E-02 6.90E-01 l. lOE-01 6.96E-Ol 

U (Total) 6.74E-Ol 9.73E-02 6.74E-Ol 

Zn-65 -4.67E-02 1. 16E-Ol -3.40E-Ol 1.60E-01 1.93E-Ol 

ZrNb-95 -3.82E+OO 3. lOE+OO 3.20E-Ol 1.lOE+OO 2.07E+OO 

• • 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 

Location 78 Page 15 of 16 

122Q 

Be-7 -l.31E+0l 3.22E+0l -6.70E+OO 1.20E+0l 9.90E+OO 

CePr-144 -2.75E-02 5.92E-Ol 2.lOE-01 6.90E-Ol l.19E-Ol 

Co--60 -8.37E-03 2.31E-02 2.80E-02 4.00E-02 l.82E-02 

Cs-134 -2.97E-Ol 5.0lE-02 -5.20E-02 4.20E-02 l.75E-Ol 

Cs- 137 5.91E-0l 7.54E-02 2.l0E+OO 2.40E-Ol l.35E+OO 

Eu-154 -2.29E-02 8.80E-02 -2.60E-02 l.20E-Ol 2.45E-02 

Eu-155 l. 78E-02 7.65E-02 5.70E-02 1.20E-Ol 3.74E-02 

K-40 l.69E+0l l.90E+OO 1.90E+0l 2.30E+OO l.80E+0l 
t;j 
0 

Pb-212 7.83E-Ol 92.0E-=02 7.83E-Ol tI1 -
• Pb-214 6.46E-0l 8.93E-02 6.46E-Ol ~ 

I 
N 

Pr-238 2.9IE-04 2.35E-04 1.90E-03 5.20E-04 l.lOE-03 \0 
'"1 N 

I I 
00 Pr-239/240 l.94E-02 2.83E-03 6.70E-02 7.50E-03 4.32E-02 0 
0 ~ 

Ra-226 \ 6.20E-Ol 8.87E-02 6.20E-Ol ~ 

Ru-106 5.12E-02 2.61E-Ol -4.80E-02 4.70E-Ol 4.97E-02 
0 
< 

Sb-125 -3.62E-02 6.42E-02 -2.30E-02 l.OOE-01 2.96E-02 0 

Sr-90 2.00E-01 3.90E-02 4. l0E-01 9.20E-02 3.05E-Ol 

U-234 8.90E-Ol 1. l0E-01 8.90E-01 

U-235 2.56E-02 l.69E-02 l.80E-02 l. l0E-02 2.18E-02 

U-238 8.99E-Ol l.19E-Ol 9.80E-01 l.20E-01 9.40E-Ol 

U (Total) 7.58E-0l I.07E-Ol 7.58E-01 

Zn--65 --6.20E-01 2.08E-01 -2.05E-Ol I.80E-01 4.35E-Ol 

ZrNb-95 I.68E+OO 3.82E+OO -l.30E+OO 1.40E+OO l.49E+OO 
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Table A-2.8. Results of Soil Sampling for 1990 and 1991 (pCi/g) 
Location 79 Page 16 of 16 

1990 1991 
Average 

Radionuclide Result Error Result Error Result 

Be-7 -l.65E+0l 5.08E+0l l.40E+OO 7.50E+OO 8.95E+OO 
CePr-144 5.91E-02 7.28E-01 -8.20E-02 5.20E-01 7.llE-02 
Co-60 -9 .S0E-03 2.88E-02 2.70E-03 3. IOE-02 6. l0E-03 
Cs-134 -3.71E-01 6.58E-02 -2.60E-01 5.40E-02 3.16E-Ol 
Cs-137 3.02E+OO 3.21E-01 2.90E-Ol 5.70E-02 l.66E+OO 
Eu-154 1.24E-01 7.89E-02 -4.00E-02 9.90E-02 8.20E-02 
Eu-155 l.07E-Ol 9.59E-02 2.S0E-02 8.S0E-02 6.75E-02 
K-40 l.39E+0l 1.69E+OO l.30E 01 1.60E+OO l.35E+0l 
Pb-2 12 6.43E-01 8.54E-02 6.43E-01 ~ 
Pb-2 14 7.25E-Ol 1.13E-Ol 7.25E-01 0 
Pu-238 5. l SE-03 1.09E-03 5.60E-04 2.S0E-04 2.87E-03 

tT1 
> --
N Pr-239/24-0 1.74E-Ol 1.97E-02 1.00E-02 l.40E-03 9.20E-02 ~ 
~ I 

I Ra-226 5.93E-01 1.04E-01 5.93E-01 \,C) 
00 N 
~ Ru-106 l .58E-01 4.92E-Ol -3.70E-02 3.90E-01 9.75E-02 I 

0 

Sb-125 -4.16E-02 1.07E-Ol 1.S0E-01 7.S0E-02 2.83E-02 .i:.. 

Sr-90 8.42D-Ol l.SSE-01 l.20E-01 2.40E-02 4.81E-Ol ::i:, 
(1) 

U-234 7.S0E-01 9.00E-02 7.S0E-01 < 
U-235 2.98E-02 2.09E-02 l.S0E-02 9.70E-03 2.39E-02 0 

U-238 8.31E-01 1.27E-01 7. IOE-01 8.60E-02 7.71E-01 
U (Total) 9. lSE-01 l.37E-Ol 9.lSE-01 
Zn-65 -6.62E-0l 2.S0E-01 -4.S0E-01 1.S0E-01 5.56E-01 
ZrNb-95 2.81E+OO 4.39E+OO -6.70E-01 l.20E+OO l.74E+OO 

Source: Schmidt et al. 1992 
Negative values indicate concentrations at or near background levels of radioactivty. 
Shaded areas indicate a postive detection, the result is great than the error. 
The detection limits are as follows: Mn-54 = 2.0E-02, Co-58 = 2.0E-02, Co-60 = 2.0E-02, Zn-65 = 4.03-02, Sr-90 = 5.0E-03, 
Nb-95 = 3.0E-02, Zr-95 = 3.0E-02, Ru-106 = l.7E-Ol, Cs-134 = 2.0E-02, Cs-137 = 2.0E-02, Cs-137 = 2.0E-02, Eu-152 = 1.lE-01, 
Eu = 154 = 5.0E-02, Eu-155 = 5.0E-02, Pu-238 = 6.0E-04, Pu-239 = 6.0E-04, and U total = 1.0E-02 
Dashes indicate data are not available . 

• • 
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• Table A-2.9. Results of External Radiation Monitoring, 
1985 through 1989 TLDs (mrem/yr). Page 1 of 4 

Average 
Site 1985 1986 1987 1988 1989 Total 

2E 5: 218-E-12B 

Max 84 108 125 123 NIA 
Min 72 73 85 98 NIA 
Total 79 88 100 110 NIA 94 

2E 6: 200-E NE 

Max 85 101 132 119 NIA 
Min 64 72 83 92 NIA 
Total 77 83 101 103 NIA 91 

2E 11: 218-E-12B N 

Max 97 96 112 134 128 
Min 69 80 83 107 92 
Total 85 89 97 117 114 100 

2E 12: 218-E-12B E 

Max 85 100 103 119 NIA 
Min 68 74 69 93 NIA 
Total 78 84 88 105 NIA 89 

2E 17: 241-C TF W 

Max 104 121 122 134 140 
Min 76 83 92 108 104 
Total 89 98 104 124 119 107 

2E 18: 241-C TF E ... 
Max 102 124 137 139 NIA 
Min 84 90 104 117 NIA 
Total 96 109 115 125 NIA 111 

2E 23: PUREX N 

Max 100 135 132 138 NIA 
Min 67 81 90 65 NIA 
Total 85 107 106 115 NIA 103 

2E 24: PUREX NE 

Max 112 129 131 148 NIA , 

Min 85 94 100 70 NIA 
Total 100 l ll 117 114 NIA 111 

2E 29: PUREX S 

• Max 73 96 92 104 NIA 
Min 64 68 75 64 NIA 
Total 68 77 84 89 NIA 80 

A2T-9a 
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Table A-2.9. Results of External Radiation Monitoring, • 1985 through 1989 TLDs (mrem/yr). Page 2 of 4 

Average 
Site 1985 1986 1987 1988 1989 Total 

2E 30: PUREX SE 

Max 76 85 94 114 NIA 
Min 63 68 71 65 NIA 
Total 68 78 81 92 NIA 80 

2E 35: 200-E S 

Max 80 93 96 111 NIA 
Min 62 68 74 59 NIA 
Total 70 77 84 89 NIA 80 

2E 36: 200-E SW 
I ..0 

Max 75 96 90 109 124 
Min 58 66 75 62 72 
Total 67 77 81 89 · 96 82 ,,.,...., 

2ED: 216-A-29 Ditch E 

Max 94 116 108 122 120 
Min 69 79 84 72 100 

,r Total 81 91 96 103 111 96 

216-A-29 Ditch ... 
Max 90 92 91 114 124 

C"< Min 67 72 71 62 84 
Total 75 81 81 90 105 86 

216-A-36B Crib #1 , ., 

0-. Max 80 89 87 110 132 
Min 69 70 56 56 76 
Total 74 82 77 88 110 86 

216-A-36B Crib #2 

Max 127 135 89 104 128 
Min 90 99 55 54 96 
Total 107 120 79 83 112 100 

216-A-10 Crib #1 

Max 82 99 92 110 136 
Min 70 73 71 59 88 
Total 74 83 83 88 112 88 

216-A-10 Crib #2 

Max 76 96 89 107 108 • Min 85 63 72 51 88 
Total 67 77 82 84 101 82 

A2T-9b 
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• Table A-2.9. Results of External Radiation Monitoring, 
1985 through 1989 TLDs (mrem/yr). Page 3 of 4 

Average 
Site 1985 1986 1987 1988 1989 Total 

PUREX #1 

Max 73 98 91 117 120 
Min 66 60 74 51 88 
Total 69 77 83 88 106 85 

PUREX #2 

Max 80 118 101 110 124 
Min 68 67 78 52 76 
Total 73 90 88 88 103 88 

PUREX #3 

" Max 84 119 98 105 128 
...c Min 67 70 81 70 76 

Total 76 98 90 90 105 92 
Ci 

241-A TF #1 

Max 278 272 264 295 348 
Min 176 237 210 176 200 
Total 230 248 237 233 273 244 

241-A TF #2 

. Max 178 137 156 153 1,812 . Min 133 111 127 97 136 
Total 154 121 138 123 562 220 

!"'~ 241-A TF #3 

0' Max 119 119 126 151 2,840 
Min 112 86 107 96 116 
Total 115 101 118 129 1,158 324 

241-A TF #4 

Max 93 107 113 140 9,636 
Min 82 90 93 86 112 
Total 88 98 102 119 2,545 590 

241-A TF #5 

Max 81 97 104 119 140 
Min 74 66 77 80 108 

~ 

Total 78 79 89 101 125 94 

231-A TF #6 

• Max 109 111 108 126 164 
Min 72 73 84 77 100 
Total 88 91 97 106 125 101 

A2T-9c 
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Table A-2.9. Results of External Radiation Monitoring, • 1985 through 1989 TLDs (mrem/yr). Page 4 of 4 

Average 
Site 1985 1986 1987 1988 1989 Total 

241-A TF #7 

Max 240 133 149 149 196 
Min 85 125 110 110 108 
Total 127 129 120 132 151 132 

241-A TF #8 

Max 6,348 1,918 2,036 2,778 3,832 
Min 1,956 1,393 1,535 1,316 1,660 
Total 4,693 1,721 1,781 2,212 2,519 2,585 

241-A TF #9 

Max 775 823 809 864 844 
Min 353 657 438 464 652 
Total 555 748 666 616 740 665 

~ 

241-A TF #10 
r 

Max 1,585 1,418 832 1,075 1,316 
Min 463 822 649 453 848 

,... Total 899 1,045 729 742 998 883 

~ 
241-A TF #11 

Max 120 141 125 150 152 
Min 20 99 103 104 108 
Total 81 120 115 122 136 115 

~ 

a,. 

• 
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• Table A-2.10 . Results of External Radiation 
Monitoring TLDs 1990 and 1991 (mrem/yr). Page 1 of 4 

Location 1990 1991 Average Total 

215: 200-E SE 
Max 108 109 
Min 92 70 
Total 96 90 93 

216: E-67 Baseline Site 
Max 112 110 
Min 88 78 
Total 101 91 96 

217: 216-A-37-1 E 
Max 116 107 
Min 100 81 
Total 107 95 101 

218: 216-A-37-1 N 
Max 124 103 
Min 96 73 
Total 103 93 98 

219: Grout Facility 
Max 116 115 
Min 100 72 
Total 107 97 102 

220: N of Grout Vaults 
Max 120 121 
Min 92 80 
Total 103 102 103 

221: Grout Facility 
~ Max 118 111 

Min 88 83 
Total 95 98 97 

222: 216-A-29 
Max 104 108 
Min 88 0 
Total 98 67 83 

223: 216-A-8 S 
Max 120 122 
Min 100 90 
Total 106 107 107 

• 
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Table A-2.10. Results of External Radiation • Monitoring TLDs 1990 and 1991 (mrem/yr). Page 2 of 4 

Location 1990 1991 Average Total 

224: 216-A-8 E 
Max 132 114 
Min 100 78 
Total 121 100 111 

225: 216-B-3-3 
Max 152 157 
Min 92 88 
Total 119 130 125 

231: 218-E-12 
Max 116 112 
Min 100 71 
Total 105 101 103 

0 
234: 221-B NE 

r-..... Max 140 133 
Min 96 101 
Total 114 120 117 

r 242: 216-A-10-1 
Max 112 105 
Min 92 69 

._,.., Total 99 91 95 

Cl) 243: 216-A-10-2 
Max 120 111 

.. Min 96 69 
Total 107 94 101 

244: 216-A-36-1 
ll -:\ Max 112 123 

Min 92 75 
0-. Total 100 100 100 

245: 216-A-36-B-2 
Max 120 111 
Min 88 76 
Total 100 96 98 

246: 202-A SE 
Max 112 104 
Min 96 81 
Total 100 95 98 

• 
A2T-10b 
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• Table A-2.10. Results of External Radiation 
Monitoring TLDs 1990 and 1991 (mrem/yr). Page 3 of 4 

Location 1990 1991 Average Total 

247: 202-A-SE 
Max 108 122 
Min 96 78 
Total 104 102 103 

248: 202-A Parking Lot 
Max 280 115 
Min 96 0 
Total 194 57 126 

249: ATF #1 
Max 332 335 
Min 136 284 
Total 216 304 260 

250: ATF #2 
Max 160 159 
Min 116 119 
Total 132 143 138 

251 : ATF #3 
Max 144 141 
Min 108 93 
Total 122 125 124 

252: ATF #4 
Max 140 130 

C"'·' 
Min 100 89 
Total 113 115 114 

253: ATF #5 
Max 124 120 
Min 104 84 
Total 110 107 109 

254: ATF #6 
Max 128 127 
Min 96 93 
Total 116 109 113 
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Table A-2.10. Results of External Radiation • Monitoring TLDs 1990 and 1991 (mrem/yr). Page 4 of 4 

Location 1990 1991 Average Total 

255: ATF #7 
Max 2300 130 
Min 112 107 
Total 1100 120 610 

256: ATF #8 
Max 2000 1497 
Min 384 542 
Total 1200 837 1019 

258: ATF #10 
Max 190 390 
Min 384 111 
Total 908 195 552 

259: ATF #11 
r--.. Max 576 143 

Min 132 124 e, 
Total 236 133 185 

261: ATF #13 

r-,.. Max 156 127 
Min 92 86 

,r Total 112 110 111 

,,. 262: E Comer 241-AP Tanlc Farm 
Max 136 103 
Min 96 78 
Total 117 94 106 

Source: Schmidt et al. 1992. .. ,, 
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1.0 GENERAL CONSIDERATIONS AND REQUIREMENTS 

1.1 INTRODUCTION 

The purpose of this Health and Safety Plan (HSP) is to outline standard health and 
safety procedures for Westinghouse Hanford employees and contractors engaged in 
investigation activities for the PUREX Plant Aggregate Area Management Study (AAMS). 
These activities will include surface investigation, drilling and sampling boreholes, and 
environmental sampling in areas of known chemical and radiological contamination. 
Appropriate site-specific safety documents (e.g., Hazardous Waste Operations Permit 
[HWOP] or Job Safety Analysis [JSA]) will be written for each task or group of tasks. A 
more complete discussion of Westinghouse Hanford environmental safety procedures is 
presented in the Westinghouse Hanford manual Health and Safety for Hazardous Waste Field 
Operations, WHC-CM-4-3 Vol. 4 (WHC 1992). 

All employees of Westinghouse Hanford or any other contractors who are participating 
in onsite activities for the PUREX Plant AAMS shall read the site-specific safety document 
and attend a pre-job safety or tailgate meeting to review and discuss the task. 

1.2 DESIGNATED SAFETY PERSONNEL 

The field team leader and site safety officer are responsible for site safety and health. 
Specific individuals will be assigned on a task-by-task basis by project management, and their 
names will be properly recorded before the task is initiated. 

All activities onsite must be cleared through the field team leader. The field team 
leader has responsibility for the following: 

• Allocating and administering resources to successfully comply with all technical 
and health and safety requirements 

• Verifying that all permits, supporting documentation, and clearances are in place 
(e.g., electrical outage requests, welding permits, excavation permits, HWOP or 
JSA, sampling plan, radiation work permits [RWPs], and onsite/offsite radiation 
shipping records) 

• Providing technical advice during routine operations and emergencies 

• Informing the appropriate site management and safety personnel of the activities 
to be performed each day 

• Coordinating resolution of any conflicts that may arise between RWPs and the 
implementation of the HWOP or JSA with health physics 
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• Handling emergency response situations as may be required 

• Conducting pre-job and daily tailgate safety meetings 

• Interacting with adjacent building occupants and/or inquisitive public. 

The site safety officer is responsible for implementing the HWOP at the site. The site 
safety officer shall do the following: 

• Monitor chemical, physical, and (in conjunction with the health physics 
technician) radiation hax.ards to assess the degree of hax.ard present; monitoring 
shall specifically include organic vapor detection, radiation screening, and 
confined space evaluation where appropriate. 

• Determine protection levels, clothing, and equipment needed to ensure the safety 
of personnel in conjunction with the health physics department. 

• Monitor the performance of all personnel to ensure that the required safety 

.. 
• 

• 

procedures are followed. 

Halt operations immediately, if necessary, due to safety or health concerns . 

Conduct safety briefings as necessary . 

Assist the field team leader in conducting safety briefings as necessary . 

The health physics technician is responsible for ensuring that all radiological 
monitoring and protection procedures are being followed as specified in the Radiation 
Protection Manual and in the appropriate RWP. Westinghouse Hanford Industrial Safety and 
Fire Protection personnel will provide safety overview during drilling operations consistent 
with Westinghouse Hanford policy and, as requested, will provide technical advice. Also, 
downwind sampling for hax.ardous materials and radiological contaminants and other analyses 
may be requested from appropriate contractor personnel as required. 

The ultimate responsibility and authority for employee's health and safety lies with the 
employee and the employee's colleagues. Each employee is responsible for exercising the 
utmost care and good judgment in protecting his or her personal health and safety and that of 
fellow employees. Should any employee observe a potentially unsafe condition or situation, 
it is the responsibility of that employee to immediately bring the observed condition to the 
attention of the appropriate health and safety personnel, as designated previously. In the 
event of an immediately dangerous or life-threatening situation, the employee automatically 
has temporary "stop work" authority and the responsibility to immediately notify the field 
team leader or site safety officer. When work is temporarily halted because of a safety or 
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health concern, personnel will exit the exclusion zone and meet at a predetermined place in 
the support zone. The field team leader, site safety officer, and health physics technician 
will determine the next course of action. 

1.3 MEDICAL SURVEILLANCE 

All field team members engaged in operable unit activities at sites governed by an 
HWOP must have baseline physical examinations and be participants in Westinghouse 
Hanford (or an equivalent) hazardous waste worker medical surveillance program. 

Medical examinations will be designed to identify any pre-existing conditions that may 
place an employee at high risk, and will verify that each worker is physically able to perform 
the work required by this plan without undue risk to personal health. The physician shall 
determine the existence of conditions that may reduce the effectiveness or prevent the 
employee's use of respiratory protection. The physician shall also determine the presence of 
conditions that may pose undue risk to the employee while performing the physical tasks of 
this work plan using level B personal protection equipment. This would include any 
condition that increases the employee's susceptibility to heat stress. 

The examining physician's report will not include any nonoccupational diagnoses unless 
directly applicable to the employee's fitness for the work required. 

1.4 TRAINING 

Before engaging in any onsite activities, each team member is required to have 
received 40 hours of health and safety training related to hazardous waste site operations and 
at least 8 hours of refresher training each year thereafter as specified in 29 Code of Federal 
Regulations (CFR) 1910.120. In addition, each inexperienced employee (never having 
performed site characterization) will be directly supervised by a trained/experienced person 
for a minimum of 24 hours of field experience. 

The field team leader and the site safety officer shall receive an additional 8 hours of 
training (in addition to the refresher training previously discussed). 

1.5 TRAINING FOR VISITORS 

For the purposes of this plan, a visitor is defined as any person visiting the Hanford 
Site, who is not a Westinghouse Hanford employee or a Westinghouse Hanford contractor 
directly involved in the Resource Conservation and Recovery Act (RCRA)/Comprehensive 
Environmental Response, Compensation and Liability Act of 1980 (CERCLA) facility 
investigation activities, including but not limited to those engaged in surveillance, inspection, 
or observation activities. 
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Visitors who must, for whatever reason, enter a controlled (either contamination 
reduction or exclusion) zone, shall be subject to all of the applicable training, respirator fit 
testing, and medical surveillance requirements discussed in Westinghouse Hanford 
Environmental Investigations Instructions (Ell) 1. 1 and Appendix B to Ell 1.1 (WHC 1991). 

All visitors shall be informed of potential hazards and emergency procedures by their 
escorts and shall conform to Ell 1.1 (WHC 1991). 

1.6 RADIATION DOSIMETRY 

All personnel engaged in onsite activities shall be assigned dosimeters according to the 
requirements of the RWP applicable to that activity. All visitors shall be assigned basic 
dosimeters, as a minimum, that will be exchanged annually. 

1.7 REQUIREMENTS FOR THE USE OF RESPIRATORY PROTECTION 

All employees of Westinghouse Hanford and subcontractors who may be required to 
use air-purifying or air-supplied respirators must be included in the medical surveillance 
program and be approved for the use of respiratory protection by the Hanford Environmental 
Health Foundation (HEHF) or other licensed physician. Each team member must be trained 
in the selection, limitations, and proper use and maintenance of respiratory protection 
(existing respiratory protection training may be applicable towards the 40-hour training 
requirement) . 

Before using a negative pressure respirator, each employee must have been fit-tested 
(within the previous year) for the specific make, model, and size according to Westinghouse 
Hanford fit-testing procedures. Beards (including a few days' growth), large sideburns, or 
moustaches that may interfere with a proper respirator seal are not permitted. 

Subcontractors must provide evidence to Westinghouse Hanford that personnel are 
participants in a medical surveillance and respiratory protection program that complies with 
29 CFR 1910.120 and 29 CFR 1910.134, respectively. 

2.0 GENERAL PROCEDURES 

The following personal hygiene and work practice guidelines are intended to prevent 
injuries and adverse health effects. A hazardous waste site poses a multitude of health and 
safety concerns because of the variety and number of hazardous substances present. These 
guidelines represent the minimum standard procedures for reducing potential risks associated 
with this project and are to be followed by all job-site employees at all times. 
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2.1 GENERAL WORK SAFETY PRACTICES 

2.1.1 Work Practices 

The following work practices must be observed: 

• Eating, drinking, smoking, taking certain medications, chewing gum, and similar 
actions are prohibited within the exclusion zone. All sanitation facilities shall be 
located outside the exclusion zone; decontamination is required before using such 
facilities. 

• Personnel shall avoid direct contact with contaminated materials unless necessary 
for sample collecting or required observation. Remote handling of such things as 
casings and auger flights will be practiced whenever practical. 

• While operating in the controlled zone, personnel shall use the "buddy system" 
where appropriate, or be in visual contact with someone outside of the controlled 
zone. 

• The buddy system will be used where appropriate for manual lifting. 

• Requirements of Westinghouse Hanford radiation protection and RWP manuals 
shall be followed for all work involving radioactive materials or conducted within 
a radiologically controlled area. 

• 

• 

Onsite work operations shall only be carried out during daylight hours, unless the 
entire control zone is adequately illuminated with artificial lighting. A new tour 
(shift) will operate the drilling rig after completion of each shift. 

Do not handle soil , waste samples, or any other potentially contaminated items 
unless wearing the protective equipment specified in the HWOP or JSA. 

• Whenever possible, stand upwind of excavations, boreholes, well casings, drilling 
spoils, and the like, as indicated by an onsite windsock. 

• Stand clear of trenches during excavation. Always approach an excavation from 
upwind. 

• Be alert to potentially changing exposure conditions as evidenced by such 
indications as perceptible odors, unusual appearance of excavated soils, or oily 
sheen on water. 

• Do not enter any test pit or trench deeper than 1.2 m (4 ft) unless in accordance 
with procedures specified in the HWOP. 
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Do not under any circumstances enter or ride in or on any backhoe bucket, 
materials hoist, or any other similar device not specifically designed for carrying 
passengers. 

• All drilling team members must make a conscientious effort to remain aware of 
their own and others' positions in regards to rotating equipment, cat heads, or u- · 
joints. Drilling operations members must be extremely careful when assembling, 
lifting, and carrying flights or pipe to avoid pinch-point injuries and collisions. 

• Tools and equipment will be kept off the ground whenever possible to avoid 
tripping haz.ards and the spread of contamination. 

• Personnel not involved in operation of the drill rig or monitoring activities shall 
remain a safe distance from the rig as indicated by the field team leader. 

• 

• 

Follow all provisions of each site-specific haz.ardous work permit as addressed in 
the HWOP, including cutting and welding, confined space entry, and excavation. 

Catalytic converters on the underside of vehicles are sufficiently hot to ignite dry 
prairie grass. Team members should not drive over dry grass that is higher than 
the ground clearance of the vehicle and should be aware of the potential fire 
haz.ard posed by catalytic converters at all times. Never allow a running or hot 
vehicle to sit in a stationary location over dry grass or other combustible 
materials. 

• Follow all provisions of each site-specific RWP. 

• Team members will attempt to minimize truck tire disturbance of all stabilized 
sites. 

2.1.2 Personal Protective Equipment 

• Personal protective equipment will be selected specifically for the haz.ards 
identified in the HWOP. The site safety officer in conjunction with 
Westinghouse Hanford Health Physics and Industrial Hygiene and Safety is 
responsible for choosing the appropriate type and level of protection required for 
different activities at the job site. 

• Levels of protection shall be appropriate to the haz.ard to avoid either excessive 
exposure or additional haz.ards imposed by excessive levels of protection. The 
HWOP will contain provisions for adjusting the level of protection as necessary. 
These personal protective equipment specifications must be followed at all times, 
as directed by the field team leader, health physics technician, and site safety 
officer. 
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Each employee must have a hard hat, safety glasses, and substantial protective 
footwear available to wear as specified in the HWOP or JSA. 

• The exclusion zone around drilling or other noisy operations will be posted 
"Hearing Protection Required" and team members will have had noise control 
training. 

• Personnel should maintain a high level of awareness of the limitations in 
mobility, dexterity, and visual impairment inherent in the use of level B and 
level C personal protective equipment. 

• Personnel should be alert to the symptoms of fatigue, heat stress, and cold stress 
and their effects on the normal caution and judgment of personnel. 

• Rescue equipment as required by Occupational Safety and Health Administration 
(OSHA), Washington Industrial Safety and Health Act (WISHA), or standards for 
working over water will be available and used. 

2.1.3 Personal Decontamination 

• The HWOP will describe in detail methods of personnel decontamination, 
including the use of contamination control corridors and step-off pads when 
appropriate. 

• Thoroughly wash hands and face before eating or putting anything in the mouth 
to avoid hand-to-mouth contamination. 

• At the end of each work day or each job, disposable clothing shall be removed 
and placed in (chemical contamination) drums, plastic-lined boxes or other 
containers as appropriate. Clothing that can be cleaned may be sent to the 
Hanford Site laundry. 

• Individuals are expected to thoroughly shower before leaving the work site or 
Hanford Site if directed to do so by the health physics technician, site safety 
officer, or field team leader. 

2.1.4 Emergency Preparation 

• A multipurpose dry chemical fire extinguisher, a fire shovel, a complete field 
first-aid kit, and a portable pressurized spray wash unit shall be available at every 
site where there is potential for personnel contamination . 
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Prearranged hand signals or other means of emergency communication will be 
established when respiratory protection equipment is to be worn, because this 
equipment seriously impairs speech. 

• The Hanford Fire Department shall be initially notified before the start of the site 
investigation project. This notification shall include the location and nature of the 
various types of field work activities as described in the work plan. A site 
location map shall be included in this notification. 

2.2 CONFINED SPACFJTEST PIT ENTRY PROCEDURES 

The following procedures apply to the entry of any confined space, which for the 
purpose of this document shall be defined as any space having limited egress (access to an 
exit) and the potential for the presence or accumulation of a toxic or explosive atmosphere. 
This includes manholes, certain trenches (particularly those through waste disposal areas), 
and all test pits greater than 1 m (4 ft) deep. If confined spaces are to be entered as part of 
the work operations, a hazardous work permit (filled out for confined space entry) must be 
obtained from Industrial Safety and Fire Protection. 

The identified remedial investigation activities on the PUREX Plant AAMS should not 
require confined space entry. Nevertheless, the hazards associated with confined spaces are 
of such severity that all employees should be familiar with the safe work discussed in the 
following paragraphs. 

No employee shall enter any test pit or trench deeper than 1 m ( 4 ft) unless the sides 
are shored or laid back to a stable slope as specified in OSHA 29 CFR 1926.652 or 
equivalent state occupational health and safety regulations. 

When an employee is required to enter a pit or trench 1 m (4 ft) deep or more, an 
adequate means of access and egress, such as a slope of at least 2: 1 to the bottom of the pit 
or a secure ladder or steps shall be provided. 

Before entering any confined space, includin~ any test pit, the atmosphere will be 
tested for flammable gases, oxygen deficiency, and organic vapors. If other specific 
contamination, such as radioactive materials or other gases and vapors may be present, 
additional testing for those substances shall be conducted. Depending on the situation, the 
space may require ventilation and retesting before entry. 

An employee entering a confined or partially confined space must be equipped with an 
appropriate level of respiratory protection in keeping with the monitoring procedures 
discussed previously and the action levels for airborne contaminants (see "Warnings and 
Action Levels" in HWOP). 
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No employee shall enter any test pit requiring the use of level B protection, unless a 
backup person also equipped with a pressure-demand self-contained breathing apparatus 
(SCBA) is present. No backup person shall attempt any emergency rescue unless a second 
backup person equipped with an SCBA is present, or the appropriate emergency response 
authorities have been notified and additional help is on the way. 

3.0 SITE BACKGROUND 

Specific details on the PUREX Plant AAMS background and known and suspected 
contamination are described in Sections 2.0 through 10.0 of the plan. The PUREX Plant 
Aggregate Area is situated within the 200 East Area of the U.S. Department of Energy's 
(DOE) Hanford Site, in the south-central portion of the state of Washington. The 200 :East 
Area is located in Benton County in the central portion of the Hanford Site. It is adjacent to 
the 200 West Area, located roughly 5 km (3 mi) to the east. 

The PUREX Plant Aggregate Area at the Hanford Site was used by the U.S. 
Government as a chemical separations area in the process to produce plutonium for nuclear 
weapons. These operations resulted in the release of chemical and radioactive wastes into 
the soil, air, and water of the area. Each waste site in the aggregate area is described 
separately in this document. Close relationships between waste units, such as overflow from 
one to another, are also discussed. 

4.0 SCOPE OF WORK AND POTENTIAL HAZARDS 

While the information presented in Sections 2.0 through 10.0 of the plan are believed 
to be representative of the constituents and quantities of wastes at the time of discharge, the 
present chemical nature, location, extent, and ultimate fate of these wastes in and around the 
liquid disposal facilities are largely unknown. The emphasis of the investigation in the 
PUREX Plant AAMS will be to characterize the nature and extent of contamination in the 
vadose (unsaturated subsurface soil) zone. 

4.1 WORK TASKS 

Work tasks are described in Section 5.0 of the plan . 
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4.2 POTENTIAL HAZARDS 

Onsite tasks will involve noninvasive surface sampling procedures and invasive soil 
sampling either directly in or immediately adjacent to areas known or suspected to contain 
potentially hazardous chemical substances, toxic metals, and radioactive materials. 

Surface radiological contamination and fugitive dust will be the potential hazards of 
primary concern during noninvasive mapping and sampling activities. 

Existing data indicate that hazardous substances may be encountered during invasive 
sampling; these include radionuclides, heavy metals, and corrosives. In addition, volatile 
organics may also be associated with certain facilities such as the solvent storage buildings or 
underground storage tanks. 

Potential hazards include the following: 

• External radiation (gamma and to a lesser extract, beta) from radioactive 

• 

• 

• 

• 

• 

• 

materials in the soil 

Internal radiation resulting from radionuclides present in contaminated soil 
entering the body by ingestion or through open cuts and scratches 

Internal radiation resulting from inhalation of particulate ( dust) contaminated with 
radioactive materials 

Inhalation of toxic vapors or gases such as volatile organics or ammonia 

Inhalation or ingestion of particulate (dust) contaminated with inorganic or 
organic chemicals, and toxic metals 

Dermal exposure to soil or groundwater contaminated with radionuclides 

Dermal exposure to soil or groundwater contaminated with inorganic or organic 
chemicals, and toxic metals 

• Physical hazards such as noise, heat stress, and cold stress 

• Slips, trips, falls, bumps, cuts, pinch points, falling objects, other overhead 
hazards, crushing injuries, and other hazards typical of a construction-related job 
site 

• Unknown or unexpected underground utilities 

• Biological hazards; snakes, spiders, etc . 
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• 4.3 ASSESSMENT AND MITIGATION OF POTENTIAL HAZARDS 

The likelihood of significant exposure ( 100 mR/h or greater) to external radiation is 
remote and can be readily monitored and controlled by limiting exposure time, increasing 
distance, and employing shielding as required. 

Internal radiation by inhalation or inadvertent ingestion of contaminated dust is a 
realistic concern and must be continuously evaluated by the health physics technician. 
Appropriate respiratory protection, protective clothing, and decontamination procedures will 
be implemented as necessary to reduce potential inhalation, ingestion, and dermal exposure 
to acceptable levels. 

Dermal exposure to toxic chemical substances is not expected to pose a significant 
problem for the identified tasks given the use of the designated protective clothing. The 
appropriate level of personal protective clothing and respiratory protection will vary from 

'° work site to work site. 

00 

• 

5.0 ENVIRONMENTAL AND PERSONAL MONITORING 

The site safety officer or authorized delegate shall be present at all times during work 
activities which require an HWOP, and shall be in charge of all environmental/personal 
monitoring equipment. Industrial Hygiene and Safety shall review all activities involving or 
potentially involving radiological exposure or contamination control and shall prescribe the 
appropriate level of technical support and/or monitoring requirements. Other equipment 
deemed necessary by the site safety officer or Industrial Hygiene and Safety shall be obtained 
at their direction; work will be initiated or continued until such equipment is in place. These 
instruments are to be used only by persons who are trained in their usage and who 
understand their limitations. No work shall be done unless instrumentation is available and 
in proper working order. 

Air sampling may be required downwind of the referenced waste sites to monitor 
particulates and vapors before job startup. Siting of such sampling devices will be 
determined by Health Physics, the site safety officer, and HEHF, if appropriate. Any time 
personnel exposure monitoring, other than radiological, is required to determine exposure 
levels, it must be done by HEHF. Discrete sampling of ambient air within the work zone 
and breathing zones will be conducted using a direct-reading instrument, as specified in the 
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site-specific safety document, and other methods as deemed appropriate (e.g., pumps with 
tubes, 0 2 meters). The following standards will be used in determining critical levels: 

• "Radionuclide Concentrations in Air," in Chapter XI, DOE Order 5480. lB 
(DOE 1986) 

• "Air Contaminants - Permissible Exposure Limits," in 29 CFR 1910.1000 

• Threshold Limit Values and Biological Exposure Indices for 1990-1991 (ACGIH 
1991) 

• Occupational Safety and Health Standards, 29 CFR 1910.1000 

• Pocket Guide to Chemical Hazards (NIOSH 1991), which provides National 
Institute for Occupational Safety and Health (NIOSH)-recommended exposure 
limits for substances that do not have either a threshold limit value or a 
permissible exposure limit. 

5.1 AIRBORNE RADIOACTIVE AND RADIATION MONITORING 

An onsite health physics technician will monitor airborne radioactive contamination 
levels and external radiation levels. Action levels will be consistent with derived air 
concentrations and applicable guidelines as specified in the radiation protection manual 
WHC-CM-4-10 (WHC 1988). 

Appropriate respiratory protection shall be required when conditions are such that the 
airborne contamination levels may exceed an 8-hour derived air concentration (e.g., the 
presence of high levels of uncontained, loose contamination on exposed surfaces or 
operations that may raise excessive levels of dust contaminated with airborne radioactive 
materials, such as excavation or drilling under extremely dry conditions). 

Specific conditions requiring the use of respiratory protection because of radioactive 
materials in air will be incorporated into the RWP. If, in the judgment of the health physics 
technician, any of these conditions arise, work shall cease until appropriate respiratory 
protection is provided. 

6.0 PERSONAL PROTECTIVE EQUIPMENT 

The level of personal protective equipment required initially at a site will be specified 

• 

in the site-specific safety document for each task or group of tasks. Personal protective • 
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clothing and respiratory protection shall be selected to limit exposure to anticipated chemical 
and radiological haz.ards. Work practices and engineering controls may be used to control 
exposure. 

7.0 SITE CONTROL 

The field team leader, site safety officer, and health physics technician are designated 
to coordinate access control and security on the site. Special site control measures will be 
necessary to restrict public access. The zones will be clearly marked with rope and/or 
appropriate signs. The size and shape of the control zone will be dictated by the types of 
haz.ards expected, the climatic conditions, and specific operations required. 

Control zone boundaries may be increased or decreased based on results of field moni­
toring, environmental changes, or work technique changes. The site RWP and the 
contractor's standard operating procedures for radiation protection may also dictate the 
boundary size and shape. All team members must be surveyed for radioactive contamination 
when leaving the controlled zone if in a radiation zone. 

The onsite command post and staging area will be established near the upwind side of 
the control zone as determined by an onsite windsock. Exact location for the command post 
is to be determined just before start of work. Vehicle access, availability of utilities (power 
and telephone), wind direction, and proximity to sample locations should be considered in 
establishing a command post location. 

8.0 DECO NT AMINA TION PROCEDURES 

Remedial investigation activities will require entry into areas of known chemical and 
radiological contamination. Consequently, it is possible that personnel and equipment could 
be contaminated with haz.ardous chemical and radiological substances. 

During site activities, potential sources of contamination may include airborne vapors, 
gases, dust, mists, and aerosols; splashes and spills; walking through contaminated areas; and 
handling contaminated equipment. Personnel who enter the exclusion zone will be required 
to go through the appropriate decontamination procedures on leaving the zone. 
Decontamination procedures shall be consistent with Ell 5.4, "Field Decontamination of 
Drilling, Well Development, and Sampling Equipment," and Ell 5.5, "Decontamination of 
Equipment for RCRA/CERCLA Sampling" (WHC 1991), or other approved decontamination 
procedures . 
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9.0 CONTINGENCY AND EMERGENCY RESPONSE PLANS 

As a general rule, in the event of an unanticipated, potentially hazardous situation 
indicated by instrument readings, visible contamination, unusual or excessive odors, or other 
indications, team members shall temporarily cease operations and move upwind to a 
predesignated safe area as specified in the site-specific safety documentation. 

10.0 REFERENCES 

ACGIH, 1991, Threshold Limit Values and Biological Exposure Indices for 1990-1991, 
American Conference of Governmental Industrial Hygienists, Cincinnati, Ohio. 

DOE, 1986, Environment, Safety&: Health Program for DOE Operations, DOE Order 
5480.lB, U.S. Department of Energy, Washington, D.C. 

NIOSH, 1991, Pocket Guide to Chemical Hazards, National Institute for Occupational Safety 
and Health, U.S. Department of Health and Human Services, Public Health Service, 
Centers for Disease Control, Washington, D.C. 

WHC, 1988, Radiation Protection, WHC-CM-4-10, Westinghouse Hanford Company, 
Richland, Washington. 

WHC, 1991, Environmental Investigations and Site Characterization Manual, WHC-CM-7-7, 
Westinghouse Hanford Company, Richland, Washington . 

WHC, 1992, Health and Safety for Hazardous Waste Field Operations, WHC-CM-4-3 
Vol. 4, Westinghouse Hanford Company, Richland, Washington. 
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1.0 INTRODUCTION 

This Project Management Plan (PMP) defines the administrative and institutional tasks 
necessary to support the PUREX Plant Aggregate Area investigations at the Hanford Site. 
Also, this PMP defines the responsibilities of the various participants, the organizational 
structure, and the project tracking and reporting procedures. This PMP is in accordance 
with the provisions of the Hanford Federal Facility Agreement and Consent Order (Tri-Party 
Agreement) dated August 1990 (Ecology et al. 1990). Any revisions to the Tri-Party 
Agreement that would result in changes to the project management requirements would 
supersede the provisions of this chapter. 

2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

2.1 INTERFACE OF REGULATORY AUTHORITIES AND 
THE U.S. DEPARTMENT OF ENERGY 

The PUREX Plant Aggregate Area consists of active and inactive waste management 
units to be remedied under either the Resource Conservation and Recovery Act (RCRA) or 
the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA). The Washington State Department of Ecology (Ecology) has been designated as 
the lead regulatory agency, as defined in the Tri-Party Agreement. Accordingly, Ecology is 
responsible for overseeing remedial action activity at this aggregate area and ensuring that 
the applicable authorities of both the U.S. Environmental Protection Agency (EPA) and the 
U.S. Department of Energy (DOE) are applied. The specific responsibilities of EPA, 
Ecology, and DOE are detailed in the Tri-Party Agreement. 

2.2 PROJECT ORGANIZATION AND RESPONSIBILITIES 

The project organization for implementing remedial activities at the PUREX Plant 
Aggregate Area is shown in Figure C-1. The following sections describe the responsibilities 
of the individuals shown in Figure C-1. 

2.2.1 Project Managers 

The EPA, DOE, and Ecology have each designated one individual as project manager 
for remedial activities at the Hanford Site. These project managers will serve as the primary 
point of contact for all activities to be carried out under the Tri-Party Agreement. The 
responsibilities of the project managers are given in Section 4.1 of the Tri-Party Agreement. 

C-1 
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2.2.2 Unit Managers 

As shown in Figure C-1, EPA, DOE, and Ecology will each designate an individual as 
a unit manager for the PUREX Plant Aggregate Area. 

The unit manager from Ecology will serve as the lead unit manager. The Ecology unit 
manager will be responsible for regulatory oversight of all activities required for the PUREX 
Plant Aggregate Area. 

The unit manager from EPA will be responsible for making decisions related to issues 
for which the supporting regulatory agency maintains authority. All such decisions will be 
made in consideration of recommendations made by the Ecology unit manager. 

The unit manager from DOE will be responsible for maintaining and controlling the 
schedule and budget and keeping the EPA and Ecology unit managers informed as to the 
status of the activities at the PUREX Plant Aggregate Area, particularly the status of 
agreements and commitments. 

2.2.3 Quality Asmrance Lead 

The quality assurance lead will be a designated person within the Westinghouse 
Hanford Quality Assurance Organization. This designated person will be responsible for 
monitoring overall environmental restoration activities for this project. The designated 
personnel shall have the necessary organizational independence and authority to identify 
conditions adverse to quality and to systematically seek corrective action. 

This individual is responsible for the preplanned surveillance and audit activities for 
this project. A quality assurance report shall be provided to the technical lead, annually as a 
minimum, for inclusion in the project final report generated by the technical organization. 
The quality assurance report shall summarize the surveillance and audit activities as well as 
associated corrective actions that may have been taken during the interval. 

2.2.4 Health and Safety Officer (Environmental 
Division/Environmental Field Services) 

The health and safety officer is responsible for monitoring all potential health and 
safety hazards, including those associated with radioactive, volatile, and/or toxic compounds 

. during sample handling and sampling decontamination activities. The health and safety 
officer has the responsibility and authority to halt field activities resulting from unacceptable 
health and safety hazards. 
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2.2.5 Technical Lead 

The technical lead will be a designated person within the Westinghouse Hanford 
Environmental Engineering Group. The responsibilities of the technical lead will be to plan, 
authorize, and control work so that it can be completed on schedule and within budget, and 
to ensure that all planning and work performance activities are technically sound. 

2.2.6 Remedial Investigation/Feasibility Study Coordinators 

The remedial investigation (RI) and feasibility study (FS) coordinators will be 
responsible for coordinating all activities related to the RI and FS, respectively, including 
data collection, analysis, and reporting. The RI and FS coordinators will be responsible for 
keeping the technical lead informed as to the RI and FS work status and any problems that 
may arise. 

2.2. 7 Resource Conservation and Recovery Act Facility 
Investigation/Corrective Measures Study 
Contractor 

Figure C-1 shows the organizational relationship of an offsite contractor. Assuming a 
contractor is used to perform the RI/FS for the PUREX Plant Aggregate Area, the contractor 
would assume responsibilities of the RI and FS coordinators, as described above. In this 
instance, the contractor will be directly responsible for planning data collection activities and 
for analyzing and reporting the results of the data-gathering in the RI and FS reports. 
However, the Westinghouse Hanford coordinator would retain the responsibility for securing 
and managing the field sampling efforts of the Hanford Site technical resource teams, 
described below. Figure C-2 shows a sample organizational structure for an RI/FS 
contractor team. 

2.2.8 Hanford Site Technical Resources 

The various technical resources available on the Hanford Site for performing the field 
studies are shown in Table C-1. These resources will be responsible for performing data 
collection activities and analyses, and for reporting the results of specific technical activities. 
Figures C-3 through C-6 show the detailed organizational structure of specific technical 
teams. Internal and external work orders and subcontractor task orders will be written by the 
Westinghouse Hanford technical lead to use these technical resources, which are under the 
control of the technical lead. Statements of work will be provided to the technical teams and 
will include a discussion of authority and responsibility, a schedule with clearly defined 
milestones, and a task description including specific requirements. Each technical team will 
keep the coordinator informed of the work status performed by that group and any problems 
that may arise. 
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3.0 DOCUMENTATION AND RECORDS 

All plans and reports will be categorized as either primary or secondary documents as 
described by Section 9.1 of the Tri-Party Agreement. The process for document review and 
comment will be as described in Section 9.2 of the Tri-Party Agreement. Revisions, should 
they become necessary after finalization of any document, will be in accordance with 
Section 9.3 of the Tri-Party Agreement. Changes in the work schedule, as well as minor 
field changes, can be made without having to process a formal revision. The process for 
making these changes will be as stated in Section 12.0 of the Tri-Party Agreement. 
Administrative records, which must be maintained to support the Hanford Site activities, will 
be in accordance with Section 9.4 of the Tri-Party Agreement. 

4.0 FINANCIAL AND PROJECT TRACKING REQUIREMENTS 

4.1 MANAGEMENT CONTROL 

Westinghouse Hanford will have the overall responsibility for planning and controlling 
the investigation activities, and providing effective technical, cost, and schedule baseline 
management. If a contractor is used, the contractor will assume the direct day-to-day 
responsibilities for these management functions. The management control system used for 
this project must meet the requirements of DOE Order 4700.1, Project Management System 
and DOE Order 2250. lC, Cost and Schedule Control Systems Criteria. The Westinghouse 
Hanford Management Control System (MCS) meets these requirements. The primary goals 
of the Westinghouse Hanford MCS are to provide methods for planning, authorizing, and 
controlling work so that it can be completed on schedule and within budget, and to ensure 
that all planning and work performance activities are technically sound and in conformance 
with management and quality requirements. 

The schedule developed for the PUREX Plant Aggregate Area will be updated at least 
annually, to expand the new current fiscal year and the follow-on year. In addition, any 
approved schedule changes (see Section 12.0 of the Tri-Party Agreement for the formal 
change control system) would be incorporated at this time, if not previously incorporated. 
This update will be performed in the fourth quarter of the previous fiscal year (e.g., July to 
September) for the upcoming current fiscal year. The work schedule can be revised at any 
time during the year if the need arises, but the changes would be restricted to major changes 
that would not be suitable for the change control process. 
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4.2 MEETINGS AND PROGRESS REPORTS 

Both project and unit managers must meet periodically to discuss progress, review 
plans, and address any issues that have arisen. The project managers' meeting will take 
place at least quarterly, and is discussed in Section 8.1 of the Tri-Party Agreement. 

Unit managers shall meet monthly to discuss progress, address issues, and review near­
term plans pertaining to their respective operable units and/or treatment, storage, and 
disposal groups/units. The meetings shall be technical in nature, with emphasis on technical 
issues and work progress. The assigned DOE unit manager for the PUREX Plant Aggregate 
Area will be responsible for preparing revisions to the aggregate area schedule prior to the 
meeting. The schedule shall address all ongoing activities associated with the PUREX Plant 
Aggregate Area, including actions on specific source units (e.g., sampling). This schedule 
will be provided to all parties and reviewed at the meeting. Any agreements and 
commitments (within the unit manager's level of authority) resulting from the meeting will be 
prepared and signed by all parties as soon as possible after the meeting. Meeting minutes 
will be issued by the DOE unit manager and will summarize the discussion at the meeting, 
with information copies given to the project managers. The minutes will be issued within 
five working days following the meeting. The minutes will include, at a minimum, the 
following information: 

• Status of previous agreements and commitments 

• Any new agreements and commitments 

• Schedules (with current status noted) 

• Any approved changes signed off at the meeting in accordance with Section 12.1 
of the Tri-Party Agreement. 

Project coordinators for each operable unit also will meet on a monthly basis to share 
information and to discuss progress and problems. 

The DOE shall issue a quarterly progress report for the Hanford Site within 45 days 
following the end of each quarter. Quarters end on March 31, June 30, September 30, and 
December 31. The quarterly progress reports will be placed in the public information 
repositories as discussed in Section 10.2 of the Tri-Party Agreement. The report shall 
include the following: 

• Highlights of significant progress and problems. 

• Technical progress with supporting information, as appropriate. 

• Problem areas with recommended solutions. This will include any anticipated 
delays in meeting schedules, the reason(s) for the potential delay, and actions to 
prevent or minimize the delay. 
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• Significant activities planned for the next quarter . 

• Work schedules (with current status noted). 

S.O REFERENCES 

Ecology, EPA, and DOE, 1990, Hanford Federal Facility Agreement and Consent Order, 
(First Amendment), 89-10, Rev. 1, Olympia, Washington . 
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Figure C-1. Project Organization for the PUREX Plant Aggregate Area Project . 
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• Table C-1. Hanford Site RI/FS Technical Resources. Page 1 of 2 

Technical Resources 

Subject/ Activity RI FS 

Hydrology and geology Westinghouse Hanford/ Westinghouse Hanford/ 
Geosciences Geo sciences 
PNL/Earth and 
Environmental Sciences 
Center 

Toxicology and Westinghouse Hanford/ Westinghouse Hanford/ 
risk/ endangerment Environmental Technology Environmental Technology 
assessment PNL/Earth and 

Environmental Sciences 
Center 
PNL/Life Sciences Center 

Environmental chemistry Westinghouse Hanford/ Westinghouse Hanford/ 
Geosciences Geosciences 
PNL/Earth and 
Environmental Sciences 

i' Center 

Geotechnical and civil Westinghouse Hanford/ NA 
·:t> engineering Geosciences (Planning) 

Environmental Field 
("' Services 

Geotechnical and civil NA Westinghouse Hanford/ 
'.:'f) engineering Environmental Engineering 

a,. 
PNL/Waste Technology 
Center 

Groundwater treatment NA Westinghouse Hanford/ 
engineering Environmental Engineering 

PNL/Waste Technology 
Center 

Waste stabilization and NA Westinghouse Hanford/ 
treatment Environmental Engineering 

PNL/Waste Technology 
Center ~ 

Surveying Kaiser Engineers Hanford NA 

• 
CT-la 



I"• .. 

. ,..., 

. .. 

DOE/RL-92-04, Rev. 0 

Table C-1. Hanford Site RI/FS Technical Resources. 

Technical Resources 

Subject/ Activity 

Soil and water sampling and 
analysis 

RI 

Westinghouse Hanford/ 
Environmental Engineering 
Westinghouse Office of 
Sampling Management 
PNUEarth and 
Environmental Sciences 
Center 
PNL/Materials and 
Chemical Sciences Center 

Drilling and well installation Westinghouse Hanford/ 
Geosciences Environmental 
Field Services 

Radiation monitoring 

NA = Not applicable. 

Kaiser Engineers 

Westinghouse Hanford/ 
Operational Health Physics 

CT-lb 

FS 

NA 

NA 

NA 
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DEFINITIONS OF TERMS 

Action Plan. Action plan for implementation of the Hanford Federal Facility Agreement and 
Consent Order (Ecology et al. 1990). A negotiation between the U.S. Environmental 

· Protection (EPA), the U.S. Department of Energy (DOE), and the State of 
Washington Department of Ecology (Ecology). The Action Plan defines the methods 
and processes by which ha7.ardous waste permits will be obtained, and by which 
closure and post-closure actions under the Resource Conservation and Recovery Act 
of 1976 (RCRA) and by which remedial actions under the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) will 
be conducted on the Hanford Site. 

Administrative Record (AR). In CERCLA, the official file that contains all information that 
was considered or relied on by the regulatory agency in arriving at a final remedial 
action decision, as well as all documentation of public participation throughout the 
process. In RCRA, the official file that contains all documents to support a final 
RCRA permit determination. 

Administrative Record File. The assemblage of documents compiled and maintained by an 
agency pertaining to a proposed project of administrative action and designated as AR 
or that are candidates for inclusion in the AR once a record of decision (ROD) is 
attained. 

Data Mana~ement. The planning and control of activities affecting data. 

Data Quality. The totality of features and characteristics of data that bears on its ability to 
satisfy a given purpose. The characteristics of major importance are accuracy, 
precision, completeness, representativeness, and comparability. 

Data Validation. The process whereby data are accepted or rejected based on a set of 
criteria. This aspect of quality assurance involves establishing specified criteria for 
data validation. The quality assurance project plan (QAPP) must indicate the 
specified criteria that will be used for data validation. 

ENCORE. The name given to the combination of hardware, software, and administrative 
subsystems that serve to integrate the management of the Hanford Site environmental 
data. 

Environmental Data Mana~ement Center (EDMC). The central facility and services that 
provide a files management system for processing environmental information. 

Environmental Information. Data related to the protection or improvement of the Hanford 

• 

Site environment, including data required to satisfy environmental statutes, applicable • 
DOE orders, or the Tri-Party Agreement. 
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Field File Custodian. An individual who is responsible for receipt, validation, storage, 
maintenance, control, and disposition of information or other records generated in 
support of Environmental Division activities. 

Hanford Environmental Information System (HEIS}. A computer-based information system 
under development as a resource for the storage, analysis, and display of investigative 
data collected for use in site characterization and remediation activities. Subject areas 
currently being developed include geophysics/soil gas, vadose zone soil (geologic), 
atmospherics, and biota. 

Information System. Collection of components relate to the management of data and 
reporting of information. Information systems typically include computer hardware, 
computer software, operating systems, utilities, procedures, and data. 

Lead A~ency. The regulatory agency (EPA or Ecology) that is assigned the primary 
administrative and technical responsibility with respect to actions at a particular 
operable unit. 

Nonrecord Material. Copies of material that are maintained for information, reference, and 
operating convenience and for which another office has primary responsibility. 

Operable Unit. An operable unit at the Hanford Site is a group of land disposal and 
groundwater sites placed together for the purposes of doing a remedial investigation/ 
feasibility study. The primary criteria for placement of a site into an operable unit 
are geographic proximity, similarity of waste characteristics and site types, and the 
possibility for economies of scale . 

Primacy Document. A document that contains information on which key decisions are made 
with respect to the remedial action or permitting process. Primary documents are 

?? subject to dispute resolution and are part of the administrative record file. 

• 

Project Manager. The individual responsible for implementing the terms and conditions of 
the Action Plan on behalf of his respective party. The EPA, DOE, and Ecology will 
each designate one project manager. 

Quality Affectin~ Record. Information contained on any media, including but not limited to, 
hard copy, sample material, photo copy, and electronic systems, that is complete in 
terms of appropriate content and that furnishes evidence of the quality of items and/or 
activities affecting quality. 

Quality Assurance. The systematic actions necessary to provide adequate confidence that a 
material, component, system, process, or facility performs satisfactorily or as planned 
in service . 

Quality Assured Data. Data developed under an integrated program for assurance of the 
reliability of data. 
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Raw Data. Unprocessed or unanalyzed information. 

Record Validation. A review to determine that records are complete, legible, and meet 
records requirements. Documents are considered valid records only after the 
validation process has been completed. 

Retention Period. The length of time records must be held before they can be disposed of. 
The time is usually expressed in years from the date of the record, but may also be 
expressed as contingent on the occurrence of an event. 

Secondar.y Document. A document providing information that does not, in itself, reflect or 
support key decisions. A secondary document is subject to review by the regulatory 
agencies and may be part of the administrative record field. It is not subject to 
dispute resolution. 

Validated Data. Data that meet criteria contained in an approved company procedure. 

Verified Data. Data that have been checked for accuracy and consistency following a 
transfer action (e.g., from manual log to computer, or from distributed database to 
centralized data repository). 
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1.0 INTRODUCTION AND OBJECTIVES 

1.1 INTRODUCTION 

An extensive amount of data will be generated over the next several years in 
connection with the activities planned for the PUREX Plant Aggregate Area. The quality of 
these data are extremely important to the full remediation of the aggregate area as agreed on 
by the U.S. Department of Energy (DOE), the U.S. Environmental Protection Agency (EPA) 
the Washington Department of Ecology (Ecology), and interested parties. 

The Information Management Overview (IMO) provides an overview of the data 
management activities at the operable unit level. It identifies the type and quantity of data to 
be collected and references the procedures which control the collection and handling of data. 
It provides guidance for the data collector, aggregate area investigator, project manager, and 
reviewer to fulfill their respective roles. 

This IMO addresses handling of data generated from activities associated with the 
aggregate area activities. All data collected will be in accordance with the Environmental 
Investigations Instructions (Ell) contained in the Westinghouse Hanford Company's 
(Westinghouse Hanford) Environmental Investigations and Site Characterization Manual 
(WHC 1991a). 

Development of a comprehensive plan for the management of all environmental data 
generated at the Hanford Site is under way. The Environmental Information Management 
Plan (EIMP) (Steward et al. 1989), released in March 1989, described activities in the 
Environmental Data Management Center (EDMC) and long-range goals for management of 
scientific and technical data. The scientific and technical data part of the EIMP was 
reviewed, revised, and expanded in fiscal year 1990 (Michael et al. 1990). An 

~---:> Environmental Restoration Remedial Action Program Records Management Plan (WHC 
1991b) issued in July 1991, enables the program office to identify, control, and maintain the 
quality assurance (QA), decisional, or regulatory prescribed records generated and used in 
support of the Environmental Restoration Remedial Action (ERRA) Program. 

• 

1.2 OBJECTIVES 

This IMO describes the process for the collection and control procedures for validated 
data, records, documents, correspondence, and other information associated with this 
aggregate area. This IMO addresses the following: 

• 
• 
• 

Types of data to be collected 
Plans for managing data 
Organizations controlling data 
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Databases used to store the data 
EIMP 
Hanford Environmental Information System (HElS) . 

2.0 TYPES OF DATA 

2.1 TYPES OF DATA 

The general types of technical data to be collected and the associated controlling 
procedures are as follows: 

Type of data 

Historical reports 
Aerial photos 
Chart recordings 
Technical memos 
Validated samples analyses 
Reports 
Logbooks 
Chain-of-custody forms 
Sample quality assurance/ 
quality control (QA/QC) 

Procedure 

Ell 1.6 
Ell 1.6 
Ell 1.6 
Ell 1.6 
Ell 1.6 
Ell 1.6 
Ell 1.5 
Ell 5.1 
Office of Sample 
Management (OSM) 

All such data are submitted to the EDMC for entry into the administrative record (AR). 

General types of related administrative data is shown in Table D-1, which is organized 
in terms of general types of personnel and compliance/regulatory data. Table D-1 references 
the appropriate procedures and the record custodians. Data associated with aggregate area 
investigations will be submitted to the EDMC for entry into the AR, as appropriate. 

2.2 DATA COLLECTION 

Data will be collected according to the aggregate area sampling and analysis plans and 
the Quality Assurance Project Plan (QAPP). Section 2.1 listed the controlling procedures for 
data collection and handling before turnover to the organization responsible for data storage. 
All procedures for data collection shall be approved in compliance with the Westinghouse 
Hanford Environmental Investigations and Site Characterization Manual (WHC 1991a) . 
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2.3 DATA STORAGE AND ACCESS 

Data will be handled and stored according to procedures approved in compliance with 
applicable Westinghouse Hanford procedures (WHC 1988). The EDMC is the central files 
manager and process facility. All data entering the EDMC will be indexed, recorded, and 
placed into safe and secure storage. Data designated for placement into the AR will be 
copied, placed into the Hanford Site AR file, and distributed by the EDMC to the user 
community. The hard copy files are the primary sources of information; the various 
electronic data bases are secondary sources. 

Normal access to data is through EDMC which is responsible for the AR. The 
Administrative Record Public Access Room is located in the 345 Hills Street Facility in 
Richland, Washington. This facility includes AR file documents (including identified 
guidance documents and technical literature). 

Project participants may access data that are not in the AR by requesting it at the 
monthly unit managers' meeting for the operable unit of concern. As the project moves to 
completion, it is expected that all of the relevant data will be contained in the AR and the 
need to access data will be minimal. 

The following types of data will be accessed from and reside in locations other than the 
EDMC: 

Data Type 

• QA/QC laboratory data 

• Sample status 

• Archived samples 

• Training records 

• Meteorological data 

• Health and safety records 

• Personal protective fitting 

• Radiological exposure 

Data location 

OSM (Westinghouse Hanford) 

OSM (Westinghouse Hanford) 

Laboratory performing analyses 

Technical Training Support Section (Westinghouse 
Hanford) 

Hanford Meteorological Station (HMS) (Pacific 
Northwest Laboratory [PNL]) 

Hanford Environmental Health Foundation 
(HEHF) 

Environmental Health and Pesticide Services 
Section (Westinghouse Hanford) 

Pacific Northwest Laboratory . 
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2.4 DATA QUANTITY 

Data quantities for the investigative activities will be estimated based on the sampling 
and analysis plans developed for investigation of sites within the aggregate area. 

3.0 DATA MANAGEMENT 

3.1 OBJECTIVE 

A considerable amount of data will be generated through the implementation of the 
aggregate area sampling and analysis plans. The QAPP will provide the specific procedural 
direction and control for obtaining and analyzing samples in conformance with requirements 
to ensure quality data results. The sampling and analysis plans will provide the basis for 
selecting the location, depth, frequency of collection, etc., of media to be sampled and 
methods to be employed to obtain samples of selected media for cataloging, shipment, and 
analysis. Figure D-1 displays the general data management model for data generated through 
work plan activities. 

3.2 ORGANIZATIONS CONTROLLING DATA 

This section addresses the organizations that will receive data generated from 
aggregate area activities. 

3.2.1 Environmental Engineering Group 

The Westinghouse Hanford Environmental Engineering Group provides the operable 
unit technical coordinator. The technical coordinator is responsible for maintaining and 
transmitting data to the designated storage facility. 

3.2.2 Office of Sample Management 

The Westinghouse Hanford OSM will validate all analytical data packages received 
from the laboratory. Validated summary data (sample results and copies of chain-of-custody 
forms) will be forwarded to the technical coordinator. Nonvalidated data will be forwarded 
to the technical coordinator on request. Preliminary data will be clearly labeled as such. 
The OSM will maintain raw sample data, QA/QC laboratory data, and the archived sample 
index. 
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3.2.3 Environmental Data Management Center 

The EDMC is the Westinghouse Hanford Environmental Division's central facility 
and service that provides a file management system for processing environmental 
information. The EDMC manages and controls the AR and Administrative Record Public 
Access Room at the Hanford Site. Part 1 of the EIMP (Michael et al. 1990) describes the 
central file system and services provided by the EDMC. The following procedures address 
data transmittal to the EDMC: 

• Ell 1.6, Records Management (WHC 1991a) 
• Ell 1.11, Technical Data Management (WHC 1991a) 
• TPA-MP-02, Information Transmittals and Receipt Controls (DOE/RL 1990) 
• TPA-MP-07, Administrative Record Collection and Management (DOE/RL 1990) 

3.2.4 Information Resource Management 

Information Resource Management is the designated records custodian (permanent 
storage) for Westinghouse Hanford. The procedural link from the EDMC to the Information 
Resource Management is currently under development. 

3.2.S Hanford Environmental Health Foundation 

The HEHF performs the analyses on the nonradiological health and exposure data 
(Section 3.3.2) and forwards summary reports to the Fire and Protection Group and the 
Environmental Health and Pesticide Services Section within the Westinghouse Hanford 
Environmental Division. Nonradiological and health exposure data are maintained also for 
other Hanford Site contractors (PNL and Kaiser Engineers Hanford [KEH]) associated with 

:."'? aggregate area activities. The HEHF provides summary data to the appropriate site 
contractor. Ell 2.1 , Preparation of Hazardous Waste Operations Permits, and Ell 2.2, 
Occupational Health Monitoring (WHC 1991a) address the preparation of health and safety 
plans and occupational health monitoring , respective! y. 

• 

3.2.6 Environmental Health and Pesticide Services Section 

The Westinghouse Hanford Environmental Health and Pesticide Services Section 
maintains personal protective equipment fitting records and maintains nonradiological health 
field exposure and exposure summary reports provided by HEHF for Westinghouse Hanford 
Environmental Division and subcontractor personnel. 
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3.2. 7 Technical Training Records and Scheduling Section 

The Westinghouse Hanford Technical Training Records and Scheduling Section 
provides training and maintains training records (Section 3. 3 .4). 

3.2.8 Pacific Northwest Laboratory 

The PNL operates the HMS and collects and maintains meteorological data 
(Section 3.3.1). Data management is discussed in Andrews (1988). 

The PNL collects and maintains radiation exposure data (Section 3.3.3). 

3.3 DATABASES 

This section addresses databases that will receive data generated from the aggregate 
area activities. These and other databases are described in the EIMP (Michael et al. 1990). 
All of these databases exist independently of this aggregate area and serve other site 
functions. Data pertinent to the operable unit, housed in these databases, will be submitted 
to the AR. 

3.3.1 Meteorological Data 

The HMS collects and maintains meteorological data. Their database contains 
meteorological data from 1943 to the present, and Andrews (1988) is the document 
containing meteorological data management information. 

3.3.2 Nonradiological Exposure and Medical Records 

The HEHF collects and maintains data for all nonradiological exposure records and 
medical records. 

3.3.3 Radiological Exposure Records 

The PNL collects and maintains data on occupational radiation exposure. This database 
contains respiratory personal protective equipment fitting records, work restrictions, and 
radiation exposure information. 
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3.3.4 Training Records 

Training records for Westinghouse Hanford and subcontractor personnel are managed 
by the Westinghouse Hanford Technical Training Support Section. Other Hanford Site 
contractors (PNL and KEH) maintain their own personnel training records. Training records 
for non-Westinghouse personnel are entered into the Westinghouse (soft reporting) database 
to document compliance. 

Training records include: 

• Initial 40-h hazardous waste worker training 
• Annual 8-h hazardous waste worker training update 
• Hazardous waste generator training 
• Hazardous waste site specific training 
• Radiation safety training 
• Cardiopulmonary resuscitation 
• Scott air pack 
• Fire extinguisher 
• Noise control 
• Mask fit. 

3.3.5 Environmental Information/ Administrative Record 

Environmental information and the AR are managed by Westinghouse Hanford EDMC 
personnel. They provide an index and key information on all data transmitted to the EDMC. 
This database is used to assist in data retrieval and to produce index lists as required. 

:"":I 3.3.6 Sample Status Tracking 

• 

The OSM maintains the sample status tracking database. This database contains 
information about each sample. Information maintained includes sample number, ship date, 
receipt date, and laboratory identification. 

4.0 ENVIRONMENTAL INFORMATION AND 
RECORDS MANAGEMENT PLAN 

This section briefly discusses the EIMP (Michael et al. 1990) that was developed to 
provide an overview of an integrated approach to managing Hanford Site environmental data, 
and the Environmental Restoration Remedial Action Program Records Management Plan 
(WHC 1991b). 
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4.1 ENVIRONMENTAL INFORMATION MANAGEMENT PLAN 

The EIMP provides an overview of how information is managed throughout the 
lifetime of Hanford Site environmental programs. 

The Environmental Division of Westinghouse Hanford is responsible for the protection 
and improvement of the Hanford Site environment. To fulfill responsibility, the 
Environmental Division has assumed a management role with respect to Hanford Site 
environmental information. This management role includes (1) establishing standards for 
how data are validated and controlled, (2) developing and maintaining a supporting 
computer-based environment, and (3) sustaining a centralized file management system. 

Hanford Site environmental information is defined as data related to the protection or 
improvement of the Hanford Site environment, including data required to satisfy 
environmental statutes, applicable DOE orders, or the Hanford Federal Facility Agreement 
and Corisent Order (Ecology et al. 1990), (Tri-Party Agreement). 

Environmental information falls into several overlapping categories, such as 
administrative versus technical and electronic versus manual or hard copy. A considerable 
amount of data are recorded in documents, which are governed by company-wide document 
and records control practices. Other data are collected or generated by computer and, 
therefore, exist in electronic form. The name ENCORE has been given to the combination 
of administrative, hardware, and software systems that serve to integrate the management of 
this electronic data. 

Administrative information (e.g., budgets and schedules) is subject to accounting and 
other standard business practices. Scientific and technical data are subject to a different set 
of legal, classification, release, and engineering requirements. 

Superimposed over these categories is the files management system for environmental 
information. This management system, has been developed to meet a number of 
Environmental Division needs, including requirements for compilation of AR files. The AR 
files are compilations of all material related to environmental restoration and remedial action 
records of decision (ROD) for each operable unit and treatment, storage, and disposal (TSD) 
group described in the Tri-Party Agreement. 

Data in electronic form flows from information systems in the ENCORE realm to both 
scientific/technical and administrative documents. Environmental documents distributed 
within the Hanford Site and from regulatory agencies are received by the EDMC for storage 
and future processing. 

Part I of the EIMP describes the overall Westinghouse Hanford systems that are 
generally applied to documents and records. Part I also describes, in greater detail, the files 
management system developed to manage the AR file information. The EDMC compiles the 
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AR files and provides controlled distribution of specified information to the AR files held by 
DOE, Ecology, and the EPA. The EDMC also provides controlled distribution of specified 
community relations information to regional information repositories. 

Part II addresses computer-based information, with an emphasis on scientific and 
technical data. The long-term nature of environmental programs and the complex 
interrelationships of environmental data require that the data be preserved, retrievable, 
traceable, and sufficient for future use. To ensure data availability for response to regulatory 
and agency requirements, the plan is directed toward optimizing the use of automated 
techniques for managing data. The current processing environment and the proposed 
ENCORE realm are described, and the plans for implementation of ENCORE are addressed. 

4.2 ENVIRONMENTAL RF.STORA TION REMEDIAL ACTION 
PROGRAM RECORDS MANAGEMENT PLAN 

The ERRA Program records management plan was developed to fulfill the 
requirements of the U.S. Department of Energy, Richland Operations Office (DOE/RL) 
Environmental Restoration Field Office Management Plan (FOMP) (DOE/RL 1989). The 
FOMP describes the plans, organization, and control systems to be used for management of 
the Hanford Site ERRA Program. The Westinghouse Hanford ERRA Program Office has 
developed this ERRA Program records management plan to fulfill the requirements of the 
FOMP. This records management plan will enable the program office to identify, control, 
and maintain the quality assurance, decisional, or regulatory prescribed records generated 
and used in support of the ERRA Program . 

The ERRA Program records management plan describes how the applicable records 
management requirements will be implemented for the ERRA Program. The plan also 
develops the criteria for identifying the appropriate requirements for each individual piece of 
information related to ERRA work activities. 

This records management plan applies to all ERRA Program records and documents 
generated, used, or maintained in support of ERRA-funded work activities on the Hanford 
Site. The terms, information, documents, nonrecord material, records, record material, and 
QA records used throughout the ERRA records management plan are interpreted as ERRA 
information, ERRA documents, ERRA nonrecord material, ERRA records, ERRA record 
material, and ERRA QA records . 
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S.O HANFORD ENVIRONMENTAL INFORMATION SYSTEM 

S.1 OBJECTIVE 

The Hanford Environmental Information System (HEIS) has been developed by PNL 
for Westinghouse Hanford as a primary resource for computerized storage, retrieval, and 
analysis of quality-assured technical data associated with Comprehensive Environmental 
Response, Compensation and Liability Act of 1980 (CERCLA) remedial investigation/ 
feasibility study (RI/FS) activities and RCRA Facility Investigation/Corrective Measures 
Study (RFI/CMS) activities being undertaken at the Hanford Site. The HEIS will provide a 
means of interactive access to data sets extracted from other databases relevant to 
implementation of the Tri-Party Agreement (Ecology et al. 1990). The HEIS will support 
graphics analysis, including a geographic information system. Implementation of REIS will 
serve to ensure that data consistency, quality, traceability, and security are achieved through 
incorporation of all environmental data within a single controlled database. 

The following is a list of data subjects proposed to be entered into REIS: 

• Geologic 
• Geophysics 
• Atmospheric 
• Biotic 
• Site characterization 
• Soil gas 
• Waste site information 
• Surface monitoring 
• Groundwater . 

S.2 STATUS OF THE HANFORD ENVIRONMENTAL 
INFORMATION SYSTEM 

The HEIS, a computerized database containing technical data and information used to 
support the Hanford environmental restoration (ER) activities, is operational. The data for 
the Hanford groundwater wells and groundwater samples is currently accessible via the 
Hanford Local Area Network (HLAN) to local users and to offsite users via a modem link to 
the HEIS database computer. Additional data, including geologic, biota, and other pertinent 
environmental sample results, are being entered into the HEIS database. 

The Hanford Environmental Infonnation System (HE/SJ User's Manual (WHC 1990) 
was issued in October 1990. An operator manual is being prepared and is expected to be 
issued in 1992. 

• 

The HEIS geographic information system (GIS) will display detailed maps for the • 
Hanford restoration sites including data from the HEIS database. Such spatially related data 
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will be used to support analysis of waste site technical issues and restoration options. The 
combination of the HEIS for data and the GIS spatial displays offers some powerful tools for 
many users to analyze and collectively evaluate the environmental data from the ER and 
site-wide monitoring programs. 
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Table D-1. Types of Related Administrative Data. 

Record Custodians 

Type of Data 

Personnel 

Personnel training and 
qualifications 

Occupational exposure 
records (nonradiological) 

Radiological exposure records 

Respiratory protection fitting 

Personnel health and safety 
records 

Compliance/regulatory 

Action-specific requirements/ 
screening levels 

Guidance document tracking 

Compliance issues 

Problem resolution 

Administrative record 

Controlling 
document/procedure 

Ell 1,7at 

Ell 2.2at 

Ell 2. lat 

Ell 1.6at 

Ell l.6at 

Ell l.6at 

EU- l.6at 

TPA-MP-llbt 

TR HEHF PNL 

X 

X 

X 

X 

a/ WHC 1991a, Environmental Investigations and Site Characterization Manual. 

EDMC 

X 

X 

X 

X 

X 

b/ DOE/RL 1990, Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) 
Handbook. 

EDMC = Environmental Data Management Center (Westinghouse Hanford Company). 
EHPSS = Environmental Health and Pesticide Services Section (Westinghouse Hanford Company). 
Ell = Environmental Investigations Instructions. 
HEHF = Hanford Environmental Health Foundation. 

EHPSS 

X 

X 

X 

TR = training records (Westinghouse Hanford Company, Pacific Northwest Laboratory [PNL], Kaiser 
Engineers Hanford [KEH]). 
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