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Table ES-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 1 of 4) 

Waste Management Unit or 
Unplanned Release 

216-Z-l & 216-Z-2 Cribs 

216-Z-3 Crib 

216-Z-5 Crib 

216-Z-6 Crib 

216-Z-7 Crib 

216-Z-12 Crib 

216-Z-16 Crib 

216-Z-18 Crib 

216-Z-8 French Drain 

216-Z-13 French Drain 

216-Z-14 French Drain 

216-Z-15 French Drain 

216-Z-lA Tile Field 

Current Operable Unit ERA IRM 

200-ZP-l X 

200-ZP-l X 

200-ZP-2 X 

200-ZP-2 X 

200-ZP-2 X 

200-ZP- l X 

200-ZP-2 X 

200-ZP-l X X 

200-ZP-2 

200-ZP-1 

200-ZP-l 

200-ZP-l 

200-ZP-1 X X 

LFI RA RI OPS Remarks 

X X RARA - Surface Contamination (a) 

X (a) 

X X 
RARA - Cave-in Potential 

X X 

X X 

X (a) 

X 

X Carbon Tetrachloride ERA Proposal Unit 
(a) 

X 

X (a) 

X (a) 

X (a) 

X RARA - Surface Contamination; Carbon 
Tetrachloride ERA Proposal Unit (a) 

t1 
0 

t1 ~ 

~~ 
I 

to \0 --I Vi 
00 
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Table ES-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 2 of 4) 

Current Operable Unit RA RI OPS Remarks 

216-Z-4 Trench 200-ZP-2 X X 

216-Z-9 Trench 200-ZP-2 X X X X Carbon Tetrachloride ERA Proposal Unit<" 

216-Z-17 Trench 200-ZP-2 X X 

2607-Z Septic Tank and Drain 200-ZP-2 X Active t, 
Field 0 

f] t, t!! ..., 2607-Z-l Septic Tank and Drain 200-ZP-2 X Active ~ ~ I Field I - to '-0 O" -2607-WA Septic Tank and Drain 200-ZP-2 X Active I 
VI 

Field 00 

2607-WB Septic Tank and Drain 200-ZP-2 X Active 
Field 

2607-W-8 Septic Tank and Drain 200-ZP-2 X Active 
Field 

241-Z Diversion Box No. 1 200-ZP-I X X (a) 

241-Z Diversion Box No. 2 200-ZP-I X X (a) 

231-Z-151 Sump 200-ZP-I X X 

241-Z Retention Basin 200-ZP-2 X 

216-Z-21 Seepage Basin 200-ZP -2 X Active 



) ) 

Table ES-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 3 of 4) 

Waste Management Unit or Current Operable Unit ERA !RM LFI RA RI OPS Remarks 
Unplanned Release 

·.· ? <:······. 
..... c:r: .. •·•·•·••··· •:•••·· > .. •••••·· > ·.· .. 

. ? 13 ~~al$i~ ··•· .. • ····.·••······ r··•··; >:··•- ::•.·I : I>ii: >./ . 
.•... (·. 

•· ·••··.... . ... 
218-W-l 200-ZP-3 X X 

218-W-IA 200-ZP-3 X X 

218-W-2 200-ZP-3 X X X RARA - Surface Contamination 

218-W-3 200-ZP-3 X X 

218-W-4A 200-ZP-3 X X X RARA - Surface Contamination 

218-W-Jl 200-ZP-3 X X 

Z Plant Bum Pit 200-ZP-2 X Redefi ned to 200-ZP-3 Operable Unit 
. ·•·•· .. ··• . 

··•••:•. :· ·.· ..... L ··•••· ... ..::.. lJnplanned R.eles1~~ ...... .··.·• .... < :.::::.. ... 
UN-200-W-Jl 200-ZP-3 X X 

UPR-200-W-16 200-ZP-3 X X 

UN-200-W-23 200-ZP-l X (a) 

UPR-200-W-26 200-ZP-3 X X 

UN-200-W-44 200-ZP-3 X 

UPR-200-W-53 200-ZP-3 X X 

UP R-200-W-72 200-ZP -3 X X 

UPR-200-W-84 200-ZP-3 X X 

UN-200-W-89 200-ZP-1 X (a) 

UN -200-W-90 200-ZP-1 X (a) 

UN-200-W-9 1 200-ZP- 1 X (a) 

UN-200-W-103 200-ZP- 1 X (a) 

[ _ _ 
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Table ES-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 4 of 4) 

Waste Management Unit or 
Unplanned Release 

UN-200-W-130 

UPR-200-W-134 

UPR-200-W-158 

UN-200-W-159 

Notes: 

ERA Expedited Response Action 
!RM Interim Remedial Measure 
LFI Limited Field Investigation 
RA Risk Assessment 

Current Operable Unit 

200-ZP-2 

200-ZP-3 

200-ZP-3 

200-ZP-l 

ERA !RM LFI RA 

X X 

X X 

X X 

X 

RI Remedial Investigation; Feasibility study will be conducted if RA indicates remedial action necessary. 
OPS Operational Programs 
<•> Redefined to 200-ZP-2 Operable Unit 

RI OPS Remarks 

Only the portion of the release associated 
with 218-W-lA Burial Ground. 

(a) 
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Table ES-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 1 of 4) 

Final 
Rem-

ERA Evaluation Path IRM Evaluation Path LA Path cdy 

Waste Tech- Opera- No 
Management Unit Is An nology Adverse tional Adven e Data 
or Unplanned ERA Quan- Concen• Avail- Conse- Pro- High Data Conse- Collect Ade-
Release Justi fied ? Release? Pathway? tity? tration? able? quencca? grams? Priority? Adequate? quencca? Data? quatc? 

<>. ···• .·· ? >· .·•···• < i~ ;Ui t.a, 3 { • .·.· ·<:·· 

.·.·.·•···•·····• r••·••·····••••••• r i>D ••••·•··~ > .·.•·.·.·•··/······ 
·•···•· 

. ·•·· ,.,,. .. .. ... 
·• •·· ··•·• /> .:•>:•.; .•• .::: 

2 16-2-8 Settl ing y y y y y y N N N . N 
Tank 

24 1-2 -361 Settling y y y y y y N N N . N 
Tank 

.. 

.·•:2•· 1•·•·••·••> •...•. 
.... .. ::: ·-.-:•· ; \ .. •. ... . •·• ·•·• ·· . ···•·•::.: .·.·.·.· 

• f rjb~ 81"1t, ..: . \ ·.•·•········•··•·· ·.·.··••·••·•••••••••·•••••••> >•••••.?•• c• I > r••• (•••••• ······ ••.t.••······· ···•·····•· · .. .. •·• ·•···• ..... · .•. ·•·• .. /.... / ·.•.··.•••·•·•·• / 
2 16-2 - 1 & y y y y y y N y y N y 
2 16-2-2 Cribs 

2 16-2-3 Crib y y N N" N y 

2 16-2-5 Crib y y y y y y N y y N y 

2 16-2-6 Crib y y y y y y N y N" N y 

2 16-2-7 Crib y y y y y y N y y N y 

2 16-2-12 Crib y y N N" N y 

216-2 -16 Crib y y N N" N y 

216-2 -18 Crib y y y y y y N N N" N y 

2 16-2 -8 French y y N N N 
Drain 

2 16-2 -13 French y N N . N 
Drain 

2 16-2 -14 French y N N . N 
Drain 

216-2 -15 French y N N N 
Drain 

2 16-2 - IA Tile y y y y y y N N y N y 

Field 
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Table ES-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 2 of 4) 

Final 
Rem• 

ERA Evaluation Path !RM Evaluation Path Lfl Path cdy 

Wastc Tech· Opera· No 
Management Unit Is An nology Adven,e tional Advenie Data 

or Unplanned ERA Quan- Conccn• Avail· Conae· Pro· High Data Conae- Collect Ade-
Release Jwtified? Release? Pathway? tity? t.ration? able? quencca? grams? Priority? Adcquatc? quencca? Da1a? quote? 

·-·•· · .. ·. ·.· .· -- /. < 

--••····· > < ... < __ 
--. ··•· ----------------- -----•• 

... -_-. ·: . .- <r:..·-:• :.-::c-••---• 
. ·.:::-:-= ·-· .. R~vert1eW~11 .::: .. •,•, •·•·· .. .- ·• _-·. ·•· ··•·• . -·• ·.:.:::::-------· 

2 16-2- 10 Reven,e y y y y y N y N N N 
Well 

_. . .- // -_-.-. ·-·:·\•"· . _..- ._. ·.-:•.• .. 
.- -.-._-.- . ---?): -.----------- •:-: / - ·· ·•·-···· j,j4mK < -----•-- T . ------.--- ---,-•--•-: ----- . •--- .. -.-._-.-._-, -._- . . w .-u _- > ---- ·-·-• < : 

••• ··•·. > -:•_.-.._Pando, pitches, _. ,-~·-·· •·•·•· _-.. _ • -. _ __..-_._. 
--·--

.. :::<\: _- ._ .• > 
2 16-Z-4 Trench y y N N"' N y 

2 16-Z-9Trench y y y y y y N N N"' N y -

2 16-Z-l ? Trench y y N . y N - y -
_- .. •,. . :.--·.-• ·-. _/ :· } ./ (. '{\/-· <\ -_-·:.-· . 

Septic Tanks and ~sociatcd Drain field~ -·-.· -. . •:·_•),.-)/'_-.•.- \._- .. .-._-. 

2607-Z Septic y N . . N . N 
T anlc and Drain 
Field 

2607-Z- l Septic y N N N 
Tank and Drain 
Field 

2607-WA Septic y N N N 
Tank and Drain 

Field 

2607-WB Septic y N N . N 

Tank and Drain 
Field 

/ 

2607-W-8 Septic y N N N 
T anlc and Drain 

Field 
·•:.·-·.c.· 

TfW\ll fer Facil ities , Diversion BoJ<ca, and Pipelin~ 

241-Z Diversion y N . N"' N y 

Box No . 1 
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Table ES-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 3 of 4) 

Final 

' Rem-
ERA Evaluation Path IRM Evaluation Path LFl Path edy 

Waste Tech- Opera- No 
Management Unit Is An nology Adve111e tional Adve111e Data 
or Unplanned ERA Quan- Concen- Avail- Conse- Pro- High Data Come- Collect Ade-
Release Justified? Release? Pathway? tity? tration? able? quences? grams? Priority? Adequate? quencea? Data? quate? 

241-Z Dive111ion y N - N" N - y 
Box No. 2 

23 1-Z- 151 Sump y y N - - - N" N - y -

I .\••••<<••••••••• +••• I•••>• u t••••·-r·•· 
···········>············ i 

< >t••·••· .. .;.;..;~-<•>>>•••·< 
·.•: .·•••·•··••·> 

•,•• / .......... ., ....... 
24 I -Z Retention y N - N - - - N 
Bosin 

216-Z-21 Seepage y N - - N - N 
Bosin 

.. > .·••· < •·•· / // I · .. ·. /···•· ./ . ... :/ ····•·•········• .... 
···•······•·/··••··•··••.•·•·•·<·~uri:l.Si~ ·•·················· ?)•··········•····•·····•·•·•···•···........ •·<•···•·•·•····<••······· < t••••n - .•. )Ji> I <•••ff H·•· ........... •· ... :, •· //>. /. · ............ :: ..... •<··••·• ..... ....... ......... )> .. •< ...... /·,/••············ > 

218-W-I y y N - - N" N - y 

218-W-I A y y N N - N 

218-W-2 y y y y y y N y y N - y 

218-W-3 y y N N" N - y 

218-W-4A y y y y y y N y y N - y 

218-W-I I y y N N - N 

Bum Pit y y N N N 
... . •· ) •· . .. .. · 

··•· 
... •· .. ••· 

·····<•············•>• 
. /• / ) <>·• </ · . ... ···•· 

I.fop Ill.Med Rele",'~ · . ... 

UN-200-W-l l y y N N N 

UPR-200-W- 16 y y N N N 

UN-200-W-23 y y N N N 

UPR-200-W-26 y y N N N 

UN-200-W-44 y y N N N 
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Table ES-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 4 of 4) 

Waste 
Management Unit 
or Unplanned 
Release 

UPR-200-W-53 

UPR-200-W-72 

UPR-200-W-84 

UN-200-W-89 

UN-200-W-90 

UN-200-W-91 

UN-200-W-103 

UN-200-W-130 

UPR-200-W-134 

UPR-200-W-158 
(I) 

UN-200-W-159 

Y Yes 
N No 

Is An 
ERA 

Juatificd7 Release? Pathway? 

y y N 

y y N 

y y N 

y y N 

y y N 

y y N 

y y N 

y y N 

y y N 

y y N 

y y N 

Indicates decision point not reached. 

Quan-
tity7 

-

ERA Evaluation Path iRM Evaluation Path 

Tech- Opera- No 
nology Adverse tional Adverse 

Concen- Avail- Conse- Pro- High Data Consc• 
tration7 able? quenccs? grams? Priority? Adequate? quences7 

- N -

- - N -

- - N -

- - N -

- - N -

N 

N -

- N 

N 

N 

N 

•1 Evaluated as high priority site because of proximity and/or similarity to other high priority sites. 
(1) Only the part of unplanned release UPR-200-W-158 associated with the 218-W-lA Burial Ground. 

Final 
Rem-

LF1 Path cdy 

Data 
Collect Ade-
Data? quate? 

- N 

- y 

- y 

- N 

- N 

- N 

- N 

- N 

- y 

- N 

y 
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1.0 INTRODUCTION 

1:1~11~:miiPI~I!rl)i: The U.S. Environmental Protection Agency (EPA), in November 
1989, included the 200 Areas of the Hanford Site on the National Priorities List (NPL) under 
the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) of 
1980. Inclusion on the NPL initiates the Remedial Investigation (RI) and Feasibility Study 
(FS) process for characterizing the nature and extent of contamination, assessing risks to 
human health and the environment, and selection of remedial actions. 

This report presents the results of an aggregate area management study (AAMS) for the 
Z Plant Aggregate Area located in the 200 Areas of the U.S. Department of Energy (DOE) 
Hanford Site in ·washington State. The study wiH provide§ the basis for initiating RI/FS 
under CERCLA or under the Resource Conservation and Recovery Act (RCRA) Facility 
Investigations (RFI) and Corrective Measures Studies (CMS). This report also integrates 
RCRA treatment, storage;~ or disposal (TSD) closure activities with CERCLA and RCRA 
past practice investigations. 

This chapter describes the overall AAMS approach for the 200 Areas, defines the 
purpose, objectives;. and scope of the AAMS, and summarizes the quality assurance (QA) 
program and contents of the report. 

1.1 OVERVIEW 

The Hanford Site is organized into numerically designated operational areas including 
the 100, 200, 300, 400, 600, and 1100 Areas (Figure 1 1) . The 100, 200, 300, and 1100 
Areas have been listed on the EPA's N:PL. The 200 Areas, located near the center of the 
Hanford Site, encompasses the 200 West, East; and North Areas which contain reactor fuel 
processing and waste management facilities. •.•. 

Under the Hanford Federal Facility Agreement and Consent Order (Tri-Party 
Agreement), signed by the Washington State Department of Ecology (Ecology), DOE, and 
EPA (Ecology et al. 1990), the 200 NPL Site l#igffip~~li ffiii,;QQ!~i§IWJI ltistif1 mmt§e~ :ir mi: ~ : ffilt ::!wiil:im :ma :§!ti 1s· ·d1v1ctea ··1nto··s··waste· area:··groups.taige1 Y 
corresponding to the major processing plants (e.g., B Plant and T Plant), and a number of 
isolated operable units located in the surrounding 600 Area. Each waste area group is 
further subdivided into one or more operable units based on waste disposal information, 
location, facility type, and other site characteristics. The 200 NPL ~$ite includes a total of 
44 operable units including 20 in the 200 East Area, 17 in the 200 West Area, 1 in the 200 
North Area, and 6 isolated operable units. The intent of defining operable units was to 
group associated waste management units together, 5H€-h •§9 that they could be effectively 
characterized and remediated under one work plan. 
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1 The Tri-Party Agreement also defines approximately 25 RCRA TSD groups within the 
2 200 Areas which will be closed or permitted (for operation or posttclosure care) in 
3 accordance with the Washington State Dangerous Waste Regulations @¥iijffiijg~gij 
4 IHl!n~illiiisll!i:JWAC) 173-303) . The TSD facilities are often assodated with an 
5 operable unit and are required to be addressed concurrently with past- practice activities 
6 under the Tri-Party Agreement. 
7 
8 This AAMS is one of ten studies that will provide the basis for past practice activities 
9 for operable units in the 200 Areas. In addition , the AAMS will be collectively used in the 

10 initial development of an area-wide groundwater model, and conduct of an initial site-wide 
11 risk assessment. Recent changes to the Tri-Party Agreement (Ecology et al . 1991), and the 
12 Hanford ~!!~ Past-Practice Strategy document (Thompson 1991 mmirll::~g~i) establish the 
13 need and provide the framework for conducting AAMS in the 200 Areas. 

· f4 
15 
16 1.1.1 Tri-Party Agreement 
7 
8 The Tri-Party Agreement was developed and signed by representatives from the EPA, 

19 Ecology, and DOE in May 1989, revised in 1990 and 1991. The scope of the agreement 
0 covers all CERCLA past practice, RCRA past practice, and RCRA TSD activities on the 

21 Hanford Site. The purpose of the Tri-Party Agreement is to ensure that the environmental 
22 impacts of past and present activities are investigated and appropriately remediated to protect 

3 human health and the environment. To accomplish this, the Tri-Party Agreement provides a 
74 framework and schedule for developing , prioritizing, implementing~ and monitoring 
25 appropriate response actions. 

- 26 
,..} ,7 The 1991 revision to the Tri-Party Agreement requires that an aggregate area approach 

'28 be implemented in the 200 Areas based on the Hanford Ii@ Past-Practice Strategy m@fflllj 
29 l~2~l This strategy requires the conduct of AAMS w"ii'foh are similar in nature to an tu/iis 
30 scop1ng study. The Tri-Party Agreement change package (Ecology et al . 1991) specifies that 
31 10 Aggregate Area Management Study Reports (AAMSR) (major milestone M-27-00) are to 
32 be prepared for the 200 Areas. Further definition of aggregate areas and the AAMS 
33 approach is provided in Sections 1.2 and 1.3. 
34 
35 
36 1.1.2 Hanford Site PastSPractice Investigation Strategy 
37 
38 The Hanford $it:« Past-Practice Strategy was developed between Ecology, EPA, and 
39 DOE to streamline ffie existing RI/FS and RFI/CMS processes. A primary objective of this 
40 strategy is to develop a process to meet the statutory requirements and integrate CERCLA 
41 RI/FS and RCRA Past Practice RFI/CMS guidance into a singular process for the Hanford 
42 Site that ensures protection of human health and welfare and the environment. The strategy 
43 refines the existing past practice decision-making process as defined in the Tri-Party 
44 Agreement. The fundamental principle of the strategy is a bias-for-action by optimizing the 
45 use of existing data, integrating past practice with RCRA TSD closure investigations, 
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focusing the RI/FS process, conducting interim remedial actions, and reaching early 
decisions to initiate and complete cleanup projects on both operable-unit and aggregate-area 
scale. The ultimate goal eeiftg ii the comprehensive cleanup or closure of all contaminated 
areas at the Hanford Site at the earliest possible date in the most effective manner. 

The process under this strategy is a continuum of activities whereby the effort is 
defined based upon knowledge gained as work progresses. Whereas the strategy is intended 
to streamline investigations and documentation to promote the use of interim actions to 
accelerate cleanup, it is consistent with RI/FS and RFI/CMS processes. An important 
element of this strategy is the application of the observational approach, in which 
characterization data are collected concurrently with cleanup. 

For the 200 Areas the first step in the strategy is the evaluation of existing information 
presented in AAMSR. Based on this information, decisions Vf'ill be I~ made regarding 
which strategy path(s) to pursue for further actions in the aggregate area. The strategy 
includes three paths for interim decision making and a final remedy-selection process that 
incorporates the three paths and integrates sites not addressed in those paths. As shown on 
Figure 1-2, the three paths for decision making are: 

• Expedited response action (ERA) path, where an existing or near-term 
unacceptable health or environmental risk from a site is determined or suspected, 
and a rapid response is necessary to mitigate the problem 

• Interim remedial measure (IRM) path, where existing data are sufficient to 
indicate that the site poses a risk through one or more pathways and additional 
investigations are not needed to screen the likely range of remedial alternatives 
for interim actions; if a determination is made that an IRM is justified, the 
process wiH proceed$ to select an IRM remedy, and ma)' include a focused 
FS(i§;!?!!~!Y litHPiXlii§:j, if needed, to select a remedy 

• Limited field investigation (LFI) path , where minimum site data are needed to 
support IRM or other decisions, and can be •Mt~ obtained in a less formal manner 
than that needed to support a final Record ofbecision (ROD) . It may be 
determined that d'§ata generated from a LFI i-s ffi~y;;I; sufficient to directly 
support an interini ROD. Regardless of the scope· ofthe LFI, it is a part of the 
RI process, and not a substitute for it. 

The process of final remedy selection must be completed for the aggregate area to 
reach closure. The aggregation of information obtained from LFI and interim actions may be 
sufficient to perform the cumulative risk assessment and to define the final remedy for the 
aggregate area or associated operable units. If the data are not sufficient, additional 
investigations and studies will be performed to the extent necessary to support final remedy 
selection. These investigations would be performed within the framework and process 
defined for RI/FS or RFI/CMS programs. 
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1 1.2 200 NPL SITE AGGREGATE AREA MANAGEMENT STUDY PROGRAM 
2 
3 The overall approach and scope of the 200 Areas AAMS program is based on the Tri-
4 Party Agreement and the Hanford !f!I Past-Practice Strategy. 
5 
6 
7 1.2.1 Overall Approach 
8 
9 As defined in the 1991 revision to the Tri-Party Agreement, the AAMS program for 

10 the 200 Areas consists of conducting a series of ten AAMS for eight source (Figures 1-3\ 
11 aHtl 1-4~);mg]Jt$.) and two groundwater aggregate areas delineated in the 200 East, West, and 
12 North Kreas°:·--·table 1-1 lists the aggregate areas, the type of study)£ and associated operable 
13 units. With the exception of 200-IU-6, isolated operable units associated with the 200 NPL 

~ 14 s$.ite (Figure 1-5) are not included in the AAMS program. Generally, the quantity of 
_ 15 eiisting information associated with isolated operable units is not considered sufficient to 

16 require study on an aggregate area basis prior to work plan development. Operable unit 200-
> 17 IU-6 will be ~~ addressed as part of the B Plant AAMS because of similarities in waste 

18 management units (i.e., ponds). 
19 
0 The eight source AAMS are designed to evaluate source terms on a plant-wide scale. 

r 21 Source AAMS will be - conducted for the followiAg aggregate areas (waste area groups) 
22 which largely correspond to the major processing plants including the following : 

" 23 

"' 4 
25 

- 26 
27 

""28 
9 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

• 

• 

• 

• 

• 

• 

• 

• 

U Plant 

Z Plant 

S Plant 

T Plant 

PUREX 

B Plant 

Semi-Works 

200 North . 

40 The groundwater beneath the 200 Areas will be J§ investigated under two groundwater 
41 AAMS on an Airea-wide scale (i.e., 200 West and 266 East Areas). Groundwater aggregate 
42 areas were delineated to encompass the geography necessary to define and understand the 
43 local hydrologic regime, and the distribution, migration)~ and interaction of contaminants 
44 emanating from source terms)~ which is lniiigrqµqqg!~r'. iggr,~gi~i ili§:'.::1i considered an 
45 appropriate scale for developing conceptual and numerical groundwater models. 
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The 'fil~'.§f Department of Energy, Richland Operations fi~~Jg Office (DOE-RL) functions 
as the "lead agency" for the 200 AAMS program. Depending on· the specific AAMS, EPA 
and/or Ecology function as the "Lead Regulatory Agency" (Table 1- 1) . Through periodic 
(monthly) meetings information is transferred and regulators are informed of the progress of 
the AAMS such that decisions established under the Hanford$'!(#: Past-Practice Strategy 
(e.g . , is an ERA justified?) (Figure 1-2) can be quickly and collectively made between the 
three parties. These meetings will continually refine the scope of AAMS as new information 
is evaluated, decisions are made and actions taken. Completion milestone for AAMS are 
defined in Ecology et al. (1991) and duplicated in Table 1-1. All AAMSR will be fil:~ 
irl;d~~~bri@tdB.B.u~itlocuments &W:P:Pili:iinpffl:Ji: ~11:lmtRltc!illlimin~:I w 

1.2.2 Process Overview 

Each AAMS will be conducted in 9PPITT:$~]~f three steps: 1) the analysis of existing 
data and formulation of a P!i~m1P@¥ conc.epiuafmodel, 2) identification of data needs and 
evaluation of remedial technofoides, and 3) conduct of limited field characterization activities 
and Feport pFeparntion. &tm?§. ::t ~P4: g:m;~:i!gqmpgfi~Ut§:Pt~n::~M§R~: :~!~P q !§ '.]~!Pl~U@J ltttirt:r§iillsn)l• lli :rlRi§ »?:!~ :i1: RfB~HBli ······················ ................................ ·· ······ .. --······· ·· ··· ---...................... . 

The first and primary task of the AAMS investigation process involves the search, 
compilation~ and evaluation of existing data. Information that will be collected for these 
purposes includej the following: 

• Facility and process descriptions and operational histories for waste sources 

• Waste disposal records defining dates of disposal , waste types , and waste 
quantities 

• Sampling events of waste effluents and ~ffected media 

• Site conditions including the site physiography, geology, hydrology , meteorology, 
ecology, demography , and archaeology 

• Environmental monitoring data for affected media including air, surface water, 
sediment, soil, groundwater~ and biota;: 

Collectively this information will be ~~ used to identify contaminants of concern, t9 
determine the scope of future characterizat1on efforts, and to develop a il.lim~niY . 
conceptual model of the aggregate area. Although data collection objecdves ar·e similar, the 
types of information collected will depend on whether the study is a source or groundwater 
AAMS. The data collection step serves to avoid duplication of previous efforts and 
facilitates a more focused investigation by the identification of data gaps . 
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Topical reports referred to as Technical Baseline Reports will be ~!~ initially prepared 
to summarize facility information. These reports will describe individual waste management 
units and unplanned releases contained in the aggregate area as identified in the Waste 
Information Data System (WIDS) (WHC 1991a). The reports are based on review of current 
and historical Hanford Site reports, engineering drawings} and photographs and is 
supplemented with site inspections and employee interviews. Information contained in the 
reports will be t§ summarized in the AAMSR. Generally, other topical reports will be 
generated for en;lironmental monitoring or sampling data v,hich haYe not been pre1t'iously 
compiled or summarized, or when existing reports a.re outdated or inadequate. Q~fiifi:it9P!9™/ 
fifflm~::::11:::n~lti§iiliii£S@§iI§r::1:r!iwfmiiPP Iml]nlIIEIHi~::::::1m1i:::r~ili~IIIIii {gµqi;j~----------

1::::J:::::::1:Jtll!flilitilRiool i@IRfiY@li'.lili'.Ji9:I.J~ 

1: ::]JIJ:::iii'i!Dfiis!P:!Rl;s::11,g;::;:1m1nx~iliilili iliitlli 
1:::1:::r:::::::::1:§:::::111u:::~!t21ii:::1e::::stiPnx§i£iiili1::1ijimi 

1::::::::::::::::::::w::111~:::112111i1::12::::s1m1xijis§:::111::1ism1 

t)[ii:I]i::ill• ,1:: §i2l2a!s::::IWkml:tifii~is~:m11::11ii~ii 

,:::::: l:: :il i!l!lt:im~!2s.1s::il!Iw~PQ¥ij!s§ i:iiJIIi:Risi&i 

ii:!:1:t:::::11~Il :Imi!§.l2: in~i:iwliiill!Rlilililiil.11 
i t:::::::: Ili~tltitiiliill42.IR !il iiiiwlnfii@R§iiliiliiiBl.li 

!I:::::t::::::::: l!ltiliiiP lltll1!t9fiinli!i!iffl!Illtiiwf91:m9.!l~ir illirlilIB 

;:::::::::::::::: ~¥12!:B.$.!B ~g~~1:::1gt: ~~::: tm::m~:srmHnA)¥~1~t: ~~1~i~~~::~r1 

Un.oonfilieil Aquifer-Hydrologic Test Data Pac~e-for the 200 East Groundwater 
1~t11111r1r -- --- - -

t)I .I::::::wr2in!litlllil!9len• stimiiU2n li.ffll 
• :,,~ Ilii~:llrll! l§iln§li!Iw!RRQX~f:9§ \\niruij wl-rltf:nlP:BP 
•..... - ::::::1mg:11~1:1rittlriiBli!i2RhYfil£i li~!l:!ll9Estini:iin~ 
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Information on waste sources, pathways, and receptors ·will be i§. used to develop a 

1r11~r1nm. ~.()~.~~pt~~ .. ~.()~~1 ... ()r.~~~ ... a.~~r.~~a.t~ .~~: .... 11::!niJ~rf!~m~na::sins!i?m1::mgg§l~ 
mi::: tf!§;§ij mlm!iUimilinf!HriTI§.PRilPiliiY§i ~ :JY:1#:!iu~i If the conceptual 
understanding of the site is considered inadequate, limited field characterization activities can 
be undertaken as part of the study. Field screening PliMt.~nluPn activities planned under 

IIMfflni ::~n]ill]tl: llffiMll:::11:: 1nt §! the AAMS 1nducfo itie fofiowing : 

• Expanded groundwater monitoring programs (non Contract Laboratory Program 
[§iiRJ) at approximately 80 select existing wells to identify contaminants of 
concern and refine groundwater plume maps 

• In situ assaying of gamma-emitting radionuclides at approximately 10 selected 
existing boreholes per aggregate area to develop radioelement concentration 
profiles in the vadose zone. 

Wells, boreholes, and analytes will be I~ selected based on a review of existing 
environmental data which will be ~§. undertaken· early in the AAMS process. Field 
characterization results will be presented lilt in the AAMSR and/or topical reports . 

............... ,A.tt~t. t.h.e .itillt!nii .. ~()~~~pt~~ .. ~?<:1~1. is. .. <:1~'✓- ~l()pe,cI , . l!i!ffi ii ~il tinmll! .. 

µij~§;,: preliminarJ gqt¢nµru applicable or relevant and appropriate requirements (ARARs) , 
and potential remed1ai technologies will be ii: identified. In cases where the existing 
information is sufficient, the Hanford §{!! Past-Practice Strategy allows for a focused ffiFS or 
CMS to be initiated prior to the completion of the study. 

Data needs will be Ii identified by evaluating the sufficiency of existing data and by 
determining what additional data are necessary to adequately characterize the aggregate area, 
refine the PtiJ.x:irunlY conceptual model and P.Qtinwl ARARs, and/or narrow the range of 
remedial aiternad.ves: Determinations ·uill be ·1~ made regarding the level of uncertainty 
associated with existing data and the need to venfy or supplement the data. If additional data 
are needed, the intended data uses will be Ii identified, data quality objectives establishedi: 
and data priorities set. 

Each AAMS[{ will resultij in management recommendations for the aggregate area 
including the following: . 

• Th.~ ~~J()r. ERA, IRM, and LFI gr!w:niU1l'~g1fimlinm!lJ1nil [i/m~¥ 
11~s!!2n Pitn 

• Definition and prioritization of operable units 
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• Prioritization of work plan activities 

• Integration of RCRA TSD closure activities 

• The conduct of field characterization activities 

• The need for treatability studies-:-

Based on the AAMSR, a decision is made on whether the study has provided sufficient 
information to forego further field investigations and prepare a FS. If further field 

i~~'~St_~gations are required, a •t11 RI/FS work plan (i!J~sfi i!i~x iR%ili!fm~~~g:mMiifflJll~st~M~~&~~l is 
i:iP.: !i~ developed and executed . The scope of future work plans will be largely limited to 
that" of a sampling and analysis plan. The background information normally required to 
support the preparation of a work plan (e.g . , site description , conceptual model , data quality 
objectives, etc.) is developed in the AAMSR and can be referenced accordingly. T.fi~jif'q~gf~ 

1ta1111• 1a1111 
tnii!litii!R!ii:::miY UR!!Ri i~i!R!~fi 

All ten AAMS are scheduled to be completed by September 1992. This will facilitate a 
coordinated approach to prioritizing and implementing future past practice activities for the 
entire 200 Areas. 

1.3 PURPOSE, SCOPE, AND OBJECTIVES 

The purpose of conducting an AAMS is to compile and evaluate the existing body of 
knowledge and conduct limited field characterization work to support the Hanford $Hi Past 
Practice Strategy decision-making process for an aggregate area. The AAMS process is 
similar in nature to the RI/FS scoping process prior to work plan development and is 
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intended to maximize the use of existing data to allow a more limited and focused RI/FS . 
Deliverables for an AAMS consist of the AAMSR and health and safety , project 
management, and data management plans !P~!f!IBSP:[!:111iml~::mxiltil p~. 

Specific objectives of the AAMS include the following: 

• Assemble and interpret existing data including operational and environmental data 

• Describe site conditions 

• Conduct limited new site characterization work if data or interpretation 

ll!1~~~~t}'_.~?ll1~ ... ~.~ .. r.~t1.~~ .. ~x .. ~h.~ .. ~?r.~. tt11~1::11m ~m1:/i11 e.i nl! Bf 
i!jyiR!i[I(qrI:!!;i,l!ml§[l;:::Jtqt:m;::: p~[lnsmll:]n §HRi~iv~nt:l2PiBI ¥iffii~l 

• Develop a p,ffffim!P2 conceptual model 

• Identify contaminants of concern , and their distribution 

• Identify preliminarJ pgtip,f# ARARs 

• Define preliminary remedial action objectives, screen potential remedial 
technologies, and if possiblef provide recommendations for focused gFS 

• Recommend treatability studies to support the evaluation of remedial action 
alternatives 

• Define data needs , establish &iP~EM data quality objectiYes 1@2~i: and set data 
priorities 

• Provide recommendations for expedited , interim or limited gg5.; I{~; :µ~t;!Qt Billet actions ·.· w w WW . ··.·•.•.··ww·.·.·.········ 

:::::::::::;:;:::::::•:•:•: 

• Reqjfine and prioritize~!I i !J;t,i,l;[ll!II~ operable unit boundaries 

• Define and prioritize;: ii/l~i'wl [Mliwi work plan and other past practice activities 
with emphasis on supporting eai{y .cleanup actions and records of decisions 

• Integrate RCRA TSD closure activities with past practice activities . 
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Depending on whether an aggregate area is a source or groundwater aggregate area, the 
scope of the AAMS wiH varil b•. Source AAMSs focus on source terms , and the 
environmental media of interest include air, biota, surface water, surface soil , and the 
unsaturated subsurface soil. Accordingly, detailed descriptions of facilities and operational 
information are provided in the source AAMSR. In contrast, groundwater AAMSs focus on 
the saturated subsurface and on groundwater contamination data. Descriptions of facilities in 
the groundwater AAMS:B are limited to liquid disposal facilities and reference is made to 
source AAMSB,i for detalied descriptions. The descriptions of site conditions in the source 
AAMSR concentrate on site physiography, meteorology, surface water hydrology , vadose 
zone geology, ecology, and demography. Groundwater AAMSRs summarize regional 
geohydrologic conditions and contain detailed information regarding the local geohydrology 
on an Area-wide scale. Correspondingly , other sections of the AAMSR vary depending on 
the environmental media of concern. 

1.4 QUALITY ASSURANCE 

A limited amount of field characterization work will be ~•~ performed as part jµ P~!~! 
mP.:tiiriRll)iin of the AAMSJf To help ensure that data collected are of sufficient quality 
io ""support dedsfons, all work OR the Hanford Site is subject to the requirements of DOE 
Order 5700. lA, Quality Assurance (DOE/Rb 1983), which establishes broadly applicable 
QA program requirements in compliance with American National Standards 
Institute/American Society of Mechanical Engineers QA guidelines (A.N:SI/ASME 1989); the 
QA program requirements so defined apply to all types of proj cot acfrf'itics conducted on the 
Hanford Site. 

To ensure that the objectives of the past practice activities are met in a manner 
consistent ·.vith DOE RL Order 5700. lA (DOE/RL 1983), Quality Assurance, all work will 

?.~.P:~tormed in compliance with ~~q;l,(lii[fir4?J?~~ ~m1:~ll?iQQ!2s/(~Q;§ l~Q!)/ @§ 
W:~Uiilj~ Westinghouse Hanford ' s existing QA manual, WHC-CM-4-2 (WHC 1988a)} and with 
procedures outlined in the QA program plan, WHC-EP-0383 (WHC 1990a) i specific to 
CERCLA RI/FS activities. This QA program plan describes the various plans , procedures , 
and instructions that will be used by Westinghouse Hanford to implement the II 
~~~~~~~~~~s. .. ?.t.J?.9.I3_~½ .. <?.~~~-r. .. ?.?.qq_:_1~•- .... !m91qag~:~gl:mE~~Bs'4rnl~~~Hsnil~n~ .... 
mit tqlitte#:tiltil'te!r?«?!i mesr4m: ~titmtnt@.u i<&ri::mr :mr&?tmrl nn4tJ!tl ~etm: ig~~il 
WilUalsd:b.ef6UtiWedJ 
-:;:::::::::::::::::::::::::::::::::::;:;::::::··:::::::::::::;:;:;:;:;:;:;:;:;:;:;:;:;:•:•:-:-·-·-·.·.···· 

1.5 ORGANIZATION OF REPORT 

In addition to this introduction , the AAMSR will consist~ of the following nine sections 
and appendices: 
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• Section 2.0, Facility, Process~: and Operational History Descriptions, describes 
the majo{ facilities, waste management units~ and unplanned releases within the 
aggregate area. A chronology of waste disposal activities is established and waste 
generating processes are summarized. 

• Section 3 .0, Site Conditions, describes the physical, environmental , and 
sociological setting1 including, geology, hydrology, ecology , meteorology, and 
demography. .·.• 

• Section 4.0, Preliminary Conceptual Model , summarizes the conceptual 
understanding of the aggregate area with respect to types and extent of 
contamination, exposure pathways;~ and receptors. 

• Section 5.0, Health and Environmental Concerns, identifies chemicals used or 
disposed Q! within the aggregate area that could be of concern regarding public 

jpii&!lli§l~iiiililll1\lllliE.l• lill§,' 
• Section 6.0, Potentially Applicable or Relevant and Appropriate Requirements, 

identifies federal and state standards, requirements, criteria, or limitations that 
may be considered relevant to the aggregate area. 

• Section 7.0, Preliminary Remedial Action Technologies , identifies and screens 
potential remedial technologies and establishes remedial action objectives for 
environmental media. 

• Section 8.0, Data Quality Objectives, reviews QA criteria on existing data, 
identifies data gaps or deficiencies, and identifies broad data needs for field 
characterization and risk assessment. Data quality objectives and data priorities 
are established. 

• Section 9.0, Recommendations, provides guidance for future past practice 
activities based on the results of the AAMS. Recommendations are provided for 
ERA at problem sites , IRM , LFI, refining operable unit boundaries, prioritizing 
work plans, and conducting field investigations and treatability studies . 

• Section 10.0, References, list reports and documents cited in the AAMSR. 

• Appendix A, Supplemental Data, provides supplemental data supporting the 
AAMSR. 

The following plans are included and will be used to support past practice activities in 
the aggregate area: 
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• Appendix B: Health and Safety Plan 

• Appendix C: Project Management Plan 

Community relations requirements for the Z Plant Aggregate Area can be found in the 
Community Relations Plan for the Hanford Federal Facility Agreement and Consent Order 
(Ecology et al. 1989). 

SECT-I.fr 
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Table l-1. Overall Aggregate Area Management Study (AAMS) 
Schedule for the 200 NPL Site. 

Operable Lead Regulatory M-27-00 
Units AAMS Type Agency Interim Milestones 

· 200-UP-1 Source Ecology M-27-02, January 1992 
200-UP-2 
200-UP-3 

200-ZP-1 Source EPA M-27-03, February 1992 
200-ZP-2 
200-ZP-3 

200-RO-1 Source Ecology M-27-04, March 1992 
200-RO-2 
200-RO-3 
200-RO-4 

200-TP-1 Source EPA M-27-05, April 1992 
· 200-TP-2 

200-TP-3 
200-TP-4 
200-TP-5 
200-TP-6 
200-SS-2 

200-PO-1 Source Ecology M-27-06, May 1992 
200-PO-2 
200-PO-3 
200-PO-4 
200-PO-5 
200-PO-6 

200-BP-1 Source EPA M-27-07, June 1992 
200-BP-2 
200-BP-3 
200-BP-4 
200-BP-5 
200-BP-6 
200-BP-7 
200-BP-8 
200-BP-9 
200-BP-10 
200-BP-11 
200-IU-6 
200-SS-1 

200-SO-1 Source Ecology M-27-08, July 1992 

200-NO-1 Source EPA M-27-09, August 1992 

NA Groundwater EPNEcology M-27-10, September 1992 

NA Groundwater EPNEcology M-27-11, September 1992 
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2.0 FACILITY, PROCESSi AND OPERATIONAL HISTORY DESCRIPTIONS 

Section 2.0 of the aggregate area management study (AAMS) presents historical data 
on the Z Plant Aggregate Area and detailed physical descriptions of the individual waste 
management units and unplanned releases. These descriptions include historical data on 
waste sources and disposal practices and are based on a review of current and historical 
Hanford Site reports, engineering drawings, site inspections, and employee interviews. 
Section 3.0 describes the environmental setting of the waste management units. The waste 
types and volumes are qualitatively and quantitatively assessed at each site li~r~:::rnm~tm§.1! 
ilit in Section 4.0. Data from these three sections are used to identify contaminants of° .. .. 
concern (Section 5 .0), potential applicable or relevant and appropriate requirements (ARARs) 
(Section 6.0}~ and current data gaps (Section 8.0). 

This section describes the location of the Z Plant Aggregate Area (Section 2.1), 
summarizes the history of operations (Section 2.2) , describes the facilities, buildings, and 
structures of the Z Plant Aggregate Area (Section 2.3), and describes Z Plant Aggregate 
Area waste generating processes (Section 2.4). Section 2.5 discusses interactions with other 
aggregate areas or operable units. Sections 2 .6 and 2. 7 discuss interactions with the 
Resource ConserYation Recovery Act (RCRA} program and other Hanford programs. 

2.1 LOCATION 

The Hanford Site, operated by the DOE, occupies about 1,450 km2 (560 mi2) of the 
southeastern part of Washington State north of the confluence of the Yakima and Columbia 
Rivers (Figure 1-1). The 200 West Area is a controlled area of approximately 8.3 km2 (3 .2 
mi2

) near the middle of the Hanford Site. The 200 West Area is about 8 km (5 mi) from the 
Columbia River and 11 km (6.8 mi) from the nearest Hanford boundary . There are +8 J« 
operable units grouped into four aggregate areas in the 200 West Area (Figure 1-4). The Z 
Plant Aggregate Area ( consisting of operable units 200-ZP- l , 200-ZP-2 , and 200-ZP-3) lies 
in the northwest corner of the 200 West Area of the Hanford Site (Figure 1-4). £{¾.(~fl 
~rBii::111:Jeffliltln½:::~t::tr§ ::fo.i 1:l,gi1t:::i ~t~if#: 11r~:;::::::ms:jv,gqrnI ~~nnitl§ggl2n$.t:1~ 
itPistlM§nI)mlti £~ 

Locations of 2 2 through 2 4 and 2 7 through 2 12 unplanned releases are shown on 
Figure 2 13. The location of the buildings and waste management units are shown on 
Figures. Plate 1 shows the topography of the Z Plant Aggregate Area. The media sampling 
locations are depicted on Plate 2. 

2.2 HISTORY OF OPERATIONS 

The Hanford Site, established in 1943, was originally designed, built, and operated to 
produce plutonium for nuclear weapons using production reactors and chemical reprocessing 
plants (DOE/Rb 1988). In March 1943, construction began on three reactor facilities @,ii !?~ 
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!:1n~f!Y,I :odr;hr:ct~~~:~~ ~:~~~i~i ft Bi :l~ \tii1~Jil )liltll~§r~ift;e;~~i~g 
in the 1950s, wa:ste mB:fla:gement, energy research and development, isotope use, and other 
activities were added to the Hanford operation. In early 1964, a presidential decision was 
made to begin shut down of the reactors . Se¥efi iW,}gf.U of the reactors were shut down by 
1971 (DOE/RL 1988). The N Reactor operated 1H. siea:m production mode from a:bout 1971 
to 1980 for electricity production, in 1n1eapons grnde ma:teria:1 production mode from 1980 to 
ffifgpgg 1987; and was placed on cold standby status in October 1989, and was retired in 
-199+. Westinghouse Hanford CompB:fly (Westinghouse Ha:nford) was notified September 20, 
1991, that they should cease preservation and proceed with activities leading to a decision on 
ultimate decommissioning of the reactor. These activities are scoped within the N Reactor 
shutdown program which is scheduled to be completed in 1999. 

Operations in the 200 Areas (West and East) are mainly related to §~AAE?fi.§µ !pt~~qjgf 
nuclear fuel mi!sni!~l:lm!:~i81nt:}nµs!~l 1l$l· Spent nuclear fuel is fuelthat-has been · 
withdrawn from a nuclear reactor following irradiation. The 200 West Area consists of four 
main processing areas (Figure 1-4): 

• S Plant (REDOX) and T Plant, where initial processing to separate uranium and 
plutonium from irradiated fuel rods took place-: 

• U Plant, where uranium recovery operations took place:-

• Z Plant, where plutonium conversion and scrap recovery took place. 

The 200 Areas also contain nonradioactive support facilities, including transportation 
maintenance buildings, service stations, and coal-fired powerhouses for process steam 
production, steam transmission lines, raw water treatment plants , water-storage tanks , 
electrical maintenance facilities, and subsurface sewage disposal systems (DOE/RL 1988) . 

Construction of the nuclear reactors in the 100 Area:s begB:fl in 1943 . Irradiated fuel 
rods from the 100 Areas were shipped to separations facilities in the 200 Areas for initial 
processing to separate plutonium and uranium. Between 1945 and 1949, the p.gffiify output 
of this process, a plutonium nitrate solution, was concentrated into a plutonium nitrate paste 
in Z Plant before being shipped to Los Alamos for refinement into metallic plutonium. 
Beginning in 1949, plutonium finishing was conducted at the Z Plant Aggregate Area. 

The major processes conducted in the Z Plant Aggregate Area included producing 
metallic plutonium, and recovering plutonium and americium from plutonium scrap solutions. 
A Z Plant Aggregate Arca process timeline is schematically illustrated on Figure 2-1. 

The Plutonium Isolation Facility operated within the Z Plant Aggregate Area from 
approximately 1945 to 1949 li il;nii&?lti.i. ::1wtii.ng. The primary z Plant Aggregate Area 
facility is the 234-5Z Buildinji:·. Tfos .htiilcifrig "fioused the Plutonium Finishing Plant (PFP) 
and operated continuously from 1949 to 1973 and intermittently between 1985 and 1988. 
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Beginning in 1955, additional process equipment was installed at the Z Plant Aggregate 
Area to recover plutonium from PFP liquid waste streams. Two separate types of plutonium 
separation operations occurred within the Z Plant Aggregate Area. They included 
RECUPLEX and the Plutonium Reclamation Facility (PRF). The RECUPLEX plutonium 
recovery process operated inside the 234-5Z Building from 1955 to 1962 , at which time it 
was terminated after a criticality event (uncontrolled nuclear reaction within the PFP) . In 
1964, a replacement scrap solution recovery facility, the Plutonium Reclamation Facility 
fPRF), was brought on line in the 236-Z Building. The PRF operated from 1964 to 1979 
and from 1984 to 1987. The PRF was scheduled to reactivate in 1991. 

An additional Z Plant Aggregate Area recovery process operated in the 242-Z Building 
between 1964 and 1976 to recover americium from the PFP waste stream . The americium 
recovery process was shut down in 1976 after an explosion occurred in one of the recovery 

ll.~it~ '. .... 11 iiI~1::1~2:1:~ni1im2iin\: ~nxir2nm~i 1i:::11: i1~R~~:si Ii iwv12i!en: 11~1rs.?eiiH :~ r ~ni 
m~mtH~i ::;ti!tlwr&s 

Operations of the PFP Remote Mechanical C (RMC) line and the PRF are currently 
suspended. Pending completion of the PRF readiness review and regulatory approval of the 
PFP Wastewater Sampling and Analysis Plan , operation of the PRF will resume to stabilize 

~?r.~P special nuclear material solutions Pfi~§~:P!R19TI~¥!1 ~R!R~\8!f PB}¥ TI~~~ ID §rRI?g~ ~p '.llP# 
gfjp. These solutions will then be processed through the RMC line to produce stable 
Piufonium Oxide for long-term storage. Future operations at PFP will be evaluated via 
National Environmental Policy Act documentation to be prepared after the stabilization 
campaigns. 

2.3 FACILITIES, BUILDINGS, AND STRUCTURES 

The Z Plant Aggregate Area contains a large variety of waste disposal and storage units 
in addition to its plutonium finishing and recovery facilities and support facilities. 

mi :m1n11 :ii:l?nB:n: 1ei1niruiij~~~1: 11P ~ij s22liP~ ;;~~& fflq s2eein~t1 m~tstI :1~t~ 
NJ,eii ]ql~n[11!tii:jp;~g:~n&: j£§ln9: tijril!v BBQ9~ Jpq pp~g :pft8ftt~t iiR!RlRg!pg]Jy 
!!m1m~n!!!! i:11~fi 1P1:::11::1~1nr&:: m :11E1 mtg~r::@"§@Q]t&12rnmg1 rng§~@J.~ 

High level wastes were discharged to the soil column through cribs , trenches , and other 
facilities. Lo·w level wastes such as cooling and condensate water vt'ere allO'tved to infiltrate 
into the ground through ponds and open ditches. These waste types are defined in DOE 
Order 5820.2: 

• High-level waste is qgflij~g:i$; highly radioactive waste material that results from 
the reprocessing of spent .iiudear fuel , including liquid waste produced directly in 
reprocessing and any solid waste derived from the liquid, that contains a 
combination of transuranic Jl!RP: waste and fission products in concentrations as 
to require permanent isolation : 
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• Transuranic waste is defined as: without regard to source or form , radioactive 
waste that at the end of institutional control periods is contaminated with alpha
emitting transuranium radionuclides with half-lives greater than 20 years and 

1iiiiiii;~iii:EiBt,1~11~i~f•111!1111111111111rll~I~ 
g~:~WR.:Wiii~ffi~ Regarding the Waste Isolation Pilot Plant, high level waste and 
spen°i".nu"ciear.·"Juel as defined by this Order are specifically excluded by this 
definition. 

• Low-level waste is t:iJfinf@;{ijijf radioactive waste not classified as high-level 
waste, transuranic ]IW; .waste·, spent nuclear fuel, or n~{g) byproduct material as 

~~f"i~-~ -~x __ t~~~§ __ 9.f.~:~f : __ mii~ iRl!m~m*::§i n~itsniR):i!: mi~~n™ mielg~oo '*, 
•1• Jlfl!fJDIIIB!li11111Memi9! 

1•1• lllllll\lt••~~1,1 

man@rn:: tt!m Mil It!: Pt2S~§~~g mmmmtni lt9:B l!§ ~88]%$ m!t~~ SBTT\~P!· It~ 
RB9iltleiBli!i Bi \t'ti~t~m ;iim2n :~ii~BHBIT 2~itl99§ gqg i n12n: r~m~m 
gng!lt9J/ng: 9ft lh!t S9n~ti\4fi ;;;gyp,fgq:qqt, mgt~t~~Hj 

Based on construction , purpose , or origin, the Z Plant Aggregate Area waste 
management units fall into one of ten subgroups as follows: 

• 

• 

• 

• 

• 

• 

• 

Plants , Buildings , and Storage Areas (Section 2 .3. lh 

Tanks and Vaults (Section 2 .3.2};-

Cribs and Drains (Section 2.3.3};-

Reverse Wells (Section 2 .3.4};-

Ponds , Ditches , and Trenches (Section 2 .3.5};-

Septic Tanks and Associated Drain Fields (Section 2. 3.6)-; 

Transfer Facilities, Diversion Boxes , and Pipelines (Section 2. 3 .7};-
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• Basins (Section 2.3.8)-; 

• Burial Sites (Section 2.3.9~ 

• Unplanned Releases (Section 2.3 .10). 

Table 2-1 presents a list of the waste management units within the aggregate area. The 
locations of these waste management units are shown on separate figures for each waste 
management group (Figures 2-2 through 2-4 and 2-7 through 2-13) ~'.f;;Ml22J.:l {QQ}®B@ 
Ii~Jg). Figure 2-1 summarizes the operational history of each of the waste management 
unit$": . Tables 2-2 and 2-3 summarize data identified regarding the quantity and types of 
waste disposed of to the waste management units. These data have been compiled from the 
Waste Information Data System (WIDS) inventory sheets (WHC 1991a) and other sources as 

1111111• ,r!~!~t;~~~ 
lllllllll~ll~1~tit1il~t ~:~~:s~1%~~~~~:c~~~: t::c~

0
:~:in~:~~:l~~~~~:···~~-•-.:~·~;~~ 

withiri'ihe··coniexi"ofone of the waste management unit types . 

No plants or buildings within the Z Plant Aggregate Area will be remediated as part of 
the general aggregate area study. However, the Z Plant plutonium separation/ recovery 
process buildings (231 Z, 234 5Z, 236 Z, and 242 Z Buildings) and the Z Plant laboratories 
generated liquid wastes within the Z Plant Aggregate Area and will be described in Section 
H+ 

Prior to 1977, liquid wastes generated in Z Plant Aggregate Area were general! y 
disposed of to the soil column via various cribs, french drains, reverse wells, trenches, and 
tile fields. Subsequently, various engineering measures, not discussed in this report , were 
developed to reduce the oYerall volume of wastes generated. After 1977, highflevel and 
mixed liquid wastes were generally routed to the +ta_nk Ff:arms . Process condensates have 
not been discharged to cribs since 1972, and are c~·rrently transferred to 200 Areas tank 
farms for storage following treatment in the 241-Z Treatment Tank (Section 2.3.2.3) . Non
process wastewater, e.g., non-contact cooling water and sanitary wastewater from standby 
activities is discharged to the soil column via the 216-Z-20 Crib and the 216-Z-21 Seepage 
Basin. The 7.Jgfi fl:l Seepage Basin is discussed in Section 2.3.8.2, and the 216-Z-20 Crib 
is discussed as .part··;;·r the U Plant AAMSE report (DOE/Rb 1992) . 11.~:WfitEMtY 
11r~imint::::~1simt~]n1~::~n!::1i:11rgg wwi 1~ :!2 Pi :i£er1~ig;:]n1 mi m 1iir~Iiiffl§,m 
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Z Plant Aggregate Area and at other Hanford Site facilities are disposed of in the 218-W 
Burial Grounds. Accidental spills or releases (e.g., resulting from pipe leaks, overflows, or 
fires) of waste materials (unplanned releases) also occurred at various times and locations MP 
iiiiiMIIIIIPPllPlliiltil~- ·••···· 

2.3.1 Plants, Buildings, and Storage Areas 

Plants and buildings are not generally identified as pastfpractice waste management 

units according to the lw.14rl:::1f«itlli1.t}lrli~::1a.tiliil:::pfiI:itlintli!B:inI(Tri-Party 
Agreement) and will generally be addressed under the Hanford Surplus Facilities 
1~211!~¥9.mng)) ffi!#J': IW:9)::::yJg~µl::~program (Section 2. 7). Bilp'.fqgmmJ:~§fa:lim§~P~~ 
iiriffilll[$9.IYilPAA~i::11nt~M.~rn~1:: ijr&'§.'fflmil$1P.P.ID.gf q1::J§µmJ.w.f [!i~q1Jiµ~if witmn)tiji ............ . 
iRXMB9:IDf=M:ffll![i,lltHffliPP:i!i[lir2.irmP~8::::::::§f9:l211:::; ~; ::~~!II~til l[Jp.;ifflBtj,sl B~lllti!llfflf2re 
pr,ggffiffi} Some plants and buildings are or contain RCRA TSD facilities; a description of 
such fadiities is provided in Section 2.6. 

The main z Plant G§omplext :m~f REE} consists of four major facilities and a number of 
ancillary structures which ·are locatecCg!J!J!jfipwft on Figure 2-2. The major facilities include 
the PFP ltJ!IWli located in the 234~gi·Buffding, finished product inspection and testing 
laboratories located in the 231-Z Building, the PRF located in the 236-Z Building , and the 
Americium Recovery Facility located in the 242-Z Building. Other Z-Plant Aggregate Area 
facilities include the 291-Z Building, the 2736-ZB Building, the 232-Z Incinerator Building , 
the Hazardous Waste Staging Area (HWSA), and the Radioactive Mixed 'Neste Storage 
Facility (RMWSF). T !he 232-Z Incinerator, the IIWSA facility, the RM'.¥SF facility, and a 
waste treatment tank inside the 241-Z Building (241-Z Treatment Tank){ ;;i:;mg4w.gtJw9 are 
AAMS waste management units. The 231-Z Building, the 242-Z Building, and the 232~Z 
Building are inactive facilities. The 241-Z Treatment Tank is described in Section 2.3.2.3; 
the 232-Z Incinerator and the H\l/SA and RMWSF facilities are is described in Section 
2.3.1.§p. Z Plant building and facilities which are not AAMS ~;'ste management units are 
described in Sections 2.3.1.1 through 2.3.1.5. 

1•a••• lillllliiiil11Le 

,:::tJ:::::::a~?:nx1::::m%:~g::::;1111::§tPlij$~::11snl1::::-§i1:II#.~trx1:it1~:w§ml 
: :::::::::= :::::retiim::::SliilPt::l!l~MrlBBini::-1i::1i$~!!~i'.l l~ Pf9PB~r&i!lmnllilll 

I PfW!liiini l(#si!~(Y~f: 
2.3.1.1 234-SZ Building. The 234-SZ Building is the site of the primary plutonium 
finishing facility, the Plutonium Finishing Plant (PFP•. First constructed in 1949, the 
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concrete and sheet metal multi-story building was later expanded to occupy 18,580 m2 

(200,000 ft2) . The 234-52 Building housed the RECUPLEX process line which purified and 
converted plutonium nitrate solutions to other usable plutonium forms or compounds. 11P~ 
RECUPLEX operated from 1955 through 1962 to reclaim additional plutonium from thePFP 
liquid and solid wastes and scraps. PJ:gij RECUPLEX process wastes included mixtures of 
tributylphosphate with carbon tetrach:ion de and acidic aqueous wastes. The 216-2-8 French 
Drain, the 216-2-9 Gfib Wrlfigp, and a structure designated the 216-2-8 Settling Tank for the 
purpose of this study received"lIBCUPLEX waste. 

Three plutonium processing lines operated inside the 234-52 l)~uilding. They included 
the RG-RB line (1949-1953), the RMA line (1953-1979) , and the RMC line (1969-1973 and 
1985-1988). Section 2.4 provides a detailed description of wastes generated from these 
process lines. Historically, liquid wastes generated from these operations contained traces of 
plutonium and other transuranic [Iii elements which were routed to the following waste 
sites: 

• 216-2-1 & 216-2-2 Cribs 
• 216-2-3 Crib 
• 216-2-12 Crib 
• 216-2-lA Tile Field 
• 216-2-19 Ditch; 

Wastes discharged to the 216-2-1 and 216-2-2 Cribs, 216-Zf lA Tile Field, 216-2-3 
Crib , and 216-2-12 Crib were routed through the 241-2-361 Settling Tank prior to 
discharge. Some of the process waste was also routed through the 241 -2 Treatment Tank 
(241-2 Building) prior to disposal . 

In addition to the plutonium processing lines , the 234-52 Building houses office space, 
analytical and development laboratories , workshops , storerooms, and locker rooms. 

Currently , there are 80 potential p§µtpf§i~§ contributors to the liquid effluent waste 
stream (Jensen 1990) . Potential contributors fodude equipment cooling water drains ; 
heating, ventilation , and air conditioning (HV AC) drains (condensate). This wastewater is 
disposed of to the 216-2-20 Crib, which is an active unit covered in the U Plant AAMSR. 

-~f:11::1imtiiil§i :e1sn21i1ni ABIDB9~li2IT:9f tni:m:ltililri 
2.3.1.2 231-Z Building. The 231 -2 Building WttS !~ the site of the Plutonium Isolation 
Facility (PIF) . The PIP operated from approximateiy 1945 to 1949 to condense the 
plutonium nitrate solution from the separation process facilities into plutonium paste prior to 
additional off-site processing. Several waste management units including the 216-2-4 
Trench , 216-2-5 and 216-2-6 Cribs, and the 216-2-10 Reverse Well began receiving liquid 
waste from the 231 -2 Building in 1945. 
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After 1949, the 231-Z Building was used for metallurgical labs and offices for research 
on plutonium and alloys. It is a 1,860 m2 (20,000 ft2) structure which currently houses 
inactive process cells and occupied office space. It is Hl#t@!ippr,q;.im.ii®!y ~Q m (Qi )@j 
figmfi the ORiy z Plant buildiRg located outside of the PFP. Compiex··Protected Areas 
ex.cfusion fence. Liquid process wastes containing radioisotopes , dissolved metals , and other 
compounds were disposed of from this facility via the 231-W?;-151 Sump to the following 
waste units: 

• 216-Z-4 Trencht 
• 216-Z-5 Cribst 
• 216-Z-6 Cribt 
• 216-Z-7 Cribst 
• 216-Z-16 Cribt 
• 216-Z-10 Reverse Well-;-i¼Rd 
• 216-Z-17 Trench. 

The 231 W 151 Sump has also beeA ideAtified as the 231 Z 151 DiversioA Box and the 
241 ¥/ 151 Sump Tank. 

Process wastes from the 231-Z Building were previous! y discharged to the 216-Z-1 (D) 
Ditch, now abandoned and backfilled. The ditch was located east of the 231-Z Building and 
ran south to the 216-U-10 Pond via the 216-Z-19 Ditch (fiBW abandoned and backfilled) 
(Figure 2-6$.). The 216-U-10 Pond, discussed in the U Plant AAMSR (DOE/Rb 1992) was 
located in the southwest corner of the 200 West Area. At its maximum extent, including the 
overflow trenches , the pond covered approximately 12 hectares (30 acres). The 216-Z-l(D) 
Ditch and 216-Z-19 Ditch are discussed in the U Plant AAMSR. 

1:•:~~&n1i11~~[~fi§p~.~~~~\~l~it•••~t-§l~m~-r ,~~~:~~::~~c~;~~H~e~r=~r~~P:RR~ 
include cooling water and condensate from the HV AC systems. There are four potential 
contributors to the effluent waste stream from these sources which comprise 8 individual 
contributors. These wastes are discharged to the 216-Z-20 Crib. The 216 Z 20 Crib is 
discussed iR the U Plant AAMSR. 

Sanitary wastewaters from the 231-Z Building (5 .45 cubic meters per day [~/tlB 
li~i~•••m••t!:#.?99ill l.Ilr:Ieix} discharge through the 2607-W-8 Septic Tank to a sanitary 
drainfield northeast of the 231-Z Building (Figure 2-9) . 

2.3.1.3 236-Z Building. The 236-Z Building housedij the PRF process lines . The purpose 
of this operation was I to recover plutonium from scrap solutions within the PFP and other 
DOE facilities . The 2°36-Z Building is a six-story 520 m2 (5 ,600 ft2) reinforced concrete 
structure. Multiple floor levels house process and supporting facilities used for the 
plutonium reclamation operations. 

PRF process wastes were similar to the RECUPLEX wastes; in addition, dibutyl butyl 
phosphonate (DBBP) was used in the PRF process. Plutonium recovery process wastes were 
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1 routed to the 24 l -Z-361 Settling Tank before being discharged to cribs and trenches in the Z 
2 Plant Aggregate Area. The 216-Z-lA Tile Field, the 216-Z-l and 216-Z-2 Cribs, and the 
3 216-Z-18 Crib received PRF process waste. 
4 
5 The plutonium recovery facilities are currently idle. Low81evel wastewater including 
6 equipment cooling water, HVAC condensate, process cooling water, and steam condensate 
7 discharge to three piping drain headers which route the effluents to the 216-Z-20 Crib. '.ffle 
8 216 Z 20 Crib is an acti•,'e liquid waste disposal unit which is a U Plant Aggregate Area 
9 waste management unit, and is not discussed further in this report. There are currently 41 

10 potential PPTTtRPlii contributors to the effluent waste stream. Potential contributors include 
11 equipmentcooling water drains and HV AC drains. 
12 
13 2.3.1.4 242-Z Building. The 242-Z Building housed the Americium Recovery process line. 
14 The 93 m2 (1 ,000 ft2) building was used from 1964 to 1976 to recover americium from the 
15 PFP process line. 
16 
17 Liquid wastes from the Americium Recovery process line consisted of concentrated 
18 nitric acid with traces of transuranic TRU elements and metals. mH@ DBBP was also used in 
19 the americium recovery process. ThG \i;ste stream was routed tgthe 241-Z-361 Settling 
20 Tank and then discharged to the 216-Z-lA Tile Field and the 216-Z-18 Crib . Beginning in - 21 1973, these wastes were routed to the 242-T Evaporator. +n~ i4&tW p;yjpgffl§ri )m";ifig Jfi 
22 ii::I : I ll:~ l iliiiti:itli: 1~:IIP-ir&l ~n jhi i ilit • l§lt··············· ··········· ············ ···························· 
23 
24 Currently, there are no routine p'if:~$. effluent contributors from this building. '.ffle 
25 building has been idle since 1962. A single piping drain header carries condensate effluent 
26 from this building to the 216-Z-20 Cribs (discussed in U Plant AAMSR , DOE/RL 1992) . 
27 
28 2.3.1.S 241-Z Building. The 241 Z Treatment Tank, also referred to as Tank D 5 and TK 
29 5, is an acfr;e waste management unit located inside the 241 Z Building. The 241 -Z 
30 Building is located south of the 234-SZ Building (Figure 2-2). j;:ijij44'Jfl~µ@gmg n§µ§,~§ 
31 l:HiRml ~ :!g-!J§ ~111111~ ~t§r! Ii II~ nrl!I ~l~!nt~ [tim ~~ij ~fig/ s(;~ij ~~si~f:~¥ 

37 gJ~!{~ The building houses the 241 Z Treatment Tank and four ·.vaste sumps. The 241-Z 
38 Bu1icHng structure is also referred to as a storage tank pit. '.ffle I General Electric 
39 Co'ffiµMJy-:- drawing shows the 241-Z Building as a subsurface structure with a concrete floor , 
40 side··waffs, and internal walls separating each tank compartment. The structure has a ground-
41 level concrete cover, and above-ground.sheet-metal housing for utility piping and electrical 
42 components. The 241-Z (D-5) Treatment Tank is the easternmost of the tanks within the 
43 building. 
44 
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2.3.1.6 Other Buildings and Facilities. 

2.3.1.6.1 232-Z Incinerator. The 232-Z Incinerator is an inactive E !~t Aggregate 
Area waste management unit located on the southwest side of the 234-5Z Building (Figure 
2-2). The 186 m2 (2,000 ft2) building housed the dry waste incinerator from -1-96+ )Q-$Q to 
1973 te wtiilh. incinerated plutonium-contaminated solid wastes in preparation for phiionium 
recovery·:· ... ··The building aiso housed equipment used for supporting operations such as offgas 
treatment and leaching. The first floor contained a storage room, electrical equipment room, 
a process room containing waste handling equipment, a chemical mixing room, and a change 
room. The second story housed the building heating and ventilation equipment. The 
building has been inactive since 1973 and there are currently no routine contributors to the 
effluent waste stream. The 232-Z Incinerator Building is scheduled for decommissioning in 
Fiscal Year 1999 under the Hanford Surplus Facilities IEBl12nmg:~P9.J ::R:il &@:~g~µ;~ 
Program. Historically, the 216-Z-lA Tile Field received aqueous wastes from the 232-Z 
Incinerator, but the nature and quantity of these wastes is unknown. 

A piping drain header leads from this building to the 216-Z-20 Crib . There is no 
process solution contact with the 216-Z-20 Crib effluents under normal operating conditions. 
The drain header is a condensate drain header. The 216 Z 20 Crib is a U Plant AAMS 
(DOE/Rb 1992) waste managemeAt uAit. 

No releases to the soil column have been reported at this site Wi§I mlis.~mint)HI!• 

2.3.1.6.2 234-SZ Hazardous Waste Staging Area (HWSA). The HWSA facili ty is 
an active RCRA generator waste accumulation area. Alternately called the Hazardous Waste 
Storage Area, this asphalt pad is located on the east side of the 234-5Z Building (Figure 2-2). 
The eastern pad is located about 15.3 m (50 ft) east of the eastern wall of the building, along 
the inner security fence line and has stored containerized wastes. Wastes typically contained 
in the staging· area over the course of a year included waste nitrates and other oxidizers, 
beAzenes P:2!:YF#:~RfilP.~~ ::[g~pn.#p;yJ§.;<Ew;§§), process chemicals, and carbon tetrachloride. No 
releases are kn.o.wn ·to have· occurrecf"at .thfa site uifit. 

•:::::::::::•:::•:•: 

2.3.1.6.3 Radioactive Mixed Waste Storage Facility (RMWSF). The RMWSF is an 
active RCRA TSD facility which consists of twelve small buildings used to temporarily store 
designated mixed waste (Figure 2-2). The unit was started in 1988 on the west side of 
Dayton Avenue, west of the 218-W-2 Burial Ground. The site has handled 287 ~ of waste 
(Table 2 2). 

No spills or releases have been reported at this facility . 

2.3.1.6.4 291-Z Building. The 291-Z Building houses the ventilation exhaust fans , 
instrument air compressors, and vacuum pumps to handle all ventilation exhaust from the 
234-SZ, 236-Z, m)Q 242-Z Buildings and formerly the 232-Z Building. It is a 1,300 m2 

(14,000 ft2) buildfrig. 
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Routine effluents from the 291-Z Building include non-contact cooling and condensate 
wastewater from HV AC equipment, cooling water for the compressors, and vacuum-pump 
seal water. These wastes were discharged to the following units: 

• 216-Z-13 French Drain 
• 216-Z-14 French Drain 
• 216-Z-15 French Drain 
• 216-Z-l(D) Ditchs 

Currently, there is one drain header which discharges effluents from the 291-Z 
Building to the 216-Z-20 Crib. There are 12 potential contributors to the waste stream 
including floor drains and sinks (WHC 1990b). As pre1t·iously discussed (Section 2.3.1.2), • 
the 216 Z 1 (D) Ditch Elfld the 216 Z 20 Crib to which 291 Z Building effluents were 
discharged are 0: U Plant Aggregate Area waste management unit (DOE/Rb 1992) . 

2.3.1.6.5 2736-ZB Building. The 2736-ZB Building, constructed in 1983, was J$ 
used for plutonium product handling operations. The 1,950 m2 (21,000 ft2

) building is 
separated into a front section and a back section. The front section consists of administrative 
areas. The back section was ii where storage and handling of the finished plutonium product 
occurred§. This process included:ij the storage and handling of radioactive solid waste 
product material. .. 

Routine effluents from the building currently are limited to cooling and condensation 
wastewater from HV AC equipment and air compressors. There are no potential contributors 
to the effluent 1.v0:ste stream. 

2.3.1.6.6 Waste Receiving and Processing (WRAP) Facility. The proposed WRAP 
will be a permitted RCRA TSD facility designed to process existing drummed mixed waste. 
The first phase of the project, drum recovery and repackaging is expected to come online in 
mid-1993. A second phase of the project will include constructing a mixed waste incinerator 
and incinerating the repackaged drums. The proposed WRAP facility will be located in the 
general vicinity of the Radioactive Mixed Waste Storage Facility, west of the 218-W-2 Burial 
Ground (Figure 2-2). 

No wastes are currently associated with this proposed facility . 

2.3.2 Tanks and Vaults 

Tanks and vaults were constructed iiriJhe):mffif<frd sue to handle and store liquid 
wastes generated by uranium and plutoni~~ proce.ssfng acti~ities. Several types of tanks are 
present in the Z Plant Aggregate Area including settling tanks, septic tanks, and a treatment 

itiltil• -1JIPI!•~~f~!tfjf~:¥SNo 
vaults Pf ltnitmi~h!M ~i were identified withl the z Plant Aggregate Area. 
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Z Plant tanks are fully enclosed abO\,'C ground or underground containment vessels. 
The liquid wa:ste settlement and treatment tanks ·n•ere genera:Hy connected by underground 
pipelines to other Z Plant wa:ste ma:na:gement units. 

\VHC (19918:) identifies t';l1wo liquid waste holding (settling a:nd treatment) tanks within 
the Z Plant Aggregate Area, the' 241-Z-361 Settling Tank and the 241 -Z Treatment Tank Ii 
jqijp'.figfflmfi~~@1:Q2)).1J). A review of Hanford drawings identified a third tank, 
co·m·moniy re°ferre<l ··1o ·as···the Silica Gel Settling Tank which has been designated as the 216-
Z-8 Settling Tank for the purposes of this report. 

Sections 2.3.2.1 through 2.3.2.3 describe the history, construction , and operation of 
each of these facilities. 

2.3.2.1 216-Z-8 Settling Tank. The 216-Z-8 Settling Tank is an inactive waste 
management unit located on the east side of the 234-52 Building , 6. 1 m (20 ft) west of the 
216-Z-8 French Drain (Figure 2-3). The 57,000-litef 'I (15,000 galkm) carbon steel tank 
was used as a solids settling tank for a backflush of the feed filters for the RECUPLEX 
process. Liquid waste overflowed from the 216-Z-8 Settling Tank to the 216-2-8 French 
Drain where it was disposed of to the soil column. Use of tj)he tank was discontinued in 
PPitltlJrrem:I:Ji!il:il~g April 1962, when the RECUPLEX process line was shut down . 

No releases are associated with this tank. Fluid level measurements in April 1974, 
indicated that the tank contained 29,081 litefS ); (7,653 gallen-s) of liquid and 1,888 g litefS 
(497 galloos) of sludge. The plutonium content of the tank was estimated to be 1.6 kg 
l?IliIJI) in 1914. 

The 216-Z-8 Settling Tank has also been identified as the Silica Gel Settling Tank. 

2.3.2.2 241-Z-361 Settling Tank. The 241-2-361 Settling Tank is an inactive waste 
management unit located approximately 106.8 m (350 ft) south of the 234-52 Building 
(Figure 2-3). The underground, steel-lined, concrete tank is 4.6 m (15 ft) wide lry- i 8.5 m 
(28 ft) long with a sloping bottom. The height of the tank varies between 5.8 m (19 ft) and 
6.1 m (20 ft). The 241-Z-361 Settling Tank served as a settling tank for liquid wastes routed 
to the 216-Z-lA Tile Field and the 216-2-1, 216-2-2, 216-2-3 , 216-Z-12, and 216-2-18 
Cribs from the PFP (234-52 Building), PRF (236-Z Building), and 242-Z Building. The 
241-Z-361 Settling Tank was used between 1949 and 1976 (Figure 2-1). 

No releases are associated with this tank. The WIDS (WHC 1991a) indicates that t':fhis 
unit received liquid waste estimated to contain 30 to 75 kg (qS,Jq l}pq lb) of plutonium ( 1 
mrem/hr gamma; 0.8 mrem/hr neutron) ~&:l211i). Ho~~;-e~er; ·rnio'imation as to what 
part of that waste was retained in the setthng''iankwas not found . 

The 241-2-361 Settling Tank has also been identified as 207-2 Settling Tank. 

2.3.2.3 241-Z Treatment Tank. The 241-Z Treatment Tank liRilit?) is a RCRA TSD 
facility. The Treatment Tank receives and treats corrosive liquid waste from the PFP in the 
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1 ~~1~5.~ .. 1?.ti.i.1?,i~.~: .... IP:9~MB9:ll::mi~rmlmin:i~tl2inl ill! 1'¥s~mBt1:~n!:i~!~re::~BnB1:ng. MQ 
2 iHR1H2mMim!::r@::ib1!IBm:~2mil:~iiPr~n!~ in :!lfigp: :i ~Rf=i1l~if: The corrosive liquid waste }s 
3 treated by addition of caustic soda, to increase a.lumiAum eompouAd solubility iA the taAk ~fl¢ 
4 p]@\\\\9t.] \\P.!9:\\i),1,qµ1,q. The \li4DS iAdicated that t@:he 241-Z Treatment Tank is designed to treaia 
5 mrudmum·o(26,140 p l-iteffl (5,300 galloos) per day ~1:rn29t~l The nominal outflow 
6 from the tank was ii ·approximately 58,900 JB l-iteffl (idiib<Yiailefts) per week. After 
7 treatment, the liquid wastes are transferred via pipeline to a reeei¥er tank iA the 244tTX 
8 T&Rk Farm l~xi:m~ north of Z Plant RFfilii@:QmpJ.~. The wastes are then rerouted to 
9 various HanforcCsfre .. tank. farms. Currently; ·11.tniiiiinUtJ.i.t~~ §.SfllPiirill(~r mist. 9IDli 

10 !B4tS!fi!~~:::'l~~~litl:::121::::~~B'R¥::::9.mtiPBV::::2I::~~::.~~~.··.~·~~·~~~· .ij<f?~.t~ .. t?. .~ ·k··Io2··s y 
11 int;::;g11:r1oor:19f:!:11t1:::1m1n::i§:m1 i tlmnfit1111mt1: lriJ 11t~t:mi11~iro~ntitmit. 
12 

13 ... .... ....... . ~~?. . lf:Il.'?'fl'A releases l'PP!lml r~!l§@:~::&r;!lr~t&'.fi! ~ f,;QQ11t79:i~ jpp 
14 lltAQQt8ti7~ are directly associated with the 241-Z ~µHmm~ +:treatment '.ft.an!<§. Aft 
15 tt:fflnpiannecLrelease, UN-200-W-79 (Table 2 5) , occurrecfwhen an influent pH ii.ne (D-6 
16 transfer line) failed adjacent to the 241-Z Treatment Tank. 8ectioA 2.3.10 rn'?P.Je.4.fp 
17 describes the unplanned releas~ in more detail. 
18 
19 
20 2.3.3 Cribs and Drains 
21 
22 The cribs and drains were designed to inject or percolate wastewater into the ground 
23 without exposing it to the open air. The locations of cribs and drains in the Z Plant 
24 Aggregate Area are shown on Figure 2-4. Cribs are shallow excavations that are either 
25 backfilled with permeable material or held open by wood structures . Both types of cribs are 
26 covered with an impermeable layer. Nf®!¢water flows directly into the backfilled material 
27 or covered open space and percolates into the vadose zone soils. A typical crib is illustrated 
28 on Figure 2-5. French draiAs inject wastewater into the grouAd at a greater depth than the 
29 cribs. They ffi'.fi,µ9:ijii:~fffip\i are generally constructed of steel or concrete pipe and may either 
30 be open or filled with gravel. A typical FJrench drain is illustrated on Figure 2-6. The 
31 216-Z-1 A Tile Field is similar in design and operation to the cribs and is thus also discussed 
32 in this section. 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 WHC 1990a ideAtifies nNine cribs, four french drains, and one tile field web~ 
45 jijwjqggi. within the Z Plant Aggregate Area CMH(Mil~Q~i;).. The cribs , drains ,··~d tile 
46 fieidi 1<ientified include the following : ···· ··········· ············· ······· · 
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~ 31 
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• 216-2-1 and 216-2-2 Cribs 
• 216-2-3 Crib 
• 216-Z-5 Crib 
• 216-2-6 Crib 
• 216-2-7 Crib 
• 216-2-12 Crib 
• 216-2-16 Crib 
• 216-2-18 Crib 
• 216-2-8 French Drain 
• 216-2-13 French Drain 
• 216-2-14 French Drain 
• 216-2-15 French Drain 
• 216-2-1 A Tile Fieldh: 
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Sections 2.3.3 .1 through 2.3.3.14 describe the history , construction , and operation of 
each of these facilities. Tables f'f~i~ 2-2, 2-3, and 2-4 present available information regarding 
sources of and inventories of wastes disposed of to these waste management units. Locations 
of these waste management units are identified on Figure 2-4. 

2.3.3.1 216-Z-1 and 216-Z-2 Cribs. The 216-Z-1 and 216-Z-2 Cribs are inactive waste 
management units located approximately 122 m (400 ft) south of the 234-52 Building. Each 
crib consists of a wood-lined box 3.7 by 3.7 by 4.3 m (12 by 12 by 14 ft) high set and 
backfilled with gravel in a 6.4 m (21 ft) deep excavation . 

The cribs received liquid process wastes from the 234-52 Building from June 1949 
until June 1952. The cribs received aqueous and organic wastes from the PRF for one 
month in 1966 and one month in 1967. The cribs received PRF process waste and 
americium recovery line wastes from the 236-2 and 242-2 Buildings from March 1968 to 
April 1969. From March 1968 to April 1969, the cribs received uranium wastes from 236-2 
Building (Stenner et al. 1988). 

Figure 2-10 shows the location of the pipeline which carried process wastes from the 
234-52 Building to the 216-Z-2 Crib via the 216-2-361 Settling Tank. The 216-Z-2 Crib 
overflowed into the 216-2-1 Crib which then overflowed into the 216-2-lA Tile Field . 

No unplanned releases were associated with these cribs. 

The 216-Z-1 and 216-2-2 Cribs have also been identified as the 234-5 No. 2 Crib and 
the "216-2-7". 

2.3.3.2 216-Z-3 Crib. The 216-Z-3 Crib -is an inactive waste management unit located 
approximately 122 m (400 ft) south of the 234-52 Building , due east of the 216-2-1 and 216-
2-2 Cribs. The 216-2-3 Crib consists of three 1.2 m diameter (4 ft) by 6.7 m (22 ft) long 
perforated corrugated culverts laid end to end in a 7.6 m (25 ft) deep excavation. The 
culverts were laid horizontally on gravel fill 4.6 m (15 ft) above the crib bottom. The 
excavation was then backfilled to surrounding grade. 
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1 The 216-Z-3 Crib received neutral/basic process waste and analytical and development 
2 laboratory wastes from the 234-52 Building via the 207&,~t,-Z-361 Settling Tank from June 
3 1952 to March 1959. 
4 
5 No unplanned releases were associated with this crib . 
6 
7 The 216-Z-3 Crib has also been identified as the 216-Z-3 Culvert, the 234-5 No. 3 and 
8 No. 4 Cribs, and the 216-Z-8 Crib. 
9 

10 2.3.3.3 216-Z-S Crib. The 216-Z-5 Crib is an inactive waste management unit located 
11 approximately 660 m (200 ft) northeast of the 231-Z Building . The 216-Z-5 Crib consists of 
12 two wooden boxes, each 3.7 by 3.7 by 1.2 m (12 by 12 by 4 ft) high , placed in 5.6 m (18 
13 ft) deep excavations constructed with 1: 1 side slopes. 
14 
15 The 216-Z-5 Crib received 231-Z Building process waste via the 231--Wj -151 Sump. 
16 The 216-Z-5 Crib was used to dispose of liquid waste to the soil column from June 1945 
17 until February 1947. Use of the 216-Z-5 Crib was discontinued when sludge in the waste 
18 plugged the soil. The cap on the 216-Z-5 Crib has reportedly weakened (WHC 1991a) 
19 creating a cave-in potential. 
20 
21 No unplanned releases were associated with this crib. 
22 
23 The 216-Z-5 Crib has also been identified as the 231-W-1 and 231-W-2 Cribs and the 
24 231-W Sumps. 
25 ., 
26 2.3.3.4 216-Z-6 Crib. The 216-Z-6 Crib is an inactive waste management unit located 
27 approximately 91.5 m (300 ft) east of the 231-Z Building and 61 m (200 ft) north of 19th 
28 Street. The Crib consists of a wooden box 15.3 m (50 ft) long by 2.0 m (6.5 ft) wide by 0.6 
29 m (2 ft) high , placed in a 2.4 m (8 ft) deep excavation . 
30 
31 The 216-Z-6 Crib received process waste from the 231-Z Building via the 23 1-W4.- l 5 l 
32 Sump for one month in June 1945 . Use of the crib was discontinued due to plugging of the 
33 surrounding soil by process sludge and precipitates. The cap on the 216-Z-6 Crib has 
34 reportedly weakened (WHC 1991a) creating a cave-in potential. 
35 
36 No unplanned releases were associated with this crib. 
37 
38 The 216-Z-6 Crib has also been identified as the 231 -W-4 Crib , the 226-W-4 Crib, and 
39 the 231-Z-6 Crib. 
40 
41 2.3.3.S 216-Z-7 Crib. The 216-Z-7 Crib is an inactive waste management unit located 
42 approximately 152.5 m (500 ft) east of the 231 -Z Building and about 137.3 m (450 ft) north 
43 of 19th Street. The 216-Z-7 Crib consists of two parallel wooden structures 45 .7 m (150 ft) 
44 long by 1.5 m (5 ft) wide by 0.6 m (2 ft) high , placed in a 1.5 m (5 ft) deep excavation. 
45 Each wooden structure was constructed of three overlapping tiers . A 45 .8 m (150 ft) long~ 
46 7 .5 or 10 cm (3 or 4 inch) diameter perforated distribution pipe runs above the second tier. 
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Each of the two trenches is covered by 50B m (1,650 ft) of 5 cm (2 inch) planking, then 
tar paper. The excavation was backfilled with gravel. 

The 216-Z-7 Crib received process waste from the 231-Z Building via tfie 231-W-151 
Sump from February 1947 to February 1967. The 216-Z-7 Crib replaced the 216-Z-5 Crib. 
It also received Hanford Laboratory waste from the 231-Z Building, via the 231-W-151 
Sump. In addition, the site received waste from PNL operations in 231-Z Building, and 300 
Area laboratory waste from the 340 Facility (WHC 1991a). In total, the site received an 
estimated 79,900,000 I tttefS 11:li!IUi !Mimi of liquid waste. 

No unplanned releases were · associated with this crib. 

The 216-Z-7 Crib has also been identified as the 231-W Trench, the 231-W Crib , and 
the 231-Z-6 Crib. 

2.3.3.6 216-Z-12 Crib. The 216-Z-12 Crib is an inactive waste management unit located 
approximately 122 m (400 ft) southwest of the 234-5Z Building. The 216-Z-12 Crib consists 
of a 91.5 by 6. 1 by 6.1 m (300 by 20 by 20 ft) deep excavation with 1.5 m (5 ft) of gravel 
in the bottom backfilled to grade. A 30 cm (12 inch) diameter, perforated , vitrified clay pipe 
runs the length of the crib, 1.2 m (4 ft) above the crib bottom. In July 1968, a 15 cm (6 
inch) diameter schedule 10 pipe was run parallel to and 9.2 m (30 ft) west of the original 
line. The new line bypassed 30.5 m (100 ft) of the original line. The original line was 
plugged upstream from the junction of the two lines. 

The site received PFP process waste and analytical and development laboratory waste 
from the 234-52 Building via the 241-Z-361 Settling Tank. The crib's active life was from 
1959 to 1973 . The slightly acidic, low-salt waste was adjusted to a pH range of 8 to 10 
before disposal. The 216-Z-12 Crib reported! y received 281,000,000 Ii ters (14}~ QfQQQ 
iw,Jgµ~l of liquid waste which included 25-:-1- kg (??i]g) of plutonium (WHC T99TaY: w 

No unplanned releases were associated with this crib. 

The 216-Z-12 Crib has also been identified as the 207-Z-12 Crib . 

2.3.3. 7 216-Z-16 Crib. The 216-Z-16 Crib is an inactive waste management unit located 
about 76.3 m (250 ft) northwest of the 231-Z Building. The 216-Z-16 Crib consists of an 
excavation 54 .9 by 3.1 by 4.6 m (180 by 10 by 15 ft) deep with 1.5 m (5 ft) of gravel in the 
bottom. A perforated 10 cm (4 inch) diameter PVC pipe runs down the crib center, 1.2 m 
(4 ft) above the bottom of the excavation. A polyethylene vapor barrier was placed over the 
gravel, then covered with 10 cm (4 inches) of sand, and earth backfill to grade. 

The 216-Z-16 Crib received 231-Z Building laboratory waste from PNL operations 
from March 1968 to January 1977. The WIDS (VlHC 1991a) indicates that the 216-Z-16 
Crib received 102,000,000 p litefS (4w~QQ~;QQQlgm) of neutral/basic liquid waste containing 
approximately 0.072 kg !l t!s:::111= ofpiutonforri'~l::m~1i).. 
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No unplanned releases are associated with this crib. 

This waste management unit has not been identified by any other designation than the 
216-Z-16 Crib. 

2.3.3.8 216-Z-18 Crib. The 216-Z-18 Crib is an inactive waste management unit located 
approximately 183 m (600 ft) south of the 234-52 Building which received wastes via the 
241-Z-361 Settling Tank. The 216-Z-18 Crib consists of five parallel excavations, each 63 . 1 
m (207 ft) by 3.1 m (10 ft) with depths ranging from 4.6 to 5.5 m (15 to 18 ft). A 91.5 m 
(300 ft) long; 7.5 cm (3 inch) diameter steel pipe runs east and west, bisecting the length of 
each excavatfon. Two 30.5 m (100 ft) long, 7.5 cm (3 inch) diameter, perforated, 
fiberglass-reinforced epoxy pipes exit each side of the steel pipe in each excavation (2 lines 
north, 2 lines south). The distribution pipes are 0.3 m (1 ft) above the crib bottom in a 0 .6 
m (2 ft) thick bed of 3.8 to 7 .5 cm (1.5 to 3 inch) gravel. Each excavation was backfilled to 
grade. 

From April 1969 to May 1973, the 216-Z-18 Crib received both extraction column 
solvent and acidic aqueous waste from the PRF in the 236-Z Building. The WIDS (WHC 
1991a) indicates that the 216-Z-18 Crib received 3.86 million p ttter-s (1;Q4Q~QQQ l'gfil) of high 
salt, acidic , organic liquid waste OMHGll ll~lil The wastes cilsposed of to the cnh included 

:J~:~;:;:t:~ha~:~ ~ l~~JrJ!:ll ~ [i~r~~~::;cti~e~~:~ !: ·:.~ ~: 8~~!,! )!!i;~tel y 
23,000 grams 6~~~R9~il~g) of phitonli.im were disposed of to the 216-2-18 Crib . 

No unplanned releases are associated with this crib. 

This waste management unit has not been identified by any other designation than the 
216-2-18 Crib. 

2.3.3.9 216-Z-8 French Drain. The 216-2-8 French Drain is an inactive liquid waste 
management unit located 41.5 m (300 ft) east of the 234-52 Building and 61 m (200 ft) south 
of 19th street. The 216-2-8 French Drain consists of two 90 cm (36 inch) diameter tile 
culverts stacked on end in a 5 .2 m (17 ft) deep gravel-backfilled excavation . The unit 
received neutral to basic RECUPLEX process waste via the adjacent 216-Z-8 Settling Tank 
(Silica Gel Tank) between July 1955 and April 1962. 

No unplanned releases are associated with the 216-2-8 French Drain. 

The 216-2-8 French Drain has also been identified as the 234-5 RECUPLEX French 
Drain, "216-2-9", and the 216-2-8 Crib . 

2.3.3.10 216-Z-13 French Drain. The 216-2-13 French Drain is an active non-contact 
wastewater management unit located 58.0 m (190 ft) south of the 234-52 Building on the 
southeast side of the 291-2 Building . The 216-2-13 French Drain consists of two 90 cm (36 
inch) diameter tile culverts stacked on end in a 4.6 m (15 ft) deep gravel-backfilled 
excavation. The unit has operated continuously from 1949 to tiji present (Figure 2-1) . The 
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216-Z-13 French Drain receives steam condensate from the ET-8 Exhaust fan turbine and 
floor drainage from the 291-Z Building. 

No releases of hazardous materials or radionuclides have been reported for this unit. 
However, due to accidents or unusual events in the process areas, Owens (1981) reports that 
low level contamination can be assumed. 

This waste management unit has not been identified by any other designation than the 
216-Z-13 French Drain. 

2.3.3.11 216-Z-14 French Drain. The 216-Z-14 French Drain is an active non-contact 
wastewater management unit located 58 m (190 ft) south of the 234-5Z Building on the 
southwest side of the 291-Z ventilation equipment building. The 216-Z-14 French Drain 
consists of two 90 centimeter gffi (36 inch) diameter tile culverts stacked on end in a 4.6 m 
(15 ft) deep gravel-backfilled ex·cavation. The unit has operated continuously from 1949 to 
j:ijij present (Figure 2-1) . The 216-Z-14 French Drain receives steam condensate from the 
ET-9 Exhaust fan turbine and floor drainage from the 291 -Z Building . 

No releases of hazardous materials or radionuclides have been reported for this unit. 
However, due to accidents or unusual events in the process areas , Owens (1981) reports that 
low.Hevel contamination can be assumed. 

:;:: 

This waste management unit has not been identified by any other designation than the 
216-Z-14 French Drain. 

2.3.3.12 216-Z-15 French Drain. The 216-Z-15 French Drain is an active non-contact 
wastewater disposal unit located 15.3 m (50 ft) south of the 234-52 Building on the north 
side of the 291-Z ventilation equipment building. The 216-Z-15 French Drain consists of 
two 90 centimeter qm. (36 inch) diameter tile culverts stacked on end in a 4.9 m (16 ft) deep 
gravel-backfilled e~cavation. The unit has operated continuously from 1949 to Jg~ present 
(Figure 2--±!:). The 216-Z-15 French Drain receives drainage from the S- 12 evaporator 
cooler. ·· 

No releases of hazardous materials or radionuclides have been reported for this unit. 
However, due to accidents or unusual events in the process areas , Owens (1981) lowflevel 
contamination can be assumed. ·· 

This waste management unit has not been identified by any other designation than the 
216-Z-15 French Drain. 

2.3.3.13 OtheF FFeech DFeins. A "french drain/dry well" (0 .92 m [3 ft] diameter) is 
reportedly located north of the 234 5Z Building a:nd west of the 241 Z Building. The dr)' 
well is connected to piping leading beneath a:n adjacent fire suppression water tank a:nd may 
be a drainage structure for the tank o·,·erflow. No other information 1Nas identified. 
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2.3.3.14J 216-Z-lA Tile Field. The 216-Z-lA Tile Field is an inactive waste management 
unit locaied about 152.5 m (500 ft) south of the 234-5Z Building and immediately south of 
the 216-Z-1 and 216-Z-2 Cribs. The 216-Z-lA Tile Field consists of a 85.4 m (280 ft) long 
north-south running trunk with seven pairs of 21.4 m (70 ft) laterals spaced at 10. 7 m (35 ft) 
intervals in a herring-bone pattern (\1/IDS; WHC 1991a). The tile field piping consists of 20 
cm (8 inch) diameter perforated vitrified clay pipe placed on a 1.5 m (5 ft) deep gravel bed , 
5.8 m (19 ft) below ground surface (Figure 2-10). 

The 216-Z-lA Tile Field's active life was from June 1949 to April 1969 . As originally 
constructed, the 216-Z-lA Tile Field received liquid waste as overflow from the 216-Z- 1 and 
216-Z-2 Cribs. In later years, liquid waste was routed directly to the tile field. Available 
information indicates that the discharge history of the 216-Z-1 A Tile Field proceeded roughly 
as follows: mtlwH?iiitrable :zwi~ 

SERVICE DATES 
FROM TO FUNCTION 

19 ~6,"'t'4"':?-9----t6'H':/5:n2,--,2<=-1lrti6,-,Z-1-;a1+nlt:ldh2<=-1lrfl6....,z,...,_,._2~ce1rffiib~s;-;acttnttcdHtH'lh~e--.2o-tlfl6-,Z'-,--+l~A.-T+-,iHtle-Ftt-ie~ld+--Hre~c;eewivce,ed-pfRFO'-¼tC~e!SS-SS, 
20 analytical, and de1,•elopment lab wastes from 234 5Z Building via the 241 Z 361 
21 Settling Tank. 
22 
23 ~6,~5r2--~3~/5~9-.2~1~6 ..... Z&-+1,aHn~dh2~1~6 ..... z~2~cdr~ib~s~·~Ne~r~e~b~)'~p&.as~s~ed~.-.e-2~16~Z~lH,6~.4T~il~e4F~i~e1~d~r~e~ce~i1w,,e~d~t~hi-ee 
24 abo1,•e wastes Yia 01,•erflow from 216 Z 3 Crib. 
25 
26 ~31~5¥9---s~;6~41--,,4'\l*I~p~0Hrt*iocttn~s~o*f~t~hi~s~s~ite-~~-e~re-in~a~ct~i1.-.,.e. 
27 
28 ~s1~6~4--~s~;6~4t--,2<=-1lrfl6,-,Zh-tl-iattnlt:ldh2<=-1l~6-Zf-r--,!_2~c~rffiib~s~1~n<e~r~e~s~ticttll• in~a~c~ti~Y~e.-,;2~16-Z.,....+,l,4~~T~i1~eHF~i~e1~dHF~e~ce~i~ .. ,e-d 
29 aqueous and organic waste from PRF (236 Z Building). 
30 
31 ~s1~6~4------:c5~f.6~6t-cS~a~mHte~as;-;acttb*owv~e~p~lu~sHr~e~ce~i~,,,e~d~2~4~2~zr-rlB~ucttiffild~in~g~'~A~'a~st~eHattn~dh14'\.mm~eHriacicttuffm~R-ecRO~ .. ~•e-pt 
32 (242 Z) waste. 
33 
34 ~s1~6~6---6~!6~6t--,2<=-1lrfl6hZb-tl-iattnlt:ldh2<=-1lrfl6,-,Zf-r--,!_2~c~rffiib~s;-;acttnttcdh2~1~61-,Zh-1l+,6~.+Tttile-F~ie~1d-re~c~e~i .. ~•eHd~2Y3fl6-,Z-B~ucttil~d,~·n~g 
35 aqueous and organic waste and 242 Z Building waste while the distribution 
36 point in 216 Z lA Tile Field was mo1,•ed from the A section 30.5 m (100 ft) 
37 down the main trunk to the B section. 
38 
39 ~6l~6~6----1l~0~/.6H7~2~1~6-Zh-tl-;attn~d1-,2~1~6-Zf-r--,!_2~c~rffiib~s~,~,,,e~r~e~i*na~c*tiw\•~e;~s~e~c~tio~n-BHo~f~t~h~e-24lfl6~Zt..,....+l~A~T+-,i~le-F~ie4Hld 
40 recei1,•ed aqueous and organic waste from 236 Z Building and from the 242 Z 
41 Building, while the discharge point on 216 Z lA was mo1,•ed 23 m (75 ft) 
42 further down the main trunk. 
43 
44 ~10rH/~67r----tl~0~/.6H7~2~1~6-Zh-+l-iattnH-ldh2~1~6-Zf-r--,!_2~c~rFfiib~sMrFt'e~ce~i~,·e~d+-+23~6~z ..... aH'nH-ldh2.,..41-,'2~Zh-f'B..+uH1illf-ldttinwg'--\\,l,;\'a~s.Hte~S'--\\1,41>'h'»i~leHt~h,Ae 
45 discharge point in the 216 2 IA Tile Field was mm•ed 23 m (75 ft) further down 
46 the main trunk from the B section to the C section. 
47 
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SERVICE DATES 
FROM TO FUNCTION 

10,l67 

3/68 

1/69 

3/68 216 Z 1 and 216 Z 2 Cribs were inacti1,•e; 216 Z lA Tile Field recei:ved 236 Z 
and 212 Z Building wastes. 

1/69 216 Z lA Tile Field continued to recei1,•e the abo:ve wastes; 216 Z 1 and 216 Z 
2 Cribs recei•red uranium wastes from 236 Z Building. 

All portions of the 216 Z 1, 216 Z 2, 216 Z 3 Cribs aad 216 Z lA Tile Field 
were retired. 

The 216-Z-lA Tile Field received approximately 6.2 million p 1-i-tefs- {l)]P4Q;PQQgro) -0f 
liquid waste. Other sources report only 5.21 million ¥l 1-i-tefs- <llsi:!2§.lmiJgg:gi])of hul<l· .. 
.~~k~~(!~t-~gml6~~-A~dT~~:;:~;.d r:a~e:D!~~~!r·~~Jt~~\~to~!1~n;~p~~ed~~llion 

Included ·26s;ocx5kg°{Q'.~l ;QQQ)fp) of carbon tetrachloride, 30,000 kg ti!~QQQJgj of~ 
I IY:tYlPB9ill9l!f, and".26:'.366 kg·{tl~•~m •:111 of DBBP. · .•.... •.w .... w 

No unplanned releases were associated with the 216-Z-lA Tile Field. 

The 216-Z-lA Tile Field has also been identified as the 234-5 Tile Field and the 
"216-Z-7". 

2.3.4 Reverse Wells 

Reverse wells are buried or covered encased drilled holes with the lower end perforated 
or open to allow liquid to seep to the ground. These units injected waste water into the 
ground at depths greater than the cribs and drains described above. Reverse wells are 
generally constructed of steel or concrete pipe and may either be open or filled with gravel. 

Reverse wells were used for the disposal of low-level liquid wastes in the early phases 
of Hanford Site (and Z Plant Ril) operations, but proved unsatisfactory because they 
plugged easily and introduced the waste into the ground at or near the water table (Brown 
and Ruppert 19~$). Therefore, by 1954, all reverse wells at the Hanford Site had been 
removed from servke; associated wastes were re-routed to cribs and other types of ground 
disposal units (Fecht et al . 1977) . 

z.ia.~~;;:m :: zt6JZf!(lRevetseMtem One reverse well, the 216-Z-10 Reverse Well , is located 
withTn ·the i PianiAggregatitArea (Figure 2-7). Sources of waste disposed of to the reverse 
well are summarized in Table 2-1. Tables 2-2 and 2-3 summarize available information 
regarding quantities and types of l]gj;gnlsli!ijll l.fi. chemical constituents disposed of to this 
waste management unit. 
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1 The 216-Z-10 Reverse Well is an inactive, wastewater management unit. It is a 145.8 
2 m (50 ft) deep underground injection well constructed of 15.2 cm (6 inch) diameter schedule 
3 50 steel pipe. The 216-Z-10 Reverse Well is located 30.5 m (100 ft) east of the 231-Z 
4 Building and 122 m (400 ft) north of 19th Street. The reverse well received 231-Z Building 
5 process and laboratory waste via the 231-W4-15J Sump for four months between February 
6 and June 1945 (Figure 2-1). Brown and Ruppert (1948) reported that the well received about 
7 1,000,000 E tttefs 11'.~~g~J of transuranic mg:J:i-contaminated process waste at the rate 
8 of about 75· Ii litefs {2(fgailefl.s)" per minute. The well was deactivated after it became 
9 plugged with····sludge. The pipeline to the well was capped west of the 231--Wl -15 l Sump. 

10 
11 No unplanned releases are associated with the 216-Z-10 Reverse Well. 
12 
13 The 216-Z-10 Reverse Well has also been identified as "216-Z-2", 231-W Reverse 
14 Well, and 231-W-150 Dry Well or Reverse Well. 
15 
16 
17 2.3.5 Ponds, Ditches, and Trenches 
18 
19 The Z Plant Aggregate Area includes two ditehes and three trenches as shown on 
20 Figure 2-8. There are no ponds within the Z Plant Aggregate Area. The two ditches, the 
21 216 Z l(D) Ditch and the 216 Z 19 Ditch are U Plant Aggregate Area waste management 
22 units and will not be discussed herein. Table 2-1 lists salient features of each of the 
23 trenches, which are Z Plant Aggregate Area waste management units. Tables 2-2 and 2-3 
24 summarize information identified with respect to radionuclide and chemical wastes received 
25 by each unit. 
26 
27 2.3.5.1 216-Z-4 Trench. The 216-Z-4 Trench is an inactive waste management unit located 
28 152~ (500 ft) north of the 2704-Z Building. The 216-Z-4 Trench consisted of a 3. 1 by 3.1 
29 by 4.6 m (10 by 10 by 15 ft) deep unlined excavation. 
30 
31 The 216-Z-4 Trench received process and laboratory waste from the 231-Z Building for 
32 one month in June 1945. The site tinlt was deactivated and backfilled when the effluent flow 
33 exceeded the infiltration capacity of th~ pit :(lggq. The pipeline from the 231-Z Building to 
34 the trench was capped west of the 231 ~ ~Bf Sump. 
35 
36 The WID8 111@::(J~l~) indicates that the 216-Z-4 Goo W.ridin received 
37 approximately 11 ;rn:xfg ~ (+]gQQ!!M} of neutral/basic liquid .waste containing 
38 approximately 0.002 kg (Q~QQ4 H'ff ofpii.itonium and small amounts of other transuranic ffiRU 
39 elements. ········ ··············· ··· ············ 

40 
41 No unplanned releases are associated with this erib ttiFH· 
42 
43 The 216-Z-4 Trench has also been identified as the 231-W-3 Pit, Sump, or Crib ; the 
44 216-Z-4 Crib; and the 231-W-Sump. 
45 
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2.3.5.2 216-Z-9 Trench. The 216-2-9 Trench is an inactive waste management unit located 
about 213~ m (700 ft) east of the 234-52 Building, and 152~ m (500 ft) south of 19th 
Street. The 216-2-9 Trench consists of a 6.4 m (21 ft) deep excavation with a 36.6 m 
(120 ft) by 22.5 m (90 ft) concrete cover. The walls of the eoo ttipqij, slope inward and 
downward to the 18.3 m (60 ft) by 9.2 m (30 ft) floor space. The sioping walls of the eoo 
!tl l were paved with acid-resistant brick. The cover of the coo ~nsn is supported by six 
concrete columns. 

The 216-2-9 Trench operated from July 1955 to June 1962, receiving all solvent and 
aqueous wastes from the RECUPLEX facility in the 234-52 Building. Reportedly the 
216-2-9 Trench received 4.05 million p litefS tlliilJnU:1.il#.{&#i) of low salt, acidic, aqueous, 
and organic liquid waste from the REC UP LEX ·tadfoi. "ff ls estimated that 83,000 to 

3.0),000 m litefs tlli~il ll&:::ll ll~~ltilill:l:ei f132,ooo to 477,ooo kg} !12!Jg2Q:t{l lli~?JJI~? 
!RJ of carbon tetrachloride may have been disposed of to the soil column at this location. 
The waste stream included trace le,.•els of plutonium and other transuranic $RU elements. 
The total volume of liquid wastes disposed of to the soil was 4,090,000 µ lit~;~ (~J~Q~Q~QQQ i l l ... . .......................... . 

By the time the 216-2-9 Trench was retired in 1962, it had received 50 to 150 kg (JJQ 
jgig~Q J'ij) of plutonium. The bulk of this material was expected to be bound up in the upper 
few .. fridies of sediments and sludge in the bottom of the trench. In 1963 and 1969, the 
reactivity of the material at the bottom of the trench was measured using the pulsed neutron 
source technique. Based on these measurements and other data, it was decided in 1973 to 
actively mine the 216-2-9 Trench to remove plutonium. This measure was intended to 
reduce the risk of environmental contamination and to reduce the criticality potential (e.g ., 
the potential for uncontrolled nuclear reactions). The 216-2-9 Trench was mined with 
remote mechanical equipment between August 1976 and January 1977. The mining 
operation removed an estimated 58 kg tlii :!$) of plutonium. Based on new data acquired 
during the mining operation, an estimatecf':3'8 to 48 kg (i4Ii !:ilP§l&) of plutonium remained 

§fJJ'fiiill~M?t4Q i B :!J:tfµftl{ 

No unplanned releases were associated with this coo ~USU· 

The 216-2-9 Trench has also been identified as the 216-2-9 Crib , the 216-2-9 Cavern , 
the 234-5 RECUPLEX Cavern, and the 216-2-10 Crib. 

2.3.5.3 216-Z-17 Trench. The 216-2-17 Trench is an inactive waste management unit 
located about 76.3 m (250 ft) north of 19th Street and 91.5 m (300 ft) east of the 231-2 
Building. The 216-2-17 Trench consisted of a 61 by 3.1 by 2.4 m (200 by 10 by 8 ft) deep 
excavation with 1:1 side slopes. It was parallel to and 12.2 m (40 ft) west of the 216-2-1 
Ditch. The 216-2-1 Ditch is an inactive waste site mRimirrnYnil associated with the U 
Plant Aggregate Area (see DOE/RL 1992). The stte·~~n~h was deactivated and backfilled 
when the effluent flow exceeded the infiltration capadty of the pit. 
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The 216-Z-17 Trench received laboratory waste from PNL operations in the 231-Z 
Building for a one-year period between February 1967 and February 1968. The WlDS 
indicated that tllhe 216-Z-17 Trench received 36.8 million g litefs (~;7~::m1m§ng~l) of 
neutral/basic liquid waste which contained 0.05 kg (Q~JlMlf of plutonlum·{l;8.1 :1~1~1. 
The trench remained open for about seven years before· behig backfilled in i975: F1eid 
surveys measured in the 216-Z-17 Trench before backfilling indicated 2 ,000 dis/min of alpha 
activity. 

No unplanned releases were associated with this eRb ~UBD-
The 216-Z-17 Trench has also been identified as the 216-Z-17 Ditch. 

2.3.6 Septic Tanks and Associated Drain Fields 

Five septic tanks and their associated drain fields were identified within the Z Plant 
Aggregate Area . 

• 2607-Z Septic Tank 
• 2607-Z-1 Septic Tank 
• 2607-WA Septic Tank 
• 2607-WB Septic Tank 
• 2607-W-8 Septic Tank~ 

The locations of these waste management units are shown on Figure 2-9. 

2.3.6.1 2607-Z Septic Tank and Drain Field. The 2607-Z Septic Tank and Drain Field is 
an active waste management unit located about 33 .6 m (110 ft) east of the 236-Z Building. 

~;;4~~
0 l~~~~;~i:~: s:~~ ~:t~e:;a~~r ~!:pa~;~~;: ~illl) ~~i~~~-~~e~~ain 

field is located 18.6 m (61 ft) east of the 2607 S§epd.c::Ptank." the2607~z ·septic Tank is an 
11 by 3.4 by 7 m (36 by 11 by 23 ft) deep concrete box with a 95 ,000 p -litef (25,000-
gallen) capacity two chamber tank. The drain field consists of 36 rows ·of 15 cm (6 inch) 
drain tile spaced at 2.4 m (8 ft) intervals. It lies in a gravel bed which extends a minimum 
of 46 cm (18 inches) below the drain pipe. The excavation is backfilled forming a surface 
that is below original grade. The drainfield is therefore identifiable as a large rectangular 

recess in an otherwise flat field . WB~~::11tw:imlniitml~:iijtii~Ilt~ 9m;r#fin!:I !~4:?:/ 
No radionuclides or hazardous chemicals have been associated with this unit. 

2.3.6.2 2607-Z-1 Septic Tank and Drain Field. The 2607-Z-1 Septic Tank and Drain 
Field is an iflactive waste management unit located on the west side of the 234-5Z Building 
(Figure 2-9). The source of the sanitary waste was not specified. 1m1i!l~~11 m~im.~qj ijfii~ Piij~:::ml!ttinl: mt!!~~ ····· · · · ····· ···· · · · ·· ·········· · · · ·········· ·· · ······ ·· ····· 
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No radionuclides or hazardous chemicals have been directly associated with this waste 
management unit. 

2.3.6.3 2607-WA Septic Tank and Drain Field. The 2607-WA Septic Tank and Drain 
Field is an active waste management unit located immediately south of the Z Plant mobile 
office complex (WHC 1991a). The site :\ii\ receives sanitary wastes from the mobile office 
trailers at a nominal rate of iHH~May lim:::~@;(;l)~g:::~11::IFi:PIX· The site MP~~ includes 
two 3,800 µ -li-tef (1,000 galloo) septic tanks and an abandoned septic tank plus one active 
and one abandoned drain field. The site gffij began operating in 1968. 

No radionuclides or hazardous chemicals have been associated with this waste 
management unit. 

2.3.6.4 2607-WB Septic Tank and Drain Field. The 2607-WB Septic Tank and Drain 
Field is an active waste management unit located approximately~ g,,QQ m :(§QQJ::ft) south and 
east of the Z Plant g(E.p mobile office complex. The site µJm receives· sanitary wastewater 
<l!1.? ... ~~p~i-~_ ~~~~~Jrom .foe mobile office complex. Jm~~ :~~!:fflm~ffi~t mm §ig~ 
§.JiiliP.i.i!:lnilli~:~ 

No radionuclides or hazardous chemicals have been associated with this waste 
management unit. 

2.3.6.S 2607-W-8 Septic Tank and Drain Field. The 2607-W-8 Septic Tank and Drain 
Field is an active waste management unit located northeast of the 231-Z Building. The unit 
receives sanitary wastewater and septic waste from the 231-Z Building at a nominal rate of 

~/ 1 ;~~,rIT~!::~g~~~~~!f!!~r:~~-~hi~i1:1~!~~ffi~~~~~~ir~~~an~~:r:~i~gc~~a~~~9 . 

No radionuclides or hazardous chemicals have been associated with this waste 
management unit. 

2.3. 7 Transfer Facilities, Diversion Boxes, and Pipelines 

l1gfi1~1i@l li~~§~ +!ransfer facilities mi! (also referred to as process lines or process 
sewerT1nesfcon"l-iecithe major processing fadiities with each other and with the various 
waste disposal and storage facilities. Most Pllfit!!:Y@k:~m:lmiiE1 lines are 7.6 cm (3 inch) 
diameter stainless steel pipes with welded jofots~ ·Proe·ess OOli~ Hnes are generally enclosed 
in steel reinforced concrete encasements and are set below grade. The major process lines in 
the Z Plant Aggregate Area, and the facilities that they connect are shown on Figure 2-10. 
The ijJg'lt!ixi!Ilil\i pipelines are not waste management units according to the Tri-Party 
Agreement and they will be addressed in detail under the Hanford Surplus Facilities 
~IDPM§filQP.lniiiPP: :'R@Rfl 1@{9~µr~M~program. 1§14:vi~ :i:mmtffi4. ii'.igYiJ§ P.t9PQ$f& ;~ 
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····••1f11111. 
Di¥ersion bo'X:es or sumps house the switching facilities where waste Cfrfl be routed 

from one process line to frflother. They are concrete bo'X:es that were designed to contain frflY 
'waste that leaks from the waste transfer line connections. The dh•ersion boxes generally 
drain by gravity to nearby catch tanks where frflY spilled ·waste is stored. There are three 
di,•ersion bo'X:es in the Z Plfrflt Aggregate Area: ~ 

e 

e 

e 

2 41 Z Di,•ersion Box ~fo . l 
241 Z Diversion Box ~fo. 2 
231 Z 151 Sump 

Various pipelines carried high level, mixed, and sanitary •i1,•astes from Z Plant process 
buildings to on site frftd off site disposal units. Flov,· of liquid process wastes to mfrfty of the 
cribs was chfrftncled through several diversion boxes. 

II Z Plant g~ pipelines are concentrated in the vicinity of Z Plant inl processing 
buildings (e.g., the 231-Z and 234-5Z Buildings) . As shown on Figure 2- 10, a process 
waste discharge line exited the east side of the 231-Z Building , running due east to the 
231-Z-151 Sump. Stainless steel and , in later years , PVC pipe, connected the sump to the 
216-Z-4 Trench ; the 216-Z-5 , 216-Z-6 , and 216-Z-7 Cribs; the 216-Z-10 Reverse Well ; the 
216-Z-16 Crib; and to the 216-Z-17 Trench. 

An unplfrflned release, UN 200 W 130, was identified near the 216 Z 151 Sump in 
January 1967. The unplanned release in1,rolved a leaking waste line from the 231 Z Building. 
The \\qDs indicated that the waste line was repaired; soil clCfrflup activities , if frflY , were not 
identified. 

Also as shown on Figure 2-10 , various process waste lines ran from the 234-52 
Building to the 216-Z-1 and 216-Z-2 Cribs; the 2 16-Z- lA Tile Field , the 21 6-Z-3 Crib ; the 
216-Z-9 €rib l)'fijjjqq; the 216-Z-12 Crib; and the 216-Z-18 Crib . The process line 
discharging to the· 216-Z-9 €rib Wingfi also discharged to the 216-Z-8 Settling Tank and dRi iJ:IAti French Drain (Figure 2~rnr ··· .. , ...... , 

Non-contact wastewater exited the 231-Z Building and 234-52 Building through 
vitrified clay pipes which initially discharged to the 216-Z-1/216-Z-11 Ditch system. The 
216-Z-1 and 216-Z-11 Ditches are U Plant Aggregate Area waste management units. Near 
the 234-52 Building, additional non-contact wastewater was discharged to the ground through 
french drains (216-Z-13 , 216-Z-14 , and 216-Z-15) located around the 291 -Z Building (Figure 
2-10). 

Two diversion boxes were used to control flow of liquid wastes to cribs south of the Z 
Plfrflt building comple'X: . 241 Z Diversion Bo* No. 1 is located just north of the 216 Z lA 
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Tile Field (Figure 2 10). 241 Z Di1v<ersion Box No. 1 is located at the piping junction 
betvf'ecn the 216 Z 1, 216 Z 2, 216 Z 3, 216 Zl A Tile Field complex and the 216 Z 12 
Crib. A second di·viersion box (241 Z Diversion Box No. 2) is identified just north of the 
216 Z 12 0rib. 241 Z Dh'ersion Box No. 2 was used to route liquid wastes to a \\'estern 
bypass line, when the original line became plugged. 

In addition to the Z Plant waste pipelines, a steam heating pipe line (not shown) 
connects the central steamplant to 1,•arious structures in 200 West Area. The steam is used 
for building heating purposes. After use, condensate water was discharged to the on site 
freneh drams. 

1tll• llll:l&1ii{IIIIITl(illl~-~-
IR::i:1nlinPl:ltl!mll:l!lilliisi~m1 :rwitnit:!1]1Ivm.f2: 

!'tetit:e::::111,1::1i!:~mi9§:::~§1::11f :ern::::111:g;ir1::1~Yml~tn 121:12/ :eI!~]~m:1:in%Bnxi wij~t.@ 
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2.3.8 Basins 

Two basins, the 207-Z Retention Basin and the 216-Z-21 Seepage Basin were identified 
in the Z Plant Aggregate Area (Figure 2-11). The 216-Z-21 Seepage Basin was not 
identified as a Z Plant Aggregate Area waste management unit by the Tri-Party Agreement, 
but is recommended for inclusion in the AAMS (DOE/Rb 1992) . 

2.3.8.1 207-Z Retention Basin. The 207-Z Retention Basin is an inactive waste -sire iifilt 
located approximately 60 m (~ J!i ft) southeast of the 236-Z Building . The 15 .3 by Y2 .2 
by 3.1 m (50 by 40 by 10 ft) concrete structure is divided into two basins separated by a 0 .3 
m (1 ft) thick concrete wall. There is a 1.8 m (6 ft) woven wire fence around the top of the 
basins. Each basin contains a sump and a pump. 

The 207-Z Retention Basin operated from 1949 to 1959 tiis.Rfij!5rJ) receiving 
potentially contaminated liquid waste including steam condensate and cooling water from the 
234-SZ Building via the D-3 piping system. Waste sent to this holding facility was then 
released to the 216-Z-l(D) l~B~9fZt ll Ditch systems. This ditch system is an inactive 

2-27 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

r-- 20 
21 
22 
23 
24 .... 
25 

~, 26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

DOE/RL-91-58 
Draft B 

wastewater conveyance ditch which is a U Plant Aggregate Area waste management unit. 
Figure 2 1 shows the period of use of the 207 Z Retention Basin . 

No releases are associated with this waste management unit. 

The 207-Z Retention Basin has also been identified as the 207-Z Sump, 207-Z- Pond , 
and 207-Z Retention Pond. Hanford drawings also identify the 2061]-Z Retention Basin as 
the 241-Z Retention Basin. 

2.3.8.2 216-Z-21 Seepage Basin. The 216-Z-21 Seepage Basin is an active waste 
management unit located approximately 100 m {[lil i:@) east of the 234-5Z Building and 40 m 
(l$Jfit). south of the 216-Z-9 Goo Wfinifi(Figure 2~fi). The 216-Z-21 Seepage Basin was 
ccin.structed in the 1980s for discharge.o{.non-contact condensate from the 234-5Z HV AC 
system and storm water runoff. It also received wastewater from inlet air washing. The 
seepage basin was constructed following backfilling of the 216-Z-19 Ditch system and 
construction of the 216-Z-20 Crib. The seepage basin was constructed to alleviate backup of 
the 216-Z-20 Crib from HVAC condensate and storm water runoff originally routed to the 
latter crib. Storm drain lines connecting to the seepage basin run from catch basins on the 
north side of the 234-5Z Building, and from an overflow line from the water tank described 
at the location of the "French drain/dry well" north of the 234-5Z Building (see Section 
2.3.3.6). A storm drain connection from the east side of the 234-5Z Building is also 
present. The draft Carbon Tetrachloride ERA Proposal (DOE/RL 1991b) indicated that 
wastewater is discharged to the unit at a rate of approximately 9. 8 X 107 & (%sq 1]1Q1 gii,l) 
liters/yr ~fii&\lf. The draft ERA proposal concluded that seepage from th1s bas1n couid 
have an impact on groundwater levels in the underlying unconfined aquifer. 

Historical information indicative of radionuclide or hazardous chemical waste 

~~~:::~:.to ~~~:~~~r~11~~1• i11t~~-\i1 iiil12irt~~IP~i# §~~iijr of available 

The 216-Z-21 Seepage Basin has also been identified as Seepage Basin 207-Z . 

2.3.9 Burial Sites 

The Z Plant Aggregate Arca solid 1n·aste gp~!i!I;#,~~ IIi ~§ urial sires Wf2999.J§ were 
established independently of the main Z Plant process facilities and have operated from 
approximately 1944 to present. The location of the burial sires grQ'\i.tRfa are shown on Figure 
2-12. The burial sites have received wastes from the Z Plant and t;·o;· various sources 
throughout the Hanford Site[]pID,:µij!#g fili iimf:. Solid waste disposal facilities include 
caissons and various types ofhun aifre,iches . · Burial grounds generally consist of one or 
more of these solid waste disposal facilities. Caissons consist of concrete/steel chambers set 
below ground surface with an associated steel riser pipe through which waste packages were 
dropped into the caisson. Caissons are typically ventilated to reduce exposures to personnel 
depositing waste packages. Drop chutes ~~$QJl~h¥~~ ;i\1$.Q qqq\sfrnp~ consist of vertical 
steel casing or open-ended 55-gallon drums ;efd~ end:to:end set ~ertically in an excavation. 
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1 After filling with solid waste packages, the drop chutes ~ !$$.Pb:$ were backfilled and capped 
2 with concrete. . ........ · .. ·. ·.· 

3 
4 The following solid waste burial grounds are located within the Z Plant Aggregate 
5 Area. These include: 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

218-W- l Burial Ground 
218-W-lA Burial Ground 
218-W-2 Burial Ground 
218-W-2A Burial Ground 
218-W-3 Burial Ground 
218-W-3A Burial Ground 
218-W-3AE Burial Ground 
218-W-4A Burial Ground 
218-W-4B Burial Ground 
218-W-4C Burial Ground 
218-W-5 Burial Ground 
218-W-6 Burial Ground 
218-W-11 Burial Ground 
Z Plant Burn Pit~ 

22 Several of the above units; including the 218-W-3, 218-W-3AE, 218-W-4B, 218-W-4C , 
23 218-W-5 , and 218-W-6 Burial Grounds} are currently being permitted under a RCRA Part B 
24 permit. Burial Grounds Wh.¢. 218-W-3A, 218-W-3AE, and 218-W-5 Btifi~t l®:mi:i'Qgs are part 
25 of the LowtLevel Waste iianagement Area (LLWMA) 3. The 218-W~4Bj:i~dii Ground is 
26 part of the LLWMA 4. The 218-W-6 Burial Ground is part of the LLWMA 5 (Barton et al . 

27 1990). ~m2ii1:::;1nqliiij~!ltlin~rlU:]#:11:;11::12UUilI!~t~ffit ffiil!inifals™ 

!! • •1111•111,~iif 
33 
34 Many of the mi l wastes disposed of in the burial grounds were placed in Radioactive 
35 Retrievable Storage tinhs which were facilities used to store 55-gallon drums or boxes 
36 containing radioactive mixed wastes . Waste containers were stored on underground asphalt 
37 pads and polyethylene-lined underground trenches . An earthen cover over the trenches 
38 provided radiological protection. The wastes were packaged in steel, concrete, or wood 
39 containers and then placed into burial trenches. 
40 
41 Monthly or semiannual physical and radiological surveys are made of the 200 Areas 
42 burial sites- gt§µpqj . The monitoring includes investigating for undesirable weed growth , 
43 burial ground cave-ins, soil erosion, damaged radiation postings , boundary markers and 
44 fencing, damage caused by wildlife, and any other undesirable changes that may have 
45 occurred since the previous survey. The radiological survey includes burial ground 
46 monitoring or activity level monitoring to identify loose contamination , contamination spread , 
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and radioactivity uptake in plant life. These monitoring programs are described in Section 
4.0. 

Sections 2.3.9.1 through 2.3.9.14 describe available data regarding the use and 
operational history of each of these facilities. Tables 2-2 and 2-3 summarize available 
information regarding the inventory of radioisotopes and other chemical compounds disposed 
of at the burial ground facilities. Table 2-4$, presents a partial inventory of hazardous 
constituents disposed of to the 218-W-3A, ii8-W-3AE, 218-W-4C, and 218-W-5 Burial 
Grounds. 

2.3.9.1 218-W-1 Burial Ground. · The 218-W-1 Burial Ground is an inactive waste 
management unit located on the east side of Dayton A venue opposite the Radioactive Mixed 
Waste Storage Facility. The 158.9 m (521 ft) by 139.7 m (458 ft) site :;q~;.g::sy:l te~:;m::1 
{$,4.if::l!htlf:!?)~}it).:::lµffi.J~ consists of 15 trenches running in an east-west direction. Twelve of 
ihes"e .frencheii"are···2.4 m (8 ft) deep, 1.5 m (5 ft) wide at the bottom, and 4.9 m (16 ft) wide 
at ground level. The other three are 2.7 m (9 ft) deep flat bottom trenches with a 7.3 m (24 
ft) surface width. There are two gravel roads running east-west through the burial ground . 
The -site fim.t has been retired and stabilized. 

The 218-W-1 Burial Ground received transuraflie wl:M and mixed solid waste from 
1944 to 1953. 

........... ~ l}fl unplanned releas1, YPR}RB-200-W- l 1, &11\tt,Qqt'.itlHimJ{J;[filil t!QQf~t 
(ii4Wi~ is associated with this waste management unit (Table 2• .p) . In 1952, a fire released 
phitonlum contamination to 200,000 dis/min inside and 30,000 dis/min outside the burial 

!~{~:JJiflJ:J p!g£~f:j ~fo other releases are associated with this v,raste management unit. 

The 218-W-1 Burial Ground has also been identified as the Dry Waste Burial Ground 
No. 001 (Elder et al. 1987). 

2.3.9.2 218-W-lA Burial Ground. The 218-W-lA Burial Ground is an inactive waste 
management unit located in the northeast part of the Z Plant Aggregate Area, near the 
218-W-6 Burial Ground. This -site ffifij contains approximately 10 trenches. There are also 
several areas used as individual burial holes, but definite locations are not known. Total 
reported depths are only available for Trench 6, which is 1.5 m (5 ft) deep , and -t'.\t1rench 7, 
which is 6.1 m (20 ft) deep. ·••.• 

The 218-W- l A Burial Ground received industrial wastes including some radioisotopes 
from 1944 to 1954. This burial ground was the first large equipment burial -site #TTJt used in 
the 200 West Area. Most of the equipment was buried in wooden boxes which eventually 

2-30 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

DOE/RL-91-58 
Draft B 

rotted and caused settling of the ground surface. Most of these depressions were filled in 
1975. 

The 218-W-lA Burial Ground has also been identified as the Industrial Waste Burial 
Ground No. 1. 

2.3.9.3 218-W-2 Burial Ground. The 218-W-2 Burial Ground is an inactive waste 
management unit located east of Dayton Avenue and 610 m (2,000 ft) north of 19th Street. 
The 218-W-2 Burial Ground consists of 20 miscellaneous dry waste trenches, running east
west with bottom widths of 1. 5 m (5 ft) and lengths ranging from 141. 2 to 143 . 7 m ( 463 to 
471 ft). -

The 218-W-2 Burial Ground received miscellaneous unsegregated dry waste from 1953 
to 1956. The site µijjl has been retired and stabilized. 

The 218-W-2 Burial Ground has been identified as the Dry Waste Burial Ground No. 
002. 

2.3.9.4 218-W-2A Burial Ground. The 218-W-2A Burial Ground is an inactive waste 
management unit located about 457 .5 m (1 ,500 ft) north of 23rd Street and 457 .5 m (1,500 
ft) east of Dayton Avenue. The 218-W-2A Burial Ground consists of 19 trenches of various 
lengths, numbered 1 through 11, and 20 through 27. Trenches numbered 11 through 15 
were used to bury construction cell blocks. The trenches were 4.6 m (15 ft) deep and 4.9 m 
(16 ft) wide at the bottom. 

The 218-W-2A Burial Ground received mixed solid waste between 1954 and 1986. 
Conflicting accounts of the total volume of waste disposed of to the unit included: 

19,000 m
3 ~R:t! i:QQQ!Itf) and 25 ,000 m

3 (!f]!fflJ:tf) by WIB5 -M{l~!il The burial 
ground contains miscellaneous radioactive solid waste from facilities in the 200 West Area, 
including tanks, concrete blocks, facility wastes , and process equipment. Sixteen trenches 
were filled with dry industrial waste. Trench 27 contains contaminated soil scraped from the 
216-T-4-l Pond. Waste buried since No,.·ember 1980 does not contain hazardous materials 

lli!ii!§~~~ i!!!iiAili:!Pi~i:P:ill9~~:::11~ti ei~i§ln pl§~!tll!n1 ~9ili1Ji~f,~f ~nit§ iftijf Jg~g 
(Elder et al . 1987). The WIDS indicates that o§ f the 25 ,000 m (~§:'..? ~QQ]J):of waste 
contained in the unit, only 340 m3 U®.]~!.JPJ were disposed of after November 1980 
fW!fJl!JiQ!Ii).. The waste disposedof befo.re .. November 1980 is both low-level and 
byproduci, while the waste disposed of since that date is strictly lowflevel. 
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The 218-W-2A Burial Ground has also been identified as the Industrial Waste Burial 
Ground No. 2, the 218-W-02A Burial Ground, and the 200-W Industrial Waste No. 02A. 

This burial ground has been identified in a RCRA Part B permit application as a TSD 
facility and will undergo RCRA closure. A final cap and cover in accordance with the 
RCRA landfill standards hay#.s been proposed. 

2.3.9.5 218-W-3 Burial Ground. The 218-W-3 Burial Ground is an inactive waste 
management unit located on the northeast corner of the intersection of Dayton Avenue and 
23rd Street. The 218.4 by 155.6 m (716 by 510 ft) Site µfii.t consists of 20 dry waste 
trenches. Trenches 1 through 3 are 122 m (400 ft) in length ; t'1frenches 4 through 20 are 
144.9 m (475 ft) in length. Each trench is identified by a permanent concrete post with brass 
name plate. This Site HTii! is now retired and has been stabilized . 

The 218-W-3 Burial Ground received transuranic $RU/mixed solid waste from 1957 to 
1960 or 1961. The site received almost 11 ,000 m3 (gij~;PPl!:fi1) of miscellaneous 
unsegregated mixed transuranic ~f{(Q and non-7.)R/Q frrulsuran1·c waste from various Hanford 
Site operations. •· · • • • 

The 218-W-3 Burial Ground has also been identified as the Dry Waste Burial Ground 
No. 003. 

2.3.9.6 218-W-3A Burial Ground. The 218-W-3A Burial Ground is an active waste 
management unit located immediately southeast of the intersection of Dayton A venue and 
27th Street. The 381.3 m (1,250 ft) long , irregularly shaped Site 1!9\t consists of 61 dry and 
industrial waste trenches which run in an east-west direction. Seven· of the trenches are 
163 .2 m (535 ft) long, thirty-five are 283. 7 m (930 ft) long , and ten are 274.5 m (900 ft) 
long. The remaining trenches range in length from 122.9 to 156.1 m (403 to 512 ft). 
Trench depths range from 3.7 to 5 .8 m (12 to 19 ft). Each trench location is identified by a 
permanent concrete post with a brass name plate. Seven of the 61 trenches have been fully 

Since 197-tQ, the 218-W-3A Burial Ground site has received over 99 ,000 m3 

~Ri~~;~W:E tf) of transuranic ±i!lmixed solid waste from various Hanford Site operations. 

No releases are associated with [W~f~!~P:9~ if9f this waste management unit tQ tn@ 1:~tiritµri::t~igw~- ················· ···················· ··· ····· ······· · ·· ···· 
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The 218-W-3A Burial Ground has also been identified as the Dry Waste Burial Ground 
No. 03A. 

This burial ground has been identified in a RCRA Part B permit application as a TSD 
facility and will undergo RCRA closure. A final cap and cover in accordance with the 
RCRA landfill standards hayi5 been proposed. 

2.3.9.7 218-W-3AE Burial Ground. The 218-W-3AE Burial Ground is an active waste 
management unit bordered on the north by 27th Street and on the west by Dayton A venue .. 
The irregularly shaped site Amt consists of 28 trenches of varying sizes. Trench 2E is 380 
by 5.5 m (1,246 by 18 ft) (bottom), 405.7 by 14 m1 (1,330 by 46 ft) (surface), and 14.9 m 
(6 ft) deep with a minimum of 2.4 m (8 ft) of backfill . Trench 5E is 327.9 * py 14.6 m 
(1,075 * '!1Y 48 ft) (bottom), 422.4 * ~y 32.9 m (1 ,385 * i Y 108 ft) (surface) , and 6. 1 m (20 
ft) deep with a minimum of 2.4 m (8 .ft) of backfill. Trench 10 Eis 364.5 * PY 12.2 m 
(1,195 * ~Y 40 ft) (bottom) , 459 * py 28.7 m (1,505 * !}y 94 ft) (surface) , and5 .5 m (18 ft) 
deep, with a minimum of 2.4 m (8 ft) of backfill. Each trench location is identified with a 

Since 198±!!, the 218-W-3Afi Burial Ground has received 21 ,390 m3 (7?$}4QQfP1 
mixed solid waste. Wastes disposed of to the 5tte P-nH include miscellaneous wastes such as 
rags, paper, rubber gloves, disposal supplies, broken fools , and industrial waste such as 
failed equipment, tanks, pumps, ovens, agitators, heaters , hoods , jumpers, and accessories . 

No releases B:fC associated with }:Y~f~ tiffi9U~i[QJJ this waste management unit ~[Q m~ meratwe:reviewea. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
:::::::•:::::.:::·:;:•······· ······················::::::::::::;:•:::::::::::::-;,:,:-·-·.·.·.·.· 

The 218-W-3AE Burial Ground has also been identified as the Industrial Waste Burial 
Ground No. 3AE and Dry Waste Burial Ground No. 3AE. 

This burial ground has been identified in a RCRA Part B permit application as a TSD 
facility and will undergo RCRA closure. A final cap and cover in accordance with the 
RCRA landfill standards hay! S been proposed . 

2.3.9.8 218-W-4A Burial Ground. The 218-W-4A Burial Ground is an inactive waste 
management unit located near the southeast corner of the intersection of 27th A venue and 
Dayton A venue. The site µplt consists of 21 filled trenches which run east-west and eight 
drop chutes. A small miscefianeous trench runs north-south at the east end of tllrench 11 . 
All trenches are 9 .2 m (30 ft) wide and 4.9 m (16 ft) deep and range in length from 149.5 to 
295 .5 m (490 to 969 ft) . Each trench location is identified by a permanent concrete post 
with a brass name plate. · 

Two caissons are located between Trenches 17, 18, and 19 at their east end . Both 
consist of 6.5 cm (26 inch) diameter, 12 gauge well casing extended 14.6 m (48 ft) below 
grade. Both have 82.5 cm (33 inch) thick concrete cover blocks. Six 4.6 m (15 ft) deep 
caissons were installed in Trench 16. These are made of 55-gallon steel drums welded 
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together with the ends cut out (except the bottom of the lower drum) and placed on end with 
the upper surface at ground level. After use, soil was shoveled into these wells to absorb the 
high gamma radiation given off by the wastes deposited . 

The 218-W-4A Burial Ground received transuranic TRl1/mixed solid waste from 1958 
to 1968. The site received almost 18,000 m3 (94g);QQQl!if:) ::gf miscellaneous dry, 
unsegregated mixed transuranic all and non~!JB:Y1 "transuranic waste. 

Four unplanned releases are associated with this burial ground: UPR-20Q-W-16, 

UPR-200-W-26, UPR-200-W-53, and UPR-200-W-72 ,~1::mil!!i!ii&t8i:t2r::::lll~!9I· 
This waste management unit has not been identified by any other designation than the 

218-W-4A Burial Ground. 

2.3.9.9 218-W-4B Burial Ground. The 218-W-4B Burial Ground is an active waste 
management unit for transuranic [~:Q/mixed waste located near the northeast corner of the 
intersection of Dayton A venue ancfT9th Street. The 218-W-4B Burial Ground consists of 13 
trenches and 12 caissons. Caissons which received transuranic T.RU waste consist of 

::::::::::::::::::::::::: 

concrete and steel covered vaults. Caissons which received low level waste were constructed 
of corrugated pipe with a concrete bottom and top. Both types of caissons were used for the 
disposal of solid wastes from hot cell operations. Two trenches and four caissons (contained 
in a third trench) contain retrievable stored transuranic ffiRU waste. Of the remaining eleven 
trenches, ten contain unsegregated lowt,level and transu;anic ffiRM waste and one contains 
lowtlevel waste. Within the trench containing the four transuranic caissons are an additional 
seven lowflevel caissons. Trenches 1 through 6 and 8 contain unsegregated mixed 
transuranic ~I1-) and non-1lffl{Qj transuranic waste. Trench 9 contains unsegregated 
transuranic llli'm waste. Trenches 10, 12, and 13 contain non-IDRI transuranic waste. No 
information was available concerning Trenches 7 and 11. 

The row of 12 caissons includes 5 alpha caissons for transuranic WR:fil waste, one UNI 
silo type caisson (for high activity waste from N Reactor) , and six MFP.caissons (for non
m,y transuranic and nonsegregated waste). The six MFP caissons consist of 1 silo type, 1 
alpha type, and 4 dry waste caissons. The alpha type caissons weigh 11,804 kg (26,000 l.p 
pounds). They have an 2. 7 m (8 . 75 ft) diameter and are 3.1 m (10 ft) high, constructed ·.· ·· · 
primarily of concrete and have a steel cover fitted with lifting lugs. The silo type caissons 
are 9.2 m (30 ft) tall with a 3.1 m (10 ft) diameter and have a concrete base. Waste is 
placed beneath a concrete slab 4.6 m (15 ft) below grade. Dry waste caissons are 2 .4 m (8 
ft) in diameter and 3.1 m (10 ft) high, constructed of corrugated metal with a concrete top 
and bottom. Caissons are ventilated with electric blowers. Caisson air is exhausted through 
filters to prevent contamination from occurring when wastes are dropped into the caissons. 
The caisson trench is the only active area of the site µpH. All caissons are inactive except 
the MFP c&:aisson 6 and Alpha Caissons 4 and 5. · · 

The 218-W-4B Burial Ground began operations in 1967 and has received an estimated 
10,000 m3 (q~g~!QQQJl)j of waste. Of this amount, approximately 3,250 m3 (lJR}m'tQft}J 
consists of re'tnevabie stored transuranic J::J~:'.g waste. The site mm receives m1sceilaneous 
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1 radioactive solid waste, the majority of which is from facilities located in the 200 West Area. 
2 The solid waste consists of rags, paper, cardboard, plastic, pumps, tanks , process equipment, 
3 and other miscellaneous dry waste. The only nonsegregated waste received by this site was 
4 deposited between January 1, 1967 and May 1, 1970. Records prior to May 1968 are 
5 incomplete. 
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Radiation monitoring readings of 12,000 dis/min (WlBS ail !iglJ) have been 
reported in a small area of mulch (presumably placed to enhance revegetation of the area). 
No other releases have been identified at this waste management unit. 

The 218-W-4B Burial Ground has also been identified as the Dry Waste Burial Ground 
No. 04B. 

This burial ground has been identified in a RCRA Part B permit application as a TSD 
facility and will undergo RCRA closure. A final cap and cover in accordance with the 
RCRA landfill standards hay!s been proposed. 

2.3.9.10 218-W-4C Burial Ground. The 218-W-4C Burial Ground is an active waste 
management unit located east of Dayton Avenue between 16th Street and 19th Street. 
Hanford B(:li-awing$ H 2 3743765 indicates that the site µfiH consists of 65 trenches with 
space allocated for .several more. Forty-eight of the trenches run east-west. Twenty-four of 
these are 183.6 m (602 ft) long , nineteen are 219 .3 m (719 ft) long , four are 181 .2 m, (594 
ft) long} and one trench is 91.2 m (299 ft) long. Seventeen trenches run north-south. Of 
these, fourteen are 202 .8 m (665 ft) long and three are 154.96 m (508 ft) long . The average 
trench depth is about 7. 6 m (25 ft). 

Beginning in 1974, the 218-W-4C Burial Ground has received over 16,000 m3 (gpq'~QQQ 
f.t'} of trS:HSUFS:Hic WRW: and mixed solid waste from Hanford Site fac ilities and several off- ..... . 
slte sources. The n·orthernmost trench is the Naval Reactor Core Trench and also contains a 
number of core barrels from Bettis Naval Station . Trench No. 1 contains drums with 
plutonium-contaminated soil from the 216-Z-9 Goo filri'Qqft mining operation and 
noncombustible trS:HSUFS:Hic WRY waste. Trench No. 4 contains drums of assorted 
combustible trS:HsurS:Hic TRU ; ;ste and one module of noncombustible transuranic IBRU 
waste. Trenches No. 1, 4: 7, 20, 24 , and 25 and the easterly end of No. 19 contai~ 
retrievable waste. Trenches No. 23 , 28 , 48, 53 , and 58 and the remainder of No. 19 receive 

No releases are associated with this waste management unit. 

The 218-W-4C Burial Ground has also been identified as the Dry Waste Burial Ground 
No. OlC. 

This burial ground has been identified in a RCRA Part B permit application as a TSD 
facility and will undergo RCRA closure. A final cap and cover in accordance with the 
RCRA landfill standards hayt been proposed. 
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2.3.9.11 218-W-5 Burial Ground. The 218-W-5 Burial Ground is an active waste 
management unit for low4level/mixed solid waste located at the southwest corner of the 
intersection of 27th Street and Dayton A venues. The site WP! consists of 56 active or 
planned trenches, all oriented east-west. Twenty-seven ofihe trenches are 4.6 m (15 ft) 
wide at the bottom and 5.2 m (17 ft) deep. Of these, eighteen are 353.8 m (1,160 ft) long, 
four are 131.2 m (430 ft) long, three are 161.65 m (530 ft) long, and two are 323.3 m 
(1,060 ft) long. Seven trenches are 353.8 m (1,160 ft) long, 12.2 m (40 ft) wide (bottom):~ 
and 5.185 to 6.1 m (17 to 20 ft) deep. Each trench location is identified by a permanent · 
concrete post with a brass name plate. 

The 218-W-5 Burial Ground has operated since 1986, receiving 32,500 m3 (]}Jffi{QQQ 
tt::~). of mixed and retrievable transuranic £BY wastes. The \¥IDS indicates that ~)f~pqll 
204~ kg (450 }p pounds) of lead are buried frl Trench 21 and 1,68444 kg (3,710lfapourids) 
in Trench 9 ~(j11JQQ)j).. The 218-W-5 Burial Ground may also receive defueled~ 
decommission·ed·nuciear·· submarine reactor compartments in the future , each of which 

~-i§i~:~fli~1n:1~qt~~L~#:~\r~:~u~J;1~~pounds) of lead. Wi&.l~ @t$i~im.m~~~ 

No releases are associated with this waste management unit. 

This waste management unit has not been identified by any other designation than the 
218-W-5 Burial Ground . 

This burial ground has been identified in a RCRA Part B permit application as a TSD 
facility and will undergo RCRA closure. A final cap and cover in accordance with the 
RCRA landfill standards hayis been proposed. 

2.3.9.12 218-W-6 Burial Ground. The 218-W-6 Burial Ground is a proposed waste 
management unit for low-level/mixed solid waste which will include 28 trenches . It will be 
located north of the 218-W-lA Burial Ground. No wastes have been disposed of at this site 

liil-•• l-'ff!llln!W!~R" management unit. 
This burial ground has been identified in a RCRA Part B permit application as a TSD 

facility. When it begins operating, it will be subject to RCRA landfill and closure standards. 

2.3.9.13 218-W-11 Burial Ground. The 218-W-ll Burial Ground is an inactive waste 
management unit located immediately north of the 218-W-1 Burial Ground . The -stte :ij'ijij 
consists of two filled burial trenches running east-west. Trench 1 is 78.69 m (258 ft) long. 
Trench 2 is 45.75 m (150 ft) long. The site pmr, has been stabilized and reseeded with grass. 

The 218-W-11 Burial Ground received low-level and mixed solid waste in 1960 (Elder 

~a~~ ~ -~t:i,~~ll)~ec;~:~:ee~tii;~:~ ~•/ ~ t~: !\l~ff ;~~d~~~~
1
:4~;~:ixed 
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1 contaminated sluicing equipment that had been used for the uranium recovery program at the 
2 221-U Building. 
3 
4 Radiation monitoring readings of 12,000 dis/min (WIDS ~@;]~~~j) have been 
5 reported in a small area of mulch (presumably placed to enhance revegetation of the area). 
6 No other releases have been identified at this waste management unit. 
7 
8 This waste management unit has not been identified by any other designation than the 
9 218-W-ll Burial Ground. 

10 
11 2.3.9.14 Z Plant Burn Pit. The Z Plant Bum Pit is an inactive facility used between 1950 
12 and 1960 to bum miscellaneous nonradioactive waste material. Such materials included 
13 office and non-hazardous laboratory waste. The bum pit was reportedly 15 .3 by 12.2 by 
14 3.1 m (50 by 40 by 10 ft) deep. Reportedly the unit received 2,000 m3 (jQ}P()Q tf) of waste 
15 material of which less than 1,000 m3 '(g@Jli9:it~) was chemical waste. the f ormer p RJint 
16 Bum Pit is believed to be located approximateiy 50 m ci:tmI!t) south of 19th Street and 150 
17 m (lie :{!) east of the 231-Z Building. . ................. . 

18 
19 
20 2.3.10 Unplanned Releases 
21 
22 Twenty-one 4:l§eym:1t unplanned releases were identified in the Z Plant Aggregate Area 
23 
24 
25 
26 
27 
28 
29 
30 

ii •-ll~lllll• iliiif~m 
34 
35 With one exception, U~-200-W-103, no waste inventory information was identified 
36 for the unplanned releases. Table 2--§p summarizes the known information regarding each 
37 unplanned release and, where applicable, lists the waste management unit to which it is 
38 related. Most of the information available for the unplanned releases is derived from #le 
39 ~c J199la). 
40 
41 
42 2.4 WASTE GENERATING PROCESSES 
43 
44 Z Plant began operations in 1945 to assist in the processing of irradiated fuel rods into 
45 metallic plutonium. The process history of the Z Plant Aggregate Area is illustrated on 
46 Figure 2 14. The process began with the irradiation of uranium bearing fuel rods in one of 
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Hanford's 100 Areas production reactors. This process creates plutonium from uranium. 
Using a. conccntra.tcd nitric a.cid solution, the plutonium wa.s cxtra.ctcd from the irra.dia.tcd 
fuel rods in one of Hanford' s chemica.l sepa.ra.tion facilities (B Plant or T Plant) to produce a. 
plutonium nitrate solution. Z Plant processed the plutonium nitrate solution into plutonium 
metal-:- This section describes the primary waste generating process areas and the associated 
building locations at the 2 Plant Aggregate Area which include: 

• The Plutonium Isolation Facility (PIF) (231-2 Building) 
• The Plutonium Finishing Plant (PFP) (234-52 Building) 
• The RECUPLEX plutonium recovery process (234-52 Building) 
• The Plutonium Reclamation Facility (PRF) (236-2 Building) 
• The Americium Recovery facility (242-2 Building) 
• The Analytical and Development Laboratory8i 

Table 2-67 summarizes available information regarding the chemical characteristics of 
each of the waste streams produced by 2 Plant Aggregate Area. @.ipj{pjgi§~ fii§t§i{Pt Jfij 
w:Iffl~iii iliil\i ::i!~Ii~ i: p!lfilrit~ Jfn: £~ilt§ ii3;!~:i The chemicals · arid .. racffonud1des · that 
have been detected or which are known to be present in 2 Plant Aggregate Area waste 
streams are summarized in Table 2-18. Table 2-&9 lists chemicals used or stored in the 2 
Plant Aggregate Area laboratory. Th~ chemicals identified in Table 2-%9 represent potential 
contributors to the 2 Plant Aggregate Area waste stream if they are spilled or otherwise enter 
effluents, but most cannot be considered routine waste stream components. Table 2-9:J;Q lists 
radionuclides, organic, and inorganic chemicals disposed of at 2 Plant Aggregate Area waste 
management units based on several sources listed at the bottom of the table. Sections 2.4 . 1 
through 2.4.6 describe the 2 Plant Aggregate Area process facilities identified above . 

2.4.1 Plutonium Isolation Facility (PIF) 

2.4.1.1 Process Description. The 231-2 Building (described in Section 2.3.1.2) was the 
primary location of the PIF process line. The 231-2 Building is also known as the 
Concentration Building. The exact dates of PIF operation were i~YP.i9J~rf ~µj )frithPY:ghi 
ijf~ from 1945 to 1949. The PIF was described as being a seventh production step where 
co·n·centrated plutonium nitrate solution was further reduced to a paste. This process 
consisted of the following steps: 

• Ammonium nitrate was added to the plutonium nitrate solution , reducing the 
plutonium to the +4 valence state;-

• Sulfates and peroxide were added to the mixture, causing plutonium to precipitate 
as plutonium peroxide;-

• Nitric acid was added to this precipitate, forming a purer more concentrated 
plutonium nitrate solution~ 
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• This product was placed in small shipping containers and boiled using hot air to 
form a wet plutonium nitrate paste. 

Until 1949, the plutonium nitrate paste was shipped to Los Alamos, New Mexico; for 
final processing into plutonium metal. Apparently, after 1949 this concentration step was 
moved to the 234-5Z Building. The wet plutonium paste output by PFP was then processed 
as discussed in the following subsection. 

2.4.1.2 PIF Waste Streams. Little information was identified regarding PIF waste streams. 
PIF waste streams probably included process wastes and non-contact wastewater. The 
process wastes can be characterized as acidic and corrosive, high in salts , and low in organic 
content. The PIP process wastes likely contained minor amounts of fission products , 
plutonium, and other transuranic l;r{tg elements. Process wastes were discharged through the 
231-Wj-151 Sump to various waste .management units including: 

• 216-Z-4 Trench 
• 216-Z-5 Crib 
• 216-Z-6 Crib 
• 216-Z-7 Crib 
• 216-Z-10 Reverse Well] 

2.4.2 Plutonium Finishing Plant (PFP) 

2.4.2.1 Process Description. The 234-5Z Building (described in Section 2.3.1.1) was 1~ the 
primary location of the PFP process lines. j)ljJ DOE operated three successive PFP process 
lines to convert plutonium nitrate to plutonium metal: 

• The RG-RB line which operated from 1949 to 1953-; 
• The Remote Mechanical A line which operated from 1953 to 197~ 
• The Remote Mechanical Cline which operated from 1960 to 1973 @h{_tfiqm ] Q$$ fgJ~$$.. . .. , ..... .. ... , .. .. ... ....... , ... , ... . 

Each of these process lines created waste streams which contained detectable quantities 
of plutonium and other transuranic ~:g elements (Jensen 1990) . 

The PFP facility contained§. chemical processing equipment used to convert plutonium 
nitrate to plutonium oxide and then to the metal, if metal was the desired product. [p~g 
~TI~§ gf' pi!fit12n; Pplutonium oxide was !§ produced by precipitating plutonium a.s 
plutonhim oxaiate,' and then filtering and caldning the precipitate. To produce the metal , 
plutonium oxide was Ji first converted to plutonium fluoride by reacting it with hydrofluoric 
acid. The fluoride was ,ijl placed in a container, which was J§ placed in a magnesium oxide 
crucible with calcium. A reducing charge was 1§ then applied to the crucible to convert the 
plutonium fluoride to plutonium metal, which was ~§ then molded into a button. Sometimes 
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the buttons were are remelted and cast into a finished shape. Cast forms were ~ coated 
with nickel and pofished to enable them to be handled without spreading plutoni~m 
contamination. 

2.4.2.2 PFP !!iM!H Waste Streams. Wastes produced by the PFP fall into two categories: 

• Process wastes and condensates~ 
• Non-contact wastewater. 

2.4.2.2.1 Process Wastes. The PFP liquid process wastes can be characterized as 
acidic and corrosive (pH 2), high in salts, and low in organic content. The wastes contain 
only minor amounts of fission products and low concentrations of plutonium and other 
transuranic ml elements (Jensen 1990). The waste is high in nitrates in the form of nitric 
acid, aluminum···nitrate, magnesium nitrate, ferric nitrate, and calcium nitrate. Other 
components are aluminum fluoride, potassium hydroxide, potassium fluoride , chromium, 
lead, and other trace metal ions. 

Process wastes , including process condensates, are discharged through the ~ f -Z 
Treatment Tank (W~'ff::Qt?J where they undergo addition of sodium hydroxide, ferric nhrate, 
and sodium nitrite for -·solubilization and neutralization purposes. Corrosion inhibitors such 
as sodium nitrite and aluminum compounds for solubilization were also added in this tank. 
The effluent from this tank has a neutral pH. The treated wastes are currently transferred 
¥ia gy pipeline to recei1ving @if~t$,;ltt1~ Tank 102 SY at the TX 244 64~8§00 Tank Farm 
north .. of z Plant Y~i ti~ f,':~J,1Jl ~:1mixi: m~nffe: :~~,~:::~n: m~ %$~twg: i!~n~ :~Arm· 

Prior to 1973, the waste was discharged via cribs to the soil column . The 216-Z-3 and 
216-Z-12 Cribs were used to dispose of PFP process waste. Beginning in 1973 , the ultimate 
destination of these treated wastes was originally in single-shell , then later in double-shell 
tanks. 

2.4.2.2.2 Non-Contact Wastewater. Non-contact wastewater, e .g. , wastewater which 
does not come into direct contact with any of the plutonium separation processes, is 
characterized as low salt, low organic, neutral to basic aqueous waste. Jensen (1990) 
identified 80 inputs to the wastewater stream, including sanitary wastewater from drinking 
fountains, sinks, and toilets; cooling water; steam condensate; air conditioning condensate; 
and wastes from chemical laboratory sinks, nonradiological laboratory sinks in radiation 
zones , wound flushing stations, eyewash stations, safety showers, floor drains, roof drains, 
and storm sewers. The bulk of the wastewater is equipment cooling water and HY AC steam 
condensate. 

Jensen (1990) did not identify any routine contributors of chemicals to the wastewater 
effluent and concludes that concentrations will depend on plant operations, possible chemicals 
spills, and water quality of the river water used in the plant. Direct measurement of effluent 
concentrations is not feasible because there is no access for sampling before the wastewater 
exiting PFP enters the common sanitary/stormwater drain system for the Z Plant. Sampling 
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and analysis of the combined effluent during periods of PFP operation has identified a 
number of constituents that are elevated above background (i.e. , river water) ; however, many 
of these constituents are also elevated during periods when PFP is not in operation (Jensen 
1990). Chemicals and surrogate parameters that are consistently elevated are gig!µf!i ]fii rwii¥4ni: · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

• barium • uranmm 
• calcium • zinc 
• fluoride • alpha activity 
• magnesium • beta activity 
• potassium • conductivity 
• sodium • total dissolved solids 
• strontium • TOC 
• sulfate • TOX (as Ci-) ~ 

In addition , the organic compounds acetone, methylene chloride, and chloroform have 
been detected in plant effluent. 

Non-contact wastewater is currently discharged to the 216-Z-21 Seepage Basin and the 
216-Z-20 Ditch. The 216-Z-20 Ditch is an active waste management unit which is not 
¢.µ~ijfjy a Z Plant Aggregate Area waste management unit. Prior to September 1981, the 
wastewater flowed to the 216-U-10 Pond through the 216-Z-19 Ditch . Prior to the 
construction of the 216-Z-19 Ditch, wastewater was discharged to the 216-Z- l and 216-Z-l l 
Ditches. The 216-Z-1, 216-Z-11, and 216-Z-19 Ditches are inactive waste management units 
discussed in the U Plant AAMSR (DOE/RL 1992). 

2.4.3 RECUPLEX Plutonium Recovery Process 

2.4.3.1 Process Description. ffipij DOE recovered plutonium from PFP waste streams using 
the RECUPLEX process from 193':5 to 1962. The process used solvent extraction column 
technology to remove plutonium from the PFP waste streams. The RECUPLEX facility was 
housed in the 234-5Z Building. 

The RECUPLEX solvent extraction technology is based on the formation of an 
organic-plutonium complex which is preferentially soluble in an organic solvent. This 
process used nitric acid and hydrofluoric acid to convert plutonium solids to plutonium 
nitrate and a '.fBP l,\1µtfIPh9:lfii'@.-carbon tetrachloride solvent to recover plutonium from 
the purified pluton1um n1frate· soiut1ons. An 85 : 15 ratio by volume of carbon tetrachloride to 
'.fBP j,ppyj,yfpfig~plj}Jj was used. Other ratios were tested during the pilot plant treatability 
tests, buithe ratfo 6(85: 15 gave the most satisfactory results for plutonium recovery . 

Silica gel was used as a settling agent on the dissolved feed for the RECUPLEX 
process. A silica gel waste settling tank (the 216-Z-8 Settling Tank) , was used to hold the 
backflush solution from the filters. 
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2.4.3.2 RECUPLEX Waste Streams. The RECUPLEX process produced three primary 
waste streams: 

• Spent aqueous extractant 
• Spent organic solvents 
• Waste silica gels 

Other waste streams produced by RECUPLEX include fabrication oil and non-contact 
wastewater from the building sinks and equipment wash areas. 

2.4.3.2.1 Spent Aqueous Extractant. The aqueous process waste is characterized as 
acidic, high-salt, low-level radioactive liquid waste containing low levels of plutonium and 
other tr0:nsur0:nie W.l:ffi elements. Major components of the waste are nitric acid, fluoride, 
and phosphate. Carbon tetrachloride was used in combination with DBBP to remove residual 
plutonium from the aqueous solution prior to its discharge. 

2.4.3.2.2 Spent Organic Solvent. The organic process waste is characterized as 
slightly acidic, low salt, high organic, radioactive liquid waste with intermediate levels of 
plutonium and other tr0:nsur0:nie OJRM elements. Major components of the waste are carbon 
tetrachloride/tributylphosphate, andDBBP. 

With continued use, the carbon tetrachloride/tributylphosphate extraction solvent would 
gradually degrade into carbon tetrachloride/dibutyl phosphate and lose its capacity as an 
extractant. The mixture was periodically replaced with fresh solvent and the degraded 
solvent discharged to the 216-Z-9 Trench. This trench was the only waste site used for 
solvent disposal during RECUPLEX operation. The 216-Z-9 Trench received approximately 
4 million & Hters (! !~mi]~!Iil!l of waste from RECUPLEX (WHC 1991a). The quantity 
of carbon tetrachloride discharged to the trench is estimated to be approximately 83 ,000 to 

300,000 & ttteB {ii~i~ !i!~imt;IIIill 

2.4.3.2.3 Spent Silica Gel. The disposal history of the settled solids in the 216-Z-8 
Settling Tank is not known. Available information suggests that the tank has never been 
pumped out. The \¥IDS indicated that ~:f~pgm@; 1.6 kg (Ai~JgJ of plutonium were present 
in the tank as of 1974 EIIIJggJg). Hfa°foncaiiy, liquid overffo'w from the 216-Z-8 $iliea 
Gelt Settling Tank was discharged to the 216-Z-8 French Drain. Both units have been idle 
since RECUPLEX shut down in 1962. 

2.4.3.2.4 Other RECUPLEX Waste Streams. Other RECUPLEX waste streams 
include fabrication oil and non-contact wastewater. Non-contact wastewater is currently 
discharged to the 216-Z-20 Ditch. Prior to September 1981, the wastewater flowed to the 
216-U-10 Pond through the 216-Z-19 Ditch. Prior to the construction of the 216-Z-19 Ditch, 
wastewater was discharged to the 216-Z-1 and 216-Z-11 Ditches. 
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2.4.4 Plutonium Reclamation Facility (PRF) 

2.4.4.1 Process Description. The PRF replaced the RECUPLEX process line after a 
criticality accident forced the closure of the RECUPLEX unit in April 1962. The PRF 
operated from 1964 to 197SQ and again from 1984 to May 1991 in the 236-Z Building -ef---the 
Z Plant. This facility is currently idle but is planned to restart operation in the near future . 
The PRF was designed to reclaim plutonium from solutions and solids from PFP waste 
streams. The recoverable material is treated to produce soluble plutonium as plutonium 
nitrate. Bi PRF has essentially the same mission as RECUPLEX and utilizes a similar 
solvent extraction column technology. The extraction solvent used is carbon 
tetrachlorideftmi illlfii ~Rili +BP in a 80:20 ratio by volume, whereas the ratio in the 
RECUPLEX process was 85 : 15 . 

2.4.4.2 PRF Waste Streams. The primary waste streams generated by the PRF were 
similar to those produced by RECUPLEX: 

• Spent aqueous solutions 
• Spent organic wastes 
• Non-contact wastewater') 

The characteristics of these wastes are essentially the same as those of the RECUPLEX 
wastes described in Section 2. 4. 3. 2. 

Spent aqueous and organic wastes from the PRF were disposed of to the soil column 
through a series of cribs until 1973 . Cribs that are known to have received PRF wastes 
include: 

• 216-Z-lA Tile Field - 5/64 to 5/66, 6/66 to 10/67, 10/67 to 4/69 
• 216-Z-1 & 216-Z-2 Cribs - 5/66 to 6/66, 10/67 
• 216-Z-18 Crib - 4/69 to 5/73( 

Organic wastes from PRF processing operations in the 1980s have been containerized 
and shipped to the Z Plant RMW storage complex. The organic wastes containers are 
currently awaiting disposal . The carbon tetrachloride ERA proposal (DOE/RL 1991 b) 
estimated the total volume of all types of PRF liquid waste deposited to PRF waste 
management unit as follows: 

• 
• 
• 

216-Z-1 & 216-Z-2 Cribs 
216-Z-lA Tile Field 
216-Z-18 Crib 

211 ooo n li-teFs ' -:-:-. -: 

5 260 ooo L 1i-teFs 
3' 860' ooo n li-tefs ' ' ,:,:.;-: 

The total amount of spent carbon tetrachloride disposed of from the PRF facility to soil 
was approximately 280,000 @ li-tefs ~+l~~ Igru). 
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2.4.5 Americium Recovery 

2.4.5.1 Americium Recovery Process Description. The recovery of americium from PRF 
waste streams started in 1964 in the 242-Z Building of the Z Plant. After an explosion in the 
exchange process, this facility was shut down in 1976. lmiI#.lpJggtjijitmll]x rilwi§~ 
iiiitil• ~i1=1::21 ::mt::21:iu111::1snllU2I:m%!lmruP§Ph%f%i!!(l!:~r:11 ~s:tiliif' ·• ··········· ········ ·· ······ ·· ····· 

The process used an ion exchange technique to recover americium from the waste 
streams. Elut!§P:'riatioH and regeneration of the ion exchange resin was done with nitric acid. 

Americium was also recovered in the PRF using DBBP in a carbon tetrachloride 
diluent as an extractant solvent. W:9! DBBP was subsequently replaced with tributylphosphate 
in the process. 

2.4.5.2 Americium Recovery Waste Streams. Information on wastes generated from the 
americium recovery process was not available. Presumably, these waste streams would have 
included spent ion exchange resins, waste organic solvent, and l}recovered americium. 

2.4.6 Analytical and Development Laboratories 

The Z Plant analytical and development laboratories are currently housed in the 234-5Z 
Building of the Z Plant. Historically, analytical and development laboratories are also 
reported to have been housed in the 231-Z Building (Stenner et al. 1988). 

2.4.6.1 Laboratory Processes. The Z Plant laboratory currently provides analytical 
services and supports research and development activities for the Plutonium Finishing 
Operations. Historically, the laboratory provided the same services for the PFP. This 
support was provided in the following ways: 

• Quality assurance/quality control (QA/QC) for the plutonium processing linest 
• Liquid scintillation counting~ 
• Preparation work for solvent extraction tests. 

Present activities of this unit are limited to research and development, and associated 
analyses needed to support production processing operations (Jensen 1990). Table 2-&~ lists 
all the chemicals and reagents known to have been used or stored in the laboratory area. 
Exact quantities of these chemicals and reagents stored or used is not known . 

2.4.6.2 Laboratory Waste Streams. There are three types of wastes produced in the 
laboratory area: 

• Laboratory process wastest 
• Used or discarded analytical reagents and chemicals~ 
• Wastewater from laboratory sinks and emergency showers. 
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2.4.6.2.1 Laboratory Process Wastes. Laboratory process wastes were characterized 
as slightly acidic, low salt radioactive wastes. These wastes were routed through the 241-Z-
361 $.~ttmjg Tank to various cribs. The 216-Z-3 and 216-Z-12 Cribs received laboratory 
process .w'astes. The pH of these wastes were adjusted to between 8 and 10 in the 241-Z . 
Treatment Tank prior to disposal. 

2.4.6.2.2 Analytical Reagents and Chemicals. Information on the disposition of 
used or discarded analytical reagents is not available. A large number of chemicals are in 
use or are stored in the laboratory, as listed in Table 2-8g. Laboratory chemicals are known 
to have been stored in the 234-5Z Hazardous Waste Staging Area ~!I) prior to disposal. 

2.4.6.2.3 Laboratory Wastewater. Nonradiological laboratory sinks and emergency 
showers in the laboratory area drain to the main sanitary wastewater system in the 234-SZ 
Building. The contents of this wastewater have not been determined , but are likely to 
contain intermittent releases from laboratory procedures, cleaning glassware, and chemical 
spills. Wastewater containing hazardous chemicals is routed to the 241-Z Building . This 
wastewater is combined with non-process wastewater and roof drain runoff from other 
buildings at Z Plant. The combined effluent is currently discharged to the 216-Z-20 Crib, 
which is discussed iA the U Plant AAMSR (DOE/Rb 1992). Formerly, wastewater was 
discharged in sequence to the 216-Z-1, 216-Z-l 1, and 216-Z-19 Ditches. 

2.5 INTERACTION WITH OTHER AGGREGATE AREAS OR OPERABLE UNITS 

This part of the report discusses the interaction of the Z Plant Aggregate Area with 
other 200 Areas facilities and the disposal of the wastes generated. The 200 Areas has two 
distinct operational areas, 200 East and 200 West (Figures 1-3 and 1-4). These are dedicated 
to chemical separations and waste management. 

• The B Plant, one of the original fuel separation facilities was in operation from 
1945 to 1952. The bismuth phosphate process was used to separate plutonium 
from irradiated uranium fuel. The plutonium was precipitated on a bismuth
phosphate carrier in B Plant and later converted to plutonium nitrate; this took 
place in the 231-Z Building and 234-SZ Building of the Z Plant Aggregate Area 
(Rai et al. 1981). 

• The PUREX facility separates uranium, plutonium, and neptunium from fission 
products found in the production reactors' irradiated uranium fuel. The 
plutonium stream after a series of purification steps, is concentrated and sent to 
the PFP as plutonium nitrate to be converted to metal form . This facility was in 
operation from 1956 to 1972, and was placed in a standby mode until 1983. 
Operations were resumed in 1983 and then shutdown in 1988. From December 
1989 to the spring of 1990, a stabilization run was operated at PUREX. 
Currently, the PUREX facility is in standby mode. 
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The 200 West Area Plants consists of the U Plant, REDOX (St Plant1, T Plant, and 2 
Plant. The interaction of the U Plant, REDOX §::~~I)~, and T Plants with 2 Plant Aggregate 
Area are as follows: 

• The U Plant was used to recover uranium from stored radioactive waste from 
1952 to 1958. This opcmtioAal area has a series of tanks located in the 241 U 
TO:fik Farm. This tank farm has single shelled tanks used for the storage of 

~~~~?.~~~,.,~ -- ~·a.~t~ _f.r.?.~ .. ~~~ .. :Y. .. ~~rJ:Il.t __ ~d other plant~: .. ~:::1~Jg;llwi~~~ ::m1~g~m~ftt 
lf~l.~ifl~l~~:!~f-~~~~~~!1~ ~en~~1.1:¥l~:••~1s~;;.~aKl:.~~e~u

st 

;;~:~•:;;''i' si~k for wastes, both nonradioacti~·e···a:nd radioactive, fro·~ other units 
(Rai et al. 1981). The following is a summary of these releases into the 216-Uz 
IP Pond iiiimlililEER: . 

..;; Effluents from the 231-2 Building containing cooling water and 
condensation from HY AC equipment, and inactive operation cells. This 
building also sent laboratory wastes to this pond. 

...l Wastewater from the overflow 261-2-19 Ditch and its predecessors 216-2-1 
and Z-11 Ditches was sent to 216-U Pond. This wastewater came from the 
231-2 and 234-52 Buildings (main processing facility of the 2 Plant 
Aggregate Area). The 216-2-1 Ditch received cooling water and steam 
condensate from 231-2, 234-52, and 291-2 Buildings. The 216-2-19 Ditch 
also received uncontaminated water from the 200 West Area High Tank 
Overflow. This water eventually was sent to the 216-U Pond. Long-term 
use of the 216-2-19 Ditch resulted in localized accumulation of trftfisuranie 
fflRI and fission products due to sorption and filtration into the upper 
sediments. These products included Pplutonium 239 , 240, and 241 and 
AJmericium 241 discharges from 234-52 and 231-2 facilities. Process 
waste containing small quantities of plutonium was also released to the 216-
UfJQ Pond from the 236-2 Building (PRF). 

• The T Plant was one of the original bismuth phosphate fuels separation facilities 
and was in operation from 1944 to 1956. The final concentration processing to 
final plutonium product was done in the 234-52 Building and the 231-2 Building 
(Rai et al . 1981). 

• The REDOX process (S Plant) succeeded the bismuth-phosphate Rf9i§§ and 
preceded the PUREX process for fuel separation . It was in operation from 1951 
to 1967. The final product from this process, plutonium nitrate was sent to~ 

~ .. m;::R!Ht9914m ::mmm~!ni l• R~~TI~ !9:~n~ ::~:lR!¥P~ ~gEg~t~:::~ for separatioA 
pl£ij~~II. (Rai et al. 1981). 

Solid wastes from Hanford Site-wide sources were routed to Z PlaAt gpp )Yg~t it~ 
0,~rial glrounds lmm:::1~::; {:111u1:i irii imlffll for disposal. 
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2.6 INTERACTION WITH RESOURCE CONSERVATION RECOVERY ACT 
PROGRAM 

Several waste management units located within the Z Plant Aggregate Area boundaries 
are subject to RCRA (and corresponding Washington State) regulations. These includes: 

• 

• 

• 

• 

• 

The Radioactive Mixed Waste (RM\\') Storage Facility is a TSD facility subject 
to a RCRA Part B permit; 

The 241-Z Treatment Tank is a TSD facility subject to a RCRA Part B permit. 
Currently, only Tank D-5 is identified in the facility Part A, but Tanks D-4 , D-7, 
and D-8 are expected to be added{~ 

Solid Waste Burial Grounds 218-W-2A, 218-W-3A , 218-W-3AE, 218-W-4B , 
218-W-4C, 218-W-5 , and 218-W-6 are included in a RCRA Part B- permit 
application and will be closed in accordance with the TSD facility closure 
requirements;J: 

The proposed Waste Receiving and Processing (WRAP) facility , when it begins 
operating, will be a TSD facilit)' subject to a RCRA Part B permit; and , 

The Hazardous Waste Staging Area (HWSA) is a generator accumulation actiYity , 
not a TSD facility , so it is not required to have a RCRA Part B permit. 

Three unplanned releases are located within the boundaries of waste management units 
that are TSD facilities regulated under RCRA: 

• UPR-200-W-45 resulted in contamination in Solid Waste Burial Ground 218-W-
2A;-

• UPR-200-158 resulted in contamination in Solid Waste Burial Grounds 
218-W-3A and 218-W-6;---ane 

• UN-200-132 resulted in contamination in Solid Waste Burial Ground 
218-W-4C. 

Three unplanned releases are indirectly associated with the 241-Z Treatment Tank 
system and could I considered relevant for purposes of RCRA corrective action : 

• UN-200-W-74-t 

• UN-200-W-75-;-ftfld 

• UN-200-W-79 . 
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Remediation actions recommended later in this report for the waste management units 
and unplanned releases identified above will consider necessary interactions with RCRA 
program requirements and activities. 

2.7 INTERACTIONS WIIB OIBER HANFORD PROGRAMS 

In addition to RCRA, there are several other ongoing programs that affect buildings 
and waste management units in the Z Plant Aggregate Area. These programs include: ID:@ 
the Hanford Surplus Facilities ~¥~~§6.1Rffiffi.ER.W$!•@ti.Pri Program; the Radiation Arca WW 

Remedial Action Program; the Hfiflfurcf·s1te··singfo··sh·c'fi· Tank Program; and the Defense 

;\l.&!Jl~'::glg$µfi!;]Jiw~m and the Expedited Response Action Proposed for the 200 West Arca 
Carhon Tetrachfonde .Plume (DOE/Rb 1991b). 

The Hanford Surplus Facilities §~Bmi~~~!RR~P~:~q:isBl::@M~mr# Program is 
responsible for the safe and cost-effective surveillance, maintenance, and decommissioning of 
surplus facilities at the Hanford Site. All of the major inactive buildings within the Z Plant 
Aggregate Area are covered under this program. tlm~)f.~9.jJ.iti~jlffigtµq~ fflg:@$Z.ti 

1 •• , •••• , 
The Radiation Arca Remedial Action )I{:~!~ Program is conducted as part of the 

Surplus Facilities Program, and is responsible for ihe surveillance, maintenance, 
decontamination, and/or interim stabilization of inactive burial grounds, cribs, ponds, 
trenches, and unplanned releases at the Hanford Site. A major concern associated with these 
requirements is the management and control of surface soil contamination . All of the 
controlled access surface radiation zones and the cribs with collapse potential in the Z Plant 
Aggregate Area are covered by this program. 

The Defense Waste Management Program is responsible for all actively operating 
waste management units in the z Plant Aggregate Area. llini!~'f[gµiil,~ m)qlµo~th.i g,4ltZ 
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The Expedited Response Action Proposal (DOE/Rb 1991b) is currently out for public 
comment If appro1t'ed , the proposal would entail constructing and operating a soil vapor 
eKtraction system to reco•,cery carbon tetrachloride in soil beneath the 216 Z 1 A Tile Field , 
216 Z 18 Crib , and the 216 Z 9 Trench. 
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Table 2-1. Summary of Z Plant Aggregate Area Waste Management Units. (Sheet 1 of 5) 

Total Solid Waste Contaminated 
Fluid Volume Volume Received Soil Volume 

Waste Management Unit (Aliases) Source Description/fype Received in Liters in m' in m' 

216-2-8 Settling Tank Organic, radioactive waste from RECUPLEX process (234-52) nr na nr 
(Silica Gel Settling Tank) Building)/HLW 

241-2-361 Settling Tank Acidic, organic, radioactive waste from PFP and plutonium recovery nr nr nr 
(207-2 Settling Tank) processes (234-52 Building, RECUPLEX process, and 242-2 

Building)/HL W 

241-2 Treatment Tank (Tank D-5) Corrosive aqueous waste from 234-52 PFP/HLW nr na nr 

N 
·\/¢ ribs ~~d .., 

I -~ 216-2-1 & 216-2-2 Cribs PRF (236-2) and 242-2 process waste 33,700,000 na 8,300 
(234-5 No. 2 Crib, 216-2-7) 234-52 lab wastes/HLW (38,900,000) 

216-2-3 Crib 234-52 process, analytical, and development wastes via 241-2-361 178,000,000 na 1,500 
(216-2-3 Culvert, 234-5 No. 3 and Settling Tank/I-IL W 
No. 4 Cribs, 216-2-8 Crib) 

216-2-5 Crib Process waste from 231-2 Building via 231-2-151 sump/HLW 31,000,000 na 210 
(231-W-l and 231-W-2 Cribs, (30,000,000) 
231-W Sumps) 

216-2-6 Crib Process waste from 231 -2 Building via 231-2-151 sump/HLW 98,000 na 44 
(231-W-4 Crib, 226-W-4 Crib, 
231-2-6 Crib) 

216-2-7 Crib Laboratory waste from 231-2 Building and 340 laboratory/HLW 79,900,000 na 590 
(231-W Trench, 231-W Crib, 231-2-6 
Crib) 

Operable 
Unit 

200-2P-2 

200-2P-l 

200-2P-2 

200-2P-l 

200-2P-l 

200-2P-2 

200-2P-2 

200-2P-2 

tj 
0 

tj t!! 
fil, ~ 

I 

to '-0 ..... 
I 

VI 
00 
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Table 2-1. Summary of Z Plant Aggregate Area Waste Management Units. (Sheet 2 of 5) 

Total Solid Waste Contaminated 
Fluid Volume Volume Received Soil Volume Operable 

Waste Management Unit (Aliases) Source Description/Type Received in Liters in m' in m' Unit 

216-Z-12 Crib (207-Z-12 Crib) 234-52 process, analytical, and development wastes via 241-Z-361 281 ,000,000 na 5,400 200-ZP-l 
Settling Tank/HLW 

216-Z-16 Crib Radioactive process waste from 231 -Z Building/HLW 102,000,000 na 460 200-ZP-2 

216-Z-18 Crib High salt, acidic, organic waste from 236-Z Building/HLW 3,860,000 na 5,700 200-ZP-1 

216-Z-8 French Drain Overflow from Z-8 Settling Tank/HL W 9,590 na 58 200-ZP-2 
(234-5 RECUPLEX French Drain, 
231 -W-150 Dry Well, 231 -W-150 
Reverse Well) 

216-Z-13 French Drain ET-8 turbine steam condensate and 291 -Z Building floor drain/LLW nr na nr 200-ZP-l 0 
0 

N 216-Z-14 French Drain ET-9 turbine steam condensate and 291 -Z Building floor drain/LLW nr na nr 200-ZP-l d~ 
>-1 g, ~ I 

216-Z-15 French Drain Aqueous waste from S-12 evaporative cooler (291 -Z Building)/LLW 200-ZP-l - nr na nr 
0- I 

t:o '-0 
216-Z-IA Tile Field Overflow from 216-Z-l , 216-Z-2, or 216-Z-3 Cribs, PFP process 5,210,000 na nr 200-ZP-l ....... 

I 

(234-5 Tile Field, "216-Z-7") wastes (234-5Z Building), PRF process waste (236-Z Building), and 6,200,000 VI 
00 

242-Z process wastes/HLW 

216-Z-4 Trench Process and laboratory waste from 231 -Z Building/HLW 11,000 56 200-ZP-2 
(231 -W-3 Pit, Sump, or Crib, 216-Z-4 
Crib, 231 -W Sump) 
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Table 2-l. Summary of Z Plant Aggregate Area Waste Management Units. (Sheet 3 of 5) 

Total Solid Waste 
Fluid Volume Volume Received 

Waste Management Unit (Aliases) Source Description/fype Received in Liters in m' 

216-2-9 Trench Radioactive, acidic, organic wastes from RECUPLEX process (234- 4,090,000 na 
(216-2-9 Crib, 216-2-9 Cavern, 234-5 52 Building), and 242-2 Building inorganic process wastes/HLW 
RECUPLEX Cavern, 216-2-10 Crib) 

216-2-17 Trench (216-2 -17 Ditch) Process waste from 231-2 Building via 231-W-151 sump/HLW 36,800,000 na 
(36,700,000) 

Contaminated 
Soil Volume Operable 

in m' Unit 

5,100 200-2P-2 

200 200-2P-2 

< . 
······••·•• ..... 

. .. >>+· .. ··• ..... ) > (.·· .. > ~~JiisTan~-L~xd;. < .L :.pr¥iJfi6ld r {././// / - •····· .·:· .r .· • .·. . .. ·. . .. .... •• ····•·: ·::: ••·• . . ):?:((:{) .................. ...: 

2607-2 Septic Tank and Drain Field Sanitary wastewater for 234-52 and 2704-2 Buildings/NRH nr na nr 200-2P-2 

2607-2-1 Septic Tank and Drain Sanitary wastewater/NRH nr na nr 200-2P-2 
Field 

2607-WA Septic Tank and Drain Sanitary wastewater/NRH nr na nr 200-2P-2 
Field 

2607-WB Septic Tank and Drain Sanitary wastewater from 272-WA Building/NRH nr na 200-2P-2 
Field 

2607-W-8 Septic Tank and Drain Sanitary wastewater from 231-2 Building/NRH nr na nr 200-2P-2 
Field ' 

.. ··. ·:::.:::,]>: <?. }:: ... :. ·: . .. :··•· . . . . ..... :.: · ·. ·:•. 
,•.· :.•. <\ ·••·· 

............ ) ·•·• 
· Transfer Facilities; Diversion Boxes; and Npelines . •.::.. 

241-2 Diversion Box No. I Process waste from 234-52 Building/HLW nr na nr 200-2P-l 

241-2 Diversion Box No. 2 Process waste from 234-52 Building/HLW nr na nr 200-2P-1 

231-2-151 Sump (231-2-151 Sump Process and laboratory waste from 231-2 Building/HLW nr na nr 200-2P-1 
Tank, or 231-W-151 Sump) 



Table 2-1. Summary of Z Plant Aggregate Area Waste Management Units. (Sheet 4 of 5) 

Total Solid Waste Contaminated 
Fluid Volume Volume Received Soil Volume Operable 

Waste Management Unit (Aliases) Source Description/I'ype Received in Liters in m' in m' Unit 

207-Z Retention Basin May have received contaminated waste, steam condensate, and/or nr na nr 200-ZP-2 
(207-Z Sump, 207-Z Pond, 207-Z cooling water/LL W 
Retent ion Pond, 24 1-Z Retention 
Basin) 

216-Z-21 Seepage Bas in Storm water runoff from north of 234-SZ building/NRH 101 liters/yr na nr 200-ZP-2 
(Seepage Basin 207-Z) 

218-W-l Buria l Ground Transuranic mixed solid waste/LL W na 7,000 8,983 200-ZP-3 t:1 
(Dry Waste Buria l Ground No. 001) 0 

t:1 m N '-
~ 218-W-IA Buria l Ground Mixed industrial solid waste/LL W na 16,000 20,398 200-ZP-3 '"1 

~ P-l 
I 

(Industrial Waste Burial Ground :::, -0. 
I 

No. I) td \0 ...... 
I 

218-W-2 Burial Ground Transuranic mixed solid waste/LLW 8,200 22,927 200-ZP-3 
VI 

na 00 

(Dry Waste Burial Ground No. 002) 

218-W-2A Burial Ground Mixed industrial solid waste/LLW na 19,000 94,777 200-ZP-3 
(Industrial Waste Burial Ground 
No. 2, 218-W-02A Burial Ground, 
200-W Industrial Waste No. 02A) 

218-W-3 Burial Ground Tra nsuranic mixed solid waste/LLW na 11 ,000 25,292 200-ZP-3 
(Dry Waste Burial Ground No. 003) 

218-W-3A Burial Ground Transuranic mixed solid waste/LLW na 24,000 51 ,144 200-ZP-3 
(Dry Waste Buria l Ground No. 03A) 
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Table 2-1. Summary of Z Plant Aggregate Area Waste Management Units. (Sheet 5 of 5) 

Total Solid Waste 
Fluid Volume Volume Received 

Waste Management Unit (Aliases) Source Description/fype Received in Liters in m' 

218-W-3AE Burial Ground Mixed industrial solid waste/LLW na 21,390 
(Industrial Waste Burial Ground 
No. 3AE, Dry Waste Burial Ground 
No. 3AE) 

218-W-4A Burial Ground Transuranic mixed solid waste/LL W na 18,000 

218-W-4B Burial Ground Transuranic mixed solid waste/LL W na 10,000 
(Dry Waste Burial Ground No. 4B) 

218-W-4C Burial Ground Transuranic mixed solid waste/LLW na 16,000 
(Dry Waste Burial Ground No. IC) 

218-W-5 Burial Ground Low level/mixed solid waste/LL W na 32,500 

218-W-6 Burial Ground Low level/mixed solid waste (Proposed Facility)/LL W none none 

218-W-ll Burial Ground Low level/mixed solid waste/LL W na 1,160 

Z Plant Bum Pit Office and non-hazardous waste/NRH na 2,000 

Notes: 

a1 Volume data derived from Waste Information Data System - WHC 1990a. Waste Type: 
(30,000,000) Parenthetical data from Stenner et al. 1988. 

HL W - high-level waste 
TRU - transuranic waste 
LL W - low-level waste 
BYM - by-product material 

na Not applicable. 
nr No value reported. 

Contaminated 
Soil Volume Operable 

inm' Unit 

nr 200-ZP-3 

26,486 200-ZP-3 

20,630 200-ZP-3 

9,110 200-ZP-3 

nr 200-ZP-3 

nr 200-ZP-3 

309 200-ZP-3 

nr 200-ZP-2 

NRH - non-radiological, non-hazardous waste 
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Table 2-2. Z Plant Aggregate Area Waste Management Unit Radionuclide Waste Inventory Summary. (Sheet 1 of 4) 

Quanti ty of Reported Radionuclides in Unit in Ci• 

Waste Management Total Pu Other -
Unit in gm ,nu mes ",.Ru '°Sr .,,Co 'H "c 114Eu Radionuclides 23•pu ,,.Pu 240Pu 

t<· .•. r•· \• f :•••••• > , ·······•••·-· .···•·•·•·•·• .·••··y t •.r?•••• ... •. ·••·····••i ····•······•···. ............ ................... ./•···•··•··•<•·•·· ................. - : t ..... / ? 
• . ) .·.·.··/ ( .J ./Pit"-•• •" " lrt .. :.::-· 

. ·.· . . . .·. , "Y' - ~,. ' ~.-..~• >.• •••·••• • ·•:•.i/-.. •.• .. •. (.}\} •·• •·• ·.•.•.w 

232-Z Incinera tor - - - - - - - - - - - - -

... 

216-Z-8 Settling Tank 1,600 - - - - - - - - - - - -

24 1-Z-361 Settling Tank 30,000 to - - - - - - - - - - - -
75,000b 

24 1-Z Treatment Tank - - - - - - - - - - - - -
. ·•···•··· .···_.··•· )•\ ·.· ... · /...:.> 

.·••·•·············• { 

. •·•··•·•••••>•• t··••••••••··••··• •·••·••••·····•••>••• ><=ribs ···•···•·•.···••··· ,,.Ht•< .. _ .. ···•····•·• •••·)• /•·•· t)Ut<•• •• > [ J••••>•••••·••·····•···•· .. 
.... ....... 

. . ......................................... ·: . . ·•• · and - ···- •·•··••··•·• ·•··· .• •:···••::::.... ._ > •••:\/ . ·.· ... . ···.·• 
216-Z- l & 216-Z-2 Cribs 7,000 0.027 0.04 1.6 X 10-11 0.037 0.0171 - - - - - 2,680 992 

(0.165) (0.0159) 

216-Z-3 Crib 5,700 1.7 X 10·' 0.048 6.0 X 10·• 0.045 - - - - - - 325 87.8 

( 16.9) (0.097) 

216-Z-5 Crib 340 1.7 X 10·' 3.6 5.2 X 10"12 1.7 0.0026 - - - - - 19.4 5.24 

2.0 X 10-' (3.92) 1.83 

216-Z -6 Crib 5 1.7 X 10·> 0.o35 2.7 X 10·" 0.033 0.00048 - - - 0.0385 - 0 .28 0.077 

2.0 X 10·' (0.0361) 

216-Z -7 Crib 2,000 0.0015 200 5.1 X 10_. 200 0.0765 - - - - - 114 30.8 

(224) (223) 

216-Z-12 Crib 25,000 1.7 X l0·' 0.053 9.3 X 10"7 0.05 1 0.00515 - - - - - 1,430 386 

(0.0528) 0 .0562) 

216-Z-16 Crib 72 - - - - - - - - - - 4.09 1.1 

216-Z-18 Crib 23,000 - - - - - - - - - - 1,3 10 353 

216-Z-8 French Drain 2 - - - - - - - - 1,373 (2°Am) 0.13 2.76 0.745 
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Table 2-2. Z Plant Aggregate Area Waste Management Unit Radionuclide Waste Inventory Summary. (Sheet 2 of 4) 

Waste Management 
Unit 

216-Z-13 French Drain 

216-Z-14 French Drain 

216-Z-15 French Drain 

216-Z-lA Tile Field 

216-Z-10 Reverse Well 

Total Pu 
in gm 

57,000 

50 

0.16 

Quantity of Reported Radionuclides in Unit in Ci' 

t06Ru '°Sr 60Co 'H "c "'Eu 

5.2 x IO"" 0.15 

2.7 X 10-" 0.033 

Other• 

Radionuclides 

bb 

"'Pu 

0.14 

239Pu ""Pu 

137 37 

2.85 0.77 
.· .......... "' ...... , ..... /..... ............................ / ............. ·)\ 

........... .. .. .. .. .... ·:.:i.:/c/ .. .. .. ..... :·:·: .. :.-·.. .. ....... · 

~ 216-Z-4 Trench 2 1.7 x 10·' 0.035 
I 1------------+-----+-----+----+-----4----4----+-----+---+---+-------+---4---+-----I 

N 
er 216-Z-9 Trench 48,000 1.7 X 10·' 0.052 

2.0 x 10-' (0.0556) 

216-Z-17 Trench 50 5.0 X 10·' 

1 ..... · .. ,, >•••••••}•••••••••••· .. ,·• .... · .. •r•••••• <•••• ?•<•••••••>•••<•••••r•:•• x•••••••••••••••••••:•• ,·r•<•· .. •·• ... •>••••••·· ... ... 

2607-Z Septic Tank and 
Drain Field 

2607-Z-l Septic Tank and 
Drain Field 

2607-WA Septic Tank and 
Drain Field 

2607-WB Septic Tank and 
Drain Field 

2607-W-8 Septic Tank and 
Drain Field 

1.9 X 10"1 0.049 
(0.0535) 

0.00395 8,580 ("'Am) 2,190 590 

2.87 0.225 
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Table 2-2. Z Plant Aggregate Area Waste Management Unit Radionuclide Waste Inventory Summary. (Sheet 3 of 4) 

Waste Management 
Unit 

241-Z Diversion Box No. 1 

241-Z Diversion Box No. 2 

231 -Z-151 Sump 

218-W-l Burial Ground 

218-W-lA Burial Ground 

218-W-2 Burial Ground 

218-W-2A Burial Ground 

218-W-3 Burial Ground 

218-W-3A Burial Ground 

218-W-3AE Burial Ground 

218-W-4A Burial Ground 

218-W-4B Trenches 

Total Pu 
in gm 

94,000 

2,000 

126,000 

68,000 

29,300 

122 

35,400 

48,800 
[2089.74) 

n•u 117 Cs 

0.0235 1.63 
(4.15) 

0.302 359 
(997) 

46.9 4.86 
(10.4) 

2,766 

23.5 9.15 
(18.7) 

302,000 

14,300 

39.3 

6,410 

'06Ru 

8.83 X 10'12 

(4.3) 

5.23 X 10'9 

(1,030) 

5.72 X 10'10 

(10.8) 

0.0025 

1.31 X 10'1 

(19.3) 

12.7 

0.0268 

8.42 X 10 .. 

390 

Quantity of Reported Radionuclides in Unit in Ci• 

90Sr 60Co 'H ,,.Eu 

1.44 
(3.88) 

359 
(932) 

4.1 
(9.7) 

2,467 0.33 

8.15 
(17.5) 

101,000 9,840 178,000 1.74 0.145 

4,240 299 19,500 0.321 0.14i 

35 .4 

89,700 68,500 

Other• 

Radionuclides 

3,960 

10.5 

1.18 

60 

»•pu ,..Pu 

tj 
0 

tj ~ 

5,370 1,450 
g,~ 

I 

b:j \0 ...... 
I 

VI 
114 30.8 00 

7,190 1,940 

3,880 1,050 
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Table 2-2. Z Plant Aggregate Area Waste Management Unit Radionuclide Waste Inventory Summary. (Sheet 4 of 4) 

Quantity of Reported Radionuclides in Unit in Ci• 

Was te Management 
Unit 

218-W-4B Caissons 

218-W-4C Burial Ground 

218-W-5 Buria l Ground 

218-W-6 Burial Ground 

218-W-l l Buria l Ground 

Z Plant Bum Pit 

N Notes: 
----:i 

I 

Total Pu 
in gm 

7,290 

383,000 
(3613.80) 

154 

-

-

-

lllU "'Cs 

- 12,340 

- 165,000 

- 1,500 

- -

- 0.0020 

- -

",.Ru '°Sr 60Co 'H 

216 11 ,000 76,000 786 

927 111,000 22 1,000 25.l 

1.58 1,350 3,410 15,200 

- - - -
l.6 X 10.9 0.0009 - -

- - - -

~ a Curies decayed through 1989, except burial ground waste units, which are decayed through December 31, 1990. 
b Estimated quantity present in waste stream, amount retained in settling tank is unknown. 
Data obtained from WHC 1990a and Anderson et al. 1991. 
Data presented in parentheses obtained from Stenner et al. 1988. 
Data presented in brackets obtained from Jensen 1990. 
aa Also received 1.0 Ci of 241Am, 1.9 Ci of 241Pu, and 0.00004 Ci of 242Pu. 
bb Also received 1.0 Ci of 241Am, 2.0 Ci of 241Pu, and 0.00004 Ci of 242Pu. 

• • Other radionuclides are discussed in Section 2.3.9. 
- indicates no applicable data found during document review. 

"C ,.,.Eu 

- 0.211 

7.85 288 

4.29 108 

- -

- -

- -

Other ~ 

Radionuclides 23'Pu 

- -

11,600 -

67.7 -

- -

- -

- -

Waste inventories indicate materials disposed of at waste management units indicated. Not all facilities listed released radionuclides to the environment. 

ll•pu 240pu 

- -

- -

- -

- -

- -

- -
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Waste Management Unit 

•-· ·.· 

• .. · 

232-Z Incinerator 

.... 

216-Z-8 Settling Tank 

241 -Z-361 Settling Tank 

241 -Z Treatment Tank: 

216-Z-1 & 216-Z-2 Cribs 

216-Z-3 Crib 

216-Z-S Crib 

216-Z-6 Crib 

216-Z-7 Crib 

216-Z-12 Crib 

216-Z-16 Crib 

216-Z-18 Crib 

216-Z-8 French Drain 

216-Z-13 French Dr>in 

216-Z-14 French Drain(b) 

216-Z-IS French Drain(b) 

216-Z-IA Tile Fidd 

216-Z-10 Reverse Well 

Table 2-3. Z Plant Aggregate Area Waste Management Unit Chemical Waste Inventory Summary. (Sheet 1 of 3) 

:· . 

Carbon 

tdra 

chloride 

173,800 

268,000 

Tributyl

pbosphate 

-.·--

22.000 

30,000 

DBBP Nitrate Sodium Fluoride 

Qua• tity o( Reported Chemical in Unit in kg' 

Calcium 
Nitrate 

Magnesium 
Nitrate 

Nitric 
Acid 

Aluminum 

Fluoride 
Nitrate 

. . / .. ··• . )• ... ·. ··•-··::.-'.:.. . : •_':}-"./. :·-.- :_.:_:_._ "\:'::.· -·· :-.··-::::.- ·• . . ·-:····•·· .·: 

. ·: _. Plants; Buildings. ;,nd $torage Arc.la ::-_·_ · 

. ·· .... ··· ·•.· . ...•... •·····•. 
.-• Ta• q and Vaul ts ·.·.·.·.·-•·>••···· .. ·•. ··•· . . . ::: ,·.· · :·-: 

···•· 

·:· 

Cribs and Drain\ .· 

100,000 80,000 30,000 

600,000 400,000 160,000 

100,000 100,000 

130 so 

20,000 

900,000 600,000 300,000 

IS,000 S00,000 200,000 130,000 170,000 37,000 200,000 

20,300 3,000 900 900 

Reverse Wdl 

100 30 

AJuminum 
Nitrate 

·• 
· .... ._.::. 

170,000 

.· 

Ferric 
Nitrate 

37,000 

Sulfate 

.· 

10,000 

Sodium 

Hydroxide 

1,000 



N ..., 
I 

w 
O" 

, 

Table 2-3. Z Plant Aggregate Area Waste Management U nit Chemical Waste Inventory Summary. (Sheet 2 of 3) 

Waslc: Management Unit 

216-Z-4 Trench 

216-Z-9 Trench 

216-Z-17 Trench 

Carbon 

tetra 

chloride 

... .. ) .. 

131,140 
471,000 

·•· ........ . 

2607-Z Septic Tank and Drain Field 

2607-Z-1 Septic Tank and Drain Field 

2607-WA Septic Tank. and Drain 
Field 

2607-WB Septic Tank and Drain Field 

2607-W-8 Septic Tank and Drain 

Field 

241-2 Diversion Box No. 1 

241 -Z Diversion Box No. 2 

231 -2-151 Sump 

241-Z Retention Basin 

216-Z-21 Seepage Basin 
·. 

·.· :. 

21S-W-1 Burial G round 

21S-W-1A Burial Ground 

21S-W-2 Burial Ground 

•·· 

Tributyl-

phosphate DBBP Nitrate 

..... \ .. ·•·· 
r·· .... 

. . .... 

500,000 

. •· 

.•. 

Sodium Fluoride 

200,000 

Quantity of Reported Chemical in Unit in kg' 

Calcium 
N itrate 

Magnesium 
Nitrate 

Nitric 
Acid 

. . ·<:··· : ··.. .. . .. ·•.:. ··>::· .... . 
.· .. ·. . ...................... . 

130,000 180,000 39,000 

.. ... 
·. 

: Transrer F.1Cilitie~, Diversion BoX¢s, .\Od Pipelines : 

B:uins 

Burial Sites 

Aluminum 

Fluoride 
Nitrate 

·•· 

210,000 

.· 

. 

.· 

· .. 

Aluminum 

Nitrate= 

190,000 

Ferric 
Nitrate 

4-0,000 

.· 

Sodium 
Sulfate Hydroxide 

···•·· •· . 

10,000 

·•·· 



N 
'"'1 

I 
w 
(") 

) J ) 7 

Table 2-3. Z Plant Aggregate Area Waste Management Unit Chemical Waste Inventory Summary. (Sheet 3 of 3) 

Waste Management Unit 

218-W-2A Burial Ground 

218-W-3 Burial Ground 

218-W-JA Burial Ground 

218-W-JAE Burial Ground 

218-W-4A Burial Ground 

218-W-4B Burial Ground 

218-W-4C Burial Ground 

218-W-5 Burial Ground 

218-W-6 Burial Ground 

218-W-11 Burial Ground 

Z Plant Bum Pit 

Notes: 

Carbon 

tetra 

chloride 
Tributyl

phosphate 

Not all sites bave reported inventories. These inventories do not 

necessarily list all the concaminants di sposed of at a site. 

Additional org.1nics received 
65 kg bt:nzenes and halobenzenes 

S40 k:g toxic process chemicals 
437 kg acids 
14.06 kg poison lab chemicals 
7.51 kg misc. and lab cbem 

127 leg paints, thinners, resins, asphalt 
280 k:g nonflammable refrigerant g.1s 

DBBP 

Amounts indicated are units that bave been stored on the 234-SZ- 1/WSA. 

They do not rc:present a release or disposal to the unil 

Nitrate 

Quantity of Reported Chemical in Unit in k:g" 

Sodium Fluoride 
Calcium 
Nitrate 

c Additional inorg.1nics received 

50 kg NaCr, 
100 kg Na,C,O, 

100 kg NaNH,SO, 

Magnesium 
Nitrate 

d Maximum of range estimat<d in DOE/RL 1991b. 

Nitric 
Acid 

. indicates no applicable dat.1 found during document review. 

W.iste inventories indicate materials disposed of at waste man.igement units. Noc all facilities listed released radionuclide, to the environmenL 

• Value obtained using density of CCI, = 1.58 kg/L 

Dat, obt1ined from WHC 1990a. 

Aluminum 
Fluoride 
Nitrate 

Aluminum 

Nitrate 

Ferric 
Nitrate Sulfate 

Sodium 
Hydroxide 



SERVCE DATES 

FROM TO 

6/49 6/52 

6/52 3/59 

3/59 5/64 

5/64 8/64 

8/64 5/66 

5/66 6/66 

6/66 10/67 

10/67 10/67 

10/67 3/68 

3/68 4/69 

4/69 -
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Table 2-4. Service History of the 216-Z-lA Tile Field. 

FUNCTION 

216-Z-1 and 216-Z-2 Cribs and the 216-Z-lA Tile Field received process, 
analytical, and development lab wastes from 234-52 Building via the 
241-Z-361 Settling Tank. 

216-Z-1 and 216-Z-2 Cribs were bypassed. 216-Z-lA Tile Field received 
the above wastes via overflow from 216-Z-3 Crib. 

All portions of this site were inactive. 

216-Z-1 and 216-Z-2 Cribs were still inactive. 216-Z-lA Tile Field 
received aqueous and organic waste from PRF (236-Z Building). 

Same as above plus received 242-Z Building Waste and Americium 
Recovery (242-Z) waste. 

216-Z-1 and 216-Z-2 Cribs and 216-Z-lA Tile Field received 236-Z 
Building aqueous and organic waste and 242-Z Building waste while the 
distribution point in 216-Z-lA Tile Field was moved from the A section 
30.5 m (100 ft) down the main trunk to the B section. 

216-Z-1 and 216-Z-2 Cribs were inactive; section B of the 216-Z-lA Tile 
Field received aqueous and organic waste from 236-Z Building and from 
the 242-Z Building, while the discharge point on 216-Z-lA was moved 
23 m (75 ft) further down the main trunk. 

216-Z-1 and 216-Z-2 Cribs received 236-Z and 242-Z Building wastes 
while the discharge point in the 216-Z- lA Tile Field was moved 23 m 
(75 ft) further down the main trunk from the B section to the C section. 

216-Z-1 and 216-Z-2 Cribs were inactive; 216-Z-lA Tile Field received 
236-Z and 242-Z Building wastes. 

216-Z-lA Tile Field continued to receive the above wastes; 216-Z-1 and 
216-Z-2 Cribs received uranium wastes from 236-Z Building. 

All portions of the 216-Z-1, 216-Z-2, 216-Z-3 Cribs and 216-Z-lA Tile 
Field were retired. 

2T-4 
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Table 2-5. Partial Inventory of Hazardous Constituents Disposed of to the 218-W-3A, 
218-W-3AE, 218-W-4C, and 218-W-5 Burial Grounds. (Sheet 1 of 3) 

218-W-3A 

Constituent Minimum Inventory in kg (lb) 

Lead 6,764.10 (14,899.0) 
Beryllium 0.16 (0.36) 
Mercury 0.95 (2.09) 
Oil 4.99 (11.00) 
Xylene-toluene 213.38 (470.00) 
Slaked lime 14.07 (31.00) 
Tar 124.85 (275.00) 
Copper 18.43 ( 40.60) 
Uranium hexafluoride 0.09 (0.20) 
Hexanol 317.80 (700.00) 
Toluene 2,236.86 (4,927.00) 
Polyurethane 22.70 (50.00) 
Cadmium 1.11 (2.44) 
Naphthylamine tritium 102.15 (225.00) 
Xylene/pseudocumene 13.62 (30.00) 
Naphthalene 135.29 (298.00) 
Pseudocumene 150.27 (331.00) 
Ethylene glycol 4.99 (11.00) 
Glycerine 9.99 (22.00) 
Isopropanol 8.76 (19.30) 
Tributylphosphate 19.02 ( 41.90) 
Xylene 281.03 (619.00) 
Dibutyl phosphate 4.20 (9.26) 
Isopropyl alcohol 30.15 (66.40) 
Tetrahydro furan 0.90 (1.98) 
Hexane 4.99(11.00) 
Normal parafin hydrocarbons 7.40 (16.30) 
Trioctyl phosphine 5.86 (12.90) 
Acetonitrile 75.36 (166.00) 
Carbon tetrachloride 7.49 (16.50) 
Kerosene 3.75 (8.27) 
Barium 9.08 (20.00) 
Chromium 3.63 (8.00) 
Silver 2.27 (5.00) 
Aliquat 336 0.81 (1.79) 
Butyl acetate 2.36 (5.20) 
Ethanol 0.83 (1.83) 
Methanol 23.84 (52.50) 

2T-5a 
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Table 2-5. Partial Inventory of Hazardous Constituents Disposed of to the 218-W-3A, 
218-W-3AE, 218-W-4C, and 218-W-5 Burial Grounds. (Sheet 2 of 3) 

218-W-3A -

Constituent Minimum Inventory in kg (lb) 

Cyclohexane 1.02 (2.29) 
Cyclohexanone 4.34 (9.57) 
Ethanolamine 1.02 (2.29) 
Amalgamated Mercury 0.45 (1.00) 
Lead shielding 8,006.74 (17,636.00) 

218-W-3A-E 

Constituent Minimum Inventory in kg (lb) 

Lead 7,028.37 (15,481.00) 
Asbestos 1.36 (3.00) 
Copper 2,464.31 (5,428.00) 
Freon II 127.12 (280.00) 
Mercury 98.06 (216.00) 
Charcoal 2,179.20 (4,800.00) 
Sulfuric acid 0.23 (0.50) 
Chromium 202.03 (445.00) 
Sodium fluoride 24,836.07 (54,705.00) 
Sodium hydroxide 3,250.19 (7,159.00) 
Sodium nitrate 16,612.77 (36,592.00) 
Beryllium 301.91 (665.00) 
Potassium chloride 3,704.64 (8,160.00) 
Potassium nitrate 2,288.16 (5,040.00) 
Sodium chloride 3,704.64 (8,160.00) 
Sodium nitrite 1,797.84 (3,960.00) 
Perchloroethylene 3,622.92 (7,980.00) 
Trichloroethene 905.73 (1 ,995.00) 
Tar 5,059.38 (11,144.00) 
Aluminum nitrate 9.08 (20.00) 
Silver 0.90 (1.98) 
Zirconium 2,304.50 (5,076.00) 

2T-5b 
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Table 2-5. Partial Inventory of Hazardous Constituents Disposed of to the 218-W-3A, 
218-W-3AE, 218-W-4C, and 218-W-5 Burial Grounds. (Sheet 3 of 3) 

218-W-4C 

Constituent Minimum Inventory in kg (lb) 

Lead 265,775.23 (585,408.00) 
Zirconium 136.2 (300.00) 
Sodium 0.0045 (0.01) 
Uranium hexafluoride 123.03 (271.00) 
Nitric acid 0.67 (1.48) 
Chromium 0.91 (2.00) 
Mercury 0.91 (2.00) 
Vinyl chloride 0.91 (2.00) 
Paint thinner 4.54 (10.00) 
Lead shielding 2,727.18 (6,007.00) 
Sodium hydroxide 0.10 (0.22) 
Slaked lime 8.17 (18.00) 
Copper sulfate 26,395.56 (58,140.00) 
Sodium diuranate 2,928.3 (6,450.00) 
Sodium fluoride 17,597.04 (38,760.00) 
Sodium nitrate 216,476.28 (476,820.00) 

218-W-5 

Constituent Minimum Inventory in kg (lb) 

Oil 113.50 (250.00) 
Lead 181.60 (400.00) 
Lead brick 1,480.04 (3,260.00) 
Lead shielding 227.00 (500.00) 

Source: Solid Waste Information Management System. 
Westinghouse Hanford Company, Richland, Washington. 

2T-5c 
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Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 1 of 7) 

Associated 
Unplanned Location Waste 
Release No. (Operable Unit) Date Management Reported Waste-Related History 

Unit 

UN-200-W-l l 218-W-l Burial 1952 218-W-l A fire in the Burial Ground spread plutonium contamination in the 
Ground Burial vicinity of Z Plant (Stenner et al. 1988). 
(200-ZP-3) Ground Remedial actions, if any, were not identified. 

PNL Hazard Ranking: Potentially low scoring; insufficient 
information to score. 

UN-200-W-23 234-5Z Building June 1953 na Waste box fire resulted in plutonium contamination of up to 10,000 
(200-ZP-1) d/m affecting 27.9 m2 (300 ft2

) (Stenner et al. 1988). 
Area was covered with black top and posted with access control signs. 
PNL Hazard Ranking: 0.86 

UN-200-W-44 Between REDOX October 25, 1957 na Burial box fell from flat car while in transit contaminating area of 6.1 
facility and T Plant by 7.625 m (20 by 25 ft) along railroad tracks between REDOX 
(200-ZP-3) facility and T Plant. 

Release was of unidentified beta/gamma source with readings of 2 
mrem/hr. 
Remedial actions were not identified. 
Location not indicated. 
PNL Hazard Ranking: 0.86 

UN-200-W-74 241-Z Building May 18, 1976 241-Z The line from the effluent header D-3 to the D-8 tank inside the 
(200-ZP-l) Treatment building leaked alpha waste to a small area of approximately 125 cm2 

Tank (20 in.2) below an overground polyethylene line. 
Maximum readings of the waste were 8,000 dis/min. 
Contaminated soil was picked up and packaged for burial. 
PNL Hazard Ranking: 0.98 
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Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 2 of 7) 

Associated 
Unplanned Location Waste 
Release No. (Operable Unit) Date Management Reported Waste-Related History 

Unit 

UN-200-W-75 241 -Z Building January 9, 1975 241-Z Equipment in the D-7 Sample Cabinet contaminated by an 
(200-ZP-l) Treatment unidentified beta/gamma source resulted in contamination of 21.35 m2 

Tank (70 ft 2
) near 241 -Z Building. 

Direct readings ranged from 2,000 to greater than 40,000 dis/min and 
smearable readings reached 20,000 dis/min. 
Contaminated dirt was removed and placed in 55 gallon drums for 
burial. 
PNL Hazard Ranking: 0.82 

UN-200-W-79 pH line leading to October 6, 1978 241-Z Two 5-foot-square areas were affected by leak in pH line: an area 
24 1-Z Treatment Treatment under the pH meter lines and an area north of the D-7 and D-8 
Tank Tank sample cabinets (WHC 1990a). 
(200-ZP-l) Alpha readings indicated 500 to 2,000 dis/min. 

Decontamination at the areas was reportedly completed October 30, 
1978 (WHC 1990a). 
PNL Hazard Ranking: 1.20 

UN-200-W-89 236-Z Building May 29, 1985 na Recycle Container fe ll from forkli ft platform spilling onto 0.239 m2 

(200-ZP-l) (3 ft 2
) area of asphalt at southeast corner of 236-Z Building. 

Alpha readings indicated contamination up to 50,000 dis/min. 
The Recycle Container was double-bagged and placed in a burial box. 
WHC (1990a) reports that area was decontaminated to background 
levels and released April 4, 1985. 
PNL Hazard Ranking: Not scored 

UN-200-W-90 236-Z Building May 2, 1985 na Radioactive material spi lled while loading pipe sections into burial 
(200-ZP-l) boxes affecting about 6.51 m2 (70 ft2

) of 236-Z Building. 
Alpha readings of contamination reached 10,000 dis/min. 
Area was decontaminated to background levels (WHC 1990a). 
PNL Hazard Ranking: Not scored 



Unplanned 
Release No. 

UN-200-W-91 

UN-200-W-103 

UN-200-W-130 
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Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 3 of 7) 

Associated 
Location Waste 

(Operable Unit) Date Management Reported Waste-Related History 
Unit 

234-52 Building December 11, 1985 na Recycle Container overturned during transport affecting area of 
(200-ZP-1) unknown size near the 234-52 Building. 

Alpha readings in affected area reached 20,000 dis/min. 
Due to snow cover on the ground, the area was covered and 
contained with plastic. 
PNL Hazard Ranking: Insufficient information to score 

236-Z Building April 1971 na Approximately 0.01 kg of plutonium was released from a broken crib 
(200-ZP-1) line running from the 234-52 Building to the 216-Z-18 Crib about 

3.66 m (12 ft) west and 1.83 m (6 ft) south of the 236-Z Building. 
Gross alpha contamination was found to be at 76 million dis/min per 
100 cm3 of ground. 
For remedial action, approximately one hundred 55-gallon drums of 
soil were removed and buried in one of the 200 West burial grounds. 
Plutonium contamination may still be present under 1.83 m (6 ft) of 
clean fill soil. 
PNL Hazard Ranking: 1.04 

231-Z-151 Sump January 20, 1967 231 -Z-15 I An excavation uncovered a leaking flange. 
near 23I-Z Building Sump Extent of contamination limited to soil around the waste line on the 
(200-ZP-2) east side of the 23I-Z-151 Sump. 

Alpha, beta, and gamma readings of up to 40,000 dis/min alpha, 100 
mrem/hr beta, and 500 mrem/hr gamma were reported. 
For remediation , the waste line was repaired and covered with 15 cm 
(6 in.) of clean soil. 
PNL Hazard Ranking: Potentially low scoring; insufficient 
information to score 
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Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 4 of 7) 

Associated 
Unplanned Location Waste 
Release No. (Operable Unit) Date Management Reported Waste-Related History 

Unit 

UN-200-W-132 218-W-4C Burial July 6, 1956 241-UR-151 An estimated 1,900 liters of uranium feed solution for the TEP 
Ground (200-ZP-3) Diversion Box process overflowed the 241-UR-151 Diversion Box (WHC 1990a) 

affecting two areas approximately 11.2 and 41.92 ·m2 (120 and 
145 ft2

). 

Affected area was excavated and backfilled after radiation survey. 
PNL Hazard Ranking: 1.04 

UN-200-W-159 Near Z Plant May 1985 na Unknown amount of 50 percent aqueous sodium hydroxide spilled to 
(200-ZP-1) the ground from the PFP process line (WHC 1990a). 

. The soil was removed, packaged, and disposed of off site . 
PNL Hazard Ranking: Not scored 

UPR-200-W-16 218-W-4A Burial July 9, 1952 218-W-4A A dry waste fire in the burial ground spread contamination outside 
Ground Burial the burial trench (Stenner et al. 1988). 
(200-ZP-3) Ground Contamination extended over area in the burial ground and to the 

east and west of the trench. 
Maximum readings for plutonium were 200,000 dis/min inside the 

burial ground and 30,000 dis/min outside. 
Contaminated soil on south side of trench was bulldozed into the 
trench. Ground on the north side was stabilized with road oil. 
Nearby roads were washed down with water to remove spotty 

contamination. 
PNL Hazard Ranking: 0.86 

UPR-200-W-26 218-W-4A Burial November 27, 1953 218-W-4A Burial operations caused spotty contamination in burial grou9d 
Ground Burial (Stenner et al. 1988). Ruthenium affected an area near the burial 
(200-ZP-3) Ground ground and along the 200 West Area railroad line. 

Ruthenium readings in affected area outside burial ground were from 

600 mrem/hr to 2 rem/hr. 
Remedial actions were not identified. 
PNL Hazard Ranking: Not scored 
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Unplanned 
Release No. 

UPR-200-W-45 

UPR-200-W-53 

Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Shee~ 5 of 7) 

Location 
(Operable Unit) 

218-W-2A Burial 
Ground 
(200-ZP-3) 

218-W-4A Burial 
Ground 
(200-ZP-3) 

Date 

November 6, 1957 

January 8, 1959 

Associated 
Waste 

Management 
Unit 

218-W-2A 
Burial 

Ground 

218-W-4A 

Reported Waste-Related History 

Wooden burial box collapsed during burial (Stenner et al. 1988) 
affecting an estimated 80 hectares (200 acres) within the 200 West 
Area and 648 hectares (1,600 acres) outside the 200 West Area with 
ruthenium contamination. 
Maximum ruthenium contamination readings were 1,100 mrem/hr 
(WHC 1990a). 
Most of grossly-contaminated burial ground was restored to normal 
use by plowing, road grading, and water flushing. Adjacent road 
surfaces were flushed with water. Uncleaned contaminated areas 
were posted as radiation zones (WHC 1990a). 
PNL Hazard Ranking: Not scored due to radionuclide decay 

Burial box containing REDOX cell jumpers collapsed during 
backfilling operations in the burial ground affecting about 100 
hectares (250 acres), primarily with ruthenium (Stenner el al. 1988). 
Readings ranged from 50 mR/hr at the burial site to 60,000 c/m at T 
Plant. Readings east of the limited area fence were up to 400 c/m. 
Contamination occurred in area extending east from the burial 
ground to within 274.5 m (300 yd) of the east perimeter fence. 
For remediation, contaminated roads were washed down with water 
from tank truck. Contamination was generally fixed in a 5 cm (2 in.) 
layer of snow. Burial ground and several hundred yards to the east 
were plowed to further fix contamination. 
PNL Hazard Ranking: Not scored because of radionuclide decay 
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Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 6 of 7) 

Associated 
Unplanned Location Waste 
Release No. (Operable Unit) Date Management Reported Waste-Related History 

Unit 

UPR-200-W-72 218-W-4A Burial October 21, 1975 218-W-4A Buried lab waste described as gross alpha and mixes fission products 
Ground Burial was accidentally disturbed resulting in contamination of a 15.25 by 
(200-ZP-3) Ground 15.25 m (50 by 50 ft) area (Stenner et al. 1988). 

Beta/gamma readings of 100,000 ct/min and alpha readings of up to 
70,000 dis/min were obtained. 
For remedial action, the contaminated waste was picked up and the 
area was covered with 15 cm (6 in.) of sand, a layer of urea bone, a 
layer of 10 mil plastic, 30 to 35 cm (12 to 14 in.) of dirt, and 7.5 to 
10 cm (3 to 4 in.) of rock. 
PNL Hazard Ranking: Not scored 

UPR-200-W-84 218-W-l Burial July 23, 1980 na A liquid spill of an unknown beta/gamma source during burial of a 
Ground pump resulted in contamination of the floor of the burial trench 
(200-ZP-3) (Stenner et al. 1988). 

Readings indicated maximum contamination of 2,000 mrem/hr. 
For remediation, contaminated soil was picked up and placed in the 
burial trench. 
Location indicated on Figure 2-13-suspect. 
PNL Hazard Ranking: Release disposed to engineering facility - not 
scored 

UPR-200-W-134 218-W-1 Burial October 27, 1975 na A waste drum labeled "transuranic" was inappropriately buried in the 
Ground 218-W-1 Burial Ground (WHC 1990a). 
(200-ZP-3) Although no release to the environment occurred at this time, the 

handling and storage of the material did not meet standards. 
For remedial actions, Atlantic Richfield Hanford Company (ARHCO) 
personnel were contacted to assure that the location of the burial was 
determined as accurately as possible and that no operations would be 
performed that might make retrieval of the drum move difficult. 
PNL Hazard Ranking: Release disposed of to engineering facility -
not scored 



') ) 
, 

Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 7 of 7) 

Unplanned Location 
Release No. (Operable Unit) 

UPR-200-W-158 218-W-IA Burial 
Ground 
(200-ZP-3) 

Note: na - not available 

en 

297828\TABLE. 2-5 

Date 

June 10, 1960 

Associated 
Waste 

Management Reported Waste-Related History 
Unit 

na A burial box containing solid mixed waste collapsed during burial 
causing spotty ground contamination (WHC 1990a). Contamination 
reportedly spread generally east and southeast as far as 4.85 km 
(3 ml) beyond the limited fence area. 
Beta/gamma readings ranged from 60 mrem/hr at the burial site to 
approximately 1,000 ct/min outside the limited area. 
PNL Hazard Ranking: 0.82 
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Plutonium Finishing Plant 
(PFP) 

R ECUPLEX 

Plutonium Reclamation 
Facili ty (PRF) 

Americium Recovery 

Analytical labora tory 

Plutonium Isola tion Facility 
(P IF) 
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Table 2-7. Summary of Waste-Producing Processes in the Z Plant Aggregate Area 

Waste Generated Major Chemical Ionic pH Organic R adioactivity 
Constituents Strength Concentration 

Process Waste Nitric acid, nitrate salts, high acidic (pH 2) low low (Pu and TRU) 
fl uoride neutralized 

before disposal 

Wastewater Sodium, fluoride, low neutra l low trace alpha 
sulfate 

Aq ueous process waste Nitric acid, fl uorides, high acidic low low 
nitrates, phosphate 

Organic solvent waste CC14, TBP, DBBP low slightly acidic high intermediate (Pu and 
TRU) 

Spent silica gel Silica gel, Pu unknown unknown unknown TRU 

Aqueous process waste Nitric acid, fluorides, high acidic low low 
nit rates, phosphate 

Organic process waste CC14, TBP, DBBP low sl ightly acidic high intermediate (Pu and 
T R U) 

Spent ion exchange resin 24 1Am, resin high unknown unknown unknown {241Am) 

Laboratory process wastes Unknown low slightly acidic unknown unknown 

Used or discarded see Table 2-9 for unknown unknown moderate to unknown 
reagents potential contribu tors low 

Wastewater sanitary and lab water low neut ra l/basic unknown unknown 
after adjust 

Process Waste Nitric acid unknown unknown low low (Pu and TRU) 

Wastewater Unknown unknown unknown unknown unknown 
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Table 2-8. Chemicals and Radionuclides Used or Produced in Separation/Recovery Processes. 

Inorganic Constituents 

Aluminum nitrate 
Barium 
Boron 
Calcium 
Chloride 
Chromium 
Copper 
Fluoride 
Hydrofluoric acid 
Iron 
Magnesium 
Mercury 
Nickel 
Nitrate 
Nitrate salts 
Potassium 
Silicon 
Sodium 
Sulfate 
Zinc 

Organic Constituents 

Acetone 
Caffeine 
Carbon tetrachloride 
Chloroform 
Decane 
Dibutyl phosphate (DBP) 
Dibutyl butyl phosphonate (DBBP) 
Monobutyl phosphate 
Tributyl phosphate (TBP) 

2T-8 

Radionuclides 

Plutonium fluoride 
Plutonium nitrate 

· Plutonium oxide 
Uranium 
241Am 

137Cs 
238Pu 
ZJ9pu 
z40pu 

Ra 
90Sr 
mu 
238u 
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Table 2-9. Partial List of Chemicals Used in PFP Laboratories. (Sheet 1 of 3) 

Compound Name Formula 

Acetic Acid CH3C02H 

Acetone CH3CiHP 

Alizarin Yellow C14Ha04 

Aluminum Nitrate Nonahydrate Al(N03h-9Hp 

Aluminum Nitrate (Mono Basic) Al(OH)(N03)2 

Aluminum Sulfate Al(S04)3 

Ammonium Chloride NH4Cl 

Ammonium Hydroxide - NHpH 

Ammonium Oxalate (NH4)2CP4 

Ammonium Sulfate (NH4)2S04 

Arsenazo III Tw ( l) Arsenic compounds 

Boric Acid H3B03 

Bromocresol Purple CiHPHBr 

Carbon Tetrachloride CC14 

Ceric Ammonium Nitrate Ce(NH4)i(N03)6 

Dibutylphosphate ( n-C4H9) 2HPO 4 

Ferric Ammonium Sulfate FeNH4S04 

Ferric Nitrate Fe(N03h-6Hp 

Ferrous Ammonium Sulfate (NH4) 2SO 4FeSO 4-6Hp 

Ferrous Sulfamate Fe(S03NH2)2 

Hydrazine N2H4-H20 

Hydrobromic Acid HBr 

Hydrochloric Acid HCl 

Hydrofluoric Acid HF 

Hydrogen Peroxide H20 2 

Hydroiodic Acid HI 

Hydroxylamine Hydrochloride NHzOH-HCI 

2T-9a 
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Table 2-9. Partial List of Chemicals Used in PFP Laboratories. (Sheet 2 of 3) 

Compound Name Formula 

Hydroxylamine Nitrate NHzOH-HN03 

Methanol CHPH 

Naphthylamine C1oH~ 

Nitric Acid HN03 

Oxalic Acid H02CC02H-2Hz0 

Phosphoric Acid H3P04 

Potassium Acetate KCiHP2 

Potassium Dichromate K2Cr07 

Potassium Iodate K.103 

Potassium Permanganate KMn04 

Silver Oxide AgO 

Sodium Bisulfate NaHS04 

Sodium Carbonate Na2C03 

Sodium Fluoride NaF 

Sodium Hydroxide NaOH 

Sodium Nitrate NaN03 

Sodium Nitrite NaN02 

Sodium Oxalate Na2C20 4 

Sodium Tartrate Na2C2HP6-2Hp 

Sulfamic Acid NH2S03H 

Sulfonic Acid (chloro) ClHS03 

Sulfuric Acid H2S04 

Thenoyltrifluoracetone (CH)3SCOCH2COCF3 

Thymolphthalein C2sH300 4 

Toluene C6H5CH3 

Tributylphosphate (C4H9) 3P04 

Tri- lso-Octylamine ½ 4Hs1N 

2T-9b 
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Table 2-9. Partial List of Chemicals Used in PFP Laboratories. (Sheet 3 of 3) 

Compound Name Formula 

Tris (hydroxymethyl)Amino Methane (CHzOH)3CNH2 

Xylene C6HiCH3) 2 

<1l Product Trademark 

2T-9c 
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Table 2-10. Radionuclides and Chemicals Disposed of to Z Plant Aggregate Area 
Waste Management Units. (Sheet 1 of 2) 

Radionuclides 

108Ag 85Kr 82Sr 
llOAg s4Mn 90Sr 
2sA1 93Mo 1s2Ta 
241Arn 22Na ~c 
243Arn 91Nb 125mTe 
195Au 93mNb 121Te 
133Ba 94Nb 129mTe 
7Be 95Nb 121Te 
i°Be S9Nj 2~i 
14c 63Ni n2Th 

4SCa mNp 234Tb 
109Cd J2p 11°Tm 
141Ce 231Pa mu 
144Ce mpb 234u 
36CI 214Pb mu 
243Cm 141Pm 236u 
244cm 210p0 238u 
245cm 238Pu 4~ 
S7Co 239f>u S7y 
sseo z40pu ssy 
60Co 226Ra CJOy 
S!Cr nsRa 6Szn 
134Cs 86Rb 9Szr 
mes 1s1Re 
2S4Es 10JRu 
1s2Eu t06Ru 
1s4Eu JSS 
issEu 122Sb 
ssFe 124Sb 
s9pe 125Sb 
IS3Gd 126Sb 
68Ge 46SC 
JH 7SSe 
1231 79Se 
1251 ISISm 
1291 rnsn 
1311 123msn 

~ 
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Table 2-10. Radionuclides and Chemicals Disposed of to Z Plant Aggregate Area 
Waste Management Units. (Sheet 2 of 2) 

Inorganic Chemicals 

Aluminum 
Asbestos 
Beryllium 
Aluminum fluoride 
Aluminum nitrate 
Cadmium 
Calcium nitrate 
Chromium 
Copper 
Copper sulfate 
Ferric nitrate 
Fluoride 
Lead 
Magnesium nitrate 
Mercury 
Mercury - amalgamated 
Nitrate 
Nitric acid 
Potassium chloride 
Potassium nitrate 
Silver 
Slaked lime 
Sodium 
Sodium chloride 
Sodium diuranate 
Sodium fluoride 
Sodium hydroxide 
Sodium nitrate 
Sodium nitrite 
Sulfate 
Sulfuric acid 
Uranium hexafluoride 
Zirconium 

Sources: 

. ' 

Organic Chemicals 

Acetonitrile 
Butyl acetate 
Carbon tetrachloride 
Charcoal 
Creosote 
Cyclohexane 
Cyclohexanone 
DDCP 
Dibutyl butyl phosphonate 
Dibucyl phosphate 
Ethanol 
Ethanolamine 
Ethylene glycol 
Freon II 
Glycerine 
Graphite 
Hexane 
Hexanol 
Isopropanol 
Kerosene 
Methanol 
Naphthylamine tritium 
Normal paraffins 
Oil 
Paint thinner 
Perchloroethylene 
Polychlorinated biphenyls 
Polyurethane 
Pseudocumene 
Tar 
Tetrahydrofuran 
Toluene 
Tributyl phosphate 
Trichloroethene 
Trioctyl phosphine 
Vinyl chloride 
Xylenes 

WHC 1991a and Anderson et al. 1991 
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3.0 SITE CONDITIONS 

The following sections describe the physical nature and setting of the Hanford Site, the 
200 West Area, and the Z Plant Aggregate Area. The site conditions are presented in the 
following sections: 

• Physiography and Topography (Section 3.1) 

• Meteorology (Section 3.2) 

• Surface Wftief lxlt§lR¥.Y (Section 3.3) 

• Geology (Section 3 .4) 

• Hydrogeology (Section 3.5) 

• Environmental Resources (Section 3.6) 

• Human Resources (Section 3. 7). 

Sections describing topography, geology , and hydrogeology have been taken from 
standardized texts provided by the Westinghouse Hanford Company (e.g ., Delaney et al. 
1991) t100 Lindsey et al. 199 q l ;i &U1=9~~Y::~t:w]' 1g2g) for that purpose. 

3.1 PHYSIOGRAPHY AND TOPOGRAPHY 

The following subsections describe the physical nature of the Hanford Site and the Z 
Plant Aggregate Area with regard to surface features and topographic characteristics. 

The Hanford Site (Figure 3-1) is situated within the Pasco Basin of southcentral 
Washington. The Pasco Basin is one of a number of topographic depressions located within 
the Columbia Basin Subprovince of the Columbia Intermontane Province (Figure 3-2), a 
broad basin located between the Cascade Range and the Rocky Mountains . The Columbia 
Intermontane Province is the product of Miocene continental flood basalt volcanism and 
regional deformation that occurred over the past 17 million years. The Pasco Basin is 
bounded on the north by the Saddle Mountains , on the west by Umtanum Ridge, Yakima 
Ridge, and the Rattlesnake Hills , on the south by Rattlesnake Mountain and the Rattlesnake 
Hills , and on the east by the Palouse s§lope (Figure 3-1). 

The physiography of the Hanford Site is dominated by the low-relief plains of the 
Central Plains physiographic region and anticlinal ridges of the Yakima Folds physiographic 
region (Figure 3-3) . Surface topography seen at the Hanford Site is the result of (1) uplift of 
anticlinal ridges, (2) Pleistocene cataclysmic flooding, @.ng (3) Holocene eolian activity-,-ftflti 
(4) la:ndsliding. Uplift of the ridges began in the Miocene epoch and continues to the 
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1 present. Cataclysmic flooding occurred when ice dams in western Montana and northern 
2 Idaho were breached, allowing large volumes of water to spill across eastern and central 
3 Washington. The last major flood occurred about 13,000 years ago , during the late 
4 Pleistocene Epoch. Anastomosing flood channels, giant current ripples , bergmounds, and 
5 giant flood bars are among the landforms created by the floods. Since the end of the 
6 Pleistocene Epoch, winds have locally reworked the flood sediments, depositing dune sands 
7 in the lower elevations and loess (windblown silt) around the margins of the Pasco Basin . 
8 Generally, sand dunes have been stabilized by anchoring vegetation except where they have 
9 been reactivated where vegetation is disturbed (Figure 3-4). 

10 
11 A series of numbered areas have been delineated at the Hanford Site. The I 00 Areas 
12 are situated in the northern part of the HM(Qf{t. Site adjacent to the Columbia River in an 
13 area commonly called the "Horn." Thct eievaffon of the j Hom; is between 119 and 143 m 
14 (390 and 470 ft) above mean sea level (msl) with a slight increase in elevation away from the 
15 river. The 200 Areas are situated on a broad flat area called the 200 Areas plateau . The 
6 200 Areas plateau is near the center of the Hanford Site at an elevation of approximately 198 

17 to 229 m (650 to 750 ft) above msl. The plateau decreases in elevation to the north , 
· f 8 northwest, and east toward the Columbia River, and plateau escarpments have elevation 
,-19 changes of between 15 to 30 m (50 to 100 ft). 

20 
21 The 200 West Area is situated on the 200 Areas plateau on a relatively flat prominent 

2 terrace (Cold Creek Bar) formed during the late Pleistocene flooding (Figure 3-5). Cold 
23 Creek Bar trends generally east to west and is essentially bisected by a flood channel that 
24 trends north to south. This terrace drops off rather steeply to the north and northwest with 
~5 elevation changes between 15 and 30 m (50 to 100 ft). 
26 
27 The topography of the 200 West Area is generally flat (Figure 3-1). Within the Z 

28 Plant Aggregate Area, &TT~ elevation m,::::w~::M!£m}~½::::gt,;~n~:::eii!~n:~:::~ggt~&#@. im;~~ ranges 
29 from about 218 m (715 ft) along the western edge of the area near the 2702-W RMW storage 

0 complex, to about 210 m (690 ft) east of the 231-Z Building (Plate 1) . A/q~@Je.g 
1 Jgpggfimffiq !limlii@r:]nijJtt~:J~:!Pf9¥1Q¢:gjij: !!PJ.ijf¢\iJ: Much of the Aggregate Area slopes 

32 gentiy .. from· west to east; aithough .. the .. northeastern part of the Aggregate Area slopes 
33 westward, toward the 216Y-9 Pond west of the T Plant complex . Topography in the 
34 southwestern corner of the Aggregate Area, near the 2 l 8-W-4C Burial Ground slopes to the 
35 west and southwest. There are no natural surface drainage channels within the Z Plant 
36 Aggregate Area. 
37 
38 
39 3.2 METEOROLOGY 
40 
41 The following subsections provide information on Hanford Site meteorology including 
42 precipitation (Section 3. 2 .1), wind conditions (Section 3. 2. 2) , and temperature variability 
43 (Section 3.2.3). 
44 
45 The Hanford Site lies east of the Cascade Mountains and has a semiarid climate 
46 because of the rainshadow effect of the mountains . The weather is monitored at the Hanford 
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Meteorology Station, located between the 200 East and 200 West Areas , and at other points 
situated through the reservation. The following sections summarize the Hanford Site 
meteorology. 

3.2.1 Precipitation 

The Hanford Site receives an annual average of 16 cm (6.3 in..;gp) of precipitation. 
Precipitation falls mainly in the winter, with about half of the annual precipitation occurring 

iiiiililill.lWl~llgi, 
ranges · fro·m·--1·:f ·c·m· (sj ··1n;f ijf Tn.Januaii. to · o:\f cm .(0~31··in;¢ij) in March. The record 

_snowfall of 62 cm (24.4 in;gij) occurred in February 1916 (Stone et al . 1983). During 
December through February , snowfall accounts for about 38 % of all precipitation in those 
months. 

The average yearly relative humidity at the Hanford Site for 1946 to 1980 was 54.4%. 
Humidity is higher in winter than in summer. The monthly averages for the same period 
range from 32.2 % for July to 80% in December. Atmospheric pressure averages are higher 
in the winter months and record absolute highs and lows also occur in the winter. 

3.2.2 Winds 

The Cascade Mountains have considerable effect on the wind regime at the Hanford 
Site by serving as a source of cold air drainage. This gravity drainage results in a northwest 
to west-northwest prevailing wind direction (\VPPSS 1977). The average mean monthly 
speed for 1945 to 1980 is 3.4 mis (7.7 mph). Peak gust speeds range from 28 to 36 mis (63 
to 80 mph) and are generally southwest or west-southwest winds (Stone et al. 1983). 

Figure 3-6 shows wind roses for the Hanford Telemetry Network (Stone et al. 1983). 
The gravity drainage from the Cascades produces a prevailing west-northwest wind in the 
200 West Area. In July, hourly average wind speeds range from a low of 2 .3 mis (5.2 mph) 
from 9 to 10 a.m. to a high of 6 mis (13-:-G mph) from 9 to 10 p.m. 

3.2.3 Temperature 

Based on data from 1914 to 1980, minimum winter temperatures vary from -33 °C 
(-27°F) to -6°C ( +22°F), and maximum summer temperatures vary from 38 °C (l00 °F) to 
46°C (1 l5°F). Between 1914 and 1980, a total of 16 days with temperatures -29 °C (-20 °F) 
or below were recorded. There are 10 days of record when the maximum temperature failed 
to go above -l8°C (0 °F). Prior to 1980, there were three summers on record when the 
temperatures were 38°C (100°F) or above for 11 consecutive days (Stone et al. 1983). 
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1 
2 3.3 SURFACE WATER 
3 
4 The following subsections provide information on regional (Section 3.3. 1) , Hanford 
5 Site (Section 3.3 .2), and Z Plant Aggregate Area (Section 3.3.3) surface water including 
6 surface water features and their relationship to Hanford areas . 
7 
8 
9 3.3.1 Regional Surface Hydrology 

10 
11 Surface drainage enters the Pasco Basin from several other basins, which include the 
12 Yakima River Basin, Horse HeaYen Basin , Walla Walla River Basin , Palouse/Snake Basin, 
13 and Big Bend Basin (Figure 3-7). Within the Pasco Basin, the Columbia River is joined by 
14 major tributaries including the Yakima, Snake, and Walla Walla Rivers . No perennial 
15 streams originate within the Pasco Basin. Columbia River inflow to the Pasco Basin is 

recorded at the United States Geological Survey (USGS) gage below Priest Rapids Dam , and 
,) ,7 outflow is recorded below McNary Dam. Average annual flow at these recording stations is 

18 approximately 1.1 x 1011 m3 (8.7 x 107 acre-ft) at the USGS gage and 1.6 x 10 11 m3 

9 (1.3 x 108 acre-ft) at the McNary Dam gage (DOE 1988p). 
20 
21 Total estimated precipitation over the basin averages less than 15.8 cm/yr (6.2 
2 in-;plj/yr) . Mean annual runoff from the basin is estimated to be less than 3. 1 x 107 m3/yr 

23 (2.°5 x 1()4 acre-ft/yr) , or approximately 3 % of the total precipitation . The remaining 
24 precipitation is assumed to be lost through evapotranspiration with a small component 
25 (perhaps less than 1 % ) recharging the groundwater system (DOE l 988~). 
26 ....... 
27 

.22 3.3.2 Hanford Site Surface Hydrology ~m:!figJ!?Ut9&9:!:§U"~ 
29 
30 Primary surface water features associated with the Hanford Site, located near the center 
-3-1 of the Pasco Basin, are the Columbia and Yakima Rivers and their major tributaries , the 
32 Snake and Walla Walla Rivers. West Lake, about 4 hectares (10 acres) in size and less than 
33 0.9 m (3 ft) deep , is the only natural lake within the Hanford Site (DOE 1988g). 
34 Wastewater ponds, cribs, and ditches associated with nuclear fuel reprocessing and waste 
35 disposal activities are also present on the Hanford Site. 
36 
37 The Columbia River ·flows through the northern part of the Hanford Site and along the 
38 eastern border of the Hanford Site. This section of the river, the Hanford Reach , extends 
39 from Priest Rapids Dam to the headwaters of Lake Wallula (the reservoir behind McNary 
40 Dam). Flow along the Hanford Reach is controlled by Priest Rapids Dam . Several drains 
41 and intakes are also present along this reach, including irrigation outfalls from the Columbia 
42 Basin Irrigation Project, the Washington Public Power Supply System (WPPSS) Nuclear 
43 Project 2, and Hanford Site intakes for onsite water use. Much of the northern and eastern 
44 parts of the Hanford Site are drained by the Columbia River. 
45 
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Routine water-quality monitoring of the Columbia River is conducted by DOE for both 
radiological and nonradiological parameters and has been reported by Pacific Northwest 
Laboratory (PNL1 since 1973. li~Ul.9&~n :::§lgg msi?lm~P~§Fm£§1qgy~Ecology) has . 
issued a Class A (excellent) quality designation for Columbia River water along the Hanford 
Reach from Grand Coulee Dam, through the Pasco Basin , to McNary Dam. This 
designation requires that all industrial uses of this water be compatible with other uses , 
including drinking, wildlife habitat, and recreation. In general , the Columbia River water is 
characterized by a very low suspended load, a low nutrient content, and an absence of 
microbial contaminants (DOE 1988p). 

Approximately cine-third of the Hanford Site is drained by the Yakima River system. 
Cold Creek and its tributary , Dry Creek, are ephemeral streams on the Hanford Site that are 
within the Yakima River drainage system. Both streams drain areas along the western part 
of the Hanford Site and cross the southwestern part of the :HAf.ff9f9 Site toward the Yakima 
River. Surface flow, which may occur during spring runoff or after heavier-than-normal 
precipitation , infiltrates and disappears into the surface sediments. Rattlesnake Springs , 
located on the western part of the Hanford Site , forms a small surface stream that flows for 
about 2 .9 km (1.8 mi) before infiltrating into the ground. 

3.3.3 Z Plant Aggregate Area Surface Hydrology 

No natural surface water bodies exist in the Z Plant Aggregate Area. The only 
existing man-made surface water bodies are the 216-Z-21 Seepage Basin and the 207-Z 
Retention Basin (Figure 2-11) . As discussed in Section 2.3.8 , the 216-Z-21 Seepage Basin is 
an unlined infiltration basin located approximately 100 m {q@:§\lt) southeast of the 234-5Z 
building. The 207-Z Retention Basin consists of a pair of concrete-lined basins located 
approximately 60 m &!2iilll southeast of the 236-Z building. 

The 200 West Area and specifically , the Z Plant Aggregate Area, is not in a designated 
floodplain. Calculations of probable maximum floods for the Columbia River and Cold 
Creek Watershed indicate that the 200 West Area is not expected to be inundated under 
maximum flood conditions (DOE/RL 1991a§). The 216-Z-21 Seepage Basin represents 
minor, if any, flooding potential due to the permeable nature of the underlying soil which 
allows for rapid infiltration of surface water into the ground. The 207-Z Retention Basin 
may present some potential for flooding ; no current outlets from the basin were identified. 
However, the low precipitation potential (0 . 16 m (Q{q4fft] annual average) at the site 
suggests little likelihood of flooding of the 3 . 1 m ~J:Q ~if deep basin . 

41 3.4 .GEOLOGY 
42 
43 The following subsections provide information pertaining to geologic characteristics of 
44 southcentral Washington , the Hanford Site, the 200 West Area , and the Z Plant Aggregate 
45 Area. Topics included are the regional tectonic framework (Section 3.4 . 1) , regional 
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1 stratigraphy (Section 3.4.2), and 200 West Area and Z Plant Aggregate Area geology 
2 (Section 3 .4.3). 
3 
4 _ The geologic characterization of the Hanford Site, including the 200 West Area and Z 
5 Plant Aggregate Area is the result of many previous site investigation activities at Hanford. 
6 These activities include the siting of nuclear reactors, characterization activities for the Basalt 
7 Waste Isolation Project (BWIP), waste management activities, and related geologic studies 
8 supporting these efforts. Geologic investigations have included regional and Hanford Site 
9 surface mapping, borehole/well sediment logging, field and laboratory sediment 

10 classification, borehole geophysical studies (including gamma radiation logging) , and in situ 
11 and laboratory hydrogeologic properties testing. 
12 
13 
14 3.4.1 Regional Tectonic Framework 
15 

.l6 The following subsections provide information on regional (southcentra1 Washington) 
17 geologic structure, structural geology of the Pasco Basin and the Hanford Site, and regional 

· 18 and Hanford Site seismology. 
,-9 

20 3.4.1.1 Regional Geologic Structure. The Columbia Plateau is a part of the North 
"21 American continental plate and lies in a back-arc setting east of the Cascade Range. It is 
d-:J. bounded on the north by the Okanogan Highlands , on the east by the Northern Rocky 
23 Mountains and Idaho Batholith , and on the south by the High Lava Plains and Snake River 
24 Plain (Figure 3-8). 
25 
26 The Columbia Plateau can be divided into three informal structural subprovinces 
27 (Figure 3-9): Blue Mountains, Palouse, and Yakima Fold Belt (Tolan and Reidel 1989). 

These structural subprovinces are delineated on the basis of their structural fabric , unlike the 
29 physiographic provinces that are defined on the basis of landforms. The Hanford Site is 
30 located in the Yakima Fold Belt Subprovince near its junction with the Palouse Subprovinces. 

32 The principal characteristics of the Yakima Fold Belt (Figure 3-10) are a series of 
33 segmented, narrow , asymmetric anticlines that have wavelengths between 5 and 3+7. km (3 
34 and 19 mi) and amplitudes commonly less than 1 km (0.6 mi) (Bl~Jtj~fl!Q~; Reidel et al. 
35 1989a). The northern limbs of the anticlines generally dip steepiy to the north, are vertical, 
36 or even overturned . The southern limbs generally dip at relatively shallow angles to the 
37 south. Thrust or high-angle reverse faults with fault planes that strike parallel or subparallel 
38 to the axial trends are principally found on the north sides of these anticlines. The amount of 
39 vertical stratigraphn.'¢. offset associated with these faults varies but commonly exceeds 
40 hundreds of meters. These anticlinal ridges are separated by broad synclines or basins that, 
41 in many cases, contain thick accumulations of Neogene fE~rtt~lt to Quaternary-age 
42 sediments. The Pasco Basin is one of the larger structural basfris· in the Yakima Fold Belt 
43 Subprovince. 
44 
45 Deformation of the Yakima folds occurred under a north-south compression and was 
46 contemporaneous with the eruption of the basalt flows (Reidel 1984; Reidel et al . 1989a). 
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Deformation occurred during the eruption of the Columbia River Basalt Group and continued 
through the Pliocene Epoch , into the Pleistocene Epoch, and perhaps to the present. 

3.4.1.2 Pasco Basin and Hanford Site Structural Geology. The Pasco Basin , in which 
the Hanford Site is located, is ~@§!iµ@ffiil[g~pfij~jJpfi bounded on the north by the Saddle 
Mountains anticline, §n IIIlc§tf~y:th~::1iliY§i:~tgl~ on the west by the Umtanum Ridge, 
Yakima Ridge, and Rattlesnake Hills anticlines , and on the south by the Rattlesnake 
Mountain anticline (Figure 3-11). The Pasco Basin is divided into the \Vahluke syncline on 
the north, and Cold Creek syncline on the south, by the Gable Mountain anticline, the 

~~t~l:!1-~?._St __ ~~-t~~~i?.~ .. ~! -~~~ - 1!~.~~~--~~~~--~ ticline~ ::int§: ~Ji~ ~®!Bliji ~xP§linijifi#:!W9 
n2rlli;i l~P:::~e~ ::w2!~ :wmfi::: §:yp9Hn~:gnlln~::§:2M]Jl The Cold Creek syncline is bounded on the 
south by the Yakima Ridge anticline. Both the Cold Creek and Wahluke synclines are 
asymmetric and relatively flat-bottomed structures. The north limbs of both synclines dip 
gently (approximately 5°) to the south and the south limbs dip steeply to the north. The 
deepest parts of the Cold Creek syncline, the Wye Barricade depression , and the Cold Creek 
depression are approximately 12 km (7.5 mi) southeast of the Hanford Site 200 Areas , and 
just to the west-southwest of the 200 West Area, respectively. The deepest part of the 
Wahluke syncline lies just north of Gable Gap. 

The 200 West Area is situated on the generally southward dipping north limb of the 
Cold Creek syncline 1 to 5 km (0.6 to 3 mi) north of the syncline axis . The Gable 
Mountain-Gable Butte segment of the Umtanum Ridge anticline lies approximately 4 km (2. 5 
mi) north of the 200 West Area. The axes of the anticline and syncline are separated by a 
distance of 9 to 10 km (5.6 to 6.2 mi) and the crest of the anticline (as now exposed) is over 
200 m (656 ft) higher than the uppermost basalt layer in the syncline axis. As a result , the 
basalts and overlying sediments dip to the south and southwest beneath the 200 West Area . 

3.4.1.3 Regional and Hanford Site Seismology. Eastern Washington , especially the 
Columbia Plateau region, is a seismically inactive area when compared to the rest of the 
western United States (DOE 1988p). The historic seismic record for eastern Washington 
began in approximately 1850, and no earthquakes large enough to be felt had epicenters on 
the Hanford Site. The closest regions of historic moderate-to-large earthquake generation are 
in western Washington and Oregon and western Montana and eastern Idaho . The most 
significant event relative to the Hanford Site is the 1936 Milton-Freewater , Oregon , 
earthquake that had a magnitude of 5 . 75 and that occurred more than 90 km (54 mi) away. 
The largest Modified Mercalli Intensity for this event was felt about 105 km (63 mi) from 
the Hanford site at Walla Walla, Washington , and was VII . 

Geologic evidence of past moderate or possibly large earthquake activity is shown by the 
anticlinal folds and faulting associated with Rattlesnake Mountain , Saddle Mountain , and 
Gable Mountain. The currently recorded seismic activity related to these structures consists 
of micro-size earthquakes. The suggested recurrence rates of moderate and larger-size 
earthquakes on and near the Hanford Site are measured in geologic time (tens of thousands of 
years). 
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1 3.4.2 Regional Stratigraphy 
2 
3 The following subsections summarize regional stratigraphic characteristics of the 
4 Columbia River Basalt and tS~uprabasalt sediments. Specific references to the Hanford Site 
5 and 200 West Area are made where applicable to describe the general occurrence of these 
6 units within the Pasco Basin. 
7 
8 The principal geologic units within the Pasco Basin include the Miocene age basalt of 
9 the Columbia River Basalt Group, and overlying late Miocene to Pleistocene suprabasalt 

10 sediments (Figure 3-12). Older Cenozoic sedimentary and volcaniclastic rocks underlying 
11 the basalts are not exposed at the surface near the Hanford Site. The basalts and sediments 
12 thicken into the Pasco Basin and generally reach maximum thicknesses in the Cold Creek 
13 syncline. The !RPl1i?:gmt sedimentary sequence at the Hanford Site is up to approximately 
14 230 m (750 ft) thick in the west central Cold Creek syncline, but pinches out against the 
15 anticlinal structures of Saddle Mountains, Gable Mountain/Umtanum Ridge , Yakima Ridge , 
6 and Rattlesnake Hills. 

' ·17 

. 8 ............... !.~~ .. ~~P.r.~?~.s.8.-1t .. 5.?ci.i~~~~~ ... tll'.~ .. in~:1 ~HRf~P~SYl::§$9fiP;~g~ §~9,R~n§M~~:iii.?:t§ 
19 mP'.tt.Jilmlti!Yli:iiQ:::m.:::~1ti?'Qit):mrna§~g'j~ dominated by laterally extensive deposits assigned 
0 to the late Mfocen~f to Pliocenefage Ringold Formation and the Pleistocenefage Hanford 

21 formation (Figure 3·~13) . Locally occurring strata described ~p:f.grfil~~!Yit~rr~FJCt9 as ~ti~ pre-
2 Missoula gravels , a discontinuous ID;~ Plio-Pleistocene unit , and !lireai{)' ''Palouse" soif 

23 comprise the remainder of the sedimentary sequence. The pre-M1ssoula gravels underlie the 
24 Hanford formation in the east-central Cold Creek syncline and at the east end of Gable 
25 Mountain anticline east and south of 200 East Areal The pre-Missoula gravels have not 
26 been identified in the 200 West Area. The nature of the contact between the pre-Missoula 

gravels have not been identified in the 200 West Area. The nature of the contact between 
28 the pre-Missoula gravels and the overlying Hanford formation has not been completely 

9 delineated, based on available subsurface data. In addition , it is unclear whether the pre-
0 Missoula gravels overlie or interfinger with the early "Palouse" soil and Plio-Pleistocene 

31 unit. Magnetic polarity data indicate the unit is no younger than early Pleistocene in age 
3 (> 1 Ma [~J.J;gg::y~~:p;~t9F~ilni~~nm as reported in Lindsey (1991) ~filf~I~t?h:(~QQt). 
33 Relatively tiun .. surfidafdepos·1ts ofeoTian sand, loess, alluvium , and coffuvlti111 ········•··• ........... . 

34 discontinuously overlie the Hanford formation. 
35 
36 3.4.2.1 Columbia River Basalt Group. The Columbia River Basalt Group (Figure 3-12) 
37 comprises an assemblage of tholeiitic , continental flood basalts of Miocene age . These flows 
38 cover an area of more 163,0] 00 km2 (63,000 mi2) in Washington, Oregon , and Idaho and 
39 have an estimated volume ofabout 174,000 km3 (40,800 mi3

) (Tolan et al. 1989) . Isotopic 
40 age determinations indicate that basalt flows were erupted approximately 17 to 6 Ma (million 
41 years before present), with more than 98 % by volume being erupted in a 2. 5· million year 
42 period (17 to 14.5 Ma) (Reidel et al . 1989b) . 
43 
44 Columbia River basalt flows were erupted from north-northwest-trending fissures of 
45 linear vent systems in north-central and northeastern Oregon , eastern Washington , and 
46 western Idaho (Swanson et al. 1979). The Columbia River Basalt Group is formally divided 
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into five formations (from oldest to youngest): Imnaha Basalt, Picture Gorge Basalt, Grande 
Ronde Basalt, Wanapum Basalt, and Saddle Mountains Basalt. Of these, only the Picture 
Gorge Basalt is not known to be present in the Pasco Basin. The Saddle Mountains Basalt , 
divided into the Ice Harbor, Elephant Mountain , Pomona, Esquatzel , Asotin , Wilbur Creek 
and Umatilla m;'M.embers (Figure 3-12), forms the uppermost basalt unit throughout most of 
the Pasco Basiri":"· · The Elephant Mountain mM.ember is the uppermost unit beneath most of 
the Hanford Site except near the 300 Area v.ihere the Ice Harbor m1xf ember is found and 
north of the 200 Areas where the Saddle Mountains Basalt has been eroded down to the 
Umatilla mi,Member locally. On anticlinal ridges bounding the Pasco Basin , erosion has 
rcmo¥cd the Saddle Mountains Basalt ~~:~§1:Uy~::fililnt, exposing the Wanapum and Grande 
Ronde Basalts. ·· ·· · · ····· · · · ······ · 

3.4.2.2 Ellensburg Fonnation. The Ellensburg Formation consists of all sedimentary units 
that occur between the basalt flows of the Columbia River Basalt Group in the central 
Columbia Basin. The Ellensburg Formation generally displays two main lithologies : 

;~l;3;~~~:~~~:~1!~\~,g~f!•••
1!!!f;!!,~!~!••:~~!gI~!f ~tra~!t~~~~~~::i:d(~~~;f:~?R) · 

epiclastics derived from volcanic terrains west of the Columbia Plateau. Siliciclastic strata in 
the Ellensburg Formation consists of elastic, plutonic , and metamorphic detritus derived from 
the Rocky Mountain terrain. These two lithologies occur as both distinct and mixed in the 
Pasco Basin. A detailed discussion of the Ellensburg Formation in the Hanford Site is given 
by Reidel and Fecht (1981) . Smith et al . (1989) provide a discussion of age equivalent units 
adjacent to the Columbia Plateau. 

The stratigraphic names for individual units of the Ellensburg Formation are given in 
Figure 3-12. The nomenclature for these units is based on the upper- and lower- bounding 
basalt flows and thus the names are valid only for those areas where the bounding basalt 
flows occur. Because the Pasco Basin is an area where most bounding flows occur , the 
names given in Figure 3-12 are applicable to the Hanford Site. At the Hanford Site the three 
uppermost units of the Ellensburg Formation are the Selah interbed , the Rattlesnake Ridge 
interbed, and the Levey interbed. 

3.4.2.2.1 Selah Interbed. The Selah interbed is bounded on the top by the Pomona 
m:i ember and on the bottom by the Esquatzel ml ember. The interbed is a variable mixture 
of silty to sandy vitric tuff, arkosic sands , tuffaceous clays , and locally thin stringers of 
predominantly basaltic gravels. The Selah interbed is found beneath most of the Hanford 
Site. 

3.4.2.2.2 Rattlesnake Ridge Interbed. The Rattlesnake Ridge interbed is bounded on 
the top of the Elephant Mountain mfflember and on the bottom by the Pomona m:Member. 
The interbed is up to 33 m (108 ft) thick and dominated by three facies at the Hanford Site: 
1) a lower clay or tuffaceous sandstone, 2) a middle, micaceous-arkosic and/or tuffaceous 
sandstone, and 3) an upper, tuffaceous siltstone to sandstone. The unit is found beneath most 
of the Hanford Site. 
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3.4.2.2.3 Levey lnterbed. The Levey interbed is the uppermost unit of the 
Ellensburg Formation and occurs between the Ice Harbor ~ember and the Elephant 
Mountain -mfflember. It is confined to the vicinity of the 300 Area. The Levey interbed is a 
tuffaceous sa11.dstone along its northern edge and a fine-grained tuffaceous siltstone to 
sandstone along its western and southern margins. 

3.4.2.3 Ringold Formation. The Ringold Formation at the Hanford Site is up to 185 m 
(607 ft) thick in the deepest part of the Cold Creek syncline south of the 200 West Area and 
170 m (558 ft) thick in the western Wahluke syncline near the 100-B Area. The Ringold 
Formation pinches out against the Gable Mountain, Yakima Ridge, Saddle Mountains, and 
Rattlesnake Mountain anticlines. It is largely absent in the northern and northeastern parts of 
the 200 East Area and adjacent areas to the north in the vicinity of West Poot! fflij. The 
Ringold Formation is assigned a late Miocene to Pliocene age (Fecht et al. 1987·;·.-·t50E 

19889) ~!tiii~I!ell!flMin1l!lxiiljffiqjI!is!~lni::1n!!lnlin~~ ::t§.JPl~ffip !!i§g) lisvj ~~ 
IJ::!I~11i!tlilmg~f i :~t:IMtiig~f J. 

Recent studies of the Ringold Formation (Lindsey and Gaylord 1989fo®Jfitj$¢.Y¢~gg 
!ill) indicate that it is best described and divided on the basis of sediment fades ·•······ · 
associations and their distribution. Facies associations in the Ringold Formation (defined on 
the basis of lithology, petrology, stratification, and pedogenic alteration) include fluvial 
gravel, fluvial sand, overbank deposits, lacustrine deposits, and alluvial fan . The facies 
associations are summarized as follows: 

• Pluvial gravel-Clast-supported granule to cobble gravel with a sandy matrix 
dominates the association. Intercalated sands and muds also are found. Clast 
composition is very variable, with common types being basalt, quartzite , 
porphyritic volcanics , and greenstones. Silicic plutonic rocks , gneisses , and 
volcanic breccias also are found . Sands in this association are generally quartzo
feldspathic, with basalt contents generally in the range of 5 to ~ 4?% . Howe'l>'er, 
basalt contents as high as 25 % (or locally more) are encountered: Low angle to 
planar stratification, massive channels, ».fjq~}/§fign§\¥§fifillfi:¢:)§; and large-scale 
cross-bedding are found in outcrops. The"asso"dai"i:on was "d"ep.osited in a gravelly 
fluvial system characterized by wide, shallow shifting channels. 

• Pluvial sand-Quartzo-feldspathic sands displaying cross-bedding and cross
lamination in outcrop dominate this association. These sands usually contain less 

t~o11 1s_% basalt !!tuiiJliim~nt~ilIIDJn§Hinleifiltl:ssTTinlji::1::mtvti i?:Pil mJj{:!t 
ijp9§µp\gg. Intercalated strata consist of lenticular silty sands and clays up to 3 
m (10 ft) thick and thin ( < 0.5 m Els~:r.m gravels. Fining upwards sequences 
less than 1 m (3.3 ft) to several m·eters· thick are common in the association. 
Strata comprising the association were deposited in wide, shallow channels 
incised into a muddy floodplain. 

• Overbank q~}l~f,W,-This association dominantly consists of laminated to massive 
silt, silty tti-i"e~"gruned sand, and paleosols containing variable amounts of calcium 

carbonate. lxiil!11gffia~f:!§ 9SRHii:ijl1:tµin: !~naslfllant#.rBI~: \119\i?fm :11:g:ro 
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deposition in a floodplain under proximal levee to more distal floodplain 
conditions. 

• Lacustrine ijijpg~ijj-Plane laminated to massive clay with thin silt and silty sand 
interbeds d1s°piay10g some soft-sediment deformation characterize this association. 
Coarsening upwards packages less than 1 m (3.3 ft) to 10 m (33 ft) thick are 
common in the association. Strata comprising the association were deposited in a 
lake under standing water to deltaic conditions. 

• Alluvial fan-Massive to crudely stratified, weathered to unweathered basaltic 

?~.t~ ~~~- .. ?.?f!l_i~~-t~~-. _t~~~-. ~~~?.~i~-t~?. ~. wn11::11§.itY.i:ie§pq§tt~::11:ign~tM!Y iiwg 
1r~mn{k)h!ffi.i:w.t.m§Wl!§y:Jlji! )§l mf This association was deposited largely by 
debns·· fiows ·· fo ··aituvfai ·· raii ·· s·efriiigs. 

The lower half of the Ringold Formation contains five separate stratigraphic intervals 
dominated by fluvial gravels. These gravels, designated units, A, B, C, D, and E 
(Figure 3-13), are separated by intervals containing deposits typical of the overbank and 
lacustrine facies associations. The lowermost of the fine-grained sequences, overlying unit 
A, is designated the lower mud sequence. The uppermost gravel unit, unit E, grades 
upwards into interbedded fluvial sand and overbank deposits. These sands and overbank 
deposits are overlain by lacustrine-dominated strata. 

Fluvial gravel units A and E correspond to the lower basal and middle Ringold units 
respectively as defined by DOE (1988ij). Gravel units B, C, and D do not correlate to any 
previously defined units (Jll.ffigiiM:~m1:i::aQQ4). The lower mud sequence corresponds to the 
upper basal and lower un1ts as defined bY DOE (l 988p). The upper basal and lower units 
are not differentiated. The sequence of fluvial sands, overbank deposits , and lacustrine 
sediments overlying unit E corresponds to the upper unit as seen along the White Bluffs in 
the eastern Pasco Basin. This essentially is the same usage as originally proposed by 
Newcomb (1958) and Myers et al. (1979). 

3.4.2.4 Plio-Pleistocene Unit. Unconformably overlying the Ringold Formation in the 
western Cold Creek syncline in the vicinity of 200 West Area (Figures 3- 11, 3- 12, and 3-13) 
is the laterally discontinuous Plio-Pleistocene unit (DOE 1988µ). The unit is up to 25 m (82 
ft) thick and divided into two facies: (1) basaltic detritus ~kJ;~tiAAmlglJµyiµ m and (2) calcic 
paleosol (Stage III and Stage IV) (DOE 19889). The calcic .paleosoffades generally consists 

t~~~i~!!~ffl; a sl\i~~~~~i~~o~:~°,;§~~~;~~:e~l:i~ds~~d .gr~~:
1 

g!1~1~#~e~~tus facies 
consists of weathered and unweathered basaltic gravels deposited as locally derived slope 
wash, colluvium, and sidestream alluvium. The Pho-Pleistocene unit appears to be 
correlative to other sidestream alluvial and pedogenic deposits found near the base of the 
ridges bounding the Pasco Basin on the north, west, and south. These sidestream alluvial 
and pedogenic deposits are inferred to have a late Pliocene to early Pleistocene age on the 
basis of stratigraphic position and magnetic polarity of interfingering loess units. 
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3.4.2.5 Pre-Missoula Gravels. Quartzose to gneissic clast-supported pebble to cobble 
gravel with a quartzo-feldspathic sand matrix underlies the Hanford formation in the east
central Cold Creek syncline and at the east end of Gable Mountain anticline east and south of 
the 200 East Area (Figures 3-11 , 3-12 , and 3-13). These gravels , called the pre-Missoula 
gravels (PSPL 1982), are up to 25 m (82 ft) thick, contain less basalt than underlying 
Ringold gravels and overlying Hanford deposits, have a distinctive white or bleached color, 
and sharply truncate underlying strata. The nature of the contact between the pre-Missoula 
gravels and the overlying Hanford formation is not clear. In addition, it is unclear whether 
the pre-Missoula gravels overlie or interfinger with the early ijPalouset soil and Plio
Pleistocene unit. Magnetic polarity data indicates the unit is no younger than early 
Pleistocene in age ( > 1 Ma) (Bjornstad et al. 1987 ~l~r:::ffi~!ID;2':~~~). 
3.4.2.6 Early "Palouse" Soil. The early "Palouse" soil consists of up to 20 m (66 ft) of 
massive, brown yellow , and compact, loess-like silt and minor fine-grained sand (Tallman et 
al. -1-98+ :l:Q7Q; Bjornstad 1984; DOE 1988g) . These deposits overlie the Plio-Pleistocene 
unit in th~·;estem Cold Creek syncline around the 200 West Area (Figures 3- 11 , 3- 12, and 
3-13) . The unit is differentiated from overlying graded rhythmites (Hanford formation) by 
greater calcium carbonate content , massive structure in core, and high natural gamma 

~~i:~~::~fi,iilni1~~:IB\~4tj~flfl~~:i9i,~~~~:~~::llitj~~~~,tij~ :l~ii~l~lli~f 111::r~~R§-0§~:1§ 
jffigzyµ§)jgijiggpi,W,g.ijt;,§it~ The upper contact of the unit is poorly defi ned , and it may 
grade up-section into the lower part of the Hanford formation. Based on a predominantly 
reversed polarity the unit is inferred to be early Pleistocene in age ffl!fililiii~ :ffitl! jig~J). 

3.4.2.7 Hanford Formation. The Hanford formation consists of pebble to boulder gravel , 
fine- to coarse-grained sand , and silt (:§l~rI:@t:::wI:I:~ggj).. These deposits are divided into 
three facies: (1) gravel-dominated , (2) sand-dominated , and (3) slaekwater or normally 
graded rhythmite $.m82§.m.in~!~tf.~qf~§. Wil~$.~ :::t~GJ¢.§il~::t¢f:~tr~ iJ§:~~ ¢.§gf§~fgpaj:t.j¢g 
11li~iii*: Rt~n11~imn1t11 ~~ni: riwi~~::1111:::t1¥miti:mst~1~ 1~~st~x~~y: ~x ~~g~r ~t iF 
(lQg1).~ The slaek\vater $!UtP/;tffi.m~n¢4 deposits also are referred to as the "Touchet Beds ," 
whtie "the gravellJ'IBIDJBi~~§ fades are generally referred to as the Pasco Gravels . The 
Hanford formation is thickest in the Cold Creek bar in the vicinity of 200 West and 200 East 
Areas where it is up to 65 m (213 ft) thick (Figures 3-11 , 3-12, and 3-13). llh¢/H~nf<5.ta 

absent on ridges above approximately 385 m (1 ,263 ft) above sea level. The following 
subsections describe the three Hanford formation facies. 

3.4.2.7.1 GravelfDominated Facies. The gravel-dominated facies is dominated by 
coarse-grained P?.i®.!!!9 sand and granule to boulder gravel. These deposits display massive 
bedding, plane to low-angle bedding , and large-scale pJ~~ cross-bedding in outcrop , while 
the gravels generally are matrix-poor and display an op.en:framework texture. Lenticular 
sand and silt beds are intercalated throughout the facies . Gravel clasts in the facies generally 
are dominated by basalt (50 to 80 % ) . Other clast types include Ringold and Plio-Pleistocene 
rip-ups , granite, quartzite, and gneiss e-1-asts. The relative proportion of gniessic and granitic 
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clasts in Hanford gravels versus Ringold gravels generally is higher (up to 20% as compared 
to less than 5%). Sands in this facies usually are very basaltic (up to 90%) , especially in the 
granule size range. Locally Ringold and Plio-Pleistocene rip-up clasts dominate the facies 
comprising up to 75 % of the deposit. The gravelt~9BMP~rl facies dominates PSSHR}~§ the 
Hanford formation in the 100 Areas north of Gable Mountain, the northern part of 200 East 
Area, and the eastern part of the Hanford Site including the 300 Area. The gravel-dominated 
facies was deposited by high-energy flood waters in or immediately adjacent to the main 
cataclysmic flood channelways. 

3.4.2.7.2 Sand-Dominated Facies. The sand-dominated facies consists of fine
grained to QPm"~itglm~::IPP: fflg granular sand displaying plane lamination and bedding 
and less commonly°plane · cross~bedding in outcrop. These sands may contain small pebbles 
M1.i:InPtYPi2!?%:t§ in addition to pebble-gravel interbeds and silty interbeds less than I m (3.3 
ftf ffikk:··· rhe" s1lt content of these sands is variable , but where it is low an open framework 
texture is common. These sands are typically very basaltic , commonly being referred to as 
black or gray or salt and pepper sands. This facies is most common in the central Cold 
Creek syncline, in the central to southern parts of the 200 East and 200 West Areas , and in 
the vicinity of the WPPSS facilities. The laminated sand §?fl~t4.9m.IQ~t~9 facies was 
deposited j9J$:filnihf~y~{jj::: m9:wtilwiti\¥Mli:inP adjacent to main flood channel ways as _ 
water in the channelways spilled out of them , losing their competence. The facies varied is 
trl~~~~Rnl between gravel-dominated facies and rhy·thmite §¼!t98fn!IB\t~ facies. 

3.4.2.7.3 8laekwater S:ilt4.DbhiHiat~d Facies. The slackwater s11tiid6mlhat&i facies 
consists of thinly bedded, pl~~ !~~1~~t~d ~~d ripple cross-laminated sill~~d fin~~ to coarse
grained sand that commonly display normally graded rhythmites iiml1:i:r]§1~gp'ffig :isv~nsl 
a few centimeters to several tens of centimeters thick in outcrop (Myers et al. 1979; DOE 

1988§.). This facies is found 99ID!Qi~~~:~n~::mgnf:9tA: i[§tm~H9TT throughout the central, 
southern, and western Cold Creek syncline within and south of 200 East and West Areas . 
These sediments were deposited under slackwater conditions and in backflooded areas (DOE 
1988§). 

3.4.2.8 Holocene Surficial Deposits. Holocene s§urficial deposits consist of silt, sand, and 
gravel that form a thin ( < 10 m, i33 ft]) veneer across much of the Hanford Site. These 
sediments were deposited by a mlx of eolian and alluvial processes. 
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3.4.3 200 West Area and Z Plant Aggregate Area Geology 

The following subsections describe the occurrence of the uppermost basalt unit and the 
suprabasalt sediments in the 200 West Area. The subsection discuss notable stratigraphic 
characteristics, thickness variations, and the geometric relationships of the sediments. 
Stratigraphic variations pertinent to the Z Plant Aggregate ArGa are presented in the overall 
context of stratigraphic trends throughout the 200 West Area. 

Geologic cross-sections depicting the distribution of basalt and sedimentary units within 
and near the Z Plant Aggregate Area are presented on Figures 3-16 through 3-20. Figure 
3-14 illustrates the cross sections locations. A legend for symbols used on the cross sections 
is provided on Figure 3-15. The cross sections are based on geologic in formation from wells 
shown on the figures, as interpreted in Lindsey et al. (1991). To develop these stratigraphic 
interpretations, logs for all the wells in the Z Plant Aggregate Area were reviewed and a 
selection was made of the most relevant to the AAMS. Chamness et al. ( 1991) provide a 
compilation of these 13 geologic logs from the Z Plant Aggregate Area , and a listing of other 
logs which are available and additional geological , geochemical , and geophysical data 
available from these and other boreholes. This information was compiled in support of the Z 
Plant Aggregate Area Management Study. The cross sections depict subsurface geology in 
the Z Plant Aggregate Area. For each cross section, locations of Z Plant Aggregate Area 
waste management units are identified for reference. Figures 3-21 through 3-38 present 
structure maps of the top of the sedimentary units, and isopach maps illustrating the th ickness 
of each unit in the 200 West Area and Z Plant Aggregate Area. The structure and isopach 
maps are included from Lindsey et al. (1991). Plate 1 should be consulted to identify 
locations of Z Plant Aggregate Area buildings referenced in the text. 

3.4.3.1 Elephant Mountain Basalt. The Elephant Mountain mfflember of the Saddle 
Mountains Basalt is continuous beneath the entire 200 West Area. The top of the Elephant 
Mountain mfflember dips to the southwest and south into the Cold Creek syncline, reflecting 
the structure -·of the area (Figure 3-16) . There is little evidence of significant erosion into the 
top of the Elephant Mountain mJJ:tember and no indication of erosional "windows" through 
the basalt into the underlying Ra°itlesnake Mountain ~;q_g~ interbed within the 200 West 
Area. 

3.4.3.2 Ringold Formation. Within the 200 West Area, the Ringold Formation includes 
the fluvial gravels of unit A, the paleosol and lacustrine muds of the lower mud sequence, 
the fluvial gravels of unit E, and the sands and minor muds of the upper unit. Ringold units 
B, C, and D are not found in the immediate vicinity of the 200 West Area. 

Several observations can be made regarding the variation of sediment types within the 
Ringold units in the 200 West Area. In the Ringold unit A gravels , intercalated lenticular 
sand and silt are most common in the western portion of the 200 West Area (including the Z 
Plant Aggregate Area), and in the southern part of the 200 West Area. In the overlying 
lower mud sequence, stratigraphic trends seen elsewhere in the Pasco Basin suggest that 
paleosols in the unit become more common progressing structurally up-dip (Lindsey et al. 
1991). In the Ringold unit E gravels , intercalated lenticular beds of sand and silt occur 
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throughout the 200 West Area, although predicting where they will occur is difficult. The 
upper unit of the Ringold in the 200 West Area tends to be dominated by sand, unlike the 
upper unit elsewhere in the Pasco Basin where paleosols tend to dominate the upper unit. 

Beneath the 200 West Area, the fluvial gravels of Ringold unit A, and the Ringold 
lower mud sequence tend to thicken and dip to the south-southwest, toward the axis of the 
Cold Creek Syncline (Figures 3-16, 3-22, and 3-23). The top of unit A is relatively flat in 
the 200 Areas , dipping gently to the west and southwest. Like the unit A gravels , the 
Ringold lower mud sequence thickens and dips to the south and southeast over the 200 West 
Area (Figures 3-24 and 3-25) . The top of the lower mud unit is less regular , however, and 
the unit pinches out in the northeastern comer of the 200 West Area. Within the Z Plant 
Aggregate Area, unit A reaches a thickness of more than 17 meiefS (57 feet) in the southern 
part of the aggregate area, and apparently pinches out just north of the Z Plant Aggregate 
Area boundary. The lower mud sequence ranges in thickness from about 3 .4 meteFs (11 
feet) in the northeast comer of the Z Plant Aggregate Area to about 33 meteFs (110 feet) at 
the southwest comer of the aggregate area . 

Isopach and structure contour maps of fluvial gravel unit E (Figures 3-26 and 3-27) and 
the upper unit (Figures 3-28 and 3-29) show trends not seen in the underlying unit A and the 
lower mud sequence. The gravels of unit E generally thin from north-northwest to the east
southeast. The top of the unit is irregular, displaying several highs in the northern and 
southern parts of the area and several lows in the central part of the 200 West Area . These 
highs include the northern part of the Z Plant Aggregate Area . Several structural lows in the 
unit E gravels occur across the 200 West Area, including prominent depressions in the Z 
Plant Aggregate Area north and east of the main Z Plant building complex. J;p~:fgp:Qf P.)Ml 
l illiEl!]Ji!Ri l :]ijii~RHnim~::;Jpg #.~fm§!:t§:tfii!J)§tlsi~tf:: unit E thickness··var1es · fi-o m .. 
about 109 metefs (358 feet) at the northern boundary of the Z Plant Aggregate Area to about 
73 meiefS (239 feet) at the southern boundary of the aggregate area. Intercalated lenticular 
beds of sand and silt occur throughout the 200 West Area, although predicting where they 
will occur is very difficult. 

The upper unit of the Ringold Formation is present only in the western , northern , and 
central portion of the 200 West Area (Figures 3-16, 3-18 through 3-20 , 3-28 , and 3-29). 
Where the upper unit is present, the top generally dips to the south-southwest. The upper 
unit is absent on the west central and southern parts of the Z Plant Aggregate Area . The 
upper unit reaches of thickness of about 12 to 15 meiefS (40 to 50 feet) at the northwest and 
northeast comers of the Z Plant Aggregate Area, and just north of the main Z Plant building 
complex. 

3.4.3.3 Plio-Pleistocene Unit. The carbonate ¢IDi¢fie-rich strata of the Plio-Pleistocene unit 
largely is restricted to the vicinity of 200 West Area, pinching out near the northern, eastern , 
and southern boundaries of the area (Figures 3-30 and 3-31) . Wn@!I.Y~#~filgjt :¥.?.it~m:Jmtni 
twit 1~§ ve,tsim~::1!i2Bin::i~:*1m~1 m::i1~1ne: iiiEli2:In2lii$§~::2i: ru~:iQ9: 1~~, ,ifi~··· ····· ·· ··· 
Thickness variations in the unit are very irregular. It is thickest in the southeast, southwest, 
and northcentral parts of the 200 West Area while it thins in the south-central and central 
parts of the area. Relatively thick portions of the unit (up to about 8 metefS (25 feet)) also 

3-15 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

- 16 
_ , 17 

18 
~ 19 

20 
- 21 

22 
23 
24 

'"' 25 

J6 
27 

- 28 

s~ 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

DOE/RL-91-58 
Draft B 

occur near the main Z Plant building complex, and near the northern boundary of the 
aggregate area (about 12 meteffl (39 feet)). Several prominent thin areas (about 1.5 meteffl 
(5 feet) or less) occur south and west of the main Z Plant building complex . Although 
undocumented, potential eroded zones through the unit ma)' exist , especially ,..,,here the unit 

generally dips to the ~qµf{t\filRkffi.¢, southwest, although irregularities occur, especially in the 
southern part of the i PianCAggregate Area. In addition , fracturing in the carbonate is 
potentially common and interbedded carbonate-poor lithologies are found at many locations. 

3.4.3.4 Pre-Missoula Gravels. As discussed in the Regional Stratigraphy section (Section 
3.4.2) the Pre-Missoula Gravels are present only in the eastcentral Cold Creek syncline and 
at the east end of Gable Mountain anticline east and south of the 200 East Area . The gravels 
have not been identified in the 200 West Area. 

3.4.3.S Early "Palouse" Soil. Like the Plio-Pleistocene unit , the early "Palouse" soil is 
largely restricted to the vicinity of the 200 West Area (Figures 3-32 and 3-33). The unit 
pinches out in the west-central part of the 200 West Area and near the southern , eastern , and 
northern boundaries. Limited data from a small number of boreholes located west of the 200 
West Area suggest that the unit extends to the west. The early "Palouse" Soil is also 
apparerltly absent at t1NO locations within the 200 \\'est Area, north and west of the main Z 
Plant building complex in the Z Plant Aggregate Area. The thickness of the Early "Palouse" 
Soil in the 200 Areas HP~~ varies irregularly. The unit ~~ !:i s thickest in the southeast and 
southwest parts of the 200 West Area. Within the Z Plant Aggregate Area , the unit reaches 
a thickness of about 6 to 5.5 meteffl (15 to 18 feet) in the southern part of the aggregate area. 

l• lii-• t!~~!l!"~~l~i'"!~~~::* 
the south, although it becomes fairly irregular over the southern part of the Z Plant 
Aggregate Area. 

Although carbonate is present in the unit in the 200 Areas , no obvious caliches like 
those seen in the underlying Plio-Pleistocene unit are documented. The loess-like sediments 
of the early "Palouse" soil are uncemented. 

3.4.3.6 Hanford Formation. As discussed in the regional geology section , the cataclysmic 
flood deposits of the Hanford formation are divided into three facies-J l) gravel-dominated , 
gij sand-dominated, and QJ. slack'v"·ater $!]~%f§film.~t~. Typical lithologicsuccessions consist 
of fining upwards packages, major fine~gra1ned '1n,tervals , and laterally persistent coarse
grained sequences. Mineralogic and geochemical data were not used in differentiating units 
because of the lack of a comprehensive mineralogic and geochemical data set. The Hanford 
formation is divided into two units, upper coarse-grained and lower fine-grained, based on 
lithology. These are essentially the same units as defined in Last et al. (1989). Neither of 
these units are continuous across the entire 200 West Area, they both display marked changes 
in thickness and continuity, and they are very heterogeneous. 
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The lower fine-grained unit of the Hanford formation in the 200 West Area is thick , 
but locally discontinuous (Figures 3-34 and 3-35). The lower unit is O to 32 m (0 to 105 ft) 
thick and consists dominantly of silt, silty sand, and sand typical of the slackwater fil!k 
.IPfflmi\ig facies interbedded with coarser sands like those comprising the sand-dominated 
facies . This lower unit is cross-cut in places by vertical elastic dikes. These dikes, believed 
to be the product of dynamic loading from floodwaters , are distributed randomly throughout 
this lower unit. They are commonly filled with fine sands and silts and oriented near 
vertical. Thin ( < 3 m, JlO ftl) intervals dominated by the gravel facies are found locally . 
The distribution of facies within the unit is variable, although the unit generally fines to the 
south where slaek>n·ater $Y.t#.i.:i;Hn!P~'.t~g deposits become more common. The lower unit is not 
present over much of the-·northern .. part of the 200 West Area, and an area which includes the 
central north-south spine of the Z Plant Aggregate Area. Eroded zones through the lower 
fine unit are present to the east and west of the southern part of the Z Plant Aggregate Area. 
The eroded zones are elongate in a north-south direction. The lower unit dips irregularly 
across the 200 West Area. The lower unit is up to about 19 metefs (62 feet) thick toward 
the western edge of the Z Plant Aggregate Area, and generally dips to the north , toward the 
area where the unit is not present. 

The upper coarse-grained unit of the Hanford formation consists of interstratified 
gravel, sand, and lesser silt. Gravel-dominated deposits typical of the gravel facies generally 
dominate the upper unit. However, at some localities the unit is dominated by deposits 
typical of the sand-dominated facies that consists of sand containing lesser silt and gravel. 
Minor silty deposits such as those forming the slaekwater ~ntt#§m.ifi~J~g facies are found 
locally. The thickness and distribution of these facies is very van.able. Fining upwards 
sequences going from coarser to finer gravel and gravel, sand and/or silt are present at some 
locations. The upper coarse unit is up to 45 m (148 ft) thick and laterally discontinuous , 
being found in the northern, east-central, and eastern parts of the area (Figures 3-36 and 
3-37). Local areas occur where thickness of the upper coarse unit exceeds 38 metefs (125 
feet) , including the southern part of the Z Plant Aggregate Area. The base of the~ 

:iiffifi~~-~:~6:1••:11.~~:~~%t~~1~~~1iill':2!t~#fi;~;::0 ~;:r:~t !!!~••!~••:1~~~~~:~~~~~ 
a&Sefl-t. The contact between the upper coarse unit and underlying strata is generally sharp, 
consisting of gravel facies strata overlying the fines of the lower unit , the early 'Walouse'.' 
soil , and the Plio-Pleistocene unit. Over most of the f)i~fflt Aggregate Area the top of the 
upper coarse-grained unit of the Hanford formation is at the ground surface. 

3.4.3 .7 Holocene Surficial Deposits. Holocene-age surficial deposits in the 200 West Area 
are dominated by eolian sands. These deposits have been removed from much of the area by 
construction activities. Where the eolian sands are found they tend to consist of thin ( < 3 m, 
[10 ft]) sheets that cover the ground (Figure 3-38). Dunes are not generally well developed 
within the 200 West Area. In the Z Plant Aggregate Area these Holocene deposits are found 
only in localized areas . 
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3 The following subsections present discussions of regional hydrogeology (Section 3.5 . 1) , 
4 Hanford Site hydrogeology (Section 3.5 .2), and Z Plant Aggregate Area hydrogeology 
5 (Section 3.5 .3) . Sections 3.5 .2 and 3.5.3 also discuss Hanford Site and Z Plant Aggregate 
6 Area vadosc zone characteristics. 
7 
8 ···•···········§m2~::::n¥Pi1i~Rl8ijxi:::1n:1:::n¥!til~I£~;:2i:l11!:::t~l:'ii~~:::itl it! §:Pffimi!E i:nI~n:~ 
9 itH!iffini'.i::iiBBR~f:I1 iiiii:i §91:11§1nt:@;~Ji:i iii1§~ffgimti1i1iPTT§,f Prim§ QYP:l§g~[§gy g~rtw,;m 

10 in!: 111i11:::11~tf~i~:::1:r1: ~ ::ptffitutt9:t:11t1m!:::in!:{?:&mtusm::Br~tnite::::}n ]n~I §t1Ht1n:~:rn ... 
11 lrIDsfilnit~~n::mm,:ruiiime2!rq1ie :!tt~ r12nriYx::1:wJtii2!:iv:g:;1~1ntx::: @t iif= i~1i1 
12 Rt9:l§tt:::§!Iit~~1jnJt\P!9!§iiiiltq;q:::12f ::ml*= i'RMDII 
13 
14 
15 3.5.1 Regional Hydrogeology 
16 ' . 
17 The hydrogeology of the Pasco Basin is characterized by a multiaquifer system that 
i 8 consists of four hydrogeological units that correspond to the upper three formations of the 
9 Columbia River Basalt Group (Grande Ronde Basalt, Wanapum Basalt , and Saddle 

20 Mountains Basalt) and the suprabasalt sediments. The basalt aquifers consist of the tholeiitic 
1 flood basalts of the Columbia River Basalt Group and relatively minor amounts of 

22 intercalated fluvial and volcaniclastic sediments of the Ellensburg Formation . Confined 
23 zones in the basalt aquifers are present in the sedimentary interbeds and/or interflow zones 
24 that occur between dense basalt flows. The main water-bearing portions of the interflow 
J 5 zones are networks of interconnecting vesicles and fractures of the flow tops and flow 
26 bottoms (DOE 1988;§) . The suprabasalt sediment or uppermost aquifer system consists of 
27 fluvial, lacustrine, and glaciofluvial sediments. This aquifer is regionally unconfined and is 

..28 contained largely within the Ringold Formation and Hanford formation. The position of the 
29 water table in the southwestern Pasco Basin is generally within Ringold fluvial gravels of unit 

0 E. In the northern and eastern Pasco Basin the water table is generally within the Hanford 
1 formation . Table 3-1 presents hydraulic parameters for various water-bearing geologic units 

32 at the Hanford Site. 
33 
34 Local recharge to the shallow basalt aquifers results from infiltration of precipitation 
35 and runoff along the margins of the Pasco Basin, and in areas of artificial recharge where a 
36 downward gradient from the unconfined aquifer systems to the uppermost confined basalt 
37 aquifer may occur. Regional recharge of the deep basalt aquifers is inferred to result from 
38 interbasin groundwater movement originating northeast and northwest of the Pasco Basin in 
39 areas where the Wanapum and Grande Ronde Basalts crop out extensively (DOE 1988g). 
40 Groundwater discharge from shallow basalt aquifers is probably to the overlying aquifers and 
41 to the Columbia River. The discharge area(s) for the deeper groundwater system is 
42 uncertain, but flow is inferred to be generally southeastward with discharge thought to be 
43 south of the Hanford Site (DOE 19889). 
44 
45 Erosional "windows" through dense basalt flow interiors allow direct interconnection 
46 between the uppermost aquifer systems and underlying confined basalt aquifers. Graham et 
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al. (1984) reported that some contamination was present in the uppermost confined aquifer 
(Rattlesnake Ridge interbed) south and east of Gable Mountain Pond. Graham et al. (1984) 
evaluated the hydrologic relationships between the Rattlesnake Ridge interbed aquifer and the 
unconfined aquifer in this area and delineated a potential area of intercommunication beneath 
the northeast portion of the 200 East Area. 

The base of the uppermost aquifer system is defined as the top of the uppermost basalt 
flow. However, fine-grained overbank and lacustrine deposits in the Ringold Formation 
locally form confining layers for Ringold fluvial gravels underlying unit E. The uppermost 
aquifer system is bounded laterally by anticlinal basalt ridges and is approximately 152 m 
(500 ft) thick near the center of the Pasco Basin. 

Sources of natural recharge to the uppermost aquifer system are rainfall and runoff 
from the higher bordering elevations, water infiltrating from small ephemeral streams, and 
river water along influent reaches of the Yakima and Columbia Rivers . The movement of 
precipitation through the unsaturated (vadose) zone has been studied at several locations on 
the Hanford Site (Gee 1987; Routson and Johnson 1990; Rockhold et al . 1990) . Conclusions 
from these studies vary . Gee (1987) and Routson and Johnson (1990) conclude that no 
downward percolation of precipitation occurs on the 200 Areas Plateau where the sediments 
are layered and vary in texture, and that all moisture penetrating the soil is removed by 
evapotranspiration . Rockhold et al. (1990) suggest that downward water movement below 
the root zone is common in the 300 Area, where soils are coarse-textured and precipitation 
was above normal. 

3.5.2 Hanford Site Hydrogeology 

This section describes the hydrogeology of the Hanford Site with specific reference to 
the 200 Areas. 

3.5.2.1 Hydrostratigraphy. The hydrostratigraphic units of concern in the 200 Areas are 
(1) the Rattlesnake Ridge interbed (confined water-bearing zone), (2) the Elephant Mountain 
Basalt ffi~ember (confining horizon) , (3) the Ringold Formation (unconfined and confined 
water-beanng zones and lower part of the vadose zone), (4) the Plio-Pleistocene unit and 
early "Palouse" soil (primary vadose zone perching horizons and/or perched groundwater 
zones) and (5) the Hanford formation (vadose zone) (Figure 3-39). The Plio-Pleistocene unit 
and early "Palouse" soil are only encountered in the 200 West Area. Strata below the 
Rattlesnake Ridge interbed are not discussed because the more significant water-bearing 
intervals, relating to environmental issues, are primarily closer to ground surface. The 
hydrogeologic designations for the 200 Areas were determined by examination of borehole 
logs and integration of these data with stratigraphic correlations from existing reports. 

3.5.2.1.1 Vadose Zone. The vadose zone beneath the 200 Areas ranges from 
approximately 55 m (180 ft) beneath the former U Pond to approximately +oo 19'.4 m (340 ft) 
west of the 200 East Area (Last et al. 1989) . Sediments in the vadose zone consist of the (1) 
upper part of the fluvial gravel of Ringold unit E, (2) the upper unit of the Ringold 
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Formatio_n, (3) Plio-Pleistocene unit , (4) early "Palouse" soil, and (5) Hanford formation. 
Only the Hanford formation is continuous throughout the vadose zone in the 200 Areas. The 
upper unit of the Ringold Formation, the Plio-Pleistocene unit, and the early "Palouse" soil 
only occur in 200 West Area. The unconfined aquifer water table (discussed in Section 
3.5.2.1.3) lies within the Ringold unit E. 

The transport of water through the vadose zone depends in complex ways on several 
factors, including most significantly the moisture content of the soils and their hydraulic 
properties. Darcy's J;4aw, although originally conceived for saturated flow only, was 
extended by Richards ... to unsaturated flow, with the provisions that the soil hydraulic 
conductivity becomes a function of the water content of the soil and the driving force is 
predominantly differences in moisture content. The moisture flux, q, in centimeters per 
second PW'{§ in one direction is then described by a modified form of Darcy's µ -law 
commonly referred to as Richards' Equation (Hillel 1971) as follows: .... 

where 

q = K(0) x acp/a0 x a01ax (Richards' Equation) 

• K(0) is the water-content-dependent unsaturated hydraulic conductivity in cm/s 

• aip/ ao is the slope of the soil-moisture retention curve cp(0) at a particular 
volumetric moisture content 0 (a soil-moisture retention curve plots volumetric 
moisture content observed in the field or laboratory against suction values for a 
particular soil, see Figure 3-41 from Gee and Heller [1985] for an example) 

• a01 ax is the water content gradient in the x direction . 

More complicated forms of this equation are also available to account for the effects of 
more than one dimensional flow and the effects of other driving forces such as gravity. 

The usefulness of Richards' Equation is that knowing the moisture content distribution 
in soil, having measured or estimated values for the unsaturated hydraulic conductivity 
corresponding to these moisture contents, and having developed a moisture retention curve 
for this soil, one can calculate a steady state moisture flux. With appropriate algebraic 
manipulation or numerical methods, one could also calculate the moisture flux under transient 
conditions. 

In practice, applying Richards' Equation is quite difficult because the various 
parameters involved are difficult to measure and because soil properties vary depending on 
whether the soil is wetting or drying . As a result, soil heterogeneities affect unsaturated flow 
even more than saturated flow. Several investigators at the Hanford Site have measured the 
vadose zone moisture flux directly using lysimeters (e.g., Rockhold et al . 1990; Routson and 
Johnson 1990). These direct measurements are discussed in Section 3.5.2.2 under the 
heading of natural groundwater recharge. 
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1 An alternative to direct measurement of unsaturated hydraulic conductivity is to use 
2 theoretical methods which predict the conductivity from measured soil moisture retention data 

3 (jt{l::w!\?:li§~§niitl i!Ii!:l~g11. 
4 
5 Thirty-five soil samples from the 200 West Area have had moisture retention data 
6 measured. These samples were collected from Wells 299-Wl8-21, 299-Wl5-16, 299-Wl5-2 , 
7 299-Wl0-13, 299-W7-9, and 299-W7-2. Eleven of these samples were reported by 
8 Bjornstad (1990). The remaining 24 were analyzed as part of an ongoing performance 
9 assessment of the low-level burial grounds (pppg~iJ~Yii~ fil~:]QQ*). For each of these samples 

10 saturated hydraulic conductivity was measured 10 theti.horatory.· Van Genuchten's computer 
11 program RETC was then used to develop wetting and drying curves for the Han ford , early 
12 "Palouse," Plio-Pleistocene, upper Ringold, and Ringold Ggravel lithologic units. Examples 
13 of wetting and drying curves , and corresponding grain size distributions, are provided on 
14 Figures 3-40 and 3-41. 
15 
16 The unsaturated hydraulic conductivities may vary by orders of magnitude with varying 
17 moisture contents and among differing lithologies with significantly different soil textures and 
18 hydraulic conductivities. Therefore, choosing a moisture retention curve should be made 
19 according to the particle size analyses of the samples and the relative density of the material . 
20 
21 Once the relationship between unsaturated hydraulic conductivity and moisture content 
22 is known for a particular lithologic unit , travel time can also be estimated for a steady-state 
23 flux passing through each layer by assuming a unit hydraulic gradient. Under the unit 
24 gradient condition , only the force of gravity is acting on water and all other forces are 
25 considered negligible. These assumptions may be met for flows due to natural recharge 
26 since moisture differences become smoothed out after sufficient time. Travel time for each 
27 lithologic unit of a set thickness and calculated for any given recharge rate and the total 
28 travel time is equivalent to the sum of the travel times for each individual lithologic unit. To 
29 calculate the travel time for any particular site the detailed layering of the lithologic units 
30 should be considered. For sites with artificial recharge (e .g., cribs and trenches) more 
31 complicated analyses would be required to account for the effects of saturation. 
32 
33 Several other investigators have measured vadose zone soil hydraulic conductivities and 
34 moisture retention characteristics at the Hanford Site both in situ (i .e., in lysimeters) and in 
35 specially prepared laboratory test columns. Table 3-2 summarizes data identified for this 
36 study by stratigraphic unit. Rockhold et al. (1988) presents a number of moisture retention 
37 characteristic curves and plots of hydraulic conductivity versus moisture content for various 
38 Hanford soils . For the Hanford formation, vadose zone hydraulic conductivity values at 
39 saturation range from 10-4 to 10·2 emfs (Q/4:$\tg¥.$}flfq~y). These saturated hydraulic 
40 conductivity values were measured at volumetric ~aier contents of 40 to 50 %. Hydraulic 
41 conductivity values corresponding to volumetric water contents ranging from 2 to 10% 
42 ranged from 2 x 10·11 to 7 x 10·7 cm/s (9i !i!1f§J§&!!IJQi?)fl!<J~y). 
43 
44 An example of the potential use of this vadose zone hydraulic parameter information is 
45 presented by Smoot et al. (1989) in which precipitation infiltration and subsequent 
46 contaminant plume movement near a prototype single-shell tank was evaluated using a 
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1 numerical computer code. Smoot el al. (1989) used the UNSAT-H one-dimensional finite-
2 difference unsaturated zone water flow computer code to predict the precipitation infiltration 
3 for several different soil horizon combinations and characteristics. The researchers used 
4 statistically generated precipitation values which were based on actual daily precipitation 
5 values recorded at the Hanford Site between 1947 and 1989 to simulate precipitation 
6 infiltration from January 1947 to December 2020. The same authors also used the 
7 PORFLO-3 computer code to simulate 106Ru and mes movement through the unsaturated 
8 zone. 
9 

10 Smoot et al. (1989) concluded that 68 to 86% of the annual precipitation infiltrated into 
11 a gravel-capped soil column while less than 1 % of the annual precipitation infiltrated into a 
12 silt loam-capped soil column. For the gravel-capped soil column, the simulations showed the 
13 106Ru plume approaching the water table after 10 years of simulated precipitation infiltration . 
14 The simulated mes plume migrated a substantially shorter distance due to greater adsorption 
15 on soil particles . In both cases, the simulated plume migration scenarios are considered to be 
16 conservative due to the relatively low soil absorption coefficients used for the study. 
17 
18 Graham et al. (1981) estimated that historical artificial recharge from liquid waste 

,-19 disposal in the 200 (Separation5) Areas exceeded all natural recharge by a factor of ten. In 
20 the absence of ongoing artificial recharge, i.e., liquid waste disposal to the soil column, 

- 21 natural recharge could potentially be a driving force for mobilizing contaminants in the 
~ 22 subsurface. Natural sources of recharge to the vadose zone and the underlying water table 

23 aquifer are discussed in Section 3.5.2.2. Additional discussion of the potential for natural 
24 and artificial recharge to mobilize subsurface contaminants is presented in Section 4.2. 

n25 
26 Another facet of moisture migration in the vadose zone is moisture retention above the 

· 27 water table. Largely due to capillary forces , some portion of the moisture percolating down 
8 from the ground surface to the unconfined aquifer will be held against gravity in soil pore 

29 space. Finer-grained soils retain more water (against the force of gravity) on a volumetric 
· 0 basis than coarse-grained soils (Hillel 1971). Because unsaturated hydraulic conductivity 

1 increases with increasing moisture content, finer-grained soils may be more permeable than 
32 coarse-grained soils at the same water content. Also, because the moisture retention curve 
33 for coarse-grained soils is generally quite steep (Smoot et al. 1989) , the permeability contrast 
34 between fine-grained and coarse-grained soils at the same water content can be substantial. 
35 The occurrence of interbedded fine-grained and coarse-grained soils may result in the 
36 formation of "capillary barriers" and can in turn lead to the formation of perched water 
37 zones. General conditions leading to the formation of perched water zones at the Hanford 
38 Site are discussed in Subsection 3.5.2 .1.2. Potential perched water zones in the Z Plant 
39 Aggregate Area are discussed in Subsection 3.5.3 .1.2 . 
40 
41 3.5.2.1.2 Perched Water Zones. Moisture moving downward through the vadose 
42 zone may accumulate on top of highly cemented horizons and may accumulate above the 
43 contact between a fine-grained horizon and an underlying coarse-grained horizon as a result 
44 of the "capillary barrier" effect. If sufficient moisture accumulates , the soil pore space in 
45 these perching zones may become saturated. In this case, the capillary pressure within the 
46 horizon may locally exceed atmospheric pressure, i.e. , a water table m~Jµ~:~~g condition§ may 
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1 develop. Additional input of downward percolating moisture to this horizon may lead to a 
2 hydraulic head buildup above the top of the horizon. Consequently , a monitoring well 
3 screened within or above this horizon would be observed to contain free water. 
4 
5 The lateral extent and composition of the Plio-Pleistocene and early "Palouse" soil units 
6 may provide conditions amenable to the formation of perched water zones in the vadose zone 
7 above the unconfined aquifer. The calcrete facies of the Plio-Pleistocene unit, consisting of 
8 calcium-carbonate-cemented silt, sand , and gravel , is a potential perching horizon due to its 
9 likely low hydraulic conductivity. However, the Plio-Pleistocene unit is typically fractured 

10 and may have erosional scours in some areas, potentially allowing deeper infiltration of 
11 groundwater, a factor which may limit the lateral extent of accumulated perched 
12 groundwater. The early "Palouse" soil horizon, consisting of compact, loess-like silt and 
13 minor fine-grained sand , is also a likely candidate for accumulating moisture percolating 
14 downward through the sand and gravel-dominated Hanford formation. 
15 
16 An example of perching conditions is a perched zone that appears to exist under the 
17 216-U-1 and 216-U-2 Cribs area and extends at least as far as the 216-U-16 Crib . The zone 
18 apparently exists because of historical waste water disposal to the 216-U-16 Crib . No wells 
19 appear to screen this zone in this portion of the site. The existence of the perched zone was 
20 inferred from the detection of contaminants disposed of to the 216-U- l and 216-U-2 Cribs in 
21 a groundwater monitoring well completed downgradient of the 216-U-16 Crib . 
22 
23 Another area of known perched water is below the active portion of the 2 16-U- 14 
24 Ditch approximately 150 m southeast of the 241-U Tank Farm . Wells 299-Wl9-91 , -92 , and 
25 -93 are screened in the same stratigraphic position at depth of about 30 to 36 m (100 to 120 
26 ft) below ground surface (bottom of screened interval elevation around 169 m (555 ft) above 
27 mean sea level). This elevation is about 3 m (10 ft) above the top of the early \iPalouseIT 
28 soil, based on the contours shown on Figures 3-25 and 3-31 , and , thus , is located in the 
29 Hanford formation. Water levels in these wells were measured in December 1989 through 
30 September 1990 with the result that Wells 299-W19-91 and 299-Wl9-92 had an average 
31 water level of 172 m (563 ft) above sea level and Well 299-W 19-93 (the most southerly of 
32 the three) had a level of about 176 m (576 ft), some 4 m (13 ft) higher. The water levels 
33 measured in these wells are probably indicative of perched water zones in the early Palouse 
34 soil above impermeable caliche layers in the Plio-Pleistocene unit. 
35 
36 Apparently the calcareous cementation in the Plio-Pleistocene unit greatly reduces the 
37 permeability. The downward movement of water is thereby inhibited and perched water 
38 zones may locally form. 
39 
40 3.5.2 .1.3 Unconfined Aquifer. The uppermost aquifer system in the 200 Areas 
41 occurs primarily within the sediments of the Ringold Formation and Hanford formation . In 
42 the 200 West Area the upper aquifer is contained within the Ringold Formation and displays 
43 unconfined to locally confined or semifficonfined conditions. In the 200 East Area the upper 
44 aquifer occurs in the Ringold Formation and Hanford formation . The depth to groundwater 
45 in the upper aquifer underlying the 200 Areas ranges from approximately 60 m ( 197 ft) 
46 beneath the former U Pond in 200 West Area to approximately 105 m (340 ft) west of the 
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200 East Area. The saturated thickness of the unconfined aquifer ranges from approximately 
67 to 112 m (220 to 368 ft) in the 200 West Area and approximately 61 m (200 ft) in the 
southern 200 East Area to nearly zero in the northeastern 200 East Area where the aquifer 
thins out and terminates against the basalt located above the water table in that area. 

The upper part of the uppermost aquifer in the 200 West Area consists of i generally 
unconfined groundwater ~?:t@.ft~gj:i~QU! within the Ringold unit E. The lower part of the 
uppermost aquifer consist's"of~ confinecftosemi-confined groundwater &YlllirrP~ting:1;211#: 
within the gravelly sediments of Ringold unit A. The Ringold unit A is generally confined 
by fine-grained sediments of the lower mud sequence. The thickness of this confined zone 
ranges from greater than 38 m (125 ft) in the southeastern portion of the 200 West Area to 
nearly zero where it pinches out just north of the northern 200 West Area boundary. The 
lower mud sequence confining zone overlying unit A is up to 30 m (100 ft) thick below the 
south-central section of the 200 West Area before pinching out in the northeastern corner of 
the 200 West Area. Where it is absent, the Ringold units A and E combine to form a single 
thick unconfined aquifer. 

Due to its importance with respect to contaminant transport , the unconfined aquifer is 
generally the most characterized hydrologic unit beneath the Hanford Site. A number of 
observation wells have been installed and monitored in the unconfined aquifer. Additionally , 
in situ aquifer tests have been conducted in a number of the unconfined aquifer monitoring 
wells. Results of these in situ tests vary greatly depending on the following : 

• Horizontal position/location between areas across the Hanford Site and even 
smaller areas (such as across portions of the 200 Areas) 

• Depth , even within a single hydrostratigraphic unit 

• Analytical methods for estimating hydraulic conductivity . 

Details regarding this aquifer system can be found in the 200 West Groundwater 
Aggregate Area Management Study Report AAMSR. 

3.5.2.2 Natural Groundwater Recharge. Sources of natural recharge to groundwater at 
the Hanford Site include precipitation infiltration, runoff from higher bordering elevations 
and subsequent infiltration within the Hanford Site boundaries , water infiltrating from small 
ephemeral streams, and river water infiltrating along influent reaches of the Yakima and 
Columbia Rivers (Graham et al. 1981). The principal source of natural recharge is believed 
to be precipitation and runoff infiltration along the periphery of the Pasco Basin. Small 
streams such as Cold Creek and Dry Creek, west of the 200 West Area, also lose water to 
the ground as they spread out on the valley plain . Considerable debate exists as to whether 
any recharge to groundwater occurs from precipitation falling on broad areas of the 200 
Areas Plateau. 

Natural precipitation infiltration at or near waste management units or unplanned 
releases may provide a driving force for the mobilization of contaminants previously 
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introduced to surface or subsurface soils. For this reason, determination of precipitation 
recharge rates at the Hanford Site has been the focus of many previous investigations . 
Previous field programs have been designed to assess precipitation, infiltration , water storage 
changes, and evaporation to evaluate the natural water balance during the recharge process. 
Precipitation recharge values ranging from O to 10 cm/yr (9.]f§@! l~nsfil&i.) have been 
estimated from various studies. ······················· ················· 

The primary factors affecting precipitation recharge appear to be surface soil type, 
vegetation type, topography, and year-to-year variations in seasonal precipitation . fri 
1tn:!w.]::mrn1it~§1:11:~Bu:: ~s1n~in!pJJ f!4mJi1::jni:)!ter~r:::m§nt!i.:i iw.n#n: Pr~§,fifln.§n J§ :m2r~ 
!f~gJ~oo~JJiffiqJJffi¥ftB9r£W:i~P,iRRUJJ:m::~si:f: A modeling analysis (Smoot et al. 1989) indicated 
that 68 to 86 % of the precipitation falling on a graYel coYered site might infiltrate to a depth 
greater than 2 m (6 ft). As discussed below, 9gp:§~H§.19P~J§f various field studies suggest that 
less than 25 % of the precipitation falling on typical Hanford Site soils actually infiltrates to 

~X .. ~?P~~ · .. SRNBBB~~q::: ~~ :~n~ ::~~ni9t9 §~~: f~~i~lr:~ Rf~8]Rtm;~gp i~sn:~f~~:)'.jf¥~ .... ~ Jffipg~l}p:g 
~Wi¥fili :2xJJJ §ffl99:M!tJrut ]!§!'f:B91iffiltJmitiiB§ J{g':J§§i !BK ID! \Jpf{sU?Jm§§p: [¥!1Pi<2n: i 
il!!U§§!ltlt 1£1 Jl!tn~ :inuUlf!J:!@I: Jgjp~p,J::JirlI!~t]nl::!l m:::\9jifl]J!Iw!rn1:g§fflil2: 

mliitit1:f]?ii~Bii::~nit~P;H:J:]~ ilITIBXi P:¥ :f{Yiiltin'.ilf;t12n±1
:: wn~~~ ]i§JJ ~fqpjj~ inil¥ii 

Examples of !¥9:P~n§ng!J:;~§!§J:ft§;ro precipitation recharge studies include: 

• 

•• :::::::::::::;:::;:;::::: 

• 

A study by Gee and Heller (1985) described various models used to estimate 
natural recharge rates . Many of the models use a water retention relationship for 
the soil. This relates the suction required to remove (or move) water to its 
dryness (saturation or volumetric moisture content). Two of these have been 
developed by Gee and Heller (1985) for soils in lysimeters on the Hanford Site. 
As an example of available data , the particle size distribution and the water 
retention curves of these two soils are shown on Figure 3-41. Additional data 
and information about possible models for unsaturated flow may be found in 
Brownell et al. (1975), and Rockhold et al. (1990). 

Moisture contents have been obtained from a number of core-barrel samples in 
the 200 Areas (East and West) and varied from 1 to 18 % , with most in the range 
of 2 to 6% (Last et al. 1989). The data appear to indicate zones of increased 
moisture content at depth that could be interpreted as signs of moisture transport. 
A number of the boreholes that this study used (for moisture content or other 
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parameters) are located in the vicinity of the Z Plant Aggregate Area burial 
grounds. 

A lysimeter study reported by Routson and Johnson (1990) was conducted at a 
location 1.6 km (}.@fil}) south of the 200 East Area. During much of the 
lysimeters ' 13-year.·study period between 1972 and 1985, the surface of the 
lysimeters were maintained unvegetated with herbicides. No information 
regarding the soil types in the lysimeters was found . To a precision of +/-0.2 
cm ((lm$.:!Jppg)., no downward moisture movement was observed in the 
instrume~t•s .. d'uring periodic neutron-moisture measurements or as a conclusion of 
a final soil sample collection and moisture content analysis episode. 

An assessment of precipitation recharge involving the redistribution of 137Cs in 
vadose zone soil was also reported by Routson and Johnson ( 1990) . In this 
study , split-spoon soil samples were collected beneath a solid waste burial trench 
in the T Plant Aggregate Area. The trench , apparently located just south and 
west of the 218-W-3AE Burial Ground, received soil containing 137Cs from an 
unspecified spill. Cesium-137 was not detected below the bottom of the burial 
trench. However, increased 137Cs activity was observed above the top of the 
waste fill which Routson and Johnson concluded indicated that net negative 
recharge (loss of soil moisture to evapotranspiration) had occurred during the 10-
year burial period. 

Sparse Russian thistle was observed at the burial trench area in 1980. Rockhold 
et al . (1990) noted that 137Cs appears to strongly sorb to Hanford Site soils 
indicating that the absence of the radionuclide at depth below the burial trench 
may not support the conclusion that no downward moisture movement occurred. 

A weighing lysim~ter study reported by Rockhold et al. (1990) which was 
conducted at a grassy plot approximately 5 km (•. mD northwest of the 300 
Areas. The grass test site was located in a broaa:· shallow topographic depression 
approximately 900 m (q~~i{f), wide, several hundred meters long, trending 
southwest. The area is covered with annual grasses (cheatgrass and bluegrass). 
The upper 3.5 m (!Jff;fj of the soil profile consists of slightly silty to silty sand 
(sandy loam) with an ... estimated saturated hydraulic conductivity of 9 x 10·3 cm/s 
(iglili;{y).. Rockhold et al . (1990) estimated that approximately 0.8 cm (Qt$. 
)pqff.rofdownward moisture movement occurred between July 1987 and June 
T9ffi3. This represents approximately 7 % of the total precipitation recorded in 
that area during that time period . 

A gravel-covered lysimeter study discussed by Rockhold et al. (1990) which was 
conducted at the 622 Area Lysimeter Site, approximately 0.5 km (Q;p/@D east of 
the 200 West Area. Approximately 4 cm lJigjq§.n) of downward moisture 
movement was observed in two gravel-covered lysfrneters during 1988 and 1989. 
This represented approximately 25 % of the total precipitation recorded in the area 
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during the study period. The authors concluded that gravel placed on the soil 
surface reduces evaporation and facilitates precipitation infiltration. 

The drainage (downward moisture movement) observed in these studies may represent 
potential recharge to deeper vadose zone soils and/or the underlying water table. 

3.5.2.3 CFoundwater Flow. Groundwater flo-.1,• in the unconfined aquifer beneath the 200 
West Area is generally toward the north and ea.st, away from the groundv,·ater mound 
observed in the northern part of the Z Plant Aggregate Area. Groundwater elevations in 
June 1990 for the unconfined aquifer in the 200 Areas are shown on Figure 3 42 (Kasza et 
al. 1990). Graham et al . (1981) calculated horizontal hydraulic gradients for the 200 West 
Area of 0.004 to 0.015 for data collected in December 1979. Graham et al . (1981) estimated 
that vertical hydraulic gradients in the unconfined aquifer exceed 10 % in some areas of the 
unconfined aquifer. 

Natural groundwater inflow to the unconfined aquifer primarily occurs along the 
western boundary of the Hanford Site. Currently , man-made recharge occurs in several 
active waste management units (e.g ., the 216-U-14 Ditch, 216-U-17 Crib , 216-Z-20 Crib , 
and the 216-Z-21 Seepage Basin) located within the U Plant and Z Plant Aggregate Areas in 
the 200 West Area. Historically , much greater recharge occurred from a number of waste 
management units in the 200 Areas . Man-made recharge probably substantially exceeds 
natural precipitation recharge in these areas. The unconfined aquifer ultimately discharges to 
the Columbia River, either near the 100 Areas, north of the 200 Areas through Gable Gap, 
or between the 100 Areas and the 300 Area , east of the 200 Areas . The precise path is 
strongly dependent on the hydro logic conditions in the 200 East Area (Delaney et al. 1991) . 
If recharge in the 200 East Area is large , more of the recharge from the 200 West Area is 
diverted north through Gable Gap toward the 100 Areas. Generally , however , the easterly 
route appears to be more likely for recharge from the 200 West Area. 
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2 3.5.2.4 Historical Effects of Operations. Historical effluent disposal at the Hanford Site 
3 altered previously prevailing groundwater hydraulic gradients and flow directions. Before 
4 operations at the Hanford Site began in 1944, groundwater flow was generally toward the 
5 east, and the groundwater hydraulic gradient in the 200 West Area was on the order of 0.001 
6 (Delaney et al . 1991). Prior to disposing liquid waste to the soil column~ in the Separations 
7 Areas, groundwater elevations in the 200 West Area may have been as much as 20 m (65 ft) 
8 lower in 1944 than at present. As seen on Figure 3-42, a distinct groundwater mound is still 
9 apparent beneath the 200 West Area. The horizontal hydraulic gradient is expected to 

10 increase ~~sr~I and shift to the east as the mound continues to dissipate. 
11 
12 
13 3.5.3 Z Plant Aggregate Area Hydrogeology 
14 
15 This section presents additional hydrogeologic information identified with specific 

, . 6 application to the Z Plant Aggregate Area. 
17 
18 3.5.3.1 Hydrostratigraphy. As shown on Figure 3-43 , the hydrostratigraphic units of 
9 concern beneath the Z Plant Aggregate Area are (1) the Rattlesnake Ridge Interbed , (2) the 

20 Elephant Mountain Basalt Member, (3) the Ringold Formation units A and E, (4) the Plio-
21 Pleistocene unit and early "Palouse" soil, and (5) the Hanford formation. The hydrogeologic 
22 designations for the Z Plant Aggregate Area were determined by examination of borehole 
23 logs from Lindsey et al. (1991) and Chamness et al. (1991) and integration of these data with 
24 stratigraphic correlations from existing reports. For the purposes of the Z Plant AAMS:"R 
'25 Report , this discussion will be limited to the vadose zone and possible perching horizons with 

6 the vadose zone underlying the aggregate area. Additional information on the aquifer 
27 systems is presented in the 200 West Groundwater AAMSR. 

8 
9 3.5.3.1.1 Vadose Zone. The vadose zone beneath the Z Plant Aggregate Area ranges 

30 in thickness from about 67 m (220 ft) along the southern part of the western Aggregate Area 
1 boundary to 58 m (190 ft) in the vicinity of the 216-Z-9 Crib based on December 1990 

32 groundwater elevation data (DOE/Rb 1991b ~~1~~;::im:lggg). The observed variation in 
33 vadose zone thickness is the result of variable surface topography and the variable elevation 
34 of the water table in the underlying unconfined aquifer. The area of least saturated thickness 
35 generally lies above a groundwater mound identified in the unconfined aquifer south and east 
36 of the Z Plant building complex (Figure 3-42). As discussed in Section 3. 5 . 2 . 4 , the mound 
37 apparently originated from historical discharges to the U Pond, southwest of the Z Plant. 
38 
39 Published vadose 20ne hydrnulie data specific to soil samples or subsurface explorations 
40 advanced in the Z Plant Aggregate Area were not found. However, ongoing work by the 
41 Westinghouse Hanford Company Environmental Technology, Risk and Performance 
42 Assessment group to evaluate potential contaminant transport from a proposed facility in the 
43 Low Level Solid \Vaste Burial Grounds utilizes soil samples from \li'ell 299 V·/7 9 on the 
44 north side of the 218 W 5 Burial Ground in the Z Plant Aggregate Area. In this study, 
45 laboratory measured soil moisture retention curves •were used to estimate vadose 20ne soil 
46 hydraulic conductivity values for use in a numerical modeling anal)'Sis . The soil samples 
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used to prepare the moisture retention curves v,·ere collected from the referenced well . A 
summar1 of the moisture content and hydraulic conductivity values is presented below. 

Soil Horizon 

Hanford Formation 

Early "Palouse" Soil 

Plio Pleistocene Unit 

Upper Ringold 

Middle Ringold 

Sample Depth In 
Meters 

~ 

~ 

~ 

~ 

3G:4 
~ 

~ 

49-;4 

~ 

Moisture Content 
Weight % 

9:-±G 

~ 

9:--38 

~ 

~ 
9:-±G 

~ 

~ 

ft:.±4 

Calculated Saturated 
Hydraulic 

Conductivity in cm/s 

1.2 X 10-2 

7.0 X lQ-6 

1.4 X 10-4 

1.3 X 10-6 

1.6 X 104 

2. 1 x 10-5 

1.1 X 10-3 

3.0 X 10-4 
1.9 X 104 

Downward-moving moisture in the vadose zone, whether from precipitation recharge or 
artificial recharge, may accumulate on or within the Pho-Pleistocene and early "Palouse" soil 
units beneath the Z Plant Aggregate Area. The top of the Plio-Pleistocene Unit occurs at 
elevations ranging from 152 -m to 203 m (500 to 665 feet) ( 18 -m to 61 m [60 to 200 ft] 
below ground surface}) , or about 20 m (64 ft) above the unconfined aquifer at locations south 
and west of the main Z Plant building complex, and about 64 m (203 ft) above the 
unconfined aquifer near the northern corner of the Z Plant Aggregate Area. The early 
"Palouse" soil horizon is typically encountered at depths of between 35 to 45 m (120 to 140 
ft) below ground surface, 15 to 20 m (50 to 70 ft) above the water table in the unconfined 
aquifer. 

As an additional means of evaluating potential perched groundwater zones , soil 
moisture content data obtained during completion of recent Z Plant Aggregate Area 
groundwater monitoring wells in the burial ground areas (Goodwin and Bjornstad 1990) were 
reviewed. These wells include 299-W7-7, 299-W7-8 , 299-W7-9 , 299-W7-10, 299-Wl5-19, 
299-Wl5-20, 299-Wl5-21, 299-W15-23, 299-Wl5-24, and 299-Wl5-26: and are identified 
on Figure 3-14. Soil moisture contents from the wells are presented in Table A-1. Table 
A-1 presents the soil sample moisture contents (weight percent H20) by depth. 
Corresponding soil horizons and formation contacts have also been identified in the table to 
assist in assessing the distribution of soil moisture. Depths of sediment unit contacts for 
wells 299-W7-9, 299-W7-10, 299-Wl5-20, 299-W15-23, and 299-Wl8-26 in Table A-1 were 
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ta.ken from lithologic interpretations by Lindsey et al. (1991) for these wells (Figure 3-H§) . 
Depths of sediment unit contacts for wells 299-W7-7, 299-W7-8 , 299-Wl5-19 , 299-W l5~21, 
and 299-Wl5-24 were inferred using well log information in Goodwin and Bjornstad (1990). 

Soil moisture contents in Table A-1 range from 1 to 23 percent water by weight. 
Where the Plio-Pleistocene or Early "Palouse" units were encountered , increased soil 
moisture contents were associated with these units, compared to moisture contents for units 
above and below (wells 299-W7-8, 299-W7-9, 299-W15-21 , and 299-W15-26). Also , for 
many of these wells, the moisture content in soil samples collected within or just above these 
units was 10 percent or greater. Elevated moisture contents (11 to 22 percent) were also 
noted locally in Hanford formation soils in wells 299-W?-8, 299-W 15-20 and 299-W 15-21. 

The trend toward increased soil moisture contents in the Pho-Pleistocene and Early 
"Palouse" soil may be an indication of a tendency for water retention within or above these 
units. Within the Hanford formation , elevated moisture contents may reflect very localized 
increased fines content of the soils. Additional evaluation of the soil moisture data (such as 
conversion from weight percent to volume percent moisture) would be needed to further 
evaluate the potential for moisture transport and to assess the potential for development of 
perched zones in the wells listed . 

Perched water was reportedly encountered during drilling of groundwater monitoring 
well 299-Wl8-29. The well is located in the Z Plant Aggregate Area near the southern end 
of the 216-Z-20 Crib (see Figure 3-14 for location) . The well is screened between 169 m 
(555 ft) and 164 m (539 ft) above sea level , intersecting the Plio-Pleistocene unit. Water has 
been reported in this well, however a current water level is not available. The presence of 
water in this zone is likely due to waste disposal practices at the 216-Z-20 Crib . 

3.5.3.2 Natural Groundwater Recharge. As discussed in Section 3.3.3, no natural surface 
water bodies exist within the Z Plant Aggregate Area. Therefore, the potential for natural 
groundwater recharge within the Z Plant Aggregate Area is limited to precipitation 
infiltration. No precipitation infiltration data were identified with specific reference to the Z 
Plant Aggregate Area. However, the amount of precipitation infiltration is likely comparable 
to the range of values identified for various Hanford test sites , i.e. , 0 to 10 cm (Q:.tq:ff:Ansh) 
PIRiiYlfi:fyefrf. 

As suggested in Section 3.5.2 .2 , precipitation infiltration rates probably vary with 
respect to location within the Z Plant Aggregate Area. Higher infiltration rates are expected 
in unvegetated areas or areas with shallow rooting plants;.. Higher infiltration rates are also 
expected in areas with gravelly soils exposed at the surface;\i ¥n~:ivi~#~§ Y?h~t~ijfi¢ 
:t,§R9ij~~j§!~i!1i~IJ:itp\i!P~iii::fi§l~xit~{tiliP!Ymi!~§!mt n~rl#:g#g:(f:~~~Mf# tifg$. *rij 
i!mlri!-
3. s. 3. 3 Groundwater Flow Beneath the Z Plant Aggregate Area. Within the Z Plant 
Aggregate Area, groundwater flow is generally toward the east , based on December 1990 
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1 Hanford wells groundwater elevation data similar to the June 1990 flow data from Kasza et 
2 al. i!~ Q). (Figure 3-42). Flow is generally away from the groundwater mound located 
3 below the former U Pond in the southern part of the aggregate area. A review of 
4 groundwater maps of the unconfined aquifer (Kasza et al. 1990) indicates relatively steep 
5 decreases in groundwater elevations directly east of the mound and more gradual elevation 
6 decreases to the west. Groundwater elevations across the central and northern portions of the 
7 Z Plant Aggregate Area are more or less steady. 
8 
9 3.5.3.4 Historical Effects of Operations. Data identified for this study were not sufficient 

10 to quantitatively evaluate the effect of wastewater discharges to the soil column from Z Plant 
11 Aggregate Area waste management units on groundwater flow in the unconfined aquifer. 
12 Calculations discussed in Section 4 .1. 8 suggest that wastewater discharged to the 216-Z-1, 
13 216-Z-2, 216-Z-3 , 216-Z-5, 216-Z-6, 216-Z-7, 216-Z-12, 216-Z-16, and 216-Z-18 Cribs; 
14 216-Z-4, 216-Z-9, and 216-Z-17 Trenches; 216-Z- lA Tile Field; and 216-Z-10 Reverse Well 
15 may have infiltrated to the underlying unconfined aquifer. Although estimates of the total 
16 volume of fluid discharged to each of these facilities were found (Table 2-2) , discharge rates 
17 were not identified. Therefore, estimating the potential water level rise associated with 
18 individual waste management units by means of a point source algorithm (e.g., the Theis 
19 equation) could not be done. 
20 
21 Comparison of total waste water discharges to the soil column from Z Plant Aggregate 
22 Area waste management units (exclusive of the 216-Z-20 Crib and the 216-Z-21 Seepage 
23 Basin) to that of U Plant Aggregate Area waste management units over the same period of 
24 record (1949 to present) indicates that at least until 1985, discharges to the U Ponds were 
25 several orders of magnitude greater than discharges to Z Plant Aggregate Area waste 
26 management units. Correspondingly greater historical groundwater impacts would be 
27 expected beneath the U Ponds. 
28 
29 Currently, an estimated 1.5 x 107 L/yr (fl;(Qx\]flgrui/yfr) of liquid are discharged to 
30 sanitary tile fields clustered around the Z Plant".complex an.ct approximately 5 x 108 L/yr tll.{i 
31 l :I:!f f!itYfl are discharged to the 216-Z-20 Crib and the 216-Z-21 Seepage Basin east ofthe 
32 Z Plant Building complex. These values may be as much as 15 percent of the annualized 
33 discharge rate (approximately 4 x 109 L/yr (l,I!Ji;i };Qf::giglyfl) to the 216-U-10 Ponds System 
34 for the period 1944 to 1985. Therefore, continuing Z Plant complex wastewater discharges 
35 may contribute to the maintenance of the groundwater mound identified in the southern part 
36 of the Z Plant Aggregate Area. 
37 
38 
39 3.6 ENVIRONMENTAL RESOURCES 
40 
41 The following subsections provide information regarding Hanford Site environmental 
42 resources including flora fauna (Section 3.6.1), land use (Section 3.6.2) , and water use 
43 (Section 3.6.3). 
44 
45 The Hanford Site is characterized as a cool desert or a shrub-steppe and supports a 
46 biological community typical of this environment. 

3-31 



DOE/RL-91-58 
Draft B 

1 
2 3.6.1 Flora and Fauna 
3 
4 The 200 Areas Plateau is represented by a number of plant , mammal , bird , reptile , 
5 amphibian, and insect species as discussed below. 
6 
7 3.6.1.1 Vegetation of the 200 Areas Plateau. The 1t•egetation of the 200 Areas Plateau is 
8 characterized by native shrub steppe interspersed with large areas of disturbed ground with a 
9 dominant annual grass component. The native stands are classified as an Artemisia 

10 tridentata/ Poa sandbergii - Bromus tectorum community (Rogers and Rickard 1977) meaning 
11 that the dominant shrub is B§ig 5~gebrush (Anemisia tridentata) and the understory is 
12 dominated by the native Sandberg's Bpluegrass (Poa sandbergii) and the introduced annual 
13 Cheatgrass (Bromus tectorum). Other shrubs that are typically present include Gray 
14 Rabbitbrush (Chrysothamnus nauseosus), Green Rabbitbrush (C. viscidiflorus), Spiny 
15 Hopsage (Grayia spinosa), and occasionally Antelope Bitterbrush (Pttrsia '!Jflft~'lj[q tridentata) . 
16 Other native bunchgrasses that are typically present include Bottlebrush Squirreltail (Sitanion 
17 hystrix), Indian Ricegrass (Oryzopsis hymenoides), Needle-and-Thread (Stipa coma£a 
18 ~@ml;%W:), and Prairie Junegrass (Kotcria ~9!:ff:[{q cristata). Common and important 
19 herbaceous species include Turpentine cymopteris (Cymopteris terebinthinus), Globemallow 
20 (Sphcracea $,p?jg~f.@(;# munroana), balsamroot (BaJsamorhiza careyana) , several Milkvetch 
21 species (Astragalu.s caricinus, A. sclerocarpus, A. succumbens), Long-leaf Phlox (Phlox 

~ 2 longifolia), the common Yarrow (Achillea millifolium), Pale Evening-primrose (Oenothera 
23 pallida), Thread-leaf phacelia (Phacelia linearis), and several Daisy/Fleabane Species 
24 (Erigeron poliospermus , E. Filifolius, and E. pumilus). In all , well over 100 plant species 
25 have been documented to occur in native stands on the 200 Areas Plateau . 

• 26 
27 Disturbed communities on the 200 Areas Plateau are primarily the result of either 

--28 mechanical disturbance or range fires. Mechanical disturbance, including construction 
79 activities, soil borrow areas, road clearings, and fire breaks, results in drastic changes to the 
30 plant community. This type of disturbance usually entails a complete loss of soil structure 

1 and total disruption of nutrient cycling . The principle colonizers of mechanically disturbed 
32 areas are the annual weeds Russian Thistle (Sa/sofa kali), Jim Hill Mustard (Sisymbrium 
33 altissimum), and Bur-ragweed (Ambrosia acanthicarpa). If no further disturbance occurs , the 
34 areas will eventually become dominated by cheatgrass. All of these annual weeds are 
35 occasionally found in native stands, but only at relatively low frequencies. 
36 
37 Range fires also have dramatic effects on the overall ecosystem , the most obvious being 
38 the complete removal of Sagebrush from the community, and the rapid increase in cheatgrass 
39 coverage. Unlike the native grasses, the other important shrubs , and many of the perennial 
40 herbaceous species, Sagebrush is unable to resprout from rootstocks after being burned. 
41 Therefore, there is no dominant shrub component in burned areas until Sagebrush is able to 
42 become re-established from seed . Burning also opens the community to the invasion by 
43 cheatgrass which is capable of quickly utilizing the nutrients that are released through 
44 burning. The extensive cover of cheatgrass may then prevent the re-establishment of many 
45 of the native species , including Sagebrush . The species richness in formerly burned areas is 
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usually much lower than in native stands, often consisting of only Cheatgrass, Sandberg ' s 
Bluegrass, Russian thistle, and Jim Hill Mustard, with very few other species. 

The vegetation in and around the ponds and ditches on the 200 Areas Plateau is 
significantly different from that of the surrounding dryland areas. Several tree species are 
present, especially Cottonwood (Populus trichocarpa) and Willows (Salix spp.) . A number 
of wetland species area also present including several sedges (Carex spp.), bulrushes (Scirpus 
spp.), Cattails (Typha latifolia and T. angustifolia), and pond-weeds (Potamogeron spp.). 

3.6.1.2 Plant Species of Concern. The Washington State Department of Natural 
Resources, Natural Heritage Program classifies rare plants in the State of Washington in 
three different categories, depending on the overall distribution of the tax.on and the state of 
its natural habitat. These categories are: Endangered, which is a "vascular plant tax.on in 
danger of becoming extinct or extirpated in Washington within the near future if factors 
contributing to its decline continue. Populations of these tax.a are at critically low levels or 
their habitats have been degraded or depleted to a significant degree"; Threatened , which is a 
"vascular plant tax.on likely to become endangered within the near future in Washington if 
factors contributing to its population decline or habitat degradation or loss continue"; and 
Sensitive , which is a tax.on that is "vulnerable or declining , and could become endangered or 
threatened in the state without active management or removal of threats" (definitions taken 
from Washington Department of Natural Resources fl~fifu'.g~[gfgg@ffi 1990) . Of concern to 
the Hanford Site, there are two Endangered tax.a , two .. fhreatened taxa , and at least eleven 
Sensitive tax.a; these are listed in Table 3-3 . All four of the Threatened and Endangered tax.a 
are presently candidates for the Federal Endangered Species List. 

Of the two Endangered tax.a , Persistantsepal Yellowcress ([{g,tjpjlg qq{f4j/{?Jg¢) is well 
documented along the banks of the Columbia River throughout the 100 Areas , it is unlikely 
to occur in the 200 Areas. The Northern Wormwood (jffi'i{i}jgjfq'flifjjp¢Jtflt~$f!J\pp[¢(!J}!~) is 
known in the State of Washington by only two populatlons: one ac;oss f~o~ f he bail es , 
Oregon, and the other near Beverly, Washington , just north of the Hanford Site. This tax.on 
has not been found on the Hanford Site , but would probably occur only on rocky areas 
immediately adjacent to the Columbia River if it were present. Neither of the Threatened 
tax.a listed in Table 3-3 have been observed on the Hanford Site. The Columbia Milkvetch 
(#§tt489W!:€P:l«imrrmll is known to be relatively common on the Yakima Firing Range, 
and has been documented to occur within 1.6 to 3.2 km (1 to 2 mi) to the west of the 
Hanford site on both sides of Umptanum Ridge. This species could occur on the 200 Areas 
Plateau . Hoover ' s Desert Parsley (@g'if(qfiyfii ifyf[g/f.qcifJJjj] inhabits the steep talus slopes near 
Priest Rapids Dam . Potentially ' it could be found oii" sli-nilar slopes on Gable Mountain and 
Gable Butte, but has yet to be documented in these areas . 

Of the Sensitive species , five are inhabitants of aquatic or moist habitats and the other 
six are inhabitants of dry upland habitats. Dense Sedge t&'4r4IftiiM#), Shining Flatsedge 
(!rB~ri~I!i~tltf], Southern Mudwort (eitiw.iit,(qqgqq{i:fi; and Faise Ppimpemel f#tnf!~rigq 
qn'qg;?i,{1,"fqijq). are all known to occur in the 100 Areas , especially near the B-C Area , in or 
near the Columbia River. Some of these species could be present in or near ponds and 
ditches in the 200 Areas . The few-flowered collinsia ('.lq!flnir4\Ji{qrJfllqr.q:ygfiqtyff?li) may 
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1 also occur in these habitats. The Gray Cryptantha ((!}fJpfql)f.fl?lc:lili¢l/JJ.fj,Jiqq)i occurs on open 
2 dunes throughout the Hanford Site. Piper's Daisy (1§.qggr,qµ lpipijr/Ej is fairly common on 
3 Umptanum Ridge and Rattlesnake Ridge, but has also been documentecfin the vicinity of B-

4 pond , the A-24 Crib, and 199~f.{ ;\.r.~.: ... ~0.~~ly Cryptantha fsrmf4li!Bt4.llffigfr,qp-iq), M1 
5 Dwarf Evening-primrose @?iiJPfair@ipjigm.qiq) have been found at the south end of the 
6 White Bluffs, approximateiy-· 3::i°°km .(im1)upstream from the 300 Area. The Palouse Milk-
7 vetch ri~?r.iJggl.lI!a.rr.gg;#.§) and Coyote tobacco !f.f.ggqqijg!grfgflyqfq). are not as well 
8 docurrie·o·ted b.ti"t are .kn.own to inhabit dry sandy areas such .. a:i.the 266 Areas Plateau. 
9 

10 In addition to the three classifications for species of concern listed above, the Natural 
11 Heritage Program also maintains a "Monitor" list, which is divided into three groups. Group 
12 1 consists of taxa in need of further field work before a formal status can be assigned. The 
13 Tooth-sepal Dodder (Cuscuta denticulata) , which has been found in the State of Washington 
14 only on the Hanford Site is the only taxon in this group that is of concern to Hanford 
15 operations. This parasitic species has been found in the area west of McGee Ranch . Group 
6 2 of the Monitor list includes species with unresolved taxonomic questions . Thompson 's 

17 sand wort (Arenaria franklinii var. thompsonii) is of concern to Hanford operations. 
18 However, the representatives of this species in the State of Washington are now believed to 
9 all be variety franklinii which is not considered particularly rare. Group 3 of the Monitor 

20 list includes taxa that are either more abundant or less threatened than previously believed . 
1 There are approximately 15 taxa on the Hanford site that are included on this list 
2 

23 3.6.1.3 Fauna of the 200 Areas Plateau. The mammals, birds , reptiles, amphibians 
24 inhabiting the 200 Areas Plateau are discussed below. 
25 
26 3.6.1.3.1 Mammals. The largest mammal occurring on the 200 Areas Plateau is the 
27 mule deer (Odocoileus hemionus). Although mule deer are much more common to riparian 

..28 sites along the Columbia River they are frequently observed foraging throughout the 200 
29 Areas. Elk (Cervus elaphus) also occur at Hanford but they have only been observed at the 

0 Arid Lands Ecology Reserve. Other mammal species common to the 200 Areas include 
1 badgers (Taxidea taxus) , coyotes (Canis latrans) , blacktail jackrabbits (Lepus californicus), 

32 Townsend ground squirrels (Spermophilus townsen.dii), Great Basin pocket mice 
33 (Perognathus parvus) , pocket gophers (Thomomys talpoides), and deer mice (Peromyscus 
34 maniculatus). Badgers are known for their digging capability and have been implicated 
35 several times for encroaching into inactive burial grounds throughout the 200 Areas. The 
36 majority of the badger excavations in the 200 Areas are a result of badgers searching for 
37 prey (mice and ground squirrels). Coyotes are the principal predators, consuming such prey 
38 as rodents, insects , rabbits , birds, snakes and lizards. The Great Basin pocket mouse is the 
39 most abundant small mammal , which thrives in sandy soils and lives entirely on seeds from 
40 native and revegetated plant species. Townsend ground squirrels are not abundant in the 200 
41 Areas but they have been seen at several different sites. Other small mammals that occur in 
42 low numbers include the Western harvest mouse (Reithrodontomys megalocis) and the 
43 Grasshopper mouse ( Onychomys leucogaster) . Mammals associated more closely with 
44 buildings and facilities include Nuttall' s cottontails (Sylvilagus nuttallii) , house mice (Mus 
45 musculus) , Norway rats (Rattus n.orvegicus), and some bat species. Bats probably play a 
46 minor role in the 200 Areas' ecosystem but no documentation is available on bat populations 
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1 at Hanford. Mammals such as skunks (Mephitis mephitis) , raccoons (Procyon lotor) , weasels 
2 (Mustela spp.) , porcupines (Erethizon dorsatum) , and bobcats (Lynx rufus) have only been 
3 observed on very few occasions. 
4 
5 3.6.1.3.2 Birds. Over 235 species of birds have been documented to occur at the 
6 Hanford Site (Landeen et al. 199G.2!). At least 100 of these species have been observed in 
7 the 200 Areas. The most common passerine birds include starlings (Sturnus vulgaris), 
8 horned larks (Ermophila alpestris) , meadowlarks (Sturnella neglecta) , Western lcingbirds 
9 (Tyranus 1,'irticalis y~gJpgl,~~), rock doves (Columba livia) , barn swallows (Hirundo rustica) , 

10 cliff swallows (Hirundo pyrrhonota) , black-billed magpies (Pica pica) and ravens (Corvus 
11 corax). Common raptors include the Northern harrier (Circus cyaneus) , American kestrel 
12 (Falco sparvarius) , and Red tailed hawk (Buteo jamaicensis) . Swainson ' s hawks (Buteo 
13 swainsoni) sometimes nest in the trees located at some of the army bunker sites that were 
14 used in the 194<Y-s. Golden eagles (Aquila chrysaetos) are observed infrequently . Burrowing 
15 owls (Athene cunicularia) nest at several locations throughout the 200 Areas . The most 
16 common upland game birds found in the 200 Areas are California Quail (Callipepla 
17 californica) and Chukar partridge (Alectoris chukar) , however, Ring-necked pheasants 
18 (Phasianus colchicus) and Gray partridge (~ i~fqfd. perdix) may be found in limited 
19 numbers. The only native game bird common to the 200 Areas Plateau is the Mourning dove 
20 (Zenaida macroµra) which migrates south each fall. Other species of note which nest in 
21 undisturbed sagebrush habitats in the 200 Areas include Sage sparrows (Amphispiza bellir, 
22 and Loggerhead shrikes (Lanius ludovicianus). Long-billed Curlews (Numenius americanus) 
23 also use the sagebrush areas and revegetated burial grounds for nesting and foraging. 
24 
25 Waterfowl and aquatic birds inhabit B Pond fil~:@X<:gt.¼-S :£9pa and other areas where 
26 there is running or standing water. However many o°i' thesea:·;eas .such as thf 2J6~A-29 
27 Ditch are becoming more scarce due to stabilization and remedial action cleanup activities . 
28 Aquatic birds and waterfowl common to B Pond ff:8t~t?iE,pgp on a seasonal basis include 
29 Canada Geese (Branta canadensis) , American coot (Fulica americana), Mallard (Anas 
30 platyrhynchos), Ruddy duck (Oxyura jamaicensis) , Redhead (Aythya americana) , Bufflehead 
31 (Bucephala albeola)~ and Great blue heron (Ardea herodius) . 
32 
33 3.6.1.3.3 Reptiles and Amphibians. Common reptiles include gopher snakes 
34 (Pituophis melanoleucus) and sideblotched lizards (Uta stansburiana) . Other reptiles and 
35 amphibians which are infrequently observed include sagebrush lizards (Sceloporus graciosus), 
36 horned toads (Phryosoma dough1ssi q,qf[§J{g~f~), western spadefoot toads (Scaphiopus 
37 intermontana) , yellow-bellied racer ( Coluber constrictor) , Pacific rattlesnake ( Crotalus 
38 viridis), and striped whipsnake (Masticophis taeniatus). Both lizards and snakes are prey 
39 items of mammalian and avian predators. 
40 
41 3.6.1.3.4 Insects. There are hundreds of insect species which inhabit the 200 Areas. 
42 Two of the most common groups of insects include several species of darkling beetles and 
43 grasshoppers. Harvester ants are also common and have been implicated in the uptake of 
44 radionuclides from some of the burial grounds in th~ 200 East A:f@l.. Harvester ants have the 
45 ability to ¢.~ excavate and bring up material from as far down as 4.6 to 6. 1 m 5tb:om (15 
46 to 20 ft). Other major groups of insects include bees , butterflies , and scarab beetles. Insects 
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impact the surrounding plant community as well as serving as the prey base for many species 
of birds, reptiles, and mammals. 

3.6.1.4 Wildlife Species of Concern. Some animals which inhabit the Hanford Site have 
been given special status designations by the state and federal government. Some of these 
designations include state and federal threatened and endangered species, federal candidate, 
state monitor, state sensitive, and state candidate species. Species listed in Table 3-4 as state 
and/or federal threatened and endangered such as the bald eagle (Haliaeetus leucocephalus) , 
peregrine falcon (Falco peregrinus), American white pelican (Pelecanus erythroryhnchos) , 
ferruginous hawk (Buteo regalis) , and sandhill crane (Grus canadensis) do not inhabit the 
200 Areas. The bald eagle and American white pelican utilize the Columbia River and 
associated habitats for roosting and feeding. Peregrine falcons and sandhill cranes fly over 
the Hanford Site during migration. Ferruginous hawks nest on the Hanford Site but nesting 
has not been documented for this species on the 200 Areas Plateau. Other species listed in 
Table 3-4 as state and/or federal candidates and state monitor species such as burrowing owls 

!!!!1~~~!f ~?:f ~;;;:t liim~1-i1~ir:lm~~~:tif!ff i!)~;r~~~:~t44;i~i1~49YfG!WJH§) 
are fleHtflcommon to the 200 Areas Plateau. 

3.6.2 Land Use 

The Z Plant Aggregate Area is the location of the Z Plant building complex and its 
attendant facilities (e.g . , 234-5Z Building, 231-Z Building, 242-Z Building and other 
structures) and the 218-W Solid Waste Burial Grounds . 

Past activities at the Z Plant included plutonium separation from waste streams 
generated in other 200 Areas facilities and plutonium and americium recovery from in-plant 
waste streams. Historically , liquid waste generated in Z Plant was disposed of to various 
land disposal units. Low-level and mixed waste from Z Plant, other Hanford facilities , and 
off-site facilities was deposited in the 218-W Burial Grounds. Various storage facilities, 
offices , and laboratories are also located in Z Plant. Waste management units that remain 
active are noted in Table 2-1. 

3.6.3 Water Use 

There are no consumptive use of groundwater within the '200 West Area 4 ,.PJ@t 
i :ggfi~t:~I :mr~- Water for drinking and emergency use, and facilities process ~ater is 
drawn from the Columbia River, treated, and imported to the 200 West Area. The nearest 
wells used to supply drinking water are located at the Yakima barricade (\y¢ij:§.QQS4~tXP~hG.), 
about 5 km taitdii!J west of the 200 West Area,{ at the Hanford Safety Pafroi Tra1ning ........ . 
Academy (W~!Ji:1§g~t?E§ti9.) about 40 km (25 mi'j to the southeast; at the PNL Observatory 
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(well 6652-C); and near the Fast Flux Test Facility in the 400 Area, about 32 km (gQ:fuD to 
the southeast. The nearest water supply wells are located off site about 15 km (284 mH to 
the northwest. These fatter wells obtain their water from the basalt and the basalt tnterbeds 
(The Berk*=ijiti well a~ct'lttia~µ Ste. Michelle No. 1 and No. 2). The latter wells are 
reportedly used for irrigation although they may also be used to supply drinking water. 

3.7 HUMAN RESOURCES 

The environmental conditions at the Z Plant Aggregate Area must be evaluated in 
relationship to the surrounding population centers and other human resources. The following 
subsections provide an O\'CFYie1,,., of the demography (Section 3.7 . 1) , archaeology (Section 
3.7.2), historical resources (Section 3.7.3), and community invoh'ement (Section 3.7.4) 
relating to the Hanford Site and the Z Plant Aggregate Area. m:x~cy:::~m:~t§YW:W%tY:gf 
g~mi?:ii Rfi¾i:: 11ift~§!§gyt Pi§tRW8:M:f~9HfS$~itijQ9:: 9:9:IDIHPUY 19:\felx~m~m li giygp l§i!Pi, 

3.7.1 Demography 

There are no residences on the Hanford Site. The nearest inhabited residences are 
farm homes on land located 21 km (13 mi) north of the Z Plant Aggregate Area . There are 
approximately 258,000 1@:4:nlQ people living within a 80 km (50 mi) radius of the 200 Areas 
plateau. The primary population centers are the cities of Richland , Kennewick, and Pasco, 
located southeast of the Hanford Site, Prosser to the south, Sunnyside to the southwest, and 
Benton City to the southeast. 

3. 7 .2 Archaeology 

An archaeologic survey has been conducted of undeveloped portions of the 200 West 
Area by the Hanford Cultural Resources Laboratory. Isolated artifacts and sites of interest 
were identified in the 200 West Area but not within the Z Plant Aggregate Area. The closest 
site of interest is the remains of the White Bluffs Road, located approximately 1.6 km (1 mi) 
northwest of the aggregate area, which was previously an Indian trail. 

3.7.3 Historical Resources 

The only historic site in 200 West Area is the old White Bluffs freight road which 
crosses diagonally through the vicinity . This site is not considered to be eligible for the 
National Register. 
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1 3.7.4 Community Involvement 
2 
3 A Community Relations Plan ~ (Ecology et al. 1989) has been developed for the 
4 Hanford Site Environmental Restoration Program which includes any potentially affected 
5 community with respect to the Z Plant AAMS . The GRP RPTihiWi,niti]B~lif;gg~ gJ~ 
6 includes a discussion on analysis of key community concerns ·and perceptions regarding the 
7 project, along with a list of all interested parties. 
8 
9 

10 
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Figure 3-28. Isopach Map of the Upper Ringold. 
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Table 3-1. Hydraulic Parameters for Various Areas and Geologic Units 

at the Hanford Site. 

Location 

Pasco Basin 

100 Area 

200 Areas 

200 West Area 

Slug Tests at U-12 

Crib 

300 Area 

300 Area 

1100 Area 

1100 Area 

Interval tested 

Hanford formation 

Ringold Formation 

Unit E 

Ringold Formation 

Unit A 

Ringold Formation Unit E 

Hanford formation 

Ringold Formation 

Unit E 

Ringold Formation 

Unit A 

Ringold Formation 

Unit E 

Ringold Formation 

Unit A 

Lower Ringold 

laboratory 

Upper Ringold 

Hanford Formation 

Ringold Formation 

Ringold Formation 

Units C/B 

Ringold Formation 

Overbank Deposits 

3T-1 

Hydraulic 

conductivity ( m/d) 

150 - 6,200 

6 - 180 

0.03 - 3 

9 - 395 

610 - 3,050 

2.7 - 70 

0.3 - 3.6 

0.02 - 61 

0.5 - 1.2 

9 X 10"6 
- 2.4 X 10·5 

2.4 - 13 

3,350 - 15,250 

0.58 - 3,050 

0.09 - 1.5 

2.4 X 10·4 

0.03 
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Table 3-2. Summary of Reported Hydraulic Conductivity Values for 
Hanford Site Vadose Zone Sediments. (Sheet 1 of 2) 

Reported Hydraulic 
Conductivity Value Reported Geologic Test Area or Measurement 

or Range of Water Content Unit or Sampling Method or Basis 
Values in emfs Volume Percent Sediment Type Location for Reported Value 

6.7 X lQ·7 10 Sand 200 Area Lysimeter Soil 
Experiments 

1.7 X 10"8 7 

1.7 X 10"9 5.5 

1.7 X 10"10 5 

1.3 X 10"11 4.3 

2.6 X 10"3 31 Sandy soil reported Unsaturated 
as "typical or many column studies. 

5. 7 X 10-4 (sat) 56 
surface materials at 
the Hanford Site." 

6.3 X 10"11 2.9 Near-surface soils 2-km south of K estimates using 
200 East Area water retention 

2.2 X 10"11 2.8 curve data. 

5.40 X 10"8 8.3 Sandy fill excavated Buried Waste Laboratory steady-
from near-surface Test Facility state flux 

9. 78 x 10·3 (sat) 42.2 soil (Hanford (BWTF): 300 measurements. 
formation) with 1.27- North Area 

8.4 x 10-3 (sat, na cm particle size Burial Grounds 
arithmetic mean of fraction screened out. 
four measurements) 

8 X 10"8 11 na BWTF: Unsteady drainage-
Southeast flux field 

4 x 10"3 (Southeast 26 na Caisson, and measurements. 
Caisson North Caisson 

1 X 10"8 10 na 

1 x 10·2 (North 29 na 
Caisson) 

4.5 x 10-3 (arithmetic Field Saturation na BWTF North Guelph 
mean of 15 Caisson and permeameter field 
measurements) area north of measurements 

caisson 

3T-2a 
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Table 3-2. Summary of Reported Hydraulic Conductivity Values for 
Hanford Site Vadose Zone Sediments. (Sheet 2 of 2) 

Reported Hydraulic 
Conductivity Value 

or Range of Water Content 
Values in emfs Volume Percent 

1 x W-3 (Upper Soil, Field Saturation 
arithmetic mean of 7 
measurements) 

9.2 x 10·3 (Lower Field Saturation 
Soil, arithmetic mean 
of 4 measurements) 

8 X 10"7 16 

9 X lQ·4 40 

9 x 104 (arithmetic Field Saturation 
mean of 9 
measurements 

5 x 10·3 (sat) 50 

1 x W-3 (sat) 50 

5 x 104 (sat) 40 

1 x 10·4 (sat) 40 

5 x 10·5 (sat) 40 

1.2 x 10·5 (sat) 19.6 to 18.9 

6.7 X 10·6 to 2.8 X 37.6 to 41.4 
10·1 (sat) 

1. 10 x 10·3 (sat) 18.3 to 21 

1.80 X 104 to 3.00 X 24 to 25 
104 (sat) 

Notes: 

na - Not identified in source. 
sat - Value for saturated soil. 

Reported Geologic Test Area or 
Unit or Sampling 

Sediment Type Location 

Loam sand over sand Grass Site; 3 
km ofBWTF 

na 

Loam to sandy loam McGee 
Ranch:NW of 
200 West Area 
on State Rt. 
240 

na 

Sand, Gravel Sediment types 
are idealized to 

Coarse Sand represent 
stratigraphic 

Fine Sand layers 
commonly 

Sand, Silt encountered 
below 200 

Caliche Areas liquid 
disposal sites. 

Hanford formation Well 299-W7-
9, 218-W-5 

Early "Palouse" Soils Burial Ground 

Upper Ringold 

Middle Ringold 

field saturation - Equilibrium water content after several days of gravity drainage. 

3T-2b 

Measurement 
Method or Basis 

for Reported Value 

Guelph 
permeameter field 
measurements 

Unsteady drainage-
flux field 
measurements. 

Guelph 
permeameter field 

· measurements. 

K.., values derived 
from idealized 
moisture content 
curves. 

van Genuchten 
equation fitted to 
moisture 
characteristic 
curves for Well 
299-W7-9 soil 
samples 
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Table 3-3. Endangered, Threatened, and Sensitive Plant Species Reported On 
or Near the Hanford Site. 

-
Scientific Name Common Name Family Washington 

State Status 

Rorippa columbiaea1 Suksd. ex Persistantsepal Brassicaceae Endangered 
Howell Y ellowcress 

Artemesia campestris L ssp. Northern Wormwood Asteraceae Endangered 
borealis (Pall.) Hall & Clem. 
var. wormskioldiia1 (Bess.) 
Cronq. 

Astragalas columbianusa1 Columbia Milk Vetch Fabaceae Threatened 
Barneby 

Lomatium tuberosuma1 Hoover Hoover's Desert- Apiaceae Threatened 
Parsley 

Astragalus arrectus Gray Palouse Milk Vetch Fabaceae Sensitive 

Collinsia sparsiflora Few-Flowered Scrophulariaceae Sensitive 
Fisch.&Mey. var bruciae Collinsia 
(Jones) Newsom 

Cryptantha intenupta Bristly Cryptantha Boraginaceae Sensitive 
(Greene )Pays. 

Cryptantha leucophaea Gray Cryptantha Boraginaceae Sensitive 
Doug!. Pays 

Erigeron piperianus Cronq. Piper's Daisy Asteraceae Sensitive 

Carex densa L.H. Bailey Dense Sedge Cyperaceae Sensitive 

Cyperus rivularis Kunth Shining Flatsedge Cyperaceae Sensitive 

Limosella acaulis Ses.&Moc. Southern Mudwort Scrophulariaceae Sensitive 

Lindemia anagallidea False-pimpernel Scrophulariaceae Sensitive 
(Michx. )Pennell 

Nicotiana attenuata Torr. Coyote Tobacco Solanaceae Sensitive 

Oenothera pygmaea Doug!. Dwarf Evening- Onagraceae Sensitive 
Primrose 

a/ Indicates candidates on the 1991 Federal Register, Notice of Review. 
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Table 3-4. Federal and State Classifications of Animals that Could Occur 
on the 200 Areas Plateau. 

Name 

Peregrine Falcon (Falco peregrinus) 

Sandhill Crane ( Grus canadensis) 

Bald Eagle (Haliaeetus leucocephalus) 

Ferruginous Hawk (Buteo regalis) 

Swainson's Hawk (Buteo swainsoni) 

Golden Eagle (Aquila chrysaetos) 

Burrowing Owl (Athene cuniculuria) 

Loggerhead Shrike (Lanius ludovicianus) 

Sage Sparrow (Amphispiza belli) 

Great Blue Heron (Casmerodius a/bus) 

Merlin (Falco columbarius) 

Prairie Falcon (Falco mexicanus) 

Long-billed Curlew (Numenius americanus) 

Striped Whipsnake (Masticophis taeniatus) 

FE - Federal Endangered 
FT - Federal Threatened 
FC2 - Federal Candidate 
SE - State Endangered 
ST - State Threatened 
SC - State Candidate 
SM - State Monitor 

Status Federal 

FE 

FT 

FC2 

FC2 

State 

SE 

SE 

ST 

ST 

SC 

SC 

SC 

SC 

SC 

SM 

SM 

SM 

SM 

SC 

Above information taken from Washington Department of Wildlife June 1991. Species of Concern in 
Washington. 
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4.0 PRELIMINARY CONCEPTUAL 8ffB MODEL 

Section 4.1 presents the chemical and radiological data obtained from the documents 
reviewed ~yffi:l~Pli for each waste management unit. These data, along with physical 
descriptionii 'of'ihe waste management units (Section 2.0) and descriptions of the surrounding 
environment (Section 3.0) are evaluated in Sections 4.2 and 5.0 in order to qualitatively 
assess the potential impacts of the contamination to human health and to the environment. 

~9~•!~!!~~~,~!~f~#lllilf 1:::~g=!f ! ~ [~i!•~1~! ~!•:~~~~~~~~~•~•i! q uTr~~~~~~rmation 
(ARARs) (Section 6. 0). Coritamfoant information is assessed in Section 7. 0 to provide a 
basis for selecting remediation technologies which can be implemented at the sites. 

Contaminants released into the environment at a waste management unit 9£4:TIPHmnfg l!lii may migrate from the point of release into other types of media_ The poteridaiiy 
affected media in the Z Plant Aggregate Area include surface soil , surface water, vadose 
zone soil and perched groundwater, air, and biota. The media that are affected at a specific 
waste management unit will depend upon the quantities , chemical and physical properties of 

iir.iif(i~•i1i&iil-llllill0 
4.1 KNOWN AND SUSPECTED CONTAMINATION 

There are two major categories of radiological and chemical data for the Z Plant 
Aggregate Area: ijifit~~!HP data applicable to individual waste management units and 
B µnplanned R-feleast:is, and area-wide environmental data that are useful in characterizing 
regional contamination trends. 

Some waste management units and Yqnplanned -R[eleases have been the subject of 
chemical and radiological studies in the past. However, many of these studies were limited 
in scope and did not provide a comprehensive analysis of the character and distribution of the 
contamination at the waste management unit locations. Types of organic/inorganic chemical 
and radiological data reviewed for Z Plant Aggregate Area waste management units are 
summarized in Table 4 1. The ~ [pf qp]~tmJ!fig :\oata presented in Table 4 1 1.vere 
obtained from 11 :1~• ixi~~R1$ll~9rl~Rm~ Hn~~:~:•:~ng~g~~ ~nx~n~§rx: mr2rm~g,2n, surface 
radiological surveys , external radiation dose rate monitoring, soil and sediment sampling , 
groundwater sampling, biota sampling , and borehole geophysics. To supplement the 
radiological and chemical data, waste inventory information indicative of contamination at 
waste management units is also included in the evaluation of knovm and suspected 
contaminants. Historical waste inventory data are detailed in Section 2. 0 of this report 
(Tables 2 1 through 2 3) . As discussed in Section 2.0 , historical information was obtained 
from the \1nDS (\VHC 1991a) and other sources of waste inventory data. 
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data"were·· tou"f:i"cfduring review of documents for this report. The table ~l does not indicate 
the sufficiency of the data, either in terms of quality or quantity. These concerns are . 

In addition to these unit-specific data, there are area-wide data that may not be directly 
applicable to specific waste management units within the Z Plant Aggregate Area. The 
primary sources of this general environmental information are the Environmental 
Surveillance Annual Monitoring Reports for the 200/600 Areas by Rockwell Hanford 
Operations (RHO) (Elder et al . 1986 and 1987) , and Westinghouse Hanford Company 
(WHC) (Elder et al. 1988 and 1989, Schmidt et al . 1990 and 199+\4=). The annual reports 
describe several different sampling and survey programs including surface soil sampling , 
external radiation measurements, biota sampling, air sampling, surface water sampling, and 
radiological surveys. The annual monitoring is generally directed toward assessing the effect 
of Hanford Site-wide operations (including the 200 Areas production and processing 
facilities) on the local environment. Until 1990, few of the sample locations were directly 
associated with specific waste management units identified for the Z Plant Aggregate Area, 
except for the 4:Qfi::Mf~t Solid Waste Burial Grounds. Much of this information is therefore 
useful only in charactenzing area-wide trends. Beginning in 1990, however, several new 
sampling locations (shown on Plate 2) were established near specific areas of suspected 
surface contamination, such as near the main Z Plflflt ~EE building complex. 

An additional source of Hanford 8$ite-wide environmental data are Hanford Site 
Environmental Reports by Pacific Northwest Laboratories (PNL1 (e.g. , Jaquish and Bryce 
1989). As part of the Hanford Site-wide monitoring program , the PNL environmental 
reports establish regional background concentration data for many radionuclide and chemical 
parameters. These background data were in turn used as comparative values, or used to 
derive comparative background values in the RHO/WHG linnl~9P§iiini§ii annual 
monitoring reports . 

Area-wide geophysical data also exist, and include gravity, magnetic, magnetotelluric , 
seismic refraction , and seismic reflection surveys (DOE 198Rp) . These studies are not useful 
however, for characterizing the extent of chemical and radionuclide contamination. These 
data are therefore not presented in Section 4.0 of the this report, but a general discussion of 
this information is provided in Section 8.0. 
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The types of data listed on Table 4-+$, were reviewed to evaluate whether air, surface 
soil, vadose zone soil, or groundwater was potentially impacted by waste handling activities 
at Z Plant Aggregate Area waste management units. The applicability of the information to 
specific Z Plant Aggregate Area waste management units was qualitatively reviewed, along 
with the age and nature of the data. As a result of the this evaluation, potentially affected 
media (air, surface soil , surface water, vadose zone soil, and biota are listed on Table 4-2 for 
radionuclide contaminants and on Table 4-3 for organic/inorganic chemical contaminants. 

Two categories of site contamination were established in Tables 4 2 and 4 3 for the 
purposes of this report: known and suspected. Known contamination was determined to 
exist at a location if at least one soil, air, or surface water sample chemical testing result 
abo1t•e detection limits or background le1t•els was identified in a published document. 
Contamination was considered to be suspected to exist at a location rather than known if one 
or more of the following conditions was observed: 

• 

• 

• 

• 

• 

A release to the environment was reported at an engineered site for which no 
media specific laboratory testing data ·uere identified , i.e, radionuclide 
contamination in the vadose zone beneath the 216 Z 4 Trench was suspected 
because liquid waste containing radionuclides was reported to be discharged to 
the trench. 

External (ambient) radiation or dosimeter readings above background ,levels were 
reported at or near a ·n·aste site, e.g., surface soil contamination is suspected near 
the 216 Z l and 216 Z 2 Cribs as a result of elei,•ated external radiation readings. 

Gamma logging results in boreholes completed within or adjacent to a waste 
management unit indicated gamma radiation readings above defined background 
levels, e.g., contamination is suspected in the 1,•adose zone below the 216 Z 7 
Crib because gamma radiation readings in well 299 \\'15 7 exceed background 
leYels. 

Data available in published data (referenced in text as applicable) indicate that a 
facility not intended to recei·v<e radionuclides or other hazardous materials may 
nonetheless have historically received such compounds. This category includes 
the 216 Z 13 , 216 Z 14 , and 216 Z 15 French Drains. 

As discussed in Section 4.1.8 , historical migration of waste liquids from a 
number of Z Plant waste management units is suspected. Criteria considered in 
assessing whether impacts to the unconfined aquifer may have occurred are as 
follows: 

• Groundwater impacts are suspected resulting from discharges to the 216 Z 
10 Reverse Well due to the depth of injection (46 m [150 ft]). As noted in 
Section 3. 5. 3, the unconfined aquifer is typically encountered at a depth of 
58 to 67 m (190 to 220 ft) beneath Z Plant Aggregate Area. 
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Groundwater impacts vt'crc suspected if the estimated total \>'Olumc of liquid 
•,vaste disposed of to a waste ma1mgemcnt unit (as listed in Table 2 1, 'vvhcrc 
available) exceeded the total soil pore volume directly belov,· the unit by a 
factor of one or more. This analy·sis docs not consider the potential for 
liquid to spread laterally atop perching layers above the ·water table. This 
analy·sis also docs not consider the relative mobility of various waste 
constituents (e.g ., lo·u for most radionuclides and trace metal constituents 
and high for nitrate and inorganic salts). 

Groundwater impacts were suspected if a gamma log presented in a 
Hanford document in<licated elevated gamma radiation values from the 
bottom of a waste management unit all the way to the water table. The 
only unit falling into this category is the 216 Z 7 Crib. 

Additionally, little or no environmental monitoring data were found in the documents 
reviewed for some engineered fac ilities where liquid or solid wastes were transferred, 
treated, stored, or disposed. Although not listed as actual known or suspected locations of 
contamination in Tables 4-1 and 4-3'! , some degree contamination (as yet undefined) is 
possibly associated with these facilities. This category includes the tanks that received ~ 
PlaH-t t• process waste (e.g., the 216-Z-8 Settling Tank, the 241-Z-361 Settling Tank, and 
241 -Z Diversion Boxes No. 1 and No. 2) and many of the burial grounds. These types of 
facilities are the subject of discussion for "data gaps" addressed in Section 8.0 of this report. 

The following subsections of Section 4.1 present results of the evaluation of known and 
suspected contamination for the Z Plant Aggregate Area. Section 4 . 1.1 describes analysis 
results on a media-specific basis. Section 4.1.1.1 presents air quality sampling data. Surface 
soil data are described in Section 4.1 . 1.2. Results of surface water sampling are presented in 
Section 4. 1.1.3 . Results of vegetation and other biota sample analyses Section 4.1.1.4 . 
Vadose Zone sampling data are discussed in Section 4.1. 1.5 . Although groundwater issues 
are considered beyond the scope of this study , Section 4.1.1.5 also discusses evidence for 
contamination migration within the vadose zone to the unconfined aquifer underlying the Z 
Plant Aggregate Area. Additional assessment of the nature and extent of groundwater 
contamination is presented in the 200 West Groundwater AAMS report. Evaluation of 
known and suspected contaminants for each of the Z Plant Aggregate Area waste 
management units is discussed in Section 4 .1.2. 
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1 4.1.1 Affected Media 
2 
3 4.1.1.1 Air. This section discusses results of ambient air monitoring applicable to the Z 
4 Plant Aggregate Area as reported in RHO/-WHG l\i§\!nin2:Hil :H:int2ri annual 
5 environmental surveillance monitoring reports (Elder et al. 1986 through 1989, Schmidt et 
6 al. 1990 and 199+$.). Ambient air monitoring stations ftfe located within the Z Plant 
7 Aggregate Area or.near its boundary include sites N165, N962, N964, and N994 (Plate 2) . 
8 As discussed in each of the RHO/-WHG ¥ti~t~pgqg4ii]i!ffl!tqfg annual environmental 
9 monitoring reports for 1985 through 1990, the sampifog locations are part of a larger 

10 network within the 200 Areas to assess the effect of operations on the local environment, and 
11 to assess 200 Areas facilities performance. According to the annual reports , sample station 
12 locations throughout the 200 Areas were sited based on prevailing wind directions and 
13 potential sources of airborne contaminants. Within the Z Plant Aggregate Area, sample 
14 stations N962 and N964 are located near the 218-W-4B Burial Ground to the west (general 
15 up-wind direction) of the main Z Plant fl£/E building complex (Plate 2). Station N 165 is 
16 east-southeast of the building complex (general down-wind direction) , and station N994 is a 
17 fenceline point along the north boundary of the Z Plant g:pg. 
18 
19 The air samplers at each of the monitoring stations contain filters which collect 
20 particles entrained air. The air samples are collected by drawing samples through a 47-mm 
21 (l ;:a:JQ§Q), open-face filter at about 1 m (3 ft) above the ground (Q~4gil[gft}]fmin 2 cubic 
22 fi/mln[cfm] flowrate). Throughout the 200 Areas , air samplers are operated on a continuous 
23 basis. Sample filters are exchanged weekly , held one week to allow for decay of short-lived 
24 natural radioactivity , and sent for initial laboratory analyses of gross alpha and beta activity . 
25 After the initial analysis , the filters are stored until the end of the calendar quarter , at which 
26 time they are composited by sample location (or as deemed appropriate according to the 
27 annual reports) and sent for laboratory analyses of specific radionuclides. Compositing of 
28 the filters by sample location provides a larger sample size, and thus a more accurate 
29 measurement of the concentration of airborne radionuclides resulting from operations in the 
30 200 Areas . 
31 
32 Air monitoring results from the 1985 through 1989 annual environmental surveillance 
33 reports are presented in Table 4-4 . Entries in the table are average results over this period 
34 for cesium-137 , strontium-90, plutonium-239 , and total uranium. The complete data set 
35 from the annual monitoring reports since 1985 is provided in Table A-3 of Appendix A. +he 
36 results ifl Table A 3 arc listed as maximum , minimum , and average quarterly values for the 
37 radioHuclidcs reported : strofltium 90, cesium 137, plutonium 239 , and uranium . The data in 
38 Table A 3 iHcludcs the couHting error associated with each value, and results less than the 
39 counting error arc shaded. The counting error reflects se1,,cral factors , including the 
40 cfficicHey aA.d configuration of the detector instrument, and the precision of the chemical 
41 analysis method. The error also reflects the fact that some of the radioactivit)' detected is 
42 result of the statistical distribution of radionuclides. The remaining 1,'alues (unshaded) in 
43 Table A 3 represent positi1,'e detections. The positi-..,c detections Yerif)' that radionuclides are 
44 actually present and not artifacts of the detection and laborator)' anal)·sis methods. 
45 
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Positive detections for each radionuclide analyzed are common from 1985 to 1989 
(Elder et al. 1986, Schmidt et al. 1990). Each of the RHO/WHE iijifngfigµ§~l#ui9I9 
annual monitoring reports conclude that the activities in the 200 Areas contn.buted to average 
air radionuclide concentrations that were "slightly above" background . As discussed in the 
annual reports, the background concentrations were derived from three background 
monitoring stations located outside the 200 Areas (Yakima and Wye Barricades, and former 
Hanford Townsite). The S,gggµqfjif::;µ~ ((19%92,Q). tepeft concludes that radionuclide 
concentration trends in air ···sinceT979.·have been ."generally downward" for the 200 West 
Area because of overall improvement in operational environmental controls and curtailed 
operations. 

One of the Z Plant Aggregate Area, N962 (southeast corner of 218-W-4B Burial 
Ground), has shown the highest annual average strontium-90 concentrations of the 200 Areas 
samples for several years-most recently 1989 (Schmidt et al. 1990). Strontium-90 
concentrations up to 58 times greater than background for the Hanford Site have been 
reported for N962 (1987 annual report, Elder et al. 1988). Annual average concentrations of 
strontium-90 for the sample location have decreased since 1987. In addition, location N 165 
near the head of the 216-Z-19 Ditch southeast of the Z Plant building complex had the 
highest plutonium-239 concentration reported for the 200 Areas air samples in 1986, 1987, 
and 1988. Plutonium-239 concentrations in sample N165 were up to 100 times greater than 
background levels for the 200 Areas sites (Elder et al. 1986). The elevated plutonium 
concentrations are likely attributable to airborne particulate matter from historical plutonium 
finishing/recovery operations at the Z Plant building complex to the west-northwest, in the 
general up-wind direction from N165. The 1985 through 1988 annual reports (Elder et al. 
1986 through 1989) indicate that the only other gamma-emitting radionuclides found at levels 
"significantly greater than background" were detected in samples from the 200 East Area. A 
similar conclusion for these other radionuclides is not included in the 1988 and 1989 annual 
reports (Elder et al. 1989, Schmidt et al. 1990) . 

Residue from particulate air contaminants derived from 200 Areas production 
processing facilities, and possibly Unplanned Release locations and wind-eroded burial 
ground soils would be expected in Z Plant surface soils due to wind-borne dispersion . As 
discussed in Section 4.1.1.2, radiological soil contamination has been documented at surface 
soil grid point sampling locations across the Z Plant Aggregate Area. Results of radiation 
surveys also indicate the presence of surface contamination at many locations. Surface soil 
contamination is also commonly associated with localized areas within the burial grounds and 
at Yµnplanned R:gelease locations. Wind-borne radionuclides likely contributed to the surface 
contamination detected at these locations. 

4.1.1.2 Surface Soil. Several types of data exist for characterizing surface soil 
contamination or assessing areas of possible contamination. These data include results of 
aerial and ground radiological surveys, external radiation measurements , and surface soil 
sampling. These data are presented in the following subsections for the Z Plant Aggregate 
Area as a whole. In addition, waste management unit-specific radiological and soil sampling 
are presented in Section 4.1.2. 
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4.1.1.2.1 Airborne Radiologieal Survey Data. Radiological survey results may be 
influenced by buried or airborne radionuclide contamination but are generally indicative of 
surface and relativel)' shallow soil contamination. An aerial gamma ray radiation survey 
(gross gamma) was performed over the 200 West Area in July and August 1988 (Reiman and 
Dahlstrom 1988) . The suF¥ey lines were flown with a 122 m (400 ft) spacing at an altitude 
of 61 m (200 ft). The data were normalized to a height of 1 m (3.28 ft) abo•,'e the ground 
surface. Figure 4 1 presents the gross count data (counts per second) on an isoradiation 
contour map that covers the entire 200 West Area. Much of the Z Plant Aggregate Area, 
particularly the southern portion has gross gamma counts above background . Several of the 
Z Plant burial ground areas have counts exceeding 22 ,000 to 70,000 counts per second 
(ct/sec) (Sites 9 through 12 on Figure 4 1). The results are likely indicati,.,e of (shallO\\') 
buried radioaetiYe waste sources at these locations , or above ground storage such as at the 
2702 W RM\\' Storage Facility at Site 11 . 

General areas of lmown or suspected surface and subsurface contamination in the burial 
ground areas have been identified by Huckfeldt (1991b) and are shovm on Figure 4 2 . It is 
nearly impossible to convert the gross gamma results from the airborne survey to a 
meaningful exposure rate because of the complex distribution of radionuelides on the site 
(Reiman and Dahlstrom 1988) . 

1••••t1• 1r• 1•1•1r~¥,§ !s~xf:~x: 1:~~: ~1rr:~H~~st~~: t~2m:m~ ~~~ f :ms~!.r2Hn~ :i:~~ :~~t~rm~n$~ 2n§j:t~:ms, ········· · · · ·· · 
iHRBti~l~i :~elii:iijs\fi9 [ili1MW!x )ffliHiPi il!xUx :jug SPP.Jltming wiffi ~qg\t~§ggl 
Riil{~t2in?t: mi~Hf=!l{ffl!§i: §:8YU1 ijryp)~~t Br ffi~ ~t9[9 §lt~s 

11• 1lW••• il!1iili;iillfl1~ 
i lµti :19r:jij~f :ii~nil. l$9t1/~Yf iri: '1§~im i4riPtQYWPing m1 PYiil.l.)pqi§.itHin Qr ffi:¢~§ iwit.n 
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4.1.1.2.2 Surface Radiological Survey Data. Radiological surveys documenting 
radiation levels dose rates are completed on a regular basis for specific waste management 
unit areas within the Z Plant Aggregate Area using portable instrumentation . The surveys 
are performed as part of the Radiation Area Remedial Action program. The primary 
requirements of the Radiation Area Remedial Action program are to conduct the surveillance, 
maintemrnce, decontamination, and/or interim stabilization of inactive burial grounds , cribs, 
ponds, trenches, and Unplanned Release sites at the Hanford Site. The major concern 
associated with these requirements is the management and control of surface soil 
contamination. At confirmed surface soil contamination sites , interim stabilization is 
routinely conducted to pro•,·ide a measure of control that will mitigate migration of 
rndioaeth·e contamination from be)·ond the posted control boundaries. 

The surveillance of ground surface sites for the Radiation Area Remedial Action 
program is performed in accordance with surveillance frequencies established in Winship and 
Hughes (1991) to identify those waste management units that require decontamination and/or 
stabilization: surveillance is also conducted to verify that radioactive contamination is not 
migrating beyond the posted control boundaries for those sites ranked under Winship and 
Hughes (1991). This assessment determines if any changes in the radiological status , 
resulting from an inadequacy of containment of radioactive materials, has occurred in each 
area. Each radiological survey is intended to determine whether the contamination is 
essentially confined to the soil surface or if the contaminant source is present at depth . 
Further, the surveys provide data for confirming that radioactive-contaminated ground sites 
are posted in accordance with the requirements in WHC ( 1989) . (;:i{filijraj ~:It,$ gfoRrj§wh. J@ 

Survey results were compiled from the WF98 }!~gJi:gfi§µiH§.nt9f9 (WHC 1991a) 
and from a compilation of Z Plant radiological survey" data": Results of the radiological 
surveys are presented in Table 4-5 , and are broken down by contamination levels and dose 
rate measurements . Survey results for specific waste management units are discussed in 
Section 4.1.2. 

The radiological surveys are either performed by walking the site or utilizing vehicles 
equipped with ,B-gamma detectors (scintillation-N.I (sodium iodide) detectors). Surveys 
performed on foot report maximum general area dose rates (P-11 Probe with Geiger-Mueller 
detector or equivalent) and "direct frisk" readings within several cm of the soil surface. Few 
"smears" are taken in environmental sampling . Vehicle surveys 4)$ !mt$ ( < 10 mph) use 
detectors positioned approximately 0 .5 m (}}pit) above the ground : The presence of alpha 
contamination, when measured , is detected -~itha portable alpha meter. R~fi¢fi{U#giµfflqJijj 

&~llil!wmmitt9f Jm Ii 9~1r&!§r){IQ~Qg itimrnt ™19 iQ wrtmrYfi Beta-gamma 
contamination is measured in ct/min and converted to dis/min (10 percent counting 

4-8 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

DOE/RL-91 -58 
Draft B 

efficiency). High levels of {3 contamination are sometimes associated with a dose reading 
(mrad/hr). Alpha contamination is reported as dis/min (7 to 8 percent counting efficiency). 

m!ifffiflsii11:SBn~art9:~m.! 1:~2 :rnw:r!!ah1! 2: 
4.1.1.2.3 External Radiation Dose Rate Measurements. External (ambient) radiation 

monitoring via thermoluminescence dosimetry (TLD) are conducted during the RHO/WHE 
~iiwfgpgµl !Hlnfgr4 annual surveillance monitoring (Elder et al. 1986 through 1989' 
sd-i.m1dt"eTa.L ··1990 and 199-l-g) . The TLD surveys are completed quarterly at soil grid 
sampling locations (see Section 4.1.1.2.4 for description of grid locations) to measure dose 
rates from penetrating radiation. The TLDs measure exposure rates resulting from all types 
of external radiation, including cosmic radiation , naturally occurring radioactivity in soil and 
air, fallout from nuclear weapons testing, and contributions from Hanford Site activities . 
Within the 200 Areas, the TLDs are intended to monitor potential exposure rates near 
possible radiation sources near active and inactive waste management units , and along 
fenceline boundaries. The TLD survey data is used to determine baseline exposure potential 
for the 200 Areas , and measure dose-equivalent rates reported in millirems per year 
< mrem1 yr). wn!: rii:ln~~ !§.f; Iii w!I 1iij!p~N~ :@IUlil@§ !in tn~ ~-~iit!in pg§§rat§.ls 

Each TLD consists of three chips of calcium fluoride/manganese (Harshaw TLD 400) 
encased in an opaque capsule lined with 0.025 em of tantalum and 0.005 cm of lead. Each 
capsule is placed in a translucent, waterproof, plastic .,,ial and is mounted about I m (3 ft) 
above the ground . The TLD capsules are exchanged each calendar year. Each quarterly 
measurement is an a1,•erage of the exposure received by the three chips in the same container. 
The response of the chips is calibrated in the PNL Radiation Laboratory . 

TLD results from the RHO/WHE Y'ti~i1ngfi9µ§.i iilni§tg annual monitoring reports for 
five soil grid points within the Z Plant Aggregate Area are presented in Table 4-6 of this 
report. Results are also reported for sample locations 218-W-2A (immediately east of 218-
W-2A Burial Ground), and 216-Z-20 [location identified at 216-Z-18 Crib in 1990 annual 
report (Schmidt et al. 199+4.) (Plate 2)] . Where listed in the RHO/WHE ~~~tif(gqgµ§§ 
Jiajffqfg reports , Table 4-4'.§ includes quarterly minimum and maximum vaiues, and the 
normaT1zed annual equivalent total for each sample location . The table results are reported in 
terms of an air dose. 

For each TLD grid sample locations (except sample 2W2), average annual results 
ranged from 78 to 85 mrem/yr for each of the years 1985 through 1989 (Elder et al . 1986 
through 1989, Schmidt et al. 1990). Each of the annual monitoring reports compared these 
results against regional background levels obtained annually by PNL during Hanford Site
wide monitoring. The background levels are derived by PNL from TLD survey results 
obtained at sample locations distant from the Hanford Site (Walla Walla, McNary , 
Sunnyside, Moses Lake, Washtucna, and Yakima). Annual regional background levels 
ranged between 52 to 93 mrem/yr between 1985 and 1989 . For each of these years the 
RHO/WI-IC annual monitoring reports concluded that the 200 Areas TLD results (including 
Z Plant Aggregate Area locations listed) were "within or slightly above" the PNL 
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background values. Grid sample 2W2 had an averaged annual value of 132 mrem/yr, 
between 1985 and 1988 (analysis not completed in 1989 and 1990) above the background 
levels cited. The elevated TLD results from these sites could be indicative of sources of 
radiological contamination in surface soil or shallow-subsurface materials near these 
locations. The presence of other external radiation sources in the vicinity , such as waste 
burial containers could also potentially contribute to the elevated TLD reading for grid 
sample 2W2. In 1990 TLD sample analysis results were reported for location in the 218-W-
2A burial ground and near the head of the 216-Z-20 Crib (Schmidt et al. 199+g). Annual 
totals of 108 and 102 mrem/yr were detected at these locations, respectively . These values 
were below the maximum readings detected at PNL McNary site (108 mrem/yr) and at the 
Hanford Site Yakima barricade (112 mrem/yr) in 1989. 

4.1.1.2.4 Surface Soil Sampling. Radionuclide data from surface soil samples was 
reviewed from the RHO/WHe ~lf}pgfifµ§~l~i§.rq annual environmental surveillance 
monitoring reports for 1985 throughT989(Efrieretai . 1986 through 1989 , Schmidt et al. 
1990) . During the annual monitoring , surface soil samples are collected from points on a 
rectangular grid in the 200 Areas . The grid points are generally located close to the 
intersection of Hanford Site coordinate lines , with four of the grid points (2W2, 2W3 , 2W7 , 
2Wl 7) located within the Z Plant Aggregate Area (Plate 2). Grid sample locations 2W2 and 
2W3 are located in the 218-W-3AE and 218-W-6 Burial Grounds , respectively , in the 
northern part of the Z Plant Aggregate Area. Sample 2W7 is located along the eastern 
boundary of the 218-W-2A Burial Ground. Grid points 2W17 and 2W22 are located in the 
218-W-4C Burial Ground in the southwest part of the site. A fenceline soil sample (2WN) 
was been established along the northern fenceline of the 2 18-W-3AE Burial Ground . 

Sample 2W7 and fenceline sample location 2WN have analytical results for each of the 
years 1985 through 1989. Other Z Plant Aggregate Area samples were not analyzed for 
some of the years within this period . Discussion of rationale for which sample sites are 
selected for analysis each year, and which radiological parameters are analyzed is not 
provided in the annual reports . Each grid point sampling site is l O ffi by 10 m (p) gy 39 fl) 
in area, and each fence line sampling point is 1 m by 5 m (g\ij PY Jg I). Soil samples frorn 
each sampling site represent soil composited from five indiv1duai piugs 2 .5 cm {l1n£h) in 
depth by 10 cm (4 Jµ9g) in diameter collected over the sampling site. ~gMqftjgmi) ·· 
!!iqrffi!isftj ::rl!:lllnli1i§gmp!!n!: liii?m~h~tgf tmiID222!illi~~ ii~ PIRY}g~~ )n t;6e ~rnl+ 
f~BBmi 

The annual reports indicate that the soil sampling grid was established to evaluate 
general , long-term accumulation trends for a variety of radionuclides in site soils . Fenceline 
sample points are intended to monitor areas upwind and downwind of specifi c sources of 
potential contamination , however the 2WN fenceline location is relatively distant from 
production and processing facilities. Soil (and biota) grid point and fenceline sampling was 
discontinued in 1990, and sampling now focuses on buildings and facilities other than waste 
management units . In 1990, soil samples were collected around the main Z Plant Aggregate 
Area building complex. 
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1 Soil monitoring results from the 1985 through 1989 annual environmental surveillance 
2 reports are presented in Table 4-7. Entries in the table are average results over this period 
3 for radionuclides analyzed. The complete data set from the annual monitoring reports since 
4 1985 is provided in Table A-4 of Appendix A. Results for six of the radionuclides in Table 
5 A-4 show positive detections greater than the counting error for the Z Plant soil samples in 
6 Table A-4. These radionuclides include cesium-137, lead-214, plutonium-238, plutonium-
? 239, strontium-90, and uranium. In general, the highest average Z Plant radionuclide 
8 concentrations for cesium-137, plutonium-238, plutonium-239, and strontium-90 in soil were 
9 detected at the 2W2 sample location in the 218-W-3AE Burial Ground. Average lead-214 

10 and uranium concentrations were highest at sample locations 2W22 (218-W-4C Burial 
11 Ground) and 2W3 (218-W-6 Burial Ground). The concentrations r#:~@ip'.§~ of these 
12 parameters t4ffi.Pni#i;lH:.1~ \: inl$9.U likely reflect wind t~milm@ 'f:rqm. dlsperslon patterns of 
13 airborne radionuciidesfrom·206 Areas production and prociesslng facilities . Airborne 
14 radionuclides transported from Yµnplanned R:release locations and wind-eroded burial ground 
15 areas may also contribute to the elevated radionuclide levels in the surface soil samples. 
16 
17 In the 1989 environmental surveillance report, Schmidt et al. (1990) reported that trend 
18 analysis of radionuclide concentrations revealed no overall increase since 1978 for the 200 
19 Areas grid point soil samples. Each of the annual reports also concluded that concentrations 
20 of radionuclides other than cesium-137, strontium-90, and plutonium-239 in the grid point 
21 samples were determined to be "insignificant compared with background or with the latter 
22 radionuclides." Background concentrations cited in the annual reports were derived by 
23 RHO/WHG Y¥f~fipggpµijij]jinfpfg from off-site soil monitoring data obtained annually by 
24 PNL (Jaquish .and BryceT5i89)as part of Hanford Site-wide environmental monitoring 
25 activities. 
26 
27 Some degree of surface soil contamination is suspected in several areas around the 
28 periphery of the Z Plant building complex, as indicated by elevated plutonium concentrations 
29 in soil samples collected in 1990 ( see Section 4. 1. 2. 1.-3:g for discussion) . 
30 
31 4.1.1.3 Surface Water. No natural surface water bodies exist within the Z Plant Aggregate 
32 Area. During the 1988, 1989, and 1990 annual monitoring, however, water quality data 
33 were collected for the 216-Z-21 Seepage Basin. No detectable concentrations of 
34 radionuclides, nitrates, and other constituents were identified (Elder et al., 1989, Schmidt et 
35 al. 1990 and 199+&) . However, several ionic tides ~#W9~99~!9~ were detected in vegetation 
36 and sediment samples collected in the -S$eepage Bpasin which are discussed bett}w ip $.¢¢'t[gij 37 l il!J£{i)@. . ·.·.·. ..w ........... w w·.· 

38 
39 4.1.1.4 Biota. Radionuclide analyses were completed for vegetation samples collected from 
40 200 Area grid points inltrr~A'.Q@):i~$~w;;[~ during annual monitoring for 1985 through 1989. 
41 Average concentration·s ofrad.1onuclldes over this period are presented in Table 4-8. 
42 Analytical data from the annual reports for each of these years is provided in Table A-5 of 
43 Appendix A. The rationale for selection of sample sites and radiological parameters 
44 analyzed each year is not provided in the annual reports. 
45 
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Since 1985, each of the Z Plant Aggregate Area grid sites sampled had cesium-137 
concentrations exceeding background levels as reported in the annual monitoring reports . ?{S 
i1m11rni; m1:::!:i11:1x11~m~n1 1~11iu1s1:::r~eqm:::(~snmi1;rn1:1f: Jggg) 1121ixlt)nif 

contained plutonium-238 concentrations above the reported background level in 1985 (Elder 
et al. 1986), and ~ sample £9.n~f~qJl];§qi!µgij 2W22 had strontium-90 concentrations above 
the background level in 1988.(Efder et·a1:···T§89). Elevated cesium-137 concentrations 
detected during 1986 were attributed to the affect of the Chernobyl nuclear accident (Jaquish 
and Bryce 1989). Background concentrations cited in the annual monitoring reports were 
derived from off-site regional background data in annual PNL Hanford Site monitoring 
surveys. Other radionuclides were detected at concentrations above the counting error for 
several of the samples (notably i! 2W7 and 2Wl 7 in 1989, Schmidt et al. 1990) , but 
background comparative data were not available from the annual reports. Concentrations of 
these radionuclides (plutonium-238, and strontium-90) in grid point vegetation samples may 
be attributable to several sources. Although a radionuclides in site soils may be derived from 
windborne dispersion of material released to air from site production/processing facilities, 
radioactive fallout from nuclear weapons testing and the Chernobyl accident is also expected 
to contribute. 

During the 1989 annual enYironmental surveillance monitoring (Schmidt ct al. 1990) 
a.in aquatic vegetation sample was collected from the 216-Z-21 Seepage Basin (formerly 
207 Z Basin) (Table 4 9) . The sample contained plutonium-239 concentrations ([~gX~4.fQ) 
above background levels reported in Schmidt et al. (1990) for 1989 ($sfih1j9~~~:;1M :~gggr 
The seepage basin is an area where tumble weeds blow in from other Hanford areas and may 
be transported from areas with potential radioactivity. The tumble weeds are periodically 
cleared out for disposal. Sediment from the seepage basin was also found to contain elevated 
concentrations of several radionuclides (Schmidt et al. 1990 and 1991) during the 1989 and 
1990 annual monitoring programs (Table 4 9). 

A 1990 surface sample from the 216-Z-9 Goo it¢.figij vegetation contained detectable 
total uranium (Table 4-9). Comparative background concentrations for total uranium in 
vegetation were not reported for 1990. 

4.1.1.4.1 Other Biotic Samples. Additional biotic samples within the Z Plant 
Aggregate Area have been collected for radiological evaluation during annual surveillance 
monitoring for some years. Samples have included rabbit feces at soil grid point 2W22 in 
the 218-W-4C Burial Ground (Elder et al. 1986) , rabbit feces at the 231-Z fenceline (Elder et 
al . 1988), and mouse feces west of Z Plant (Schmidt et al. 199-1-4.), with radiologic biotic 
contamination reported in each instance. Radionuclide contaminants include cesium-137, 
europium-152, strontium-90, and plutonium. 

The source of the contaminated material identified in the rabbit feces at 2W22 is 
indeterminent, because of the mobility of the animal. The contaminated rabbit and mouse 
feces may be associated with sources within or near the main Z Plant fl:ij:J?: complex, but are 
not specifically identified in the annual environmental reports . •·••····· 
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4.1.1.5 Vadose Zone Contamination. This section presents sampling and analytical data 
applicable to vadose zone soils across the Z Plant Aggregate Area as a whole. Information 
specifically related to individual waste management units , or which applies to a group of 
units is subsequently discussed under the appropriate subheadings in the Site-Specific Data 
(Section 4.1.2) . The Vadose Zone Contamination section includes three subsections that 
describe sampling and analysis results from the Expedited Response Action (ERA) Proposal 
for the 200 West Area Carbon Tetrachloride Plume (DOE/RL 1991b). The report describes 
the extent and concentrations of carbon tetrachloride in vadose zone soils resulting from 
disposal of an estimated 363,000 to 580,000 Ii litefs (ij9.\QQgi(9 :Jqgi~ggJ). of organic and 
aqueous waste processing liquids from Z Plar-it !1!R faclllt"ies between 1955 and 1973 . 

The discussion in Subsection 4.1.1.5 . 1 summarizes information from ERA Proposal as 
it pertains to the "far field" distribution of carbon tetrachloride across the Z Plant Aggregate 
Area. Subsection 4.1 . 1.5 .2 summarizes the approach for screening and interpreting 
geophysical gamma-ray logs used to evaluate subsurface radionuclide contamination . The 
results of the log interpretations are in turn discussed in Section 4 . 1.2 for individual waste 

the potential for historical migration of wastewater from waste disposal sites to the 
unconfined aquifer. 

4.1.1.5.1 Carbon Tetrachloride Distribution. The Carbon Tetrachloride ERA 
Proposal (DOE/RL 1991b) presents information regarding carbon tetrachloride and other 
organic and inorganic chemicals , and radionuclides discharged to Z Plant pp!g cribs. Carbon 
tetrachloride waste liquids were discharged primarily to the 216-Z-lA Tile Field, 216-Z-9 
Trench, and 216-Z-18 Crib. The data from the ERA Proposal include results of soil and soil 
vapor analyses from samples collected as part of the carbon tetrachloride evaluation. 

As part of the ERA Proposal , a discussion is provided for "far field" soil vapor 
detections of carbon tetrachloride and other volatile organic compounds in boreholes more 
distant from the 216-Z-lA Tile Field, 216-Z-9 Trench , and 216-Z-18 Crib areas (Figure 4-
3) . The compounds were detected using field screening instruments in well s throughout the 
Z Plant Aggregate Area and 200 West Area drilled since 1987. Field screening was 
completed via use of photoionization detectors for wells 299-W7-7, 299-W7-8 , 299-W7-9 , 
299-W7-10 , 299-W15-19 , 299-Wl5-20, 299-Wl5-21 , 299-W15-23 , 299-Wl5-24 , and 299-
Wl5-26 located in the Z Plant Aggregate Area northern and southeastern burial ground 
areas , as seen on geologist ' s borehole logs in Goodwin and Bjornstad (1990). Follow-up 
verification of the presence of carbon tetrachloride or other organic compounds in the vapor 
samples may not have been completed since results are not reported in the sources cited . 
The wells are differentiated on Figure 4-3 with respect to whether the organic compounds 
were detected above or below the Plio-Pleistocene calcic paleosol layer. The Plio
Pleistocene layer is described in Section 3 . 1.2. Most of the reported field screening 
detections were below the calcic paleosol layer, although wells west of the 216-Z- l 8 Crib 
had detections both above and below the calcic paleosol layer. 
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The Carbon Tetrachloride ERA Proposal concludes that the vapors below the caliche 
layer are generally found in an area roughly coincident with the area underlain by carbon 
tetrachloride-affected groundwater, suggesting that these vapors may have volatilized from 
the groundwater plume. The affected groundwater extends over much of the Z Plant . 
Aggregate Area. No reports of liquid phase carbon tetrachloride encountered in the 
subsurface are known . The ERA Proposal states that the carbon tetrachloride groundwater 
data are consistent with a "point source" from the 216-Z-9 Trench. The report concludes 
that this source is possibly the result of relatively large volumes of liquid discharged to the 
crib, or liquid phase carbon tetrachloride moving downward along preferential pathways 
(e.g. , older well casings with no annular seal). 

4.1.1.5.2 Geophysical Logging. The extent of radionuclide contamination in vadose 
zone soils in the Z Plant Aggregate Area has been evaluated using borehole geophysical 
techniques. Geophysical well logging has been conducted in the Z Plant Aggregate Area 
since the late 1950s. Gross gamma-ray logs have been used since that time to evaluate 
radionuclide migration in the vadose zone beneath selected waste management un its . 
However, very little gross gamma data have been published . As part of the current report 
gamma logs were reviewed from Fecht et al. (1977) and Chamner~s et al. (1991 ). 

Table 4-10 summarizes results of the gross gamma logging by waste management uni t. 
Interpretation of the logs generally consisted of identifying zones with anomalously high 
gamma-ray counts that could be indicative of radionuclide contamination . The depths , 
thicknesses , and intensities of these zones were then compared with other historical logs from 
the same bore holes. Interpretations are complicated by the fact that logging equipment and 
procedures evolved with time. Attempts made to normalize data collected at different times 
have met with limited success (e .g. , Fecht et al. 1977) , and quantitative interpretations were 

~ ft ifil~tgg9gmgy)p£~t]J@@f: The log interpretations are discussed in detail in Appendix A. l , ancfresuits offog i.nterpret:ations for individual waste management units are also summarized 
in Section 4.1.2 . 

4.1.1.5.3 Monitoring Well Soil Sampling Results. Soil samples were collected 
during installation of nine monitoring wells in the Z Plant Aggregate Area Solid Waste Burial 
Grounds between 1987 and 1991 (Goodwin and Bjornstad 1990; and Barton et al. 1990) . 
The soil samples were analyzed for one or more of the following parameters : 

• Organic compounds 

• Inorganic anions 

• Gross alpha and beta 
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• Total organic carbon (TOC). 

Soil samples were collected from four well locations near the northern boundary of the 
Z Plant Aggregate Area (Figure 4-4:g): 

• 218-W-3AE Burial Ground wells 299-W7-7, 299-W7-8, and 299-W7-10 

• 218-W-5 Burial Ground well 299-W7-9. 

Soil samples were also collected from five well locations on the southwestern boundary 
of the Aggregate Area: 

• 299-W-4B Burial Ground wells 299-Wl5-19, 299-Wl5-20, and 299-Wl5-23 

• 218-W-4C Burial Ground wells 299-Wl5-21 and 299-Wl8-26 . 

17 Soil samples from the wells were collected at depths ranging from 1. 5 m (5 ft) to 73 m 
18 (240 ft) below ground surface. The results of these analyses are presented in Tables A-7 and 
19 A-8 in Appendix A. Only chemicals detected in one or more samples are included in these 
10 tables. The following discussion summarizes the general distribution of detected chemicals in 
11 the burial ground areas. 
22 
23 4.1.1.5.3.1 Organic and Inorganic Parameters. Levels of most inorganic anions 
24 were low or nondetectable in the eight samples in which they were measured. 
25 Concentrations of nitrate and sulfate ranged from below detection to 38.5 and 130 mg/kg , 
26 respectively. Concentrations of nitrate and sulfate did not showH an obvious distribution 

-27 pattern with depth and did not appear to be greatly elevated in any particular well. 
28 
29 Organic chemicals were analyzed for in selected samples from each well. Many of the 
30 samples were analyzed only for chloroform, carbon tetrachloride , methylene chloride, 
31 trichloroethylene, tetrachloroethylene, 1, 1, I-trichloroethane, benzene, toluene , and x ylenes. 
32 One sample (the 38 m [125 ft] sample from well 299-W-15-21) was analyzed for an 
33 extensive list of volatile organics; however, most of these were not detected and therefore 
34 have not been listed in Table A-8 . 
35 
36 Concentrations of volatile organics in samples from the northern Z Plant Aggregate 
37 Area burial grounds were generally less than 10 µg/kg or below detection limits. The 
38 highest levels of these compounds were observed in the 68 m (220 ft) sample of Well 299-
39 W7-9 and in the 64 m (210 ft) sample of Well 299-W7-8, which were taken approximately at 
40 the water table. Concentrations in shallower samples from these wells were below detection 
41 limits; thus, these results appear to indicate interception of a plume related to the underlying 
42 groundwater rather than a vadose zone source in the burial ground areas . 
43 
44 Halogenated organics were detected in many of the samples obtained from wells in the 
45 western Z Plant Aggregate Area burial grounds. Concentrations were generally much higher 
46 than in the wells north of the site , with several compounds exceeding 100 µg /kg . Chemicals 
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detected at tT.he highest concentrations At§µ~miiU$ ::4~~gt.~ were in§Jµq~g methylene 
chloride, chloroform, benzene, 1, 1-dichioroethyfene'. ' and frans-1,2~dichloroeth y lene f ht 
wells 299-Wl5-23 and 299-Wl8-26J. Carbon tetrachloride was also detected in eight of the 
burial ground wells (Table 4-12) , at concentrations up to 12 µglkg (well 299-W7-9). 
Chemicals were detected from 6.1 m (20 ft) below the surface to 93 m (240 ft) , the greatest 
depth sampled. This range of depths corresponds to detections both above and below the 
Plio-Pleistocene calcic paleosol layer. The depth zone of greatest contamination ranged from 
55 to 73 m (180 to 240 ft) below ground surface. Concentrations were generally highest at 
55 m (180 ft) and decreased with depth; however, this pattern did not hold for individual 
chemicals in some wells. Due to the low concentrations of these organics in soils above 55 
m (180 ft), it appears that these detections do not indicate a source in the immediate area of 
the well, but rather may indicate interception of an underlying plume of contamination or 
migration of vapor along the caliche layer. 

4.1.1.5.3.2 Radionuclide Parameters. Results of radiological analyses of beta and 
le-alpha activity are presented in Tables A-7 and A-8 in Appendix A. Results (pCi/G J_ 1r) 
were reported for all i\:im samples submitted from each well (Goodwin and Bjornstad 1990 
and Barton el al . 19965': · 

Each sample result is reported in pCi/g. The standard deviation (a) associated with 
each count is also included. Beta radiation ranged from 12.2 pCi/g (well 299-W7-7) to 29 . 1 
pCi/g (well 299-W7-8) , and generally showed little variation with sample depth or well 
location. $gi1jgfflp}t~f##n]+wo wells, 299-W7-7 and 299-W7-8] had !&-alpha results of 
0.171 and :f:52pci/g; respectively; otherwise le-alpha radiation i~ the burial ground wells 
§£1!IimPli ranged from 1.18 pCi/g (well 299-Wl5-23) to 15.4 pCi/g (well 299-WlS-20). fn .. generai; obvious localized sources of radiation are not indicated from the analysis results 
of the burial ground well soil samples. 

4.1.1.5.4 Potential for Migration to the Unconfined Aquifer. As discussed in 
Subsection 4.1.1.5 . 1, the Carbon Tetrachloride ERA Proposal (DOE/RL 1991 b) concluded 
that liquid disposal volumes discharged to the 216-Z-9 Trench were probably sufficient to 
have migrated to the water table. The ERA Proposal also concluded that it is uncertain 
whether liquids containing carbon tetrachloride reached the water table at the 2 l 6-Z- l A Tile 
Field or 216-Z-18 Crib. These conclusions are based on a comparison of ~he waste volumes 
discharged at each crib, with the specific retention volumes of the cribs, and with the 
estimated pore volume in the vadose zone soil column below the crib. 

Soil column pore YOlume calculations analogous to those in the Carbon +etrachloride 
ERA. Proposal were completed for this report to assess the likelihood that contaminated liquid 
wastes from the Z Plant Aggregate Area cribs and 216 Z 1 A +ile Field migrated to the 
unconfined aquifer (+able 4 11). The volume of liquid required for a 'Netting front to reach 
the ·uater table was estimated roughly from the 'n'aste management unit dimensions, soil 
porosity, and soil moisture content. Calculated soil pore volumes for each of the waste 
management units that received large volumes of liquids and the total volume of liquid waste 
disposed of to these units are presented in Table 4 11. \\'aste management units that 
received a volume of liquid 1waste substantially less than the pore volume are unlikely to have 
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ha:d the liquid reach the water ta:ble. For the 216 Z 1 A Tile Field, where iAfiltrntioA took 
place prirna:rily beneath the distribution piping, the effective infiltratioA area may· be smeller 
thB:fl the area of the waste mB:fla:gemeAt unit, 8:fld the use of the total area may overestimate 
the aYailable pore Yolume. SiAce the pore volume calculatioA is based OA historical 
discharges to liquid waste sites, a:dditioAal potential driviAg forces such as recharge from 
preeipita:tion are not considered. A discussion of Aatural recharge rates, ineludiAg results of 
HB:flford Site lysimeter studies is preseAted in Section 3.5. 

Results of the ca:lcula:tions for the 216 Z 1 A Tile Field, 216 Z 9 TreAch, a:Ad 216 Z 18 
Crib waste rnB:fla:gerncAt units are similar to results for these units discussed iA the CarboA 
Tetrachloride ERA Proposal (DOE/RL 1991b). The results indicate that poteAtial for liquids 
to hai.•e reached the 'Nater table beneath the 216 Z 9 Trench is high, but low for the 216 Z 
lA Tile Field. The results from Table 4 11 a:lso indicate that migrntioA of liquid wastes 
from the 216 Z 3, 216 Z 5, 216 Z 7, 216 Z 12 , 216 Z 16 Cribs, 216 Z 17 Trench, and the 
216 Z 10 Reverse Well to the water table is suspected . The letter conclusion is primarily 
due to the 't't'aste "'olumes disposed of at these locations. 
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This section presents i~!ir!BU1i sampling and analysis data, and waste inventory 
information regarding possible releases for individual Z Plant Aggregate Area waste 
management units. The information presented was obtained from reference documents 
reviewed for the current report. For many of the waste management units the information is 
limited, and the lack of more comprehensive information may constitute significant "data 
gaps." Issues related to data gaps are discussed in more detail in Section 8.0 of this report . 

The waste management units discussed in this section are presented in the same general 
groupings as described in Section 2 .0 . These groupings are useful because structurally 
similar units tend to have similar types of available data. Since each of the Unplanned 
Releases in the 2 Plant Aggregate Area is associated with a specific waste management unit , 
Unplanned Release data are included in the waste management unit discussions as applicable. 
Locations of the waste management units and B pnplanned Rj eleases are identified on Figures 
2-2 through 2-4 and 2-7 through 2- 13 in Section 2 .0 . 

4.1.2.1 Plants, Buildings, and Storage Areas. Plant, building, and storage area waste 
management units at the Z Plant Aggregate Area include the 232-Z Incinerator;, the 234 52 
Hazardous 'Naste Staging Area (HWSA), the RMW Storage Facility , and the (proposed) 
Waste Rccch1ing and Processing Plant (\¥RAP). Also, the main 2 Plant g~:;g HtJuilding 
complex (consisting of the 234-5Z, 236-Z, 242-Z, 291-Z, 2736-Z, and 2736~ZB Buildings) is 
included because of several .Yynplanned RJ eleases in the vicinity , and 1990 soil sampling 
data from this area. 

4.1.2.1.1 232-Z Incinerator. The 232-Z Incinerator was used to incinerate plutonium
contaminated wastes, and fallout from stack releases may have contributed to elevated 
plutonium concentrations in Z Plant Aggregate Area surficial soils . Low levels of alpha 
radiation have been reported in surface radiological surveys, but the area is listed as 
stabilized. 

4.1.2.1.2 234 SZ HWSA, R..',f'A' Storage Facility , and \VRAP Faeilit)'· No releases 
were reported at the 234 52 H\1/SA or at the R!',,4W Storage Facility in the documents 
reviewed. The WRAP facility is currently a proposed RCRA TSD facility, and therefore 
there arc no associated releases. Information regarding soil and other potcntiall)' affected 
media associated with the 234 52 HWSA and the RMW Storage Facility .. vere not found in 
the documents reviewed . 

4.1.2.1.JJ Main Z Plant Building Complex. Several Uµnplanned R:feleases 
(U§PR-200-w:23 , UN-200-W-89, UN-200-W-90 , UN-200-W-9!, and lf:N-P-R-200-W-103 ; 
Table 2-5) are associated with the Main Z Plant Building Complex. In 1990, 22 soil samples 
were collected at locations adjacent to the main Z Plant building complex for cesium-137 and 
plutonium analysis (Plate 2). The soil samples were collected as part of annual monitoring 
activities at the Hanford Site (Schmidt et al. 199+@). Detectable cesium-137 concentrations 
were noted in 10 of the samples along the building complex perimeter fence and adjacent to 
the plant buildings (Table A-6). Plutonium was detected in 15 of the samples , primarily at 
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1 locations north of the 234-5Z Building. Additional information regarding soil sampling 
2 rationale, methods, and comparisons to regional background levels was not provided in the 
3 1990 WHG l:i~qpijn§~l:lltqtg monitoring report (Schmidt et al. 199+g). 
4 
5 4.1.2.2 Tanks and Vaults. Z Plant Aggregate Area tanks include the 216-Z-8 Settling 
6 Tank, the 241-Z-361 Settling Tank, and the 241~Z-Treatment Tank. No vault structures 
7 were identified in the Z Plant Aggregate Area. No specific sampling and analysis 
8 information regarding soil and other potentially affected media associated with the 216-Z-8 
9 Settling Tank, the 241 -Z-361 Settling Tank, and the 241-Z- Treatment Tank were found in 

10 the documents reviewed. 
11 
12 4.1.2.2.1 216-Z-8 and 241-Z-361 Settling Tanks. The 216-Z-8 Settling Tank received 
13 liquid waste from the RECUPLEX facility from 1955 to 1962. The process waste stream 
14 overflowed from the 216-Z-8 Settling Tank into the 216-Z-8 French Drain , where the waste 
15 was disposed of to the soil column. The 241-Z-361 Settling Tank received plutonium and 
16 other wastes routed to crib disposal sites and the 216-Z-lA Tile Field . No documented 
17 releases from either tank were identified in the references reviewed. No monitoring wells 
18 were identified near the tanks. Therefore, no geophysical logging data were located for these 
19 facilities. 
20 
21 4.1.2.2.2 241-Z Treatment Tank. The 241-Z Treatment Tank is a RCRA TSD 
22 facility located inside the 241-Z Building . The D 6 taHk, adjacent to the 241 Z Treatment 
23 Tank failed and was taken out of service. Three .Yµnplanned Rreleases, YPR;.'Qf:9-200-W-74 , 
24 UN-200-W-79$, and YPR)r'.N-200-W-7.§Q (described in Table 2~~6) are associated with this 
25 area. These Ypnplanned Rfeleases are b1own to have released ra'dionuclides to the 
26 environment. However, no specific sampling data were identified . 
27 
28 4.1.2.3 Cribs and Drains. Z Plant Aggregate Area waste management units in this 
29 category include the 216-Z-l, 216-Z-2, 216-Z-3, 216-Z-5 , 216-Z-6, 216-Z-7 , 216-Z-12 , 216-
30 Z-16, and 216-Z-18 Cribs; the 216-Z-8, 216-Z-13, 216-Z-14, and 216-Z-15 French Drains ; 
31 and the 216-Z-lA Tile Field. 
32 
33 Information available for Z Plant Aggregate Area Cribs , the 216-Z-8 French Drain , 
34 and the 216-Z-lA Tile Field includes radionuclide sampling and analyses for waste materials 
35 contained in the crib structures and subsurface soils, soil and soil vapor analyses for vadose 
36 zone soils, and surface radiological surveys. Due to their historical use for disposal of 
37 carbon tetrachloride, the potential for emission of volatile organic compounds to air exists for 
38 some of the facilities @~mffi~µ~g¢.cm~~[i.mi.t§, notably the 216-Z-lA Tile Field and the 216-
39 Z-18 Crib. Waste inventory Tnformit1on also indicates the presence of known or suspected 
40 vadose zone contamination at virtually all of the crib and tile field locations. The potential 
41 for migration of waste liquids from the crib structures to the underlying unconfined aquifer is 
42 discussed in Section 4 .1.1. 5. 3. 
43 
44 4.1.2.3.1 216-Z-1, 216-Z-2, and 216-Z-3 Cribs. The 216-Z-l , 216-Z-2 , and 216-Z-3 
45 Cribs are located within the overall structure of the 216-Z-lA Tile Field , near its north end . 
46 Several monitoring wells are located around the 216-Z-l and 216-Z-2 Cribs. A review of 
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available gamma scintillation logs revealed elevated gamma response, potentially indicating 
the presence of radionuclides, between depths of 7 and 21 m ll2i!q 92 it) beneath oot-h mt 
cribs (Table 4-10). Two monitoring wells (299-W 18-67 and 299-W 18-68) located inside the 
216-Z-3 Crib have not been logged using gamma scintillation equipment. Only natural 
gamma response has been observed in monitoring well 299-W 18-88 which is located 
southeast of the 216-Z-3 Crib (Table 4-10). 

Elevated alpha radiation (15,000 dis/min) and smearable alpha radiation (1,500 dis/min) 
were detected in a 1989 surface radiation survey at the 216-Z-1 and 216-Z-2 Cribs. 

Based on this information, near-surface and deeper vadose zone soil radionuclide 
contamination is suspected for the 216-Z-1, 216-Z-2, and 216-Z-3 Cribs. 

4.1.2.3.2 216-Z-5, 216-Z-6, and 216-Z-7 Cribs. The 216-Z-5, 216-Z-6, and 216-Z-7 
Cribs received radionuclide and chemical wastes (mainly inorganic) received from the 231-Z 
Building. A high cave-in potential was reported for the 216-Z-5] aoo 216-Z-6~ ajl~4l9.HtP7 
Cribs in the WIDs (WHC 1990a). No specific chemical sampling data was identified for 
these cribs. A review of available gamma scintillation logs (summarized in Table 4-10) 
revealed elevated gamma response, possibly indicative of radionuclide contamination, 
between depths of 30 and 40 m (9$J§]lg,J:J1) below ground surface (above the water table), 
and from 50 to 63 m £1 q!f }94-QJftf(bdow ·the water table) in well 299-WlS-l which is 
located on the east side of the 2T6:z_5 Crib. Elevated gamma response was also observed 
between depths of 8 and 23 m {4gfil\iq]7$#11 in well 299-W15-212 which is located 
approximately 100 m {?#~ft) northoTihe2i6-Z-5 Crib. The source of this gamma activity is unknown. ·· ··· · · ·· 

Elevated gamma response was also observed in several wells completed in and around 
the 216-Z-7 Crib between depths of 7 and 46 m tg$.!Jq]$Vft) and below the water table 
(between depths of 45 and 100 m £14~ :gljg'@pi jjf No weffs monitor conditions in the 216-
Z-6 Crib. Based on this informatfon ; near~surlace and deeper vadose zone soil 
contamination is suspected for the 216-Z-5 and 216-Z-7 Cribs. 

No detectable surface radiation was measured at these cribs during 1991 radiological 
surveys. 

4.1.2.3.3 216-Z-12 Crib. The 216-Z-12 Crib received PFP liquid process waste and 
analytical development laboratory waste from the 234-5Z Building (via the 24 l-Z-361 
Settling Tank and the 241-Z Diversion Box No. 2). Crib wastes included high-salt liquids 
containing plutonium which were adjusted to a pH of 8 to 10 prior to disposal . No specific 
chemical sampling data was identified for this crib. A review of available gamma 
scintillation logs (summarized in Table 4-10) revealed elevated gamma response, possibly 
indicative of radionuclide contamination , between depths of 5 and 10 m (lp ~tjg 3.13 ij) below 
ground surface in several wells inside the crib . Radionuclide and inorganics contamination in 
near-surface and possibly deeper vadose zone soils from these materials is therefore 
suspected. 
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1 No detectable surface radiation was measured at the 216-Z-12 Crib during a 1991 
2 radiological survey. 
3 
4 4.1.2.3.4 216-Z-16 Crib. The 216-Z-16 Crib received neutral/basic wastes containing 
5 plutonium from the 231-Z Building laboratory. Gamma scintillation logging indicated only 
6 natural gamma response (Table 4-10) in two monitoring wells located on the south and north 
7 margins of the crib (wells 299-Wl5-10 and 299-Wl5-11, respectively). While vadose zone 
8 contamination is suspected at the site qgp due to historic liquid waste disposal practices, the 
9 areal extent of contamination appears .fo .. be limited to the crib boundaries . 

10 
11 No detectable surface radiation was measured at the 216-Z-16 Crib during a 1991 
12 radiological survey. 
13 
14 4.1.2.3.5 216-Z-18 Crib. Along with the 216-Z-9 Trench and the 216-Z-l A Tile 
15 Field, the 216-Z-18 Crib received quantities of carbon tetrachloride and other organic 
16 radioactive wastes from plutonium processing activities. As discussed in Subsection 
17 4.1.1.5 .1, the distribution of carbon tetrachloride in vadose zone soils (and groundwater) in 
18 the vicinity of these disposal units, and area-wide ("far field") extent was the subject of the 
19 ERA Proposal for the 200 West Area Carbon Tetrachloride Plume (DOE/RL 1991b). 
20 
21 With specific reference to the 216-Z-18 Crib, the ERA Proposal reported carbon 
22 tetrachloride detections in down-hole soil vapor samples from vadose zone boreholes and 
23 groundwater monitoring wells within and adjacent to the crib structure. The locations of 
24 these borehole/well explorations, and similar explorations for monitoring carbon tetrachloride 
25 vapor concentrations near the 216-Z-lA Tile Field and 216-Z-9 Trench are shown on Figure 
26 4-4. The figure refers generically to all the explorations as "wells." The maximum carbon 
27 tetrachloride concentrations in the down-hole vapor samples from the 216-Z- l 8 Crib wells 
28 was 140 parts per million (ppm volum~ ;wpniy). The ERA Proposal concluded that carbon 
29 tetrachloride is present in the vicinity of these structures at depths ranging from 24 to 63 m 
30 Ii~ ~§:::IQ] :::[() below ground surface. 
31 
32 A review of available gamma scintillation logs (summarized in Table 4-10) revealed 
33 elevated gamma response, possibly indicative of radionuclide contamination , between depths 
34 of 6 and 18 m (; Q grj4. gQift) below ground surface in several wells inside and up to IO m 
35 (Jl]f.t). south ofthe cnb. Radionuclide and inorganics contamination in near-surface and 
36 po.ssibly deeper vadose zone soils from waste materials disposed to this unit is therefore 
37 suspected. 
38 
39 No detectable surface radiation was measured at the 216-Z-18 Crib during a 1991 
40 radiological survey. 
41 
42 4.1.2.3.6 216-Z-8 French Drain. Contamination from radionuclides and organic 
43 compounds is suspected in vadose zone soils at the 216-Z-8 French Drain, due to overflow of 
44 liquid wastes from the 216-Z-8 Settling Tank. A characterization study was previously 
45 conducted to evaluate the distribution of radionuclides in soil beneath the 216-Z-8 French 
46 Drain and to investigate a suspected leak in the 216-Z-8 Settling Tank. One well was drilled 
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lm (3 ft) south of the drain, and radiological and geological analyses were performed. The 
highest plutonium-239 concentration observed in §.9Y.iffi.Pl~§@'.U~t~g\tmm the well was 
4 .62 nCi/g and occurred at a depth of 7.6 m (25 ft}: The studYestimated that approximately · 
4 to 5 cubic meters ffl~::::~~:§Qi:fl~~ of sediments with concentrations greater than 10 mCi/g lay 
beneath the 216-Z-8 French Drain . Four monitoring wells (299-W15-202, 299-Wl5-213 , 
299-Wl5-214, and 299-W15-215) were identified around the perimeter of the Ffrench Hqrain 
but have not been logged using gamma scintillation equipment. This may be because the 
grout seals installed in these (relatively new) wells inhibits gamma scintillation counting. 

No detectable radiation was measured at the 216-Z-8 French Drain during a 1991 
surface radiological survey. 

4.1.2.3.7 216-Z-13, 216-Z-14, and 216-Z-15 French Drains. The 216-Z-13, 
216-Z-14 , and 216-Z-15 French Drains are active non-contact wastewater management units 
next to the 291-Z Building. Although no releases were reported for these units in the 
documents reviewed, trace beta activity has been reported for the 216-Z- 14 French Drain . 
Also, previous reports indicate that low level contamination can be assumed due to accidents 
or unusual events in the process areas . The contamination would be expected to affect 
vadose zone soils . No gamma scintillation logging wells were identified near these facilities 
(Table 4-10) . 

No detectable surface radiation was measured near the French Drains during a 1991 
radiological survey . 

4.1.2.3.8 216-Z-lA Tile Field. Like the 216-Z-18 Crib (Section 4.1.2 .3 .5) , the 
216-Z-lA Tile Field received quantities of carbon tetrachloride and other liquid wastes . The 
tile field was a key waste management unit considered in the Carbon Tetrachloride ERA 
Proposal (DOE/RL 1991b) as discussed in Soosections 4. 1.1.5 .2 . and 4 . 1.2 .3.5 . During 
down-hole vapor sampling conducted at the tile field for the ERA Proposal , the maximum 
carbon tetrachloride concentration detected was 16.2 ppmv. As part of the ERA Proposal 
work, the tile field was also the subject of a soil vapor extraction system characterization 
test. Down-hole soil samples were collected during the test , and indicated that carbon 
tetrachloride at concentrations of up to 89 ppm has migrated to depths of at least 40 m (U~f 
ff) beneath the 216-Z-lA Tile Field . During the test, chloroform was also detected in vapor 
samples, but at concentrations below the 5 to 10 ppm range of analytical quantitation limits 
cited in the ERA Proposal. According to the ERA Proposal , analyses also indicated the 
presence of 2-butanone at concentrations up to 148 ppm , but may be attributable to alcohol 
used in the analytical method , since 2-butanone was found in the analysis blank sample. 
Vapor samples from wells near the 216-Z- l 8 Crib and the 216-Z-9 Trench were not analyzed 
for volatile compounds other than carbon tetrachloride. Interpretation of the data from the 
ERA Proposal, and discussion of the extent of carbon tetrachloride in Z Plant Aggregate 
Area soils is provided in the Vadose Zone Contamination section (4.1.1.5) , and in the 
216-Z-8 Crib section (4.1.2.3 .5) . 

Price et al . (1979) investigated the distribution of plutonium and americium in soil in 
the vicinity of the 216-Z-lA Tile Field. During the investigation , 16 wells or vadose zone 
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soil borings were installed to evaluate the lateral and vertical extent of contamination (Figure 
4-5). The authors drew the following conclusions: 

• The distribution of plutonium and americium beneath the tile field are similar. 
The highest measured concentration of plutonium (about 4 x 104 nCi/g) and 
americium (about 2.5 x 103 nCi/g) occurs in sediments located immediately 
beneath the central distributor pipe. 

• The concentration of plutonium and americium in sediments generally decreases 
with depth below the bottom of the tile field. An increase in concentration with 
depth was generally associated with an increase in the silt content of the 
sediments or with contacts between sedimentary units. 

• The bulk of the actinide contamination appears to be contained within the first 15 
m (48 ft) of sediments beneath the bottom of the 216-Z-lA Tile Field. The 
maximum vertical penetration of the plutonium and americium contamination 
(defined by the 10·2 nCi/g isopleth) is approximately 30 m (98 ft) below the 
bottom of the facility, or about 30 m (98 ft) above the water table. 

• The distribution of activity in vadose zone wells around the perimeter of the 216-
Z-lA Tile Field is discontinuous with depth. The waste appears to have been 
released to the ground within a few meters of the central distributor pipe and then 
spread laterally along contacts between dissimilar soil horizons . The lateral 
spread was limited to within a 10 m (30 ft) wide zone around the perimeter of the 
tile field. 

A review of available gamma scintillation logs revealed elevated gamma response , 
possibly indicative of radionuclide contamination , from near ground surface to a maximum 
depth of 30 m (i~itf) below ground surface in several wells inside the crib (Table 4-10) . 
However, elevated gamma scintillation readings were not observed outside the tile field . In 
conclusion , radionuclide and inorganics contamination in near-surface and deeper vadose 
zone soils due to historic waste disposal practices is known to have occurred at this site. 

In a 1989 radiological surface survey , detectable radiation (10 ,000 dis/min) , and 
smearable alpha radiation (500 dis/min) were detected near the tile field . 

4.1.2.4 Reverse Wells. Reverse wells at the Z Plant Aggregate Area include only the 216-
Z-10 Reverse Well, an inactive underground injection well for waste liquids. The well was 
completed to a depth of 46 m (150 ft) , providing a deeper migration conduit for both 
chemical and radiological contaminants into the vadose zone. At this location the 
groundwater table is present at about 63 m (205 ft) below ground surface. As discussed in 
Subsection 4.1.1.5.3 migration of these waste liquids (and possibly entrained contaminants) is 
likely at this location due to the volume of liquid injected. 
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No specific chemical sampling data was identified for the 216-Z-10 Reverse Well. 
Several monitoring wells are located near the reverse well but have not been logged using 
gamma scintillation equipment (Table 4-10). 

4.1.2.5 Ponds, Ditches, and Trenches. This category of waste management units includes 
the 216-Z-4 Trench, the 216-Z-9 Trench, and the 216-Z- l 7 Trench at the Z Plant Aggregate 
Area. As discussed in Section 2.0, 1uastewater conveyance ditches associated 1,vith the 
former 216 Z 1/216 Z 19 Ditch system are discussed in the U Plant AAMSR (DOE/RL 
1992). There are no ponds located within the Z Plant Aggregate Area. 

4.1.2.5.1 216-Z-4 Trench. The 216-Z-4 Trench received liquid laboratory waste 
from the 231-Z Building during one month in 1945. The wastes were neutral/basic and 
contained plutonium. No specific chemical sampling data was identified for the 216-Z-4 
Trench. No monitoring wells were identified near the 216-Z-4 Trench. Due to information 
found regarding historic waste disposal practices, radionuclide and chemical contamination is 
suspected in vadose zone soils at this location . 

4.1.2.5.2 216-Z-9 Trench. The 216-Z-9 Trench received liquid waste containing 
carbon tetrachloride and transuranic IDR:M wastes from the RECUPLEX facility in the 234-52 
Building. As for the 216-Z-18 Crib and the 216-Z-lA Tile Field , carbon tetrachloride was 
reportedly detected in down-hole soil vapor samples collected from wells within and adjacent 
to the 216-Z-9 Trench (DOE/RL 1991b). The maximum carbon tetrachloride concentration 
detected during the field program was 106 ppmv. Interpretation of the data from the ERA 
Proposal, and discussion of the extent of carbon tetrachloride in Z Plant Aggregate Area soils 
are provided in the Vadose Zone Contamination section (4 . 1.1.5) , and in the 216-Z- 18 Crib 
section (4 . 1.2 .3.5) . 

Within the 216-Z-9 Trench, soil samples were collected in I 959 , 1961 , and 1963 , to 
evaluate concentrations and distribution of plutonium within the waste unit so that the service 
life of the trench could be safely extended. Plutonium concentrations of up to 34 .5 grams 
plutonium per liter (gPu/L) of soil were measured in the 1963 samples from the upper O to 
0 . 15 m (-½ Qjgp~g ft) of soil beneath the trench floor. Additional samples collected in 1973 
(Smith 1973)confirmed the presence of elevated concentrations of plutonium in the trench . 
Samples collected in 1973 from a depth of 2.4 m (7.9 ft) contained plutonium concentrations 
of 0.30 gPu/L of soil, and americium concentrations of 200 to 500 pCi/L of soil. The trench 
bottom soil was subsequently sprayed with a cadmium nitrate solution to reduce the potential 
for a criticality event. The upper 30 cm (0.98 ft 14!999.) of soil were then excavated in 
1978 to reduce the risk of environmental contamination (Ludowise 1978) and the soil was 
placed in drum containers for disposal . 

A number of monitoring wells have been completed near the 216-Z-9 Trench . A 
review of available gamma scintillation logs indicated elevated gamma response, potentially 
indicative of radionuclide contamination at several locations 10 to 20 m (qqJQ!g§fQ from the 
+:trench, but generally natural gamma response in wells near the cf![ench (Table 4-10) . For 
example, elevated gamma response has been observed in well 299-\V 15-6, 20 m (§§ {¢) 
northeast of the + f,rench , between depths of 1 and 9 m [j~:lsI!!i?I!m. Elevated · gamma 
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1 response has also been observed between depths of 15 and 38 m in wells 299-Wl5-8 and 
2 299-Wl5-86 which are located approximately 10 m south and southwest of the +french, 
3 respectively. 
·4 
5 No detectable radiation -was measured at the 216-Z-9 Trench during a 1991 surface 
6 radiological survey . 
7 
8 4.1.2.5.3 216-Z-17 Trench. The 216-Z-17 Trench received laboratory wastes from 
9 the 231-Z Building during 1967 and 1968. Like the 216-Z-4 Trench, waste liquids disposed 

10 of in the 216-Z-17 Trench were neutral/basic and contained plutonium. A field radiation 
11 survey in the 216-Z-17 Trench before backfilling in 1975 indicated 2,000 dis/min of alpha 
12 radioactivity. No specific chemical sampling data was identified for the 216-Z-17 Trench. 
13 One monitoring well, 299-W15-204, was identified on the west side of the trench . However, 
14 the well has not been logged using gamma scintillation equipment (Table 4-10) . 
15 
16 Due to available information regarding historic waste disposal practices, radionuclide 
17 and chemical contamination is suspected in vadose zone soils at this location. 
18 
19 A surface radiological survey completed in 1991 did not measure detectable radiation. 
20 
21 4.1.2.6 Septic Tanks and Associated Drain £:Fields. This category of waste management 
22 units includes the 2607-Z, 2607-Z-1 , 2607-WA i 2607-WB, and 2607-W-8 Septic Tank and 
23 Drain tpields. No specific chemical sampling data was identified for the septic tanks. These 
24 units are reported as having received sanitary wastes only . Radiological and chemical 
25 contaminants from Z Plant processing facilities are therefore not suspected at these locations. 
26 
27 
28 4.1.2.7 Transfer Facilities, Diversion Boxes, and Pipelines. As shown on Figure 2-10, a 
29 number of pipelines and three includes three transfer facilities were identified in the Z Plant 
30 Aggregate Area: 
31 
32 • 241-Z Diversion Box No. 
33 • 241-Z Diversion Box No. 2 
34 • 231-Z-151 Sump. 
35 
36 4.1.2.7.1 241-Z Diversion Boxes No. 1 and No. 2. Diversion Box No . I controlled 
37 the flow of liquid wastes at the piping junction to the 216-Z-lA Tile Field, 216-Z-l Crib , 
38 216-Z-2 Crib, 216-Z-3 Crib, and the 216-Zf 12 Crib. Similarly, Diversion Box No. 2 was 
39 located north of the 216-Z-12 Crib and controlled flow of wastes to that crib . No specific 
40 chemical sampling data was identified for the diversion boxes. One monitoring well , 
41 299-W18-156 is located near Diversion Box No. 2, but has not been logged using gamma 
42 scintillation detection equipment. No releases were reported at the locations of these 
43 structures in the documents reviewed. 
44 
45 Available information regarding historic use of these facilities suggests that 
46 radionuclide and chemical contamination are possible in vadose zone soils at this location . 
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4.1.2.7.2 231-Z-151 Sump. The 231-Z-151 Sump controlled flow of waste liquids 
from the 231-Z Building to the 216-Z-5 Crib, 216-Z-6 Crib, 216-Z-7 Crib , 216-Z-16 Crib , 
216-Z-16 Crib, 216-Zt lO Reverse Well, and 216-Z-4 Trench, and 216-Z- 17 Trench . 
Unplanned Release UN-200-W-130 was identified near the diversion box and involved a 
leaking waste line from the 231-Z Building. 

No specific chemical sampling data were identified for the 23 l-Z-151 Sump. No 
monitoring wells were identified near the sump. 

Based on available information regarding historic use of this facility and the 
information regarding a nearby Yµnplanned Rfelease, radionuclide and chemical 
contamination is suspected in vadose zone soils at this location . 

4.1.2.8 Basins. Two basins , the 207-Z Retention Basin and the 216-Z-21 Seepage Basin , 
are located in the Z Plant Aggregate Area. 

4.1.2.8.1 207-Z Retention Basin. The 207-Z Retention Basin is a concrete structure 
which received potentially contaminated liquid waste from the 234-52 Building prior to 
discharge to the 216-Z-l(D)/Z-11 Ditch system. No releases were reported at this locations 
in the documents reviewed. 

No specific chemical sampling data were identified for the 207-Z Retention Basin . No 
monitoring wells were identified near the Bgasin . 

4.1.2.8.2 216-Z-21 Seepage Basin. The 216-Z-21 Seepage Basin currently receives 
non-contact discharge water from the 234-52 HVAC system and storm water runoff. As 
discussed in Section 4.1 .1.4 , aquatic vegetation and sediment samples collected from the 
seepage basin as part of annual Hanford Site environmental surveillance monitoring contained 
elevated concentrations of plutonium-239 and other radionuclides (Table 4-9) (Schmidt et al. 
1990 and 199-l-l ) . Also beta radioactivity (5 ,000 ct/min) was detected in a tumbleweed 
during a 1989 surface radiological survey. Tumbleweeds blow into the seepage basin from 
outside sources and are periodically removed for disposal . No radionuclides, nitrates , or 
other constituents were detected in water samples collected from the seepage basin during 

<11.1~~-~ __ f1!?.~!~?.~~& .t?r. .. 1.?~~•-__ 19.~?, __ ~~---~-?99: .... il!min;:1r:§i ~n~ ~iRi&~ 2e~ln &1:e~ 1~2. 

One monitoring well , 299-W15-208, has been completed inside the 216-Z-21 Seepage 
Basin. However, the well has not been logged using gamma scintillation equipment, possibly 
due to expected attenuation in the grout seal in this well . 

4.1.2.9 Burial Sites. Solid Waste Burial Grounds 218-W-l, 218-W-lA , 218-W-2, 
218-W-2A, 218-W-3 , 218-W-3A, 218-W-3AE, 218-W-4A, 218-W-4B, 218-W-4C, 218-W-5 , 
218-W-6, 218-W-11, and the Z Plant Burn Pit are located in the Z Plant Aggregate Area. 
Section 2.9 presents information identified regarding waste materials disposed to the burial 
sites. Figure 2-12 shows the locations of the burial sites . Soil chemical testing data were 
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collected during the LL WMA groundwater monitoring well installation programs between 
1987 and 1990 (Goodwin and Bjornstad 1990; and Barton et al. 1990). Additional data is 
presented in the Z Plant Geologic and Geophysics Data Package for the 200 Aggregate Area 
Management Study (Chamness et al. 1991). 

Additional analytical data from the Z Plant Aggregate Area burial grounds include 
results of air, TLD, surface soil, and vegetation sampling during annual environmental 
monitoring. These data are presented in Section 4 .1.1. As discussed in that section, the 
information is in general, more indicative of area-wide trends in contamination from ongoing 
production and process operations in the 200 Areas, than it is indicative of localized releases 
from burial site sources. Results of airborne radiological surveys, and generalized areas of 
surface/subsurface radiological contamination and posting for the burial grounds were also 
discussed in Section 4. 1. 1. 

The solid waste burial grounds are the locations of many of the B pnplanned R:feleases 
of radioactive materials described in Section 2 .3.10. Residual surface contamination may be 
present at locations of B µnplanned R-feleases, particularly where remedial efforts involved 
flushing affected areas with water. Potential for deeper vadose zone or groundwater 
contamination is low, and is dependent upon a consistent driving force such as natural 
groundwater recharge via precipitation to promote migration. Issues associated with natural 
recharge are discussed in Section 3. 5. 

4.1.2.9.1 218-W-1 Burial Ground. The 218-W-1 Burial Ground is an inactive solid 
waste disposal facility which received transuranic/mixed solid waste from 1944 to 1953. 
'.fwe Wtir~ Bµnplanned Rreleases, UN-200-W-1 t; WRRt~OOfN:YiS!4; and UPR-200-W-134, 
are associated with the 218-W-l Burial Ground. Afireintheburial ground in 1952 released 
plutonium and likely resulted in surface soil contamination at the burial ground and adjacent 
areas via wind dispersion . No monitoring wells are associated with the burial ground. 

During a 1991 surface radiological survey, 15,000 dis/ min of beta radiation was 
measured at a "small topsoil hot spot" in the 218-W-l burial ground (Table 4-5). 

4.1.2.9.2 218-W-lA Burial Ground. The 218-W-lA Burial Ground is an inactive 
solid waste disposal facility which received miscellaneous industrial dry waste from 1944 to 

~i~:w-~ ~:~~~:~~~I.eases m~ltf~tift~?§ are associated with ggc.µ%~µ\ih the 

No detectable surface radiation was reported in the 218-W-lA Burial Ground during a 
1991 radiological survey. 

4.1.2.9.3 218-W-2 Burial Ground. The 218-W-2 Burial Ground is an inactive solid 
waste disposal facility which received miscellaneous unsegregated dry waste from 1953 to 
1956. No Bjnplanned Rpeleases are associated with the 218-W-2 Burial Ground . No 
monitoring wells are associated with the burial ground. 
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During a 1991 surface radiological survey, 15,000 dis/min of beta radiation was 
measured at a "small hot spot" in the 218-W-2 burial ground (Table 4-5) . 

4.1.2.9.4 218-W-2A Burial Ground. The 218-W-2A Burial Ground is an inactive 
solid waste disposal facility which received low level and mixed solid waste from 1954 to 
1985. One Y:µnplanned Rfelease, UPR-200-W-45, is associated with the 218-W-2A Burial 
Ground. The ·collapse of i burial box in 1957 dispersed transuranic glgµf radionuclides over 
7,:g,Q!ip/~ffi#~ij/{l ,800 acres} near the burial ground. No monitoring weffs are associated with 
ihe-·hunalground. • 

During a 1991 surface radiological survey, 15,000 dis/min of beta radiation was 
measured at the 218-W-2A burial ground (Table 4-5) . 

4.1.2.9.5 218-W-3 Burial Ground. The 218-W-3 Burial Ground is an inactive solid 
waste disposal facility which received transuranic +B.:§/mixed solid waste from 1957 to 1960 
or 1961 . No Yµnplanned Rieleases are associated with this unit. No monitoring wells were 
associated this waste management unit. 

No detectable surface radiation was reported in the 218-W-3 Burial Ground during a 
1991 radiological survey. 

4.1.2.9.6 218-W-3A Burial Ground. The 218-W-3A Burial Ground is active solid 
waste disposal facility which began receiving transuranic Js:;B[~{i mixed solid waste in 1971. 
~fo Unplanned Releases are associated with this unit. Three wells potentially monitor 
conditions in this waste management unit. Gamma scintillation logging performed in 1987 
indicated only natural gamma response. ffflPlinv~g Ri1.~i§'.~J;iJl&i%QQtMtf+$'~}tvhiqp 

During a 1991 surface radiological survey, 40,000 dis/min of beta radiation was 
measured over a 1 ~ gy, 1 m (l :f}(g\f:f) area in the 218-W-3A Burial Ground (Table 4-5) . 

4.1.2.9.7 218-W-3AE Burial Ground. The 218-W-3AE Burial Ground is an active 
solid waste disposal facility which began receiving mixed solid waste in 1982 . No 
-Uµnplanned R-feleases are associated with this unit. Seven wells potentially monitor 
conditions in this waste management unit. Gamma scintillation logging performed in 
different monitoring wells in 1987, 1989, and 1990 indicated only natural gamma response. 

4.1.2.9.8 218-W-4A Burial Ground. The 218-W-4A Burial Ground is an inactive 
solid waste disposal facility which received transuranic/mixed waste from 1958 to 1968. 
Four Bµ'nplanned Rfeleases, UPR-200-W-16, UPR-200-W-26, UPR-200-W-53, and UPR-
200-W-72, are associated with the 218-W-4A Burial Ground. As described in Table 2-89., 
the -Uµnplanned Rfeleases resulted in plutonium and ruthenium contamination of surface soils 
within and outside the burial ground. The 218-W-4A Burial Ground contains two steel-drum 
caissons which might be a source of radionuclides (Section 2.3.9.8). No monitoring wells 
were identified within the 218-W-4A Burial Ground. 
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1 During a 1991 surface radiological survey, 10,000 dis/min of beta radiation was 
2 measured over a 7 ffHt ix 1 m (&Bllix::2:t::tl hot spot in the burial ground (Table 4--:)9) . 
3 
4 Due to the Yµnplanned Rfeleases and the presence of caissons, vadose zone soil 
5 contamination is sti'spected at this site MTI~~-
6 
7 4.1.2.9.9 218-W-4B Burial Ground. The 218-W-4B Burial Ground is an active 
8 facility fit which began receiving transuranic and mixed solid waste in 1967 . No 
9 Bµnplanned Rfeleases are associated with the 218-W-4B Burial Ground. Elevated surface 

10 radiation monitoring readings have been reported at the site y[U. 
11 
12 Three monitoring wells located around the perimeter of the 218-W-4B Burial Ground 
13 were logged using gamma scintillation equipment in 1989 and 1990. The gamma scintillation 
14 logs indicated only natural gamma response (Table 4-10) . 
15 
16 4.1.2.9.10 218-W-4C Burial Ground. The 218-W-4C Burial Ground is an active 
17 facility which began receiving transuranic and mixed solid waste in 1974. An Yµnplanned 
18 Rfelease associated with the 241-UR Diversion Box (a U Plant Aggregate Area transfer 
19 facility), UN-200-W-132, contaminated two areas in the eastern part of the burial ground of 
20 approximately 11.2 and 41.9 m2 (l¥ll lin~4$J ltt?) in 1956 (Table 2-5) . A total of eleven 
21 monitoring wells were identified Tri. the 2i8~W~4C Burial Ground; all but one have been 
22 logged using gamma scintillation detection equipment (Table 4-10). Gamma scintillation 
23 logging performed in July 1987 indicated possibly elevated gamma response in one well , 
24 299-W15-18, located 30 m (Q$ft) west of the northern portion of the burial ground. The 
25 elevated gamma response waS' .ohserved between depths of 55 and 58 m (J~Q}AA~n9Q/tt) 
26 below ground surface. 
27 
28 Due to the Yµnplanned Rgelease and elevated gamma response in one monitoring well , 
29 vadose zone soil contamination is suspected in the eastern parts of the 2 l 8-W-4C Burial 
30 Ground. 
31 
32 4.1.2.9.11 218-W-S Burial Ground. The 218-W-5 Burial Ground is an active waste 
33 management unit which receives lowflevel/mixed solid waste. No Yµnplanned Rteleases are 
34 associated with the 218-W-5 Burial Ground . Wells 299-W7-l, 299-W7-9 , 299-W8-l, 299-
35 W9-1, 299-Wl0-13 , and 299-Wl0-14 potentially monitor site conditions . 
36 
37 No releases are associated with the 5i-te µg}f. Consequently, no contamination is 
38 suspected at the 218-W-5 Burial Ground. 
39 
40 4.1.2.9.12 218-W-6 Burial Ground. The 218-W-6 Burial Ground is a proposed 
41 facility located in the northeast comer of the Z Plant Aggregate Area. No releases of 
42 hazardous materials are associated 'tVith ~ri~i:~gt~~n~t this 5i-te µ\i!ts :: H§w~y@;;ygp!~nri~P 
4 3 l!l§iillti~ll;t!lg:~ llix!Inixil1l@iim: 1:mili~µr(iilil§g#,l9:jp#,gg~l!r/tfiii p;gffljiijI~qp@l 
44 g;§y:99.. One monitoring well, 299-W6-1, was identified near the center of the 218-W-6 
45 Bunai ·Ground. Gamma scintillation logging performed in April 1963 indicated only natural 
46 gamma response. 
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No contamination is suspected at the 218 W 6 Burial Ground. 

4.1.2.9.13 218-W-11 Burial Ground. The 218-W-l 1 Burial Ground is an inactive 

;;~~l~:l~m:~m~~Bll~~~t~~~~ ~=~ u:;::nd~ri~;l:s~~-uii::ra~,4~~:~!~!~~~~~d 
with the 218 'N 11 Burial Ground . Contaminated soil from the U;tjnplanned .Rjpelea.se was 
picked up and placed in a burial trench. One monitoring well, 299-W15-2, is associated with 
the 218-W-11 Burial Ground . Gamma scintillation logging performed in November 1976 
indicated only natural gamma response. 

Only minor vadose zone soil contamination is suspected at the 218-W-1 l Burial 
Ground. 

No surface radiation was detected during a 1991 radiological survey of the 218-W- l 1 
Burial Ground Atea. 

4.1.2.9.14 Z Plant Burn Pit. Releases may be associated with the estimated 
1,000 ffi~ cubic meters ~P?~~gg:;tt,~) of chemical waste disposed at the Z Plant Burn Pit, but 
were not reported in the documents reviewed. The Z Plant Burn Pit is east of the main Z 
Plant building complex. No specific chemical sampling data were identified for the B!jurn 
Ppit. Also, no monitoring wells were identified near the Z Plant Burn Pit. ·· 

Non-hazardous chemical contaminants are suspected in vadose zone soils at this 
location. 

4.1.2.10 Unplanned Releases. No specific chemical sampling data were identified for the 
Uµnplanned R:feleases. Also , no monitoring wells were identified near B'µnplanned 
Rteleases sites: Historical information discussed in Section 2 .3.10 and Table 2-§6 indicates 
th;t radi8nuclide contamination is suspected at most of the .Yµnplanned -R;elease§ sites but 
insufficient information was identified to characterize the nature and extent of contamination . 
Tables 4-2 and 4-3 summarize available information regarding media potentially affected by 
Uijnplanned Rfeleases. 

4.2 POTENTIAL IMPACTS TO HUMAN HEALTH ~[Tfl$f/~]MIT{()NJY[ElN;JJ 

This preliminary assessment is intended to provide a qualitative evaluation of potential 
human health @.fi.~Yif9PTili4@ hazards associated with the known and suspected 
contaminants aithe z""i>iant Aggregate Area. The assessment includes a discussion of 
potential transport pathways, develops a conceptual model of human ?Q9Jl~rjyjj-qfjti'i§jj~ 
exposure based on these pathways , and presents the physical , radiological , and toxicological 
characteristics of the known or suspected contaminants. 

In developing the conceptual model, potential exposures to groundwater have not been 
addressed in detail. Since migration to groundwater is the primary route for potential future 
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1 exposures to many of the chemicals disposed of at the site, this pathway (i.e., travel time, 
2 receptors) will be addressed in the 200 West Groundwater AAMS. 
3 
4 It is important to note that these evaluations do not attempt to quantify potential human 
5 health 9'.ifinYii'nnmi#.W risks associated with exposure to Z Plant Aggregate Area waste 
6 managemen°i.1infrccintaminants. Such a risk assessment§ cannot be performed until additional 
7 waste management unit characterization data are acquired. Risk assessments will be 
8 performed in accordance with the Hanford Site Baseline Risk Assessment Methodology 
9 document (DOE/RL 199~Q) being prepared in response to the M-29 milestone. frm~ 

10 mfffipg§!§ixiinseleffllit11I• \11rnmlt~:: ~i1§U~rrl:Iini]pi!:t~!:!ElilliiJ:Bli:~l~qpi$[qt 
11 !Y.l111$Iffiilf!i§i~1::ineI~n~:£{f4,l!Ii?:8'.??tn:(l0liif PiU~~@ [gf& ii~li#awik <1t¥i4.4nfg[(@ 
12 §:(tf11tffi!IItlfflRIJ!i2Jsl f: 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

4.2.1 Release Mechanisms 

Z Plant Aggregate Area waste management units can be divided into two general 
categories based on the nature of the waste release: 1) units where waste was discharged 
directly to the environment; and 2) units where waste was disposed of inside a containment 
structure and mtt5t bypass~ an engineered barrier to reach the environment. 

In the first group are those waste management units where release of wastes to the soil 
column was an integral part of the waste disposal strategy. Included in this group are tile 
fields, septic system drain fields, ditches , french drains, seepage basins , cribs without liners, 
reverse wells, and some disposal trenches. Also in this group are Btjnplanned R:'f:eleases that 
involved waste material contacting ~)®@~gfg:tfi~ bare soil. For these types of waste 
management units , if discharges to the unit contained chemicals of concern , it can be 
assumed that soils underlying the waste management unit are contaminated . The first task in 
developing a conceptual model for these units is to determine whether chemicals SRUID:mmil of concern are retained in soil near the waste management unit, or are likely to 
migrate to the underlying aquifer and then to receptor points such as drinking water wells or 
surface water bodies . Factors affecting migration of chemicals away from the point of 
release will be discussed in the following section. 
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In the second group are waste management units that were intended to act as a barrier 
to environmental releases. Included in this group are burial grounds containing drums or 
other containers , cribs with membrane liners, caissons, vaults, tanks, retention basins, waste 
transfer facilities, and Yyfilplanned R:; eleases that occurred within containment structures. 
Waste management units that received only dry waste could-also be included in this category, 
since the potential for wastes to migrate to soils outside of the unit is low due to the 
negligible natural recharge rate at !fl the Hanford Site gQQ!1! t¥t~~- For these waste 
management units, the first consid~iration to be addressed Tn"" developing a conceptual model is 
the integrity of the containment structure. 

The ability of this report to evaluate the efficacy of engineered barriers is limited by 
the lack of vadose zone soil sampling data and air sampling data for many waste management 
units. Available sampling information for the waste management units and Yynplanned 
Rgeleases was summarized in Section 4.1. The data indicate that membrane liner systems 
used in waste management units with significant liquid inputs (e .g ., 216-Z- 12 Crib) were 
ineffective in preventing releases to the subsurface. 

The efficacy and integrity of concrete liners (207-Z Retention Basin), concrete and steel 
pads (high-level transuranic +B:!f caissons and vaults) , and concrete plugs in corrugated 
piping (low-level radioactive waste caissons) have not been determined . For those waste 
management units that received only dry wastes such as gloves , pumps , contaminated dirt , 
and process equipment, the potential for release is expected to be low. However, small 
amounts of liquid wastes (tritium , lab wastes) are known to have been disposed of in these 
waste management units , and early disposal records (prior to about 1968) are incomplete. 
Thus, releases from these structures to the surrounding soil are possible. 

In addition to evaluating releases to the subsurface, the conceptual model must address 
the potential for releases to air and, for radionuclides , the potential for direct irradiation . All 
waste management units have some type of barrier to releases to the surface; however, 
barriers can fail over time or may not be designed to prevent migration by certain transport 
pathways (e.g ., volatilization). 

MftftY S{iffii of the cribs in the Z Plant Aggregate Area have experienced cave- ins in 
recent years due to decomposition of the wooden framework of the cribs. Such collapse can 
lead to high levels of direct radiation at the surface and the potential for spread of 
contaminated materials by wind erosion . The Westinghouse Hanford B~A Radiation Area 
Remedial Action Program is responsible for detecting and remediating cave-ins by covering 
the cribs with additional soil. Thus , any exposures from these incidents are generally short
term. Waste management units that were remediated due to cave-ins during 1991 were the 
216-Z-5 and 216-Z-7 Cribs. 
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4.2.2 Transport Pathways 

Transport pathways expected within the Z Plant Aggregate Area are summarized in this 
section, including: 

• 
• 
• 
• 
• 
• 

• 

Drainage and leaching from soil to groundwater-:
Volatilization from wastes;, §H£i~:~$:f~: and shallow soils-:
Wind erosion of contaminated surface soils-:-
Deposition of fugitive dust on soils, plants , and surface water-:
Uptake from soils gfiq•: $4.tff¢ija&itl by vegetation-:-

~~:~~r~7 ~~it~•~•••~i;~~iii~i~f ·:~;~~t~~~i~~§tJ1•••~~~ffl~;; §~~~4:1•:•l#t~r:iPi 
Direct radiation . 

In addition, transport within the saturated zone and subsequent release to groundwater 
wells or to off-site surface water (i.e., the Columbia River) is of potential concern , but will 
not be addressed in this document, since this topic will be the focus of the 200 West 
Groundwater AAMS. 

§g!!§»1nli:~niml~•)IIPS!~Bfi :Pix 929Yf YJrqµgJJIJf:i,~ :(2!!9&:lni pg,m~~ys: 
• 

1 i: ltiMiw2nI21 :x§li!i1ir&• s2nmrn1ci:gnt~ 2t:tM~mnmi2 1 PMBR4Hlif¢§ 
, : :[:::•••tnii§22il irs2nmm1:n~nt~1v §§i!~f f~s~l!t§n~ mr•~mtmi§ 

4.2.2.1 Transport from Soils to Groundwater. Soil is the initial receiving medium for 
waste discharges in the Z Plant Aggregate Area, whether the release is directly to soil or 
through failure of a containment system. Several factors determine whether chemicals that 
are introduced into the vadose zone will reach a perched zone or the unconfined aquifer, 
which lies at a depth of approximately 60 m (200j feet) below ground surface. These factors 
are discussed in the following subsections. ·· 

4.2.2.1.1 Depth of Release. ~i!~llirtrmi~t§rl~!Xl ••x2!'Hm~; Wwaste 
management units which released wastes at a greater depth below the surface are more like!)' 
11ixi i1fiilnir:P9t@:t!~ to contaminate groundwater than waste management units where the 

Well is the primary example of a deep release at the Z Plant Aggregate Area. This unit 
discharged wastes to the vadose zone approximately 45 m (150 ft) below the surface, or 
approximately 15 m (50 ft) above the water table in the unconfined aquifer. 

4-33 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

~ 22 
.. 23 

24 
r,, 25 

26 
27 
28 
29 

~ 30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

DOE/RL-91-58 
Draft B 

4.2.2.1.2 Liquid Volume or Recharge Rate. For waste constituents to migrate to the 
underlying water table, some source of recharge must be present. In the Z Plant Aggregate 
Area, the primary sources of moisture for mobilizing contaminants are waste management 
units which discharge liquid waste to the soil column and precipitation recharge. As 
discussed in Section 3.5 .2, estimates ~9HfilB5£ iBii~mf!1liP~Y~B• il~m~~$8 of natural 
precipitation recharge range from O to 10 cm/yr !(Q!]§J:f:jp9.ij/yr), primarily depending on 
surface soil type, vegetation, and topography. +ti~µpp@tifn~ :9!ll]gij):gggij)jJ p#§igJ1gij 
itl!snin::::111::l iliim~IJ]Il§eili~::::w~i:1+!:::m!iii~:::1ti:i~i iig~!Yi~9 ::~11

:
1:!lii~tf ... cira veiiy 

surface soils with no or minor shallow-rooted vegetation appear to facilitate precipitation 
recharge. One modeling study (Smoot et al. 1989) indicated that some radionuclide (137Cs 
and 106Ru) transport could occur with as little as 5 cm/yr (f:iinihtYT) of natural recharge. 
However, other researchers (Routson and Johnson 1990) have conciuded that no net 
precipitation recharge occurs in the 200 Areas, particularly at waste management units which 
are capped with fine-grained soils or impermeable covers. 

With respect to artificial recharge, as discussed in Section 4.1. 8, several waste 
management units (e.g., the 216-Z- 12 Crib) were identified in which the known volume of 
liquid waste discharged substantially exceeded the total estimated soil pore volume present 
below the footprint of the facility . In this case, the moisture content of soil below the waste 
management units likely approached saturation during the period of use of these facilities. 
Because vadose zone hydraulic conductivities are maximized at water contents near 
saturation, the volume of liquid waste water historically discharged to the waste management 
units identified in Table 4-11 probably enhanced fluid migration in the vadose zone beneath 
these units. 

Contaminants that are not initially transported to the water table by drainage may be 
mobilized at a later date if a large volume of liquid is added to the waste management unit. 
In addition, liquids discharged to one unit could mobilize wastes discharged to an adjacent 
unit if lateral migration takes place within the vadose zone. An example of this process 
occurred at the U Plant 216-U-16 Crib where lateral migration of acidic waste above a 
caliche layer mobilized radionuclides in the 216-U-1 and 216-U-2 Cribs (~~1{¢f¢J~LfQ§~). 
No examples of interactions between waste management units are known to have occurred 
within the Z Plant Aggregate Area. However, septic fields and the 216 Z 21 Seepage Basin 
are located ·uithin 50 meters of waste management units that received liquid waste and thus 
could potentially mobilize 1t•,·a:stes from these units. 

4.2.2.1.3 Soil Moisture Transport Properties. As discussed in Section 3. 5. 2 , the 
moisture flux in the vadose zone is dependent on hydraulic conductivity as well as gradients 
of moisture content or matrix suction. Higher unsaturated hydraulic conductivities are 
associated with higher moisture contents. However, higher unsaturated hydraulic 
conductivities may be associated with fine-grained soils compared to coarse-grained soils at 
low moisture contents (pff~#}J\:i:Wfi@fi~i:y[i fQjftJ- Due to the htghly stratified nature of 
Hanford Site vadose zone .'soliS' and .. the· moisture content dependence of unsaturated hydraulic 
conductivity, substantial vertical anisotrophy is expected, i.e., vadose zone soils are likely 
more permeable in the horizontal direction than in the vertical. This vertical anisotrophy 
may substantially reduce the potential for contaminant migration to the unconfined aquifer. 
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4.2.2.1.4 Retardation. The rate at which contaminants will migrate out of a complex 
waste mixture and be transported through unsaturated soils depends on a number of 
characteristics of the chemical, the waste, and the soil matrix. In general, chemicals that 
have low solubilities in the leaching fluid or are strongly adsorbed to soils will be retarded in 
their migration velocity compared to the movement of soil pore water. i :@~h~t.#.1 q}§¢M$$lQP: 
ffiii ::!~~il!II:rlisi :21::ii2il~::ittl!U!i ill9R!~irx::it:£nim!lt~I~nii2l!!li !~ P:£9¥~~~~ ~l:::tmrlil!n (lQi&l~i Studies have been conducted of soil parameters affecting waste migration at the 
Hanford Site to attempt to identify the factors that control migration of radionuclides and 
other chemicals. Recent studies of soil sorption are summarized by Serne and Wood (1990). 
Some of the processes that have been shown to control the rate of transport are: 

• Adsorption to Soils. Most contaminants are chemically attracted to some degree 
to the solid components of the soil matrix . For organic compounds , the 
adsorption is generally to the organic fraction of the soil , although in extremely 
low-organic soils , adsorption to inorganic components may be of greater 
importance. Soil components contributing to adsorption of inorganic compounds 
include clays, organic matter, and iron and aluminum oxyhydroxides . In general , 
Hanford Site surface soils are characterized as sandy or gravelly with very low 
organic content (<0.1 %) and low clay content(< 12 %) (Tallman et al. 1981) . 
Thus, site-specific adsorption factors are likely to be lower, and rate of transport 
higher, than the average for soils nationwide. 

• Filtration. Filtration of suspended particulates by fine-grained sediments was 
suggested as a mechanism for concentration of plutonium in certain sedimentary 
layers at the 216-Z-lA Tile Field. This finding suggests that migration of 
suspended particulates may be an important mechanism of transport for poorly 
soluble chemicals. 

• Solubility. The rate of release of some chemicals is controlled by the rate of 
dissolution of the chemical from a solid form. The concentration of these 
chemicals in the pore water will be extremely low , even if they are poorly 
sorbed. An example cited by Serne and Wood (1990) is the solubility of 
plutonium oxide, which appears to be the limiting factor controlling the release of 
plutonium from waste materials at neutral and basic pH . 

• Ionic Strength of Waste. For some inorganics, the dominant mechanism leading 
to desorption from the soil matrix is ion exchange. Leachant having high ionic 
strength (high salt content) can bias the sorption equilibrium toward desorption , 
leading to higher concentrations of the chemical in the soil pore water. Wastes 
within the Z Plant Aggregate Area that can be considered high ionic strength 
include the PFP process wastes and the RECUPLEX and PRF aqueous wastes . 

• Waste pH. The pH of a leachant has a strong effect on inorganic contaminant 
transport. Acidic leachates tend to increase migration both by increasing the 
solubility of precipitates and by changing the distribution of charged species in 
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solution. The exact impact of acidic or basic wastes will depend on whether the 
chemical is normally in cationic, anionic, or neutral form, and the form that it 
takes at the new pH. Cationic species tend to be more strongly adsorbed to soils 
than neutral or anionic species. The extent to which addition of acidic leachate 
will cause a contaminant to migrate will also depend on the buffering or 
neutralizing capacity of the soil, which is correlated with the calcium carbonate 
(CaCO3) content of the soil. Percent CaCO3 measurements on soil samples from 
three monitoring wells from the Z Plant Aggregate Area are shown in Table A-2 
of Appendix A. The soils in the Hanford formation beneath the Z Plant 
Aggregate Area generally have carbonate contents in the range of 0.1 to 5 
percent. Higher carbonate contents (20 to 30 percent) are observed within the 
Plio-Pleistocene caliche layer. 

Once the leaching solution has been neutralized the dissolved constituents may 
reprecipitate or become readsorbed to the soil. Observations of pH impacts on 
waste transport at the Hanford Site include: 

.. :;; Mobilization of plutonium and americium isotopes beneath the 216-Z- l A 
Tile Field by acid liquid waste depends on a combination of pH effects and 
complexation by organic components of the waste. These processes were 
implicated in migration of the radionuclides to a depth of 30 metefs ~g~I{t) 
below the bottom of the crib~ 

• ~ Leaching of americium from 216-Z-9 Trench sediments was found to be 
solubility controlled and correlated to solution pH (Rai et al. 1981). 

4.2.2.1.5 Complexation by Organics. Certain organic materials disposed of at Z 
Plant Aggregate Area are known to form complexes with inorganic ions , which can enhance 
their solubility and mobility. Tributylphosphate is the primary organic complexing agent 

f~ii~mi,1~1~~1~•:•'~i,~;Iti~i~iiii ••i•s~1!111~1itlltl\11!~ttl~•~•;~!ffi:•:Jt. . .. 

.,t.tl\'lf P• llllli&~41!IIII 
4.2.2 .1.6 Contaminant Loss Mechanisms. Processes that can lead to loss of 

chemicals from soils, and thus decrease the amount of chemical available for leaching to 
groundwater, include: 

• Radioactive Decay. Radioactivity of radionuclides decays over ti me, which 
generally decreases the quantities and impacts from radioactive isotopes. 
However, for some radioactive decay chains, ingrowth of daughter products can 
lead to a net increase in radioactive emissions over time. 
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Biotransfonnation. Microorganisms in the soil may degrade organic chemicals 
such as acetone and inorganic chemicals such as nitrate. 

• Chemical Transfonnatron. Hydrolysis , oxidation, reduction, radiolytic 
degradation , and other chemical reactions are possible degradation mechanisms 
for contaminants . 

• Vegetative Uptake. Vegetation may remove chemicals from the soil , bring them 
to the surface, and thereby introduce them to the food web . 

• Volatilization. Organic chemicals and volatile radionuclides can be transported 
in the vapor phase through open pores in soil either to adjacent soil or to the 

~t~<?~rh~~~ '. .... w91~1 x2~11~11Mt:semm9nH~ ssitHg ~nstvql !tl!P#8t:"9®; r~g2m ti 
g~! 1i?F99HB~ 9£ \\tlniPim)i'irH;i]ffi!!µ:m: ~wQ ro :~ti~f§Qi ~!~Itffi So me elem en ts 
(mainly fission products such as iodine, ruthenium , cerium , and antimony) are 
referred to as "semivolatiles" because they have a lesser tendency to volatilize. 

4.2.2.2 Transport from Soils j;qq§µrf:iti]ll!lt to Air. Transport of contaminants from 
waste units to the atmosphere can occur by means of vapor transport or by fugitive dust 
emissions. 

Vapor transport may occur from waste management units where volatile organics (e.g., 
CC14) or volatile radionuclides (1 4C, 14C02 , 

1291, or 3H) have been released . Transport 
mechanisms include jyJpg~gptyg1~,:t,rn~fig# diffusion down a concentration gradient; and 
gas-driven flow. Situations where the fatter process may occur include production of 
methane gas from degradation of organic compounds in soil, or production of hydrogen and 
oxygen gases by radiolytic hydrolysis of water. 

In general , the earthen covers on cribs and trenches are not designed to retard volatile 
emissions. However, waste management units where high-level radioactive mixed wastes 
were disposed of, such as the burial caissons , generally have air filtration devices on outlet 
vents, designed to prevent release of contaminants to the atmosphere while the units were 
being filled. The effectiveness of these devices for preventing ongoing volatile releases is 
not known. 

In order for fugitive dust emissions to occur, contaminants must be exposed at the 
surface of the waste management unit. A number of mechanisms could lead to exposure of 
contaminants in soil-covered waste management units. These mechanisms include uptake by 
vegetation, transport by animals, disruption of the waste management unit (e.g., cave-ins at 
cribs), and wind erosion. Wind erosion can strip off surface soil and uncover waste 
materials. This mechanism has been identified as an ongoing problem in some of the waste 
management unit areas. The processes by which biota may expose contaminated soils are 
discussed in Section 4.2.2.4 . 
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The contribution of Z Plant Aggregate Areas to overall fugitive dust emissions at the 
Hanford Site ~µµq~ is expected to be relatively minor, based on results of air monitoring 
downwind of ·z ··pfai1t Aggregate Area waste management units {§§ijl]gf~t~n !QgJ) . 

4.2.2.3 Transport from Soils to Surface Water. There ate no natural surface water 
bodies within the Z Plant Aggregate Area. The 216-Z-21 Seepage Basin is occasionally 
flooded with water from the Plutonium Recovery Facility storm drains and cooling water. 
Although the water entering the seepage basin is non-contact wastewater and thus should not 
contain contaminants, accidental releases to the Plutonium Recovery facility drains could lead 
to contaminants entering this unit. 

Transport of contaminants to surface water bodies outside of the Z Plant Aggregate 
Area via groundwater discharge and deposition of fugitive dust on water bodies are the 
primary pathways of potential concern for surface water effects. Groundwater discharge will 
be addressed in the 200 West Groundwater AAMSJl 

4.2.2.4 Transport from Soils M4§w;f(g~ ~i:.J~t to Biota. Biota, plants and animals , 
have the potential for taking up (hio~uptake), concentrating (bioaccumulating) , transporting , 
and depositing contamination beyond its original extent. Transfer from one species to 
another in the food chain is also possible because of predation. The possibility of these 
processes contributing significantly to the transport of contamination from the Z Plant 
Aggregate Area waste management units is uncertain Qf f~$.9~~~pg:Jij::gmj#~g? /:~q(~tf~gJ~ 
tij}.;itimi~::1:i:µsi1,m: :11-0~ sm~n~1x:ix1~12ti ~imf ~§ ~!srl§$~ m §~s~~2n~ ~t§ *n~ ~m; i !I:~~:::i !nirl: in! i!e:: nw~ :l~9Hit~f¥ !sx!t~l\g §l§,tJp /flPIPI Pt l§!2~isijtrnrn1t!: ffiet~9i@ 

11-il• i-•• i• I,!!i!I!~ t!:tfi!:l ri! Ju.Hiiton¢.· · · · ·········· · · · · · ······ · · ·· · ·· ··· · · · · ······· · · ······· ·· ······ · · ········· ········ ··· · · ·· ······· · ······ · · · · ·· ···· · · · · · · ·· · ········· ·· · · · · · · · · · · · · · · · · · · · · ·· · · · · · · · · · · · ·· ·· · · ··· · · 

4.2.2.4.1 Uptake by Vegetation. Release of radioactivity to the surface by growth of 
vegetation is an ongoing problem at Z Plant waste management units. Roots of sagebrush 
and other native species can take up radionuclides from soils below the surface and transport 
these chemicals to the foliage. Wind dispersal of portions of the contaminated vegetation , or 
entire plants (tumbleweeds), can lead to transport of contaminants outside of the unit. 
Westinghouse Hanford has an ongoing vegetation control program (herbicide application , 
reseeding with shallow-rooted vegetation, and mechanical removal) and radiological survey 
program to prevent radioactivity from being transported by this mechanism . However, the 
program does not assure complete removal of vegetation , and incidents of detection of 
contaminated vegetation are reported occasionally in the radiological surveys. 

4.2.2.4.2 Transport by Animals. Disturbance of waste management unit barriers by 
animals occasionally leads to release of contaminants to the surface. $Wt~µtf?¢¢$qU~#.~~ 
Wl~ltnl f!§!::~n!i~l!~i~ §! BYlilni ~im~li.l :l~H§l:~~P8~I$ ;g§ptlnimlt:~ 1 fgr ;gj~i~:: :~ ffiitfil[fi Additionally , animals that become contaminated by contact with subsurface waste 
can spread contamination in their feces on the surface and outside of the waste management 
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1 unit. Rabbits were noted as causing the greatest spread of contamination in the Separations 
2 @IQ Areaij in 1985 (Elder et al. 1986). 
3 
4 
5 4.2.3 Conceptual Model 
6 
7 Figure 4-6 presents a graphical summary of the physical summary of the physical 
8 characteristics and mechanisms at the site which could potentially affect the generation, 
9 transport, and impact of contamination in the Z Plant Aggregate Area on humans and biota 

10 ( conceptual model). 
11 
12 The sources of potentially hazardous chemicals @Pi n@i~J,ijµg\jq~$ identified at the Z 
13 Plant Aggregate Area include process wastes, cooling \vaieri stack "releases, sewage, settling 
14 tank solids, laboratory wastes, ;iq process feed materials,aoo} f:\}§2 radioactive mixed 
15 wastes from nuclear production facilities on and off the Hanford Site toot were disposed of in 
16 the Solid Waste 4:QQ~~§~ Burial Grounds. The sources displayed in this figure were 
17 identified from hlsioncaTand current process information and from waste management unit 
18 inventories, as described in Section 2. In addition to the known or suspected releases to 
19 waste management units, Unplanned Releases due to spills, leaks in piping, and other 
20 accidental sources have led to release of radionuclides and other chemicals to the 
21 environment. Some of the Uynplanned Rreleases are associated with the various $~¢HJ¢ 
22 waste sites, and are shown on Figure H3. irR?J§i)§U§PilfaiiliiID j£Irn 9¢§igrj~@gp$. 
23 
24 The column in the Conceptual Model titled "Treatment or Disposal" is used to indicate 
25 waste streams that were routed to waste management units outside of the aggregate area, and 

l 26 waste streams that were routed through treatment tanks or settling tanks before being released 
27 to units within the aggregate area. The units are grouped in the model by type, as was done 
28 in Section 2.0. 
29 
30 Chemicals @gµffi.fflin~ftgl from the sources noted on Figure 4-6 have been disposed of 
31 into the waste managemeniunits under investigation. Waste site groups include retention 
32 basins, seepage basins, settling tanks, trenches, cribs, Ffrench drains, reverse wells, tile 
33 fields , septic tanks and drain fields, and burial grounds. ·· The vaults and caissons which 
34 comprise part of the Solid Waste g~!!}¥1~ Burial Grounds were assigned to a different waste 
35 site group than the burial trenches, since release mechanisms applicable to these concrete-
36 lined containment structures would be expected to be different than for the earth-lined burial 
37 trenches. Each of the waste site groups represents a collection of units with similar 
38 construction, waste type (i.e., solid vs. liquid) and potential release mechanisms. 
39 
40 From the Z Plant Aggregate Area waste management units, various release mechanisms 
41 may have transported chemicals to the potentially affected media. Waste management units 
42 where liquid wastes were disposed of (cribs, trenches, drain fields, retention basins) impacted 
43 the vadose zone and may have impacted groundwater by infiltration of liquids through the 
44 soil. Reverse wells and FJrench drains released wastes directly to the vadose zone by 
45 injection of liquids. 
46 

4-39 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

1 ...... 18 
19 
20 
21 
22 
23 

' .. 24 

"' 25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

DOE/RL-91-58 
Draft B 

Many waste management units discharge their waste effluents directly to the near 
surface (vadose zone) soils. The trenches are potential release points via leaching or 
drainage of the liquid portion of the disposed materials. The cribs provide seepage discharge 
and similarly the Ffrench drains , reverse wells , and septic system drain fields directly inject 
their effluents into the subsurface sediments. The .Yµnplanned Rfeleases have mainly 
impacted surface soils although some contamination may have also taken place on building 
surfaces. Fugitive dust from sediment and surface soils has also been released or 
resuspended due to wind effects or surface disturbances, and some surface soils have been 
buried or removed to off-site disposal. 

Stack releases may have led to deposition of contaminants on surface soils and 
vegetation within and outside of the aggregate area. Ambient air quality data for the Z Plant 
Aggregate Area is presented in Section 4.1. Due to resuspension of dust from soils within 
and outside of the aggregate area, it is not possible to use these data to distinguish stack 
releases from other sources of airborne contaminants. 

The primary mechanisms of vertical contaminant migration is the downward movement 
of water from the surface through the vadose zone to the unconfined aquifer. The 
contaminants generally move as a dissolved phase in the water and their rate of migration is 
controlled both by groundwater movement rates and by adsorption and desorption reactions 
involving the surrounding sediments. Some contaminants are strongly sorbed on sediments 
and their downward movement through the stratigraphic column is greatly retarded . 
Significant lateral migration of contaminants is restricted to perched water zones and to the 
unconfined aquifer, where water is moving laterally. Again adsorption and desorption 
reactions may greatly retard lateral contaminant migration . Contaminants that were 
introduced to the soil column outside of the aggregate area may migrate into the area along 
with perched or aquifer water. 

Transport of chemical vapors in the unsaturated zone has been implicated as an 
important transport pathway in migration of carbon tetrachloride and other volatile organics 
away from source areas. These vapors may then become adsorbed to soils solids or 
dissolYed in soil pore \1,•ater. 
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There are four exposure routes by which humans (off site and on site) and other biota 

(plants and animals) can be exposed to these possible contaminants : 

• Inhalation of airborne volatiles or fugitive dusts with adsorbed contamination-;-

• Ingestion of surface water, fugitive dust, surface soils , biota (either directly or 
through the food chain) , or groundwater-;-

• Direct contact with the waste materials (such as those exhumed by burrowing 
animals) , contaminated surface soils, buildings, or plants~ 

• Direct radiation from waste materials, surface soils, building surfaces, or fugitive 
dusts. 

4.2.4 Characteristics of Contaminants 

Table 4-13 is a list of radioactive and nonradioactive chemical substances that represent 
candidate contaminants of potential concern for this study based on their known presence in 
wastes, usage, disposal in waste management units, historical association, or detection in 
environmental media at the Z Plant Aggregate Area. In addition, Table 4-13 includes 
chemicals that have not been detected or reported in Z Plant :Rri wastes or environmental 
samples but are expected to be present (e.g., decay products of radionucl ide contaminants). 
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Table 4-14 summarizes the types of known or suspected contamination that are thought to 
exist at the individual waste sites . Known contaminants have been proven to exist from 
sampling and inventory data (Tables 2-2 and 2-3). Suspected contaminants are those which 
could occur at a site based upon historical practices or chemical associations. Given the 
large number of chemicals known or suspected to be present, it is appropriate to focus this 
assessment on those contaminants that pose the greatest risk to human health or the 
environment. 

Table 4-15 lists the contaminants of concern for the Z Plant Aggregate Area. This list 
was developed from Table 4- 13 and includes only those contaminants which meet the 
following criteria: 

• Radionuclides that have a half-life greater than one yeaf;=! f{~QJQPP9.QQ~$ w\jtp 
p[l i~AY§$ li$~ Jlj~p jpij~ y~f wUJ !H@:p~f$i~t Jn rn~ ~nYltPihn~n~ Ji'.t §QPP@nll.tf§n§ ~Rf:fiB!l~[m pgn;m!gllii BY@IU i,~1;{ .................. ... .. .......... ...... ......................................................... ...... . 

• Radionuclides with a half-life of less than one year and are part of long-lived 
decay chains that result in the building up of the short-lived radionuclide activity 
to a level of 1 percent or greater of the parent radionuclide's activity within the 

it•ilflil11111ll•:::~ 
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• Chemical is mobile in the environment via one of the transport pathways 
identified in the GQonceptual Mfj}{>del. 

In practice, the last criterion was not used to eliminate chemicals from the list, since 
chemicals that are not of concern for groundwater migration- (high ~) may be of concern for 
airborne transport. 

It should be noted that the majority of the listed chemicals and radionuclides were 
reported disposed of in the Solid Waste ;P:Q ;¥lit Burial Grounds. The potential for these 
materials to enter the environment will depend on the extent to which free liquids were co
disposed in the burial areas, and the extent to which container leakage and infiltration has 
occurred, or may occur in the future , and the potential for disruption of the soil cover. 

The following characteristics will be discussed for the contaminants listed in Table 4-
13: 

• Detection of contaminants in environmental media-; 

• Historical association with plant activities-:-

• Mobility-;-

• Persistence-:-

• Toxicity-;-ftfl€1-

• Bioaccumulation. 

Chemicals for which no toxicity criteria are available were included on the list only if 
they have knmvn chronic toxic effects and arc lmown to have been released in large 
quO:Htities to the environment. Chemicals included in this group are: 

• 
• 
• 

Lead; 
Dibutyl phosphate; and 
Tributylphosphate. 

4.2.4.1 Detection of Contaminants in Environmental Media. The nature and extent of 
surface and subsurface soils, surface water, and biota contamination have not yet been 
thoroughly ~µ~qifmt~tY characterized for the Z Plant Aggregate Area. All recent 
environmenial monfroring data that could be obtained for this study were reviewed and 
summarized for each media in Section 4.1 . 

The most extensive monitoring data available are for groundwater. Because 
groundwater will be evaluated in the 200 West Groundwater AAMSit it will not be 
discussed further here. Surface soil and vegetation samples have been collected from 
locations on a regular rectangular grid. These sampling locations do not correspond to any 

4-44 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

' 24 
25 
26 

~ I 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

DOE/RL-91 -58 
Draft B 

of the waste management units , but are intended to characterize the Z Plant Aggregate Area 
as a whole. Air and external radiation samples have been collected at several locations 
within or adjacent to the Z Plant Aggregate Area. These sampling locations are also not 
located directly on any of the waste management units and therefore the sampling results 
cannot be attributed to any particular unit. 

The only routine sampling data that correspond directly to waste management units are 
the external radiation surveys, which are performed on a regular basis. In addition, limited 
soil sampling was performed in 1979 at the 216-Z-lA Crib, in 1981 at the 216-Z-9 tfffi 
W.ti.1¢.fi (Rai et al . 1981), and in 1983 at the 216-Z-8 French Drain during special studies of 
racHonuclide migration, and at the Solid Waste 6~g:'lf~§! Burial Grounds during studies of 
carbon tetrachloride distribution (DOE/RL 1991b). The former samples were analyzed only 
for plutonium and americium, and the latter only for volatile organic compounds. In 
addition, soil samples from the Solid Waste 400 \¥~# Burial Grounds taken in 1990 were 
analyzed for organic and inorganic constituents {Goodwin and Bjornstad 1990) . 

4.2.4.2 Historical Association with Z Plant lffl~ifi .i});:fj Activities. Rad ion uclides 
that are known components of Z Plant ~ggi,gJ~i :if@: .wasle streams are listed in Table 2-
9JQ. This list includes chemicals known to occur 111 .. the process wastes as well as chemicals 
that were detected at elevated levels in PFP wastewater. Since these waste streams are 
known to have been disposed of directly to the soil column in some waste management units, 
it is probable that the chemicals on this list have affected environmental media . 

Radionuclides that are known to have been disposed of to Z Plant ~gip;; g9i/;'t ififl 
waste management units in the greatest quantities , based on the WlB8 data and records of 
the Solid Waste &:IIJ¥~~! Burial Grounds ~B :~~g1,*), are as follows: 

• 239Pu 

• 24°J>u 

• 137Cs 
• 9osr 

• 3H 

• 6oco 

• 106Ru 

Note that a complete radionuclide analysis of the Z Plant I{EP waste streams is not 
available, and no information was located on the composition ofwastes from the 23 1-Z 
Building. Thus , it is possible that additional radionuclides were disposed of to Z Plant 
Aggregate Area waste management units that are not reported in the waste inventories . 

Nonradioactive chemicals reportedly released into Z Plant Aggregate Area waste 
management units in large quantities include nitric acid , nitrates , sodium , phosphate , sodium 
hydroxide, fluorides , tributylphosphate, carbon tetrachloride, dibutyl phosphate , calcium, 
magnesium , and iron. 
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4.2.4.3 Mobility. Since most wastes at the Z Plant Aggregate Area were released directly 
to subsurface soils via injection, infiltration, or burial, the mobility of the wastes in the 
subsurface will determine the potential for future exposures. The mobility of the chemicals 
listed in Table 4- 13 varies widely and depends on site-specific factors as well as the intrinsic 

~~~~11~~~:mij~i:~i;,ii~tw,§,i1ililitfilf.l.ii1i~~[-~~f~~~~~: !!~~~~5r'1~~~~~~~~~~: 
needed to characterize mobility is not available and will need to be obtained during the RI/FS 
process. However, it is possible to make general statements about the relative mobility of 
the candidate chemicals of concern . 

4.2.4.3.1 Transport to the Subsurface. The mobility of radionuclides and other 
inorganic elements in groundwater depends on the chemical form and charge of the element 
or molecule, which in turn depends on site-related factors such as the pH, redox state, and 
ionic composition of the groundwater. Cationic species (e.g., Cd2+, Pu4 +) generally are 
retarded in their migration relative to groundwater to a greater extent than anionic species 
such as nitrate (N03-). The presence in groundwater of complexing or chelating agents can 
increase the mobility of metals by forming neutral or negatively charged compounds. 

The chemical properties of radionuclides are essentially identical to the nonradioactive 
form of the element; thus, discussions of the chemical properties affecting the transport of 
contaminants can apply to both radionuclides and nonradioactive chemicals. 

A soil-water distribution coefficient ("Ki) can be used to predict mobility of inorganic 
chemicals in the subsurface. Table 4-16 presents a summary of soil-water distribution 
coefficients that have been developed for many of the candidate inorganic chemicals of 
concern at the Z Plant Aggregate Area. As discussed above, the pH and ionic strength of 
the leaching medium has an impact on the absorption of inorganics to soil ; thus, the listed 
Ki, Mru\iili are valid only for a limited range of pH and waste composition . In addition , soil 
sorpdo·n -·of inorganics is highly dependent on the mineral composition of the soi 1, the ionic 
composition of the soil pore water, and other site-specific factors . Thus , a high degree of 
uncertainty is involved with use of Kd values that have not been verified by experimentation 
with site soils. 

Serne and Wood (1990) recommended Kd values for use with Hanford waste 
assessments for a limited number of important radionuclides (Am , Cs, Co , Cu , I, Pu, Ru, 
Sr, and tritium) based on soil column or batch desorption studies, and have proposed 
conservative average values for a more extensive list of elements based on a review of the 
literature. An assumed retardation &i of < 1 is recommended for Am, Cs, Pu , and Sr under 
acidic conditions. 

Strenge and Peterson (1989) developed default Kd values for a large number of 
elements for use in the Multimedia Environmental Pollution Assessment System (~111), a 
computerized waste management unit evaluation system. The Ki values were based on 
findings in the scientific literature, and include non-site-specific as well as Hanford Site 
values . Values are provided for nine sets of environmental conditions: three ranges of waste 
pH and three ranges of soil adsorbent material (sum of percent clay , organic material , and 
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metal hydrous oxides). The values presented in Table 4-17 are for conditions of neutral I 
waste pH and less than 10 percent adsorbent material , which is likely to be most 
representative of Hanford Site soils. 

The mobility of inorganic species in soil can be divided roughly into three classes, 
using site-specific values (Serne and Wood 1990) where available and conservative default 
values otherwise: highly mobile (Kd < 5), moderately mobile (5 < Kd < 100) , and low 
~?.?~lit'/. ... <.~~ ?..19.9.J.: .... !i~~!fim!I~ Bt 1: ~~~mm~: I I imBRU~~x p]glI:~~ pg( i~i,9g wn~ IB!HW. m§IJµtxtet::1::sn~m1~ Jn'HAAf:gt# jgiJj :t~ 1nn~nB :§y :i nmij~ 2r :~nxit2nm~nmrijst2r~i: 

mi 1~11 ii mi :11{mltmx:t :$J~ir~ffli1ns m~n1Hi~ 11ii Pi 2~t~mnm~fl Hi Jµttfr~ l:PXR.zgggg§fi: ru#:11!~ :~t}~i: M§§ +fhe m§§P:J~y class§~ ranking for each of the inorganic 
contaminants of concern~ is listed below: 

Highly mobile (Ktt ~ 
AntimOn)' 
Befoo 
Carbon (as ~GG2} 

Chloride 
Chromium (VI) 
Cyanide 
Fluoride 
lootflc 
Krypton 
Moly·bdcnum 

Moderately mobile (5 < Ktt < 100) 
Barium 
Beryllium 
Bismuth 
Cadmium 
Calcium 
Copper 
:tfflft 
:bette-
Nickcl 

Lmv mobility· (Ka > 100) 
Actinium 
Asbestos 
Americium 
Cesium 
Cobalt 
Curium 
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Neptunium 
Nitrate, nitrite 
Potassium 
Protactinium 
Selenium 
Sodium 
Technetium 
Thallium 
Tritium 
Uranium 

Niobium 
Phosphate 
Potassium 
Radium 
Ruthenium 
Si-l-¥eF 
Strontium 
Thorium 
Vanadium 
tit}€ 

Europium 
Mercury 
Plutonium 
Samarium 
Yttrium 
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The tendency of organic compounds to adsorb to the organic fraction of soils is 
indicated by the soil-organic matter partition coefficient, Kx,. Partition coefficients for the 
organic chemicals disposed of or detected at Z Plant Aggregate Area waste management units 
are listed in Table 4-17. Chemicals with low Kx, values are weakly absorbed by soils and 
will tend to migrate in the subsurface, although their rate of travel will be retarded somewhat 
relative to the pore water or groundwater flow. Soils at the Hanford Site have very little 
organic carbon content and thus sorption to the inorganic fraction of soils may dominate over 
sorption to soil organic matter. 

4.2.4.3.2 Transport to Air. Transport between soils and air can occur either by 

Chemicals subject to transport via airborne dust dispersion are those that are non-volatile and 
persistent on the soil surface, including most radionuclides and inorganics, and some organics 
such as creosote and coal tar. 

Chemicals subject to volatilization are mostly organic compounds; however , certain of 
the radionuclides detected at the site are subject to evaporation and could be lost from 
shallow soils to the ambient air. The most important species in this category are 14C, 3H, 
and 129!. 

The tendency of an organic compound to volatilize can be predicted from its Henry's 
law constant, Kb, a measured or calculated parameter with units of atmospheres per cubic 
meter per mole of chemical. Henry's Jaw constants of the candidate organic chemicals of 
concern are presented in Table 4-17. Compounds with a Kh greater than about 10·3 will be 
lost rapidly to the atmosphere from surface water and shallow soils. Organic compounds that 
fall into this class include: 

Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
Cyclohexane 
1,2-Dichloroethane 
1,2-Dichloroethylene 
Ethylbenzene 
Freon II 

Hexane 
Methylene chloride 
Tetrachloroethylene 
Toluene 
Tri bu ty I phosphate 
1, 1, I-Trichloroethane 
Trichloroeth y Jene 
Vinyl chloride 
Xylenes 

4.2.4.4 Persistence. Once released to environmental media, the concentration of a chemical 
may decrease because of biological or chemical transformation, radioactive decay , or the 
intermediate transfer processes discussed above that remove the chemical from the medium 
(e.g., volatilization to air). Radiological, chemical , and biological decay processes affecting 
the persistence of the Z Plant Aggregate Area contaminants are discussed below. 

The persistence of radionuclides depends primarily on their half-lives. A comparison 
of the half-lives and specific activities for all radionuclides detected or disposed of at the Z 
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1 Plant Aggregate Area is presented in Table 4-l-8J Q. This table also includes daughters of 
2 long-lived parent radionuclides, whether or not the daughter species have been detected or 
3 reported . The specific activity is the decay rate per unit mass, and is inverse! y proportional 
4 to the half-life of the radionuclide. Half-lives for the radionuclides listed in Table 4-l-8}Q 
5 range from seconds to over one billion years. Also listed are the decay mechanisms of 
6 primary concern for the radionuclide. Note that radionuclides often undergo several decay 
7 steps in quick succession, (e.g . , an alpha decay followed by release of one or more gamma 
8 rays). The daughter products of these decays are often themselves radioactive . 
9 

10 Decay will occur during transport (e.g., through the vadose zone to the aquifer and 
11 through the aquifer) and may lead to significant reductions in levels discharging to the 
12 Columbia River. For direct exposures (e.g., to surface soils or air) , the half-life of the 
13 radionuclide is of less importance, unless the half-life is so short that the radionuclide 
14 undergoes substantial decay between the time of disposal and release to the environment. 
15 
16 Nonradioactive inorganic chemicals detected at the site are generally persistent in the 
17 environment, although they may decline in concentration due to transport processes or 
18 change their chemical form due to chemical or biological reactions. Nitrate and sulfate 
19 undergo chemical and biological transformations that may lead to their loss to the atmosphere 
20 (as N2 and H2S) or incorporation into living organisms, depending on the redox environment 
21 and microbiological communities present in the medium . 
22 
23 Biotransformation rates for organics vary. widely and are highly dependent on site-
24 specific factors such as soil moisture , redox conditions, and the presence of nutrients and of 
25 organisms capable of degrading the compound. Ketones, such as acetone and MIBK , are 
26 easily degraded by microorganisms in soil and thus would tend not to persist. Chlorinated 
27 solvents (e.g., carbon tetrachloride) may undergo slow biotransformation in the subsurface 
28 under anoxic conditions. Tetrachloroethylene and trichloroethylene may be converted to the 
29 more toxic compound vinyl chloride under some redox conditions. Volatile aromatics such 
30 as toluene are generally intermediate in their biodegradability between these two example 
31 groups. 
32 
33 4.2.4.5 Toxicity. Contaminants may be of potential concern for impacts to human health if 
34 they are known or suspected to have carcinogenic properties , or if they have adverse 
35 noncarcinogenic human health effects. The toxicity characteristics of the chemicals detected 
36 at JP the operable unit iggg~gg~~ ~f~ are summarized below. 
37 
38 4.2.4.5.1 Radionuclides. All radionuclides are classified by EPA as known human 
39 carcinogens based on their property of emitting ionizing radiation and on the evidence 
40 provided by epidemiological studies of radiation-induced cancers in humans. Non-
41 carcinogenic health effects associated with radiation exposure include genetic and teratogenic 
42 effects; however, these effects generally occur at higher exposure levels than those required 
43 to induce cancer. Thus, the carcinogenic effect of radionuclides is the primary identified 
44 health concern for these chemicals {IRI: l~~iJ). 
45 
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Risks associated with radionuclides differ for various routes of exposure depending on 
the type of ionizing radiation emitted. Nuclides that emit alpha or beta particles are 
hazardous primarily if the materials are inhaled or ingested, since these particles expend their 
energy within a short distance after penetrating body tissues. Gamma-emitting radioisotopes 
are of concern as both external and internal hazards. A fourth mode of radioactive decay, 
neutron emission, is generally not of major health concern, since this mode of decay is much 
less frequent than other decay processes. In addition to the mode of radioactive decay , the 
degree of hazard from a particular radionuclide depends on the rate at which particles or 
gamma radiation are released from the material . 

Excess cancer risks for exposure to radionuclides by inhaling air, drinking water, 
ingesting soil, and by external irradiation are shown in Table 449:ig. These values represent 
the increase in probability of cancer to an individual exposed for a lifetime to a radionuclide 
at a level of 1 pCi/m3 in air, 1 pCi/L in drinking water , 1 pCi/g in ingested soil, or to 
external radiation from soil having a radionuclide content of 1 pCi/g (EPA 1991a) . +ff~~ 

For those radionuclides without EPA (1991a) slope factors , the Har,fora Sile Baseline 
Risk Assessment Methodology (DOE/Rb 1991a) proposes to use the dose conversion factors 
developed by the International Commission on Radiological Protection to calculate a risk 
~ 

The unit risk factors for different radionuclides are roughly proportional to their 
specific activities , but also incorporate factors to account for distribution of each radionuclide 
within various body organs, the type of radiation emitted , and the length of time that the 
nuclide is retained in the 1oog5 Rf&i g)~nt~t~r 

Based on the factors listed in Table 4-+9g@, the highest risk for exposure to 1 pCi/m3 

in air is from plutonium, americium and uranium isotopes, which are alpha emitters. Among 
the radionuclides detected in environmental samples at the Z Plant Aggregate Area, the 
highest risks from ingestion of soil at 1 pCi/g are for 227Ac, 241 Am , 243Am , 238 Pu, 244Cm , and 
243Cm. The primary gamma-emitters are 214Bi , 6°Co, 134Cs, 137Cs (because of its metastable 
decay product, 137mBa) , 152Eu, and 154Eu. 
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The standard EPA risk assessment methodology assumes that the probability of a 
carcinogenic effect increases linearly with dose at low dose levels, i.e. , there is no threshold 
for carcinogenic response. The EPA methodology also assumes that the combined effect of 
exposure to multiple carcinogens is additive without regard to target organ or cancer 
ITl~~~ailiSITl '. ..... 1111~tf: ::11:~qi!x~ n-~1:1t2m: 2n~mi1i s1:s,n2$!u~1m1~ rl8t 2PDb1t2~~ ~n2i19 lm/ i\9§mi1R!it~!P!i!~!i mEl!~~!2i12 

4.2.4.5.2 Hazardous Chemicals. Carcinogenic and non-carcinogenic health effects 
associated with chemicals known or suspected to occur within the Z Plant Aggregate Area 

EPA has not derived toxicity criteria for many of the chemicals suspected of being 
present or detected at the Z Plant Aggregate Area. Many of the chemicals that lack toxicity 
criteria ha'i'e negligible toxicity or are necessary nutrients in the human diet. 

Several of the chemicals have known toxic effects but no toxicity criterion is presently 
available. In some instances the criteria have been withdrawn by EPA pending review of the 
toxicological data and will be reissued at a future date . Chemicals with known ¢:hr9'.n!9 
toxicity for which toxicity factors are presently not available include: 

creosote 
ethanol 
Freon II (trichlorofluoromethane) 
isopropanol 
lead 
methanol 
selenium 
kerosene 
naphthylamine (untritiated) 
tributylphosphate. 

4.2.4.6 Bioaccumulation potential. Contaminants may be of concern for exposure if they 
have a tendency to accumulate in plant or animal tissues at levels higher than those in the 
surrounding medium (bioaccumulation) or if their levels increase at higher trophic levels in 
the food chain (biomagnification). Contaminants may be bioaccumulated because of element
specific uptake mechanisms (e.g. , incorporation of strontium into bone) or by passive 
partitioning into body tissue (e.g. , concentration of organic chemicals in fatty tissues). 
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400 800 1600 meters 

Zone A = < 700 ct/s 
Zone B = 700 to 2,200 ct/s 
Zone C = 2,200 to 7,000 ct/s 
Zone D = 7,000 to 22,000 ct/s 
9 = 218-W-4C Burial Ground 
10 = Plutonium Finishing Plant 
11 = 2702-W RMW Storage Complex 
12 = 218-W-5 Burial Ground 

Zone E == 22,000 to 70,000 ct/ s 
Zone F == 70,000 to 220,000 ct/s 
Zone G = 220,000 to 700,000 ct/ s 
Zone H = 700,000 to 2,200,000 ct/s 

Other numbers refer to sites outside the Z Plant Aggregate Area. Z Plant Aggregate Area is outlined in red. The results are displayed as relative levels of man-made radionuclide activity . 

Figure 4-1. Gamma Isoradiation Contour Map 
of the 200 West Area. 

(Reiman and Dahlstrom 1988) 
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Figure 4-2. Surface, Underground and Migrating Contamination Map of the 200 West Area (Huckfeldt 1991b ). 
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Figure 4-3. Wells in Which Carbon Tetrachloride/Chlorinated 
Hydrocarbon Vapor was Detected during Drilling 

in the 200 West Area, 1987-1991. (DOE/RL 1991b) 
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Figure 4-4. Wells in Which Carbon Tetrachloride Vapor was 
Detected in the Z Plant Aggregate Area, 1991. (DOE/RL 1991b) 
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Some contaminants may volatilize and enter the atmosphere after 
release. 

® Wind may move contaminants laterally at the surface. For a surface 
release, this may occur immediately. For subsurface releases, 
contaminants must first be moved to the surface by biological activity. 

@ The majority of contaminants are held in the vadose zone soils 
immediately beneath the point of release. The highest total activities will 
be immediately beneath the point of release and less mobile 
contaminants such as TRUs should be restricted to this area. 

© Thin discontinuous aquitards may cause small perched water zones. 
Some lateral migration of contaminants may occur above such a zone , 
particularly if it occurs close to the point of release. 

® The majority of liquid travels downward through the vadose zone 
carrying some more mobile contaminants such as fission products. 
Contaminants may be locally concentrated in fine-grained horizons, 
though at much lower concentrations than occur immediately beneath 
the point of release. 

® The caliche layer is the most significant physical and chemical barrier to 
vertical contaminant migration in the vadose zone. Perched water 
zones are most likely to occur above the caliche layer and significant 
lateral migration of waste water may occur. 

(z) Perched water eventually percolates through the caliche layer or passes 
through gaps in the caliche and reaches the groundwater. Some of the 
most mobile contaminants (tritium, cyanide, iodine, nitrates, nitrites, 
fluoride) reach the groundwater and may form contaminant plumes. 

® Waste water from adjacent active waste management units may 
remobilize contaminants in the underlying vadose zone. 

Figure 4-7. Physical Conceptual Model of 
Contaminant Distribution for 
Liquid Disposal Sites. 
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Table 4-1. Summary of Radionuclide Contamination in Various Affected Media for the Z Plant Aggregate Area. (Sheet 1 of 5) 

Surface Soil Surface Vadose 
Waste Management Unit Air (0 to 1 m) Water Biota Zone Remarks 

•· : . ··•·•··• ec• ·•··: •·· ··•: ··•:• ,·.::::::-:-.-:--·- > ? ··.··•·· 
• ii / •·.• ···•· 

..:.:.)(.\·• ...... ,. : ... ..,. . . ··•··• r•··> . . > ·•·•· 

. .., : .. 
. ·• . ..... 

232-Z Incinerator - s - - - Slightly elevated external radiation. 

···•· :=::r . 
···••·····• .. · ( •.· 

..... ... ·-: ·.·:.·-·. 
Tanks and V aults : : 

216-Z-8 Settling Tank - - - - s Single wall steel lank containing 1.6 kg Pu ( 1974). 

241-Z-361 Settling Tank - - - - -

241-Z Treatment Tank - k, r - - s See UPR-200-W-79. 
.. ··•·•·•·• ... ·.·· 

Cribs and Drains 
•· ·.'. 

216-Z-l & 216-Z-2 Cribs - s - - s Eleva ted external radiation. 

216-Z-3 Crib - - - - s 

216-Z-5 Crib - k - - s High cave-in potential reported. 

216-Z-6 Crib - - - - s High cave-in potential reported. 

216-Z-7 Crib - k - - s Elevated gamma 10 groundwater. 

216-Z-12 Crib - - - - s Elevated gamma 10 8 m. 

216-Z-16 Crib - - - - s 

216-Z-18 Crib - - - - s Eleva ted gamma 10 9 m. 

216-Z-8 French Drain - - - - k 2J• ru 10 7.6 m. 

216-Z-13 French Drai n - - - - s Floor drainage from 29 1-Z Building. 

216-Z-14 French Drain - - - - s Trace bela activity reported. 
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Table 4-1. Summary of Radionuclide Contamination in Various Affected Media for the Z Plant Aggregate Area. (Sheet 2 of 5) 

Surface Soil Surface Vadose 
Waste Management Unit Air (0 to 1 m) Water Biota Zone Remarks 

216-Z-15 French Drain - - - - s Received Evaporative cooler water. 

216-Z- lA Tile Field - s - - k Pu and Am to 30 m. 
. •·• -: . ··-· -: ·- -· 

R~verse Well 

216-Z-10 Reverse Well - - - - s 
.. '' ••.•·,•; :·•. •,• .,; .. · ·-· ... · .. :: .:'"" \:::::;:::::-:;=··: :- . 

Ponds, Ditches and Trenc;hes . :,::-=: . · .... ,: 

216-Z-4 Trench - - - - s O nly used o ne month. 

216-Z-9 Trench - k - k k Elevated gamma to more than 30 m. 

216-Z-17 Trench - - - - s Received labora tory waste. 
·- ·,: -::::::::,:·-··-::;'·'.'.:,:-:-:. 

Septic Tanks and Associated Drain Fields 

2607-Z Septic Tank and Drain - - - - - Sani tary wastes only. 

Field 

2607-Z-l Septic Tank and Drain - - - - - Sa nitary wastes only. 

Field 

2607-WA Septic Tank and Drain - - - - - Sa nitary wastes only. 

Field 

2607-WB Septic Tank and Drain - - - - - Sani tary wastes only. 

Field 

2607-W-8 Septic Tank and Drain - - - - - Sa nitary wastes on ly. 

Field 
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Table 4-1. Summary of Radionuclide Contamination in Various Affected Media for the Z Plant Aggregate Area. (Sheet 3 of 5) 

Waste Management Unit Air 
.·. · .. · _- ·-- .. 

241-Z-Diversion Box No. 1 

241-Z-Diversion Box No. 2 

231-Z-151 Sump 

207-Z Retention Basin 

241-Z-21 Seepage Basin 

218-W-l Burial Ground 

218-W-IA Burial Ground 

218-W-2 Burial Ground 

218-W-2A Burial Ground 

218-W-3 Burial Ground 

218-W-3A Burial Ground 

218-W-3AE Burial Ground 

218-W-4A Burial Ground k 

218-W-4B Burial Ground 

Surface Soil Surface Vadose 
(0 to 1 m) Water Biota Zone Remarks 

-< : .. -:- .. . ·-·-·- -__ ::_:_.,:._. ")". ·---:-·:· .. :-.-_ ::- -·-·:::-:-::··· 
Transfer Facilities, Diversion Boxes; a.ng Pipelines 

s 

s 

s 
.. :- :- . 

Basins :-

k nc k 

Burial Sites 

k, r? 

s 

s k 

s 

k, r? s 

k 

See UN-200-W-130 
. -. -.-.• :t•::··- ·- -· ··-· 

Contaminated aquatic vegetation and sediment. 
. 

-.-:--:-

Elevated external radiation. See UPR-200-45, UPR-
200-W-84, UPR-200-W-134. 

Elevated externa l radiation. 

Elevated externa l radiation. Contaminated 
vegetation. 

Elevated external radiation. 

See UPR-200-W-16, UPR-200-W-26, UPR-200-W-
53, a nd UPR-200-W-72. Elevated externa l radiation. 

Small area of contaminated mulch. 

I 
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Table 4-1. Summary of Radionuclide Contamination in Various Affected Media for the Z Plant Aggregate Area. (Sheet 4 of 5) 

Surface Soil Surface Vadose 
Waste Management Unit Air (0 to 1 m) Water Biota Zone Remarks 

218-W-4C Burial Ground - s - k - Contaminated vegetation. 

218-W-5 Burial Ground - - - - -

218-W-6 Burial Ground - - - k - Proposed site. Conta minated vegetation. 

218-W-11 Burial Ground - k - k - Small area of contaminated mulch 

Z Plant Burn Pit - - - - -
. 

U nplanned Releases . ., ... 

UN-200-W-ll - s - - -

UPR-200-W-16 s r? - - - Eleva ted external radia tion (historical). 

UN-200-W-23 - s - - -

UPR-200-W-26 s r? - - - Elevated external radiation (historical). 

UN-200-W-44 s s - - - Eleva ted external radiation (historical). 

UP R-200-W-45 k r? - - - Elevated externa l radia tion (historical). Ru thenium 
spill affected 1,800 acres. 

UP R-200-W-53 k r? - - - Eleva ted external radia tion (historical). Ruthenium 
spi ll affected 250 acres. 

UPR-200-W-72 s r? - - - Eleva ted external radiat io n (historica l) . 

UN-200-W-74 - r - - - Elevated external radiation (h istorica l) . 241 -Z 
Trea tment Ta nk Area . 

UN-200-W-75 - r - - - Eleva ted external radia tion (historica l). 241-Z 
Treatment Tank Area . 



9 •) 7 7 

Table 4-1. Summary of Radionuclide Contamination in Various Affected Media for the Z Plant Aggregate Area. (Sheet 5 of 5) 

Surface Soil Surface Vadose 
Waste Management Unit Air (0 to 1 m) Water Biota Zone Remarks 

UN-200-W-79 - r - - - 241 -Z T rea tment Tank Area. 
Elevated external radiation (historical) . 

UPR-200-W-84 s r? - - - Elevated external radiation (h istorical) . 

UN-200-W-89 s r - - - Elevated external radiation ( I 985). 

UN-200-W-90 s r - - - Eleva ted external radia tion ( I 985). 

UN-200-W-91 s r? - - - Eleva ted external radiation ( I 985). 

UN-200-W-103 - r? - - s Elevated external radiation. 216-Z-18 Crib line 

UN-200-W-130 - r? - - s Elevated external radiation (historical) . 

UN-200-W-132 - s - - s 

UPR-200-W-134 nc nc - - -

UPR-200-W-158 - s - - - Eleva ted external radiation (historical) . 

UN-200-W-159 - - - - -

Notes: 

s Suspected contamination, based o n WH C (1991a), other waste inventory data, and ava ilab le sa mpling and analysis information. 
k Known contamination based o n WHC (1991a), or o ther source. 
r Complete remediation reported. 
r? Remediation a11empted, effectiveness no t docume nted . 
nc No contamination indica ted by the available data. 
Blank entires indica te no applicable data found during document review. 
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Table 4-2. Summary of Chemical Contamination for Various Affected Media for the Z Plant Aggregate Area. (Sheet 1 of 5) 

Surface Soil Surface Vadose Zone 
Waste Management Unit Air (0 to 1 m) Water Biota Soil Remarks 

. · .. .. . ( .. • .. :_., .. ·:· : :·· .. : .... ·= ....... · :.=: :,:':::,=:=: ._ .... ·:-:==:= ·-:'//:-': :-:-· . . . ... · }:=·=· .. ·. ·:., . L m: ::·· 
.. ·. .,:,:> -:-.· flants, l3t!ildings, .apct Storage J.\re~f ,.\ ... · ·===· · .,., = ,fl'\:\ · ==·-·· .... , {)\ . 

·-•,• 

232-Z Incinera tor - - - - -
:: ·:= .. :::- .·.: ::·: ,:-:-:.- :-. :,::=-:-:- · . 

Tanks and .Vaults ·.=.=:: ( :,:,.:: 
I 

216-Z -8 Settling Tank - - - - - Singl< wall st<cl tanl:. 

241-Z-361 Settl ing Tank - - - - -

241-Z Trea tment Tank - k, r - - - S« UPR-200-W-79. 

. :::•<':>'·'····· : :·· =:- .: 

Cribs and Drains 
·. -::--. < :- :-: ··\ .· . ·. ... . 

216-Z-1 & 216-Z-2 Cribs s - - - k Carbon tetrachloride disposal an::a . 

216-Z-3 Crib - - - - s Mainty inorganic,. 

216-Z-5 Crib - - - - s Main ty inorganic,. 

216-Z-6 Crib - - - - s M i'linly inorganics. 

216-Z-7 Crib - - - - s Mainty inorg.1nics. 

216-Z-12 Crib - - - - s Received laboratory waste. 

216-Z-16 Crib - - - - s 

216-Z-18 Crib s - - - k Carbon tetrachloride disposal area. 

216-Z-8 French Dra in - - - - s 

216-Z-13 French Drain - - - - nc Floor drain>g< from 291-Z Building. 

216-Z-14 French Drain - - - - nc 

216-Z-15 French Drain - - - - nc ReceCVed Evaporative coolc:r water. 

... ·.·• 

-:.· 

·.· .. 

·.•:•. 

.·• 
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Table 4-2. Summary of Chemical Contamination for Various Affected Media for the Z Plant Aggregate Area. (Sheet 2 of 5) 

Surface Soil Surface Vadose Zone 
Waste Management Unit Air (0 to 1 m) Water Biota Soil Remarks 

216-Z-lA Tile Field s - - - k Carbon tetracbloride disposal arc.a. 

..• :.•.>.,.· ,/ ·.· > ··•·· . /" ... •·. .. 
. •. ·.·. ·•·••·❖-

Reverse Well .·.•.·-· ··• . ·•···· 

216-Z-10 Reverse Well - - - - s 
.. ·. . . · .. ,· . .. 

Ponds, Ditches, and Trenches 
. 

216-Z-4 Trench - - - - s Only used one month. Received 
laboratory waste. 

216-Z-9 Trench s - - - k Carbon h:trachloridt dispos.11 area. 

216-Z-17 Trench - - - - s Rc:ceived laboratory waste. 

. ..... . ·•· •·· ·····•· ·• •·· 

Septic Tanks and Associated Drain Fields 
·• .. .. 

2607-Z Septic Tank and Drain - - - - nc Sanitary wastes only. 

Field 

2607-Z-1 Septic Tank and Drain - - - - nc S.1 nit..1ry wastes only. 

Field 

2607-WA Septic Tank and Drain - - - - nc S.1nitary wastes only. 

Field 

2607-WB Septic Tank and Drain - - - - nc Sanicary wastes onty. 

Field 

2607-W-8 Septic Tank and Drain - - - - nc Sanit..1ry wastes only. 

Field 

Transfer Facilities, Diversion Boxes, and Pipelines 

241-Z-Diversion Box No. 1 - - - - -

241-Z-Dive rsion Box No. 2 - - - - -
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Table 4-2. Summary of Chemical Contamination for Various Affected Media fo r the Z Plant Aggrega te Area. (Sheet 3 of 5) 

Surface Soil Surface Vadose Zone 
Waste Management Unit Air (0 to 1 m) Water Biota Soil Remarks 

231-Z-15 1 Sump - - - - -
•·• . . . . ···· ·.·:-:-•-:: .. .. · . .. •.· . . .. .· .. · ... :· 

•· 
Basins .· ···.··•· .... . } ..... 

207-Z Retentio n Bas in - - - - -

216-Z-21 Seepage Bas in - - nc - -
..... .· ··-·-:-· .··. :•:•:.:•:::•·,::•=/\•'••····::::::•::::::: ·••:,c,:.•···· •• , . 

Burial Sites ·• .i 

218-W-1 Buria l Ground - - - - - Sec UPR-200-45, UPR-200-W-84, 
UPR-200-W-134. 

218-W-l A Bu ria l G round - - - - -

218-W-2 Buria l G round - - - - -

218-W-2A Buria l Ground - - - - -

218- W-3 Buria l Ground - - - - -

218-W-3A Bu rial Ground - - - - -

218-W-3AE Buria l G round - - - - - Doesn't receive radioactive waste. 

218-W-4A Buria l Gro und - - - - - Se, UPR-200-W-16, UPR-200-W-26, UPR-
200-W-SJ, and UPR-200-W-72. 

218-W-4B Buria l Ground - - - Small arc!a o( cont.1minated mulch. - -

218-W-4C Buria l Ground - - - - -

218-W-5 Buria l Ground - - - - -

218-W-6 Burial Ground - - - - - Proposed site. 

218-W-11 Buria l Ground - - - - - Small ~m:a of concaminated mulcb. 



Table 4-2. Summary of Chemical Contamination for Various Affected Media for the Z Plant Aggregate Area. (Sheet 4 of 5) 

Surface Soil Surface Vadose Zone 
Waste Management U nit Ai r (0 to 1 m) Water Biota Soil Remarks 

Z Plant Burn Pit - - - - -
,• ' .... ..... -:-:-- ' '' .. ,, . . .. ... '.•:,,,• ·•·.· .. ·=·· ....... . 

.. : : {Jnplanned Releases . ·-·, ·· •,• :-:• 

UN-200-W-11 - - - - -

U PR-200-W-16 - - - - -

UN-200-W-23 - - - - -

UPR-200-W-26 - - - - -

UN-200-W-44 - - - - -

UPR-200-W-45 - - - - -

UPR-200-W-53 - - - - -

UPR-200-W-72 - - - - -

UN-200-W-74 - - - - - 241-Z Treatment Tank Area. 

UN -200-W-75 - - - - - 241·2 Trc:atmc:nt Tant Arc:a. 

UN -200-W-79 - - - - - '24 1-2 Trc:atmc:nl Tan~ Arc:a. I 

UPR-200-W-84 - - - - -

UN-200-W-89 - - - - -

UN -200-W-90 - - - - -

UN-200-W-91 - - - - -

UN-200-W-103 - - - - - 216-Z-18 Crib lino. 

UN-200-W-130 - - - - -
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Table 4-2. Summary of Chemical Contamination for Various Affected Media for the Z Plant Aggregate Area. (Sheet 5 of 5) 

Surface Soil Surface 
Was te Management Unit Air (0 to 1 m) Water Biota 

UN-200-W-132 - - - -

UPR-200-W-134 - - - -

U PR-200-W-158 - - - -

UN-200-W-159 - - - -

No tes: 

s Suspected contamination, primarily based on WHC (1991a), and other waste inventory data. 
k Known contamination based on chemical analysis data, WHC (1991a) , or other source. 
r Complete remediation reported. 
r? Remediation a ttempted, effectiveness no t documented. 
nc No contamination indica ted by the available data. 
- indica tes no app licable data found during document review. 

Vadose Zone 
Soil Remarks 

-

-

-

-
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Table 4-3. Types of Data for the Z Plant Aggregate Area Waste Management Units. (Sheet 1 of 5) 

Waste Inventory Surface External Biota Subsurface Borehole 
Database Soil/Sediment Radiation Sampling Vapor/Soil Geophysics 

Waste Management Unit (WIDS) Data Monitoring Data Data Sampling Data Data 
. 

·••·• 

•· ·•· Pla,-i.ts, Buil<Hngs, and .Storage N~as · .. -> ·•· . . ....... :, .......... ·.·.•····•·•·· ..... ,.:: .... ,. 
232-Z Incinerator - - R - - -

.. ·•: · ... . . ·. 

Tanks and Vaults 

216-Z-8 Settling Tank C,R - - - - -

241-Z-361 Settling Tank C,R - - - - -

241-Z Treatment Tank C,R - - - - -
... 

Cribs and Drains 
•·· ·•·••·•· 

216-Z-1 & 216-Z-2 Cribs C,R - R - - R 

216-Z-3 Crib C,R - R - - R 

216-Z-5 Crib C,R - R - \ - R 

216-Z-6 Crib C,R - R - - -

216-Z-7 Crib C,R - R - - R 

216-Z-12 Crib C, R - R - - R 

216-Z-16 Crib R - R - - R 

216-Z-18 Crib C,R - R - C R 

216-Z-8 French Drain R - R - R -

216-Z-13 French Drain R - R - - -

216-Z-14 French Drain R - R - - -
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Table 4-3. Types of Data for the Z Plant Aggregate Area Waste Management Units. (Sheet 2 of 5) 

Was te Inventory Surface External Biota Subsurface Borehole 
Database Soil/Sediment Radiation Sampling Vapor/Soil Geophysics 

Waste Management Unit (WIDS) Data Monitoring Data Data Sampling Data Data 

216-Z-15 French Drain R - R - - -

216-Z-lA Tile Field C, R - R - C, R R 
. .. ... , .. .. 

Reverse Well "-· . ., :, 
,•, 

216-Z-10 Reverse Well C, R - R - - -
,. ,. 

Ponds, Ditches, and Trenches 
•,, .. ,., , ' , .. ' 

216-Z-4 Trench R - R - - -

216-Z-9 Trench C, R - R R C, R R 

216-Z-17 Trench R - R - - -

Septic Tanks and Associated Drain Fields 
· .. :,, ... ❖.·,•,•,••·· ..· 

2607-Z Septic Tank and Drain - - - - - -
Field 

2607-Z-l Septic Tank and Drain - - - - - -
Field 

2607-WA Septic Tank and Dra in - - - - - -
Field 

2607-WB Sept ic Tank and Dra in - - - - - -
Field 

2607-W-8 Septic Tank and Dra in - - - - - -
Field 
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Table 4-3. Types of Data for the Z Plant Aggregate Area Waste Management Units. (Sheet 3 of 5) 

Waste Inventory Surface External Biota Subsurface Borehole 
Database Soil/Sediment Radiation Sampling Vapor/Soil Geophysics 

Waste Management Unit (WIDS) Data Monitoring Data Data Sampling Data Data 
. .. 

Transfer Facilities,'Diversion Boxes, and Pipelin¢s . 

241-Z-Divers ion Box No. 1 - - - - - -

241-Z-Diversion Box No. 2 - - - - - -

231-Z-151 Sump - - - - - -
• ,: ,•····. •. .. . ,•.•.•. ,• .. · · :,: .. 

Basins 

207-Z Retention Basin - - - - - -

216-Z-21 Seepage Basin - R R R - -
... ,••. · :-:::•:•:• . 

Burial Sites 

218-W-1 Burial Ground R - R - - -

218-W-lA Burial Ground R - R - - -

218-W-2 Burial Ground R - R - C -

218-W-2A Burial Ground R - R R - -

218-W-3 Burial Ground R - R - - -

218-W-3A Burial Ground R - R - - R 

218-W-3AE Burial Gro und R - - R C, R R 

218-W-4A Burial Gro und R - R - - -

218-W-4B Burial Ground R - R - C, R R 

218-W-4C Burial Ground R - - R C, R R 



Table 4-3. Types of Data for the Z Plant Aggregate Area Waste Management Units. (Sheet 4 of 5) 

Waste Inventory Surface External Biota Subsurface Borehole 
Database Soil/Sediment Radiation Sampling Vapor/Soil Geophysics 

Waste Management Unit (WIDS) Data Monitoring Data Data Sampling Data Data 

218-W-5 Burial Ground R - - - C,R R 

218-W-6 Burial Ground - - - - - R 

218-W-11 Burial Ground R - R - - R 

Z Plant Burn Pit - - - - - -
.. ·. .•·· . -·· •.•,·-:-· ... •,•.• ·/•:;:-:-··/'' 

Unplanned Releases 

UN-200-W-1 l - - - - - -

UPR-200-W-16 - - R - - -

UN-200-W-23 - - R - - -

UPR-200-W-26 - - R - - -

UN-200-W-44 R - R - - -

UPR-200-W-45 R - R - - -

UPR-200-W-53 R - R - - -

UPR-200-W-72 R - R - - -

UN-200-W-74 R - R - - -

UN-200-W-75 R - R - - -

UN -200-W-79 R - R - - -

UPR-200-W-84 R - R - - -

UN-200-W-89 R - R - - -
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Table 4-3. Types of Data for the Z Plant Aggregate Area Waste Management Units. (Sheet 5 of 5) 

Waste Inventory 
Database 

Waste Management Unit (WIDS) 

UN-200-W-90 R 

UN-200-W-91 R 

UN-200-W-103 R 

UN-200-W-130 R 

UN-200-W-132 -

UPR-200-W-134 -

UPR-200-W-158 R 

UN -200-W-159 C 

Notes: 

C Nonradioactive organic or inorganic constituents 
R Radiological cons tituents 

Surface 
Soil/Sediment 

Data 

-

-

-

-

-

-

-

-

- indicates no applicable data found during document review. 

External Biota Subsurface 
Radiation Sampling Vapor/Soil 

Monitoring Data Data Sampling Data 

R - -

R - -

R ,- -

R - -

- - -

- - -

R - -

- -

Borehole 
Geophysics 

Data 

-

-

-

-

-

-

-

-
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Table 4-4. Summary of Air Sampling Results (1985 through 1989) . 

Sites 

Radionuclide in pCi/m3 Nl65 N962 N964 N994 

Strontium -90 6.55E-04 2.25E-03 7.45E-04 6.26E-05 

Cesium -137 l.37E-04 5.95E-04 7.80E-05 l.70E-04 

Plutonium - 239 2.37E-04 3.28E-05 2.04E-05 2. l0E-06 

Uranium (Total) 5.43E-05 4.73E-05 3.66E-05 2.31E-05 

Notes: 
Table values are averages for radionuclide concentrations in air from 1985 through 1989 in 
pCi/m3

• 

See Table A-3 for complete data set. 
See Plate 2 for sampling locations. 

4T-4 
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Table 4-5. Radia tion and Dose Rate Surveys at the Z Plant Aggregate Area Waste Management Units. (Sheet 1 of 6) 

Radiation Survey 

Smearable Radiation Type, Notes 
Inspection ct/min dis/min mrem/hr Alpha in 

Was te Management Unit Ref. Date dis/min 
.. .. .·.·· .·.···.···::: . ·.· ·. ·'.•:•-• . 

Plants, Buildings, and Storage. f\I~as ' ' .· <> > "'· 
232-Z Incinera tor 2 - - - - - Low levels of a, stabilized 

.: ,.,·· .. 

Tank$ and Vaults . ·.· :::,.•.· /./. <:::.;,;., .. ,/.·>·./,:, "' : ... .,,., .:,: ·'. 

216-Z-8 Settl ing Tank - - - - - - -

241-Z-361 Settling Tank - - - - - - -

241-Z Trea tment Tank - - - - - - -
.. ·.•:-•.··.•.•,·•,•,•,•, 

Cribs and D rains 
. •,: 

':\:/\:,: 

21 6-Z -1 & 216-Z-2 Cribs 1 Jan. 4, 1989 ND 15,000 ND 1,500 C( 

216-Z-3 Crib 2 March, 1986 NA NA ND ND -

216-Z-5 Crib 1 Sept. 5, I 991 NA ND NA NA Stabilized (backfi lled) 9/5/9 1 

216-Z-6 Crib 1 Aug. 13, 1991 NA ND NA ND -

216-Z-7 Crib 1 Sept. 9, 1991 NA ND NA ND Stabil ized (backfilled) 9/11/91 

216-Z-12 Crib 1 July 18, 1991 NA ND ND ND -

216-Z-16 Crib 1 Feb. 28, 1991 NA ND ND NA -

216-Z-18 Crib 1 J uly 9, 1991 ND ND ND NA -

216-Z-8 French Drain 1 July 2, 1991 NA ND ND ND -, 
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Table 4-5. Radiation and Dose Rate Surveys at the Z Plant Aggregate Area Waste Management Units. (Sheet 2 of 6) 

Radiation Survey 

Smearable Radiation Type, Notes 
Inspection ct/min dis/min mrem/hr Alpha in 

Was te Management Unit Ref. Date dis/min 

216-Z-13 French Drain 1 Feb. 28, 1991 ND ND ND NA -

216-Z-14 French Drain 1 Feb. 28, 1991 NA ND ND NA -

216-Z-15 French Drain 1 Feb. 28, 1991 NA ND ND NA -

216-Z-lA Tile Field 1 Jan. 3, 1989 NA 10,000 ND 500 -
.... ·.·.·.• ,. ·'.·:::: ::-:- <· 

Reverse Well 

216-Z-10 Reverse Well 1 Aug. 13, 1991 - - ND NA -
. .. . }f'f . ,,,,. 

Ponds, Ditches, and Trenches ,., ., .·. 

216-Z-4 Trench 1 Aug. 13, 1991 NA ND NA ND -

216-Z-9 Trench 1 July 10, 1991 NA ND ND ND -

216-Z-17 Trench 1 Aug. 13, 1991 NA ND ND ND -
.. . ·,•,···· . 

Septic Tanks and Associated Drain Fields .. 

2607-Z Septic Tank and Drain - - - - - - -
Field 

2607-Z-l Septic Tank and Drain - - - - - - -
Field 
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Table 4-5. Radiation and Dose R ate Surveys at the Z Plant Aggregate Area Was te Management Units. (Sheet 3 of 6) 

Radiation Survey 

Smearable Radiation Type, Notes 
Inspection ct/min dis/min mrem/hr Alpha in 

Was te Management Unit Ref. Date dis/min 

2607-WA Septic Tank and Drain - - - - - - -
Field 

2607-WB Sept ic Tank and Drain - - - - - - -
Field 

2607-W-8 Septic Tank and Dra in - - - - - - -
Field 

•· : .. 
Transfer Faci li ties, Diversion Boxes, and Pipelines 

•. 

241-Z -Diversion Box No. 1 - - - - - - -

241-Z-Diversion Box No. 2 - - - - - - -

231-Z-151 Sump - - - - - - -
.. . : ,:. ..... ·• . 

Bas ins 

207-Z Retention Basin - - - - - - -

216-Z-2 1 Seepage Bas in 1 Jan. 25, 1989 NA 5,000 ND NA {J, Contaminated tumbleweed 

Buria l Si tes 

218-W-1 Burial Ground 1 Aug. 8, 1991 NA 15,000 NA NA {J, Small hot spot - topsoil 

218-W-l A Buria l Ground 1 June 19, 1991 ND ND NA NA -
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Table 4-5. Radiation and Dose Rate Surveys at the Z Plant Aggregate Area Waste Management Units. (Sheet 4 of 6) 

Radiation Survey 

Smearable Radiation Type, Notes 
Inspection ct/min dis/min mrem/hr Alpha in 

Waste Management Unit Ref. Date dis/min 

218-W-2 Burial Ground 1 Aug. 8, 1991 NA 15,000 NA NA {3 , Small hot spot - topsoil 

218-W-2A Burial Ground 1 June 6, 1991 NA 10,000 ND NA /3 

218-W-3 Burial Ground 1 June 6, 1991 ND ND ND ND -

218-W-3A Burial Ground 1 Mar. 15, 1991 4,000 40,000 18 NA {3, Hot spot l x l m (3 X 3 ft) 

218-W-3AE Burial Ground - - - - - - -

218-W-4A Burial Ground 1 Aug. 8, 1991 NA 10,000 NA NA /3 , Hot spot 7 x I m (20 x 3 ft) 

218-W-4B Burial Ground 1 Aug. 8, 1991 NA ND ND NA -

218-W-4C Burial Ground - - - - - - -

218-W-5 Burial Ground - - - - - - -

218-W-6 Burial Ground - - - - - - -

218-W-11 Burial Ground 1 Aug. 8, 1991 NA ND NA NA -

Z Plant Burn Pit - - - - - - -

Unplanned Releases 

UN-200-W-ll 2 1952 - - - - Pluton ium - levels unknown 

UPR-200-W-16 2 1952 - 200,000 - - Unknown , disposed of into 218-W-4A 

UN -200-W-23 2 1953 - 10,000 - - Paved, posted 
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Table 4-5. Radiation and Dose Rate Surveys at the Z Plant Aggregate Area Waste Management Units. (Sheet 5 of 6) 

Radiation Survey 

Smearable Radiation Type, Notes 
Inspection ct/min dis/min mrem/hr Alpha in 

Waste Management Unit Ref. Date dis/min 

UPR-200-W-26 2 1953 - - 2,000 - Spotty contamination with "'"Ru 

U N-200-W-44 2 1957 - - 2,000 - Unknown 

UPR-200-W-45 2 1957 - - 1,100 - Unknown, occurred within 218-W-l 

UPR-200-W-53 2 1959 - - 50 - Unknown, 250 acres, "'"Ru 

UPR-200-W-72 2 1975 100,000 70,000 - - er, /3, -y, waste removed, covered with clean 
soil 

UN-200-W-74 2 1976 - 8,000 - - er, remedia ted soil 

UN -200-W-75 2 1975 - 40,000 - - Unknown, remediated 

UN-200-W-79 2 1978 - 2,000 - - er 

UPR-200-W-84 2 1980 - -- 2,000 - Unknown, placed in 218-W-l 

UN-200-W-89 2 Dec. 1985 - 50,000 - - er, remedia ted to background 

UN-200-W-90 2 May, 1985 - 10,000 - - er, remedia ted to background 

U N-200-W-91 2 Dec., 1985 - 20,000 - - er, remedia ted to background 

UN-200-W- 103 2 1971 - - - 76,000,000 er, soi l excavated, covered wi th 2 m (6 ft) 
of clea n soi I 

UN-200-W-130 2 1967 - 40,000 100 ,B - /3 , 'Y 

500 'Y 

UN-200-W-132 2 1956 - - - - Level not reported , re mediated 
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Table 4-5. Radiation and Dose Rate Surveys at the Z Plant Aggregate Area Waste Management Units. (Sheet 6 of 6) 

Radiation Survey 

Smearable Radiation Type, Notes 
Inspection ct/min dis/min mrem/hr Alpha in 

Waste Management Unit Ref. Date dis/min 

UPR-200-W-134 2 1975 - - - - Improper drum disposal • no release 

UPR-200-W-158 2 1960 1,000 - 60 - Unknown 

UN-200-W-159 2 1959 - - - - Non-radioactive spill 

Notes: 
Refs: 1. WHC (1991a); 2. Z Plant Aggregate Area Radiological Surveys - Compilation 
ND Measured but not detected 
NA Parameter was not available (not measured) in most recent survey 
ct/min Counts per minute 
dis/min Disintegrations per minute 
mrem/hr Millirem per hour 
- indicates no applicable data found during document review 
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Table 4-6. Results of External Radiation Monitoring: TLD Readings 

Readings in mrem/yr 

Location 1985 1986 1987 1988 1989 1990 

218-W-2A 
max - - - - -
min - - - - -

total - - - - -

216-Z-20 
max - - - - -
min - - - - -

total - - - - -

2W2 
max 160 178 131 156 -
min 96 134 106 123 -

total 126 152 118 133 -

2W3 
max 80 93 105 118 -
min 64 65 79 90 -

total 74 76 89 101 -

2W7 
max 98 118 115 136 120 
min 69 74 91 94 60 

total 85 93 102 110 99 

2W17 
max 78 96 117 117 -
min 68 68 79 95 -

total 73 76 95 106 -

2W22 
max 82 96 110 124 -
min 66 62 68 93 -

total 73 75 83 105 -

Notes: 
- indicates results not reported. . 
Monthly/quarterly dose rates normalized to annual dose rate equivalent. 
max - maximum quarterly value reported. 
min - minimum quarterly value reported. 
total - Annual average value reported. 
Data Sources: Elder et al. 1986 through 1989, Schmidt et al. 1990 and 1992. 
See Plate 2 for sample locations. 

4T-6 

124 
100 
108 

116 
88 

102 

-

-
-

-
-
-

-
-

-

-
-
-

-
-

-

Annual 
Average 

108 

102 

132 

85 

78 

88 

84 
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Table 4-7. Summary of Soil Sampling Results (1985 through 1989). 

Sites 

Radionuclide in pCi/g 2W2 2W3 2W7 

Cerium - 141 - - -5.64E-02 
Cerium - 144 - - -2.48E-02 
Cobalt - 58 - l.30E-01 -6.82E-03 
Cobalt - 60 -4.60E-03 -l.50E-03 7.59E-03 
Cesium - 134 - 5.00E-02 4.98E-02 
Cesium - 137 6.40E+OO l.74E+OO 4.51E+OO 
Europium - 152 5.90E-02 9.80E-02 7.55E-02 
Europium - 154 -2.30E-02 l.80E-02 -2.90E-02 
Europium - 155 5.50E-02 2.60E-02 3.31E-02 
Iodine - 129 - - -l.58E-02 
Potassium - 40 - - l.59E+0l 
Manganese - 54 l.30E-02 l.70E-02 2.07E-02 
Niobium - 95 3.20E-02 3.90E-03 -4.88E-02 
Lead - 212 - - 7.lOE-01 
Lead - 214 600E-01 6.20E-01 5.36E-01 
Plutonium - 238 l.70E-03 l.07E-03 3.41E-03 
Plutonium - 239 7.90E-01 l.80E-01 5.63E-02 
Ruthenium - 106 6.lOE-02 3.30E-01 l.44E-01 
Strontium - 90 9.lOE-01 6.50E-01 4.39E-01 
Technetium - 99 - - l.27E-01 
Uranium 3.00E-01 3.50E-01 3.17E-01 
Zinc - 65 - 4.40E-01 -l.04E-01 
Zirconium - 95 3.70E-03 2.00E-02 -l.67E-03 

Notes: 
Table values are averages for radionuclide concentrations in soil from 1985 through 1989 in pCi/g. 
- indicate radionuclide not analyzed or results not reported. 
See Table A-4 for complete data set. 
See Plate 2 for sample locations. 

2W17 

9.60E-03 
3.00E-02 
-6.65E-03 
-8.33E-03 
3.53E-02 
5.40E-01 
9.44E-02 
6.57E-03 
8.80E-02 
l.96E+0l 
l.36E+0l 
-2.69E-03 
-5.95E-02 
8.09E-01 
5.70E-01 
4.S0E-03 
l.15E-01 
6.47E-02 
2.09E-01 
-7.71E-02 
3.27E-01 
-l.79E-03 
l.17E-02 

2W22 2WN 

- 3.63E-03 
- -3.37E-02 
- -l.03E-02 

9.S0E-03 -3.55E-03 
3.00E-02 l.13E-03 
l.90E+OO l.44E-01 
l.42E-01 6.21E-02 
l.80E-02 4.87E-03 
4.50E-02 3.45E-02 

- -
- l.44E+0l 

-2.40E-03 l.62E-02 
-l.70E-02 -7.52E-02 

- 7.99E-01 
6.S0E-01 5.92E-01 
2.60E-03 6.40E-05 
5.73E-02 4.60E-03 
2.29E-01 -8.83E-02 
6.33E-01 6.90E-02 

- -
3.50E-01 3.82E-01 

- -3.62E-02 
3.40E-02 -7.67E-03 
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Table 4-8. Summary of Vegetation Sampling Results (1985 through 1989). 

Sites 

Radionuclides in pCi/g 2W2 2W3 2W7 

Beryllium - 7 l.19E+OO 
Cerium - 141 -l.56E-02 
Cobalt - 58 
Cobalt - 60 -5.20E-03 5.30E-03 8.02E-03 
Cesium - 134 9.60E-02 l.12E-01 
Cesium - 137 l.40E-01 l.84E-01 3.85E-01 
Europium - 152 l.60E-02 2.30E-02 2.72E-02 
Europium - 154 3.50E-02 l.20E-01 2.lOE-02 
Europium - 155 l.90E-02 4.70E-04 l.04E-02 
Iodine - 129 -l.84E-02 
Niobium - 95 -5.40E-02 -3.60E-02 l.56E+OO 
Plutonium - 238 -4.90E-03 
Plutonium - 239 4.lOE-01 
Ruthenium - 103 l.19E-01 3.23E-01 
Ruthenium - 106 l.04E-03 
Strontium - 90 4.68E-03 
Technetium - 99 l.70E-01 
Zinc - 65 2.88E-01 
Zirconium - 95 l.91E-01 

Notes: 
Table values are averages for radionuclide concentrations in vegetation from 1985 through 1989 in pCi/g. 
Blank entries indicate radionuclide not analyzed or results not reported. 
See Table A-5 for complete data set. 
See Plate 2 for sample location. 

2W17 

2.13E+OO 
-6.42E-03 

5.52E-02 

9.88E-02 
6.24E-02 
-l.04E-02 
l.47E-02 
6.07E-02 
l.30E+0l 
1.07E-02 
5.94E-02 
7.17E-02 
8.07E-04 
2.39E-02 
8.30E-02 

1.66E-01 

2W22 

6.40E-03 
l.77E-01 
l.84E-01 
-2.70E-02 
7.lOE-03 
3.70E-02 

5.S0E-02 

1.69E-01 

1.90E-01 
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Table 4-9. Radionuclide Concentrations in Vegetation and Sediment: 
216-Z-21 Seepage Basin (Sample RM30) and 216-Z-9 Trench . 

216-Z-21 Seepage Basin (Sample RM30) 

1989 1990 

Aquatic 
Radionuclide Vegetation Sediment Sediment 

Concentration in pCi/g 

Bismuth-214 - - -
Cerium-144 - - -
Cobalt-60 - - -
Cesium-144 - - -

Cesium-137 0.3 0. 1 1.2 

Lead-212 - - -

Lead-214 - - -

Plutonium-239 0.3 0.4 1.7 

Ruthenium- I 06 - - -
Tin-125 - - -

Strontium-90 0.4 0.5 0.87 

Thallium-208 - - -

Uranium-total 7. 18E-08 3.88E-07 1.40E-06 
in gig 

- indicates sample not analyzed, or analysis result not reported. 
(1) Data for 1989 and 1990 only. 

Source: Schmidt et al . 1990 and 1992. 
(2) Data Available for 1990 only. 

Source: Schmidt et al. 1992. 

4T-9 

216-Z-9 Trench 

1990 

Vegetation 

-

-

-
-

<0.3 

-

-

<0.3 

-

-

-

-

5. lOE-08 
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Table 4-10. Summary of Gamma-Radiation Logs Reviewed. (Sheet 1 of 6) 

Number of Times 
Waste Management Unit Well Number Logged Inclusive Dates 

Cribs and Drains :-:-. :-:-.-··.· 

216-Z-1 Crib 299-Wl8-64 3 8/63 to 9/67 

299-W18-65 1 7/86 

216-Z-2 Crib 299-W18-60 1 7/86 

299-W18-61 1 7/86 

299-W18-62 1 7/86 

299-W18-63 1 7/86 

299-W18-172 1 7/86 

216-Z-3 Crib 299-W18-67 0 Not logged. 

299-W18-68 0 Not logged. 

299-W18-88 3 04/73 to 09/86 

216-Z-5 Crib 299-Wl5-1 2 12/59 to 5/63 

299-W15-52 0 Not Logged 

299-Wl5-53 0 Not Logged 

299-W15-54 0 Not Logged 

299-Wl5-55 0 Not Logged 

299-Wl5-56 0 Not Logged 

299-Wl5-57 0 Not Logged 

299-Wl5-58 0 Not Logged 

299-W15-212 2 3/84 to 6/86 

216-Z-7 Crib 299-Wl5-7 4 4/66 to 5/76 

299-Wl5-62 3 05/76 to 07 /86 

299-Wl5-63 2 05/76 to 07/86 

299-Wl5-64 3 05/76 to 07 /86 

299-W15-76 2 05/76 to 07 /86 

299-Wl5-77 2 05/76 to 07 /86 

299-Wl5-78 3 05/76 to 07/86 

4T-10a 
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Table 4-10. Summary of Gamma-Radiation Logs Reviewed . (Sheet 2 of 6) 

Number of Times 
Waste Management Unit_ Well Number Logged Inclusive Dates 

216-Z-12 Crib 299-W18-2 6 7/59 to 7/87 

299-W18-4 4 7/59 to 7/87 

299-W18-5 7 7/59 to 5/73 

299-W18-8 4 2/67 to 5/76 

299-W18-8 4 2/67 to 5/76 

299-W18-13 0 Not logged. 

299-W18-14 0 Not logged. 

299-W18-24 1 7/87 

299-W18-69 2 2/67 to 2/68 

299-W18-70 0 Not Logged 

299-W18-71 3 2/70 to 08/87 

299-W18-72 2 5/73 to 8/87 

299-W18-73 2 5/73 to 8/87 

299-W18-74 2 5/73 to 8/87 

299-W18-75 1 7/86 

299-W18-151 1 7/86 

299-W18-152 1 7/86 

299-W18-153 1 7/86 

299-W18-154 1 7/86 

299-W18-155 1 7/86 

299-W18-156 0 Not Logged 

299-W18-157 1 7/86 

299-W18-162 0 Not logged. 

299-W18- l 79 0 Not logged. 

299-W18-180 0 Not logged. 

299-W18-181 0 Not logged. 

299-W18-182 0 Not logged. 

299-W18-183 0 Not logged. 

299-W18-184 0 Not logged. 

4T-10b 
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Table 4-10. Summary of Gamma-Radiation Logs Reviewed. (Sheet 3 of 6) 

Number of Times 
Waste Management Unit Well Number Logged Inclusive Dates 

299-W18-185 0 Not logged. 

299-W18-242 0 Not logged. 

299-W18-243 0 Not logged. 

299-W18-244 0 Not logged. 

299-W18-245 0 Not logged. 

216-Z-16 Crib 299-Wl5-10 3 2/68 to 5(76 

299-Wl5-11 3 3/68 to 5(76 

216-Z-18 Crib 299-W18-9 6 12/68 to 07/87 

299-W18-10 4 12/68 to 5(76 

299-W18-11 5 03(70 to 07 /87 

299-W18-12 3 3(70 to 5(76 

299-W18-82 4 2(70 to 7/87 

299-W18-83 3 1(70 to 7/87 

299-Wl8-93 3 5(76 to 7/87 

299-Wl8-94 4 5(73 to 7/87 

299-Wl8-95 4 5(73 to 7/87 

299-W18-96 4 4(73 to 7/87 

299-W18-97 4 5(73 to 7/87 

299-W18-98 4 5(73 to 7/87 

299-Wl8-99 3 5(73 to 7/87 

216-Z-lA Tile Field 299-W18-6 11 3 02(70 to 02/87 

299-W18-7 11 9 03/64 to 07 /87 

299-Wl8-56 3 8/63 to 5(73 

299-W18-57 4 8/63 to 1/66 

299-Wl8-58 4 8/63 to 9/67 

299-Wl8-59 4 8/63 to 5(73 

299-W18-66 1 7/86 

299-Wl8-76 1 5(73 

299-W18-77 0 Not logged. 

4T-10c 
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Table 4-10. Summary of Gamma-Radiation Logs Reviewed. (Sheet 4 of 6) 

Number of Times 
Waste Management Unit Well Number Logged Inclusive Dates 

299-W18-78 1 5(73 

299-W18-79 0 Not Logged 

299-Wl8-80 0 Not Logged 

299-W18-81 1 5(73 

299-W18-85 4 2(70 to 7/87 

299-W18-86 4 2(70 to 7/87 

299-W18-87 11 4 2(70 to 07/87 

299-W18-89 4 2(70 to 7/87 

299-W18-149 0 Not Logged 

299-W18-150 1 7/86 

299-W18-158 1 7/86 
~ 

299-W18-159 1 7/86 

299-W18-163 1 7/86 

299-W18-164 1 7/86 

299-W18-165 1 7/86 

299-W18-166 1 7/86 

299-Wl8-167 1 7/86 

299-W18-168 1 7/86 

299-Wl8-169 1 7/86 

299-Wl8- l 70 1 7/86 

299-Wl8-171 2 7/86 to 7/87 

299-W18-l 73 1 7/86 

299-Wl8-174 1 7/86 

299-W18-175 1 7/86 

Reverse Wells 

216-Z-10 Reverse Well 299-W15-51 0 Not logged. 

299-Wl5-59 0 Not logged. 

299-W15-60 0 Not logged. 

299-Wl5-61 0 Not logged. 

4T-10d 
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Table 4-10. Summary of Gamma-Radiation Logs Reviewed. (Sheet 5 of 6) 

Waste Management Unit 

216-Z-9 Trench 

216-Z-17 Trench 

Well Number 
Number of Times 

Logg~d 

.. P()nds; .rntches, and Trenches 

299-W15-6 6 

299-W15-8 6 

299-W15-9 7 

299-W15-82 3 

299-Wl5-84 4 

299-Wl5-85 4 

299-Wl5-86 4 

299-Wl5-94 1 

299-W15-95 6 

299-Wl5-101 2 

299-Wl5-204 0 

< ±ransferFaciliti~s, Diverslori>Box~, and Pipelines 

218-W-3A Burial Ground 

218-W-3AE Burial Ground 

299-W15-156 

Basins 

299-W15-208 

Burial Sites . 

299-W7-2 

299-W7-3 

299-Wl0-179 

299-W6-2 

299-W7-4 

299-W7-5 

299-W7-6 

299-W7-7 

299-W7-8 

299-W7-10 

4T-10e 

0 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

2 

Inclusive Dates 

07 /59 to 03/87 

10/68 to 03/87 

02/67 to 03/87 

05/63 to 03/87 

05/63 to 03/87 

5/63 to 2/87 

05/63 to 03/87 

5/63 

05/63 to 03/87 

2/67 to 4/73 

Not logged. 

Not logged. 

Not logged. 

9/87 

10/87 

Not logged. 

10/87 

11/87 

11/87 

10/87 

11/89 

11/89 

1/90 



' I 

DOE/RL-91-58 
Draft B 

Table 4-10. Summary of Gamma-Radiation Logs Reviewed. (Sheet 6 of 6) 

Number of Times 
Waste Management Unit Well Number Logged Inclusive Dates 

218-W-4B Burial Ground 299-Wl5-19 2 8/89 to 9/89 

299-W15-20 1 10/89 

299-WlS-23 1 01/90 

218-W-4C Burial Ground 299-WlS-14 0 Not logged. 

299-WlS-15 1 8/87 

299-WlS-16 1 8/87 

299-WlS-17 1 9/87 
. 299-WlS-18 1 07/87 

299-Wl5-21 1 9/89 

299-W15-24 1 12/89 

299-W18-3 3 7/59 to 4/73 

299-W18-21 1 7/87 

299-W18-22 1 08/87 

299-W18-23 1 06/87 

299-W18-26 1 9/89 

299-W18-84 2 2/70 to 5/73 

218-W-5 Burial Ground 299-W7-1 1 7/87 

299-W7-9 2 11/89 to 01/90 

299-W8-1 1 7/87 

299-W9-1 1 10/87 

299-Wl0-13 1 9/87 

299-Wl0-14 1 10/87 

218-W-6 Burial Ground 299-W6-1 3 4/58 to 4/63 

218-W-11 Burial Ground 299-Wl5-2 4 04/58 to 11/76 

299-W15-5 3 04/58 to 05/63 

I/ Also logged by WHC Tank Surveillance Group. 
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Table 4-11. Potential for Migration of Liquid Discharges 
to the Unconfined Aquifer. 

Liquid Discharge 
Source 

216-Z-1 and 216-Z-2 
Cribs 

216-Z-3 Crib 

216-Z-5 Crib 

216-Z-6 Crib 

216-Z-7 Crib 

216-Z-12 Crib 

216-Z-16 Crib 

216-Z-18 Crib 

216-Z-lA Tile Field 

216-Z-8 French Drain 

216-Z-4 Trench 

216-Z-9 Trench 

216-Z-17 Trench 

216-Z-10 Reverse Well 

Assumptions: 

Range of Soil Column 
Pore Volumes in m3<3J 

Liquid Effluent Volume 
Received in m3 

···•·· ? cribs and ·Drains 

220 to 660 33,700 

145 to 435 178,000 

160 to 480 31,000 

180 to 540 98 

10,270 to 30,800 79,000 

500 to 1,500 281,000 

750 to 2,250 100,000 

3,700 to 11,340 3,860 

14,700 to 44,100 5,310 

4 to 11 10 

Ponds, Ditches, and Trenches 

55 to 165 11 

835 to 2,505 4,090 

1,110 to 3,330 37,000 

Reverse Well 

<1 1,000 

• Area for infiltration equal to the dimension of the base of crib/trench/tile field 
• No evapotranspiration 
• No lateral flow assumed 

Potential Migration to 
Unconfined Aquifer 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes<1> 

No<2> 

Yes<lJ 

No 

Yes<1J 

Yes 

Yes 

(1) The pore volume of the soil column is roughly the same order of magnitude as the total known volume of the waste received. 
Given the high permeability of the soil column, it is likely that the discharge waste volume reached the groundwater. 

(2) The liquid waste discharged to the 216-Z-lA Tile Field is 12 percent of the pore volume available underlying the base of the tile 
field. However, this calculation assumes that the liquid waste was discharged over the entire base of the tile field which may not 
be accurate given that the waste was distributed through an array of perforated pipes. 

(3) Pore volume calculation: (waste unit section area) x (nominal depth to groundwater) x (porosity). Pore volume based on 
nominal depth to groundwater of 50 m (164 ft) for all waste unit structures, except 216-Z-10 Reverse Well (15 m used for depth 
to groundwater from bottom of reverse well) and the 216-Z-8 French Drain (54 m used). Lower pore volume value reflects 0.10 
porosity, higher pore volume reflects 0.30 porosity. Pore volume calculation does not account for the ability of the soil to retain 
the liquid discharged. 

(4) Liquid Effluent volumes for 216-Z-13, 216-Z-14, and 216-Z-15 French Drains not found in documents reviewed . 

4T-11 
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Table 4-12. Carbon Tetrachloride Concentrations in Z Plant Aggregate Area 
Well Soil Samples. (Sheet 1 of 2) 

Depth in Meters (Feet) Concentration in 
nano grams/gram 

Well 299-W7-7 7.6 (5) 6.5 
30.5 (100) <0.01 
36.6 (120) <0.02 
48.8 (160) 0.53 
54.9 (180) <0.13 
67.1 (220) 0.75 

Well 299-W7-8 6.3 (20.5) <0.05 
9.3 (30.5) <0.08 

12.5 (41) <0.05 
14.6 (48) <O.Or 
15.3 (50) 0.09 
16.8 (55) 0.09 
18.9 (62) 0.07 
23.8 (78) <0.07 
27.5 (90) <0.06 
33.6 (110) <0.06 
39.7 (130) <0.06 
45.8 (150) <0.05 
51.9 (170) <0.07 
58.0 (190) <0.11 
64.1 (210) 0.30 
70.2 (230) 0.36 

Well 299-W7-9 12.2 (40) <0.2 
31.1 (102) <0.2 
56.1 (184) 0.2 
67.1 (220) 12 
73.2 (240) <0.08 

Well 299-W7-10 24.4 (80) <0.1 
48.8 (160) <0.2 
61.0 (200) <0.3 
67.1 (220) <0.3 
73.2 (240) <0.3 

Well 299-Wl5-19 12.2 (40) 0.55 
24.4 (80) 1.4 
36.6 (120) 0.56 
67.1 (220) 5.8 
73.2 (240) 8.1 

Well 299-Wl5-20 6.1 (20) <0.4 
24.4 (80) 3.2 
54.9 (180) 9.5 
67.1 (220) 0.3 
73.2 (240) <0.5 
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Table 4-12. Carbon Tetrachloride Concentrations in Z Plant Aggregate Area 
Well Soil Samples. (Sheet 2 of 2) 

Depth in Meters (Feet) Concentration in 
nano grams/gram 

Well 299-WlS-21 36.6 (120) 0.31 
38.4 (126) 0.14 
42.7 (140) 0.12 
48.5 (159) 2.8 
67.1 (220) 6.2 
70.2 (230) <0.1 

Well 299-W15-23 18.3 (60) 0.2 
47.3 (155) 0.5 
61.0 (200) <0.1 
67.1 (220) 3.8 
73.2 (240) <0.1 

Well 299-W18-26 39.7 (130) 0.12 
54.9 (180) 2.3 
67.1 (220) 2.6 
73.2 (240) 4.3 

Sources: Wells 299-W7-7, 299-W7-8, 299-WlS-19, 299-WlS-20, 299-Wl5-21, and 299-W18-26 from 
Goodwin and Bjornstad (1990). 

Well locations shown on Figure 4-3. 

Note: Nanograms/gram equivalent to parts per billion. 
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Table 4-13. Candidate Contaminants of Potential Concern for the 
Z Plant Aggregate Area•. (Sheet 1 of 2) 

TRANSURANICS Cobalt-60 Tellurium-127° 
Europium-152 Tellurium-129m 

Americium-241 Europium-154 Thallium-204 
Americium-242° Europium-155 Thorium-227 
Americium-242m Gadolinium-153" Thorium-229 
Americium-243 Germanium-68· Thorium-230 
Curium-242° Gold-195" Thorium-231 
Curium-243 lodine-123 • Thorium-232 
Curium-244 lodine-125" Thorium-234 
Curium-245 lodine-129 Thulium-170" 
Einsteinium-254 • Iodine-131° Tin-113° 
Neptunium-237 Iron-55 Tin-123m 

. 
Neptunium-239 Iron-59" Tritium 
Plutonium-238 Krypton-85 Vanadium-49" 
Plutonium-239 Lead-209 Yttrium-88· 
Plutonium-240 Lead-210 Yttrium-90 
Plutonium-241 Lead-211 Zinc-65" 

Lead-212· Zirconium-95" 
URANIUM Lead-214 

Manganese-54 • METALS 
Uranium-233 Molybdenum-93 
Uranium-234 Nickel-59 Aluminum 
Uranium-235 Nickel-63 Barium 
Uranium-236 Niobium-91 Beryllium 
Uranium-238 Niobium-93m Cadmium 

Niobium-94 Chromium 
FISSION PRODUCTS Niobium-95" Copper 

Phosphorus-32" Iron 
Actinium-225 Polonium-210 Lead 
Actinium-227 Polonium-214 Magnesium 
Aluminum-28" Polonium-215" Mercury 
Antimony-122· Polonium-218 Nickel 
Antimony-124 • Potassium-40 Silver 
Antimony-125 Promethium-147 Zinc 
Antimony-126" Protactinium-231 
Barium-133 Radium-225 
Barium-137m Radium-226 OTHER 
Beryllium-7" Radium-228 INORGANICS 
Beryllium-IO Rhenium-187 
Bismuth-210 Ruthenium-106 Ammonia 
Bismuth-211 Samarium-151 Asbestos 
Bismuth-213 Scandium-46" Boron 
Bismuth-214 Selenium-75" Calcium 
Cadmium-109 Selenium-79 Chloride 
Carbon-14 Silver-108" Cyanide 
Cerium-141° Silver-ll0m 

. 
Fluoride 

Cerium-144" Sodium-22 Nitrate/Nitrite 
Cesium-134 Strontium-85" Phosphate 
Cesium-137 Strontium-90 Potassium 
Chlorine-36 Sulfur-35" Silica 
Chromium-51" Tantalum-182" Sodium 
Cobalt-57° Technetium-99 Su lfate 
Cobalt-58" Tellurium-125m 

4T-13a 
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Table 4-13. Candidate Contaminants of Potential Concern for the 
Z Plant Aggregate Area a. (Sheet 2 of 2) 

VOLATILE ORGANICS 

Benzene 
Butyl Acetate 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
Cyclohexane 
1,2-Dichloroethane 
cis/trans-1,2-Dichloroethene 
Ethyl benzene 
F1uoromethane 
Freon II 
Hexane 
Methylene chloride 
Methyl isobutyl ketone (MIBK) 
Tetrachloroethene 
Tetrahydrofuran 
Toluene 
Tributyl phosphate 
1, 1, 1-Trichloroethane 
Trichloroethene 
Vinyl Chloride 
Xylenes 

SEMIVOLATILE ORGANICS 

Acetone 
Acetonitrile 
Coal Tars 
Creosote 
Cyclohexanone 
Decane 
Dibutyl phosphate 
Dibutyl butyl phosphonate 
Ethanol 
Ethanolamine 
Ethylene glycol 
Hexanol 
Isopropanol 
Kerosene 
Methanol 
Naphthylamine tritium 
Naphthylamine 
Normal paraffins 
Polychlorinated biphenyls 
Polyurethane 
Pseudocumene ( 1,2,5-
trimethylbenzene) 
Trioctyl phosphine 

Candidate chemicals of concern are those that were reported in waste management unit inventories, detected at 
elevated levels in environmental media within the aggregate area, or are expected to occur based on historical 
association with waste processes. 

TABLE.413 

The radionuclide has a half-life of < 1 year and, if it is a daughter product, the parent has a half-life of < 1 year, 
or the buildup of the short-lived daughter would result in an activity of < 1 % of the parent radionuclide's initia l 
activity. 
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Table 4-14. Summary of Known and Suspected Contamination in Each Waste Management Unit and Unplanned Release 
at Z Plant Aggregate Area. (Sheet 1 of 4) 

Waste Management Unit or Unplanned Release 

·< 

232-Z Incinerator 
•····• 

216-Z-8 Settling Tank 

241-Z-361 Settling Tank 

241-Z Treatment Tank 

216-Z-1 & 216-Z-2 Cribs 

216-Z-3 Crib 

216-Z-5 Crib 

216-Z-6 Crib 

216-Z-7 Crib 

216-Z-12 Crib 

216-Z-16 Crib 

216-Z-18 Crib 

216-Z-8 French Drain 

216-Z-13 French Drain 

216-Z-14 French Drain 

216-Z-15 French Drain 

216-Z-IA Tile Field 

216-Z-10 Reverse Well 

Fission Other Semi-
TR U Products Uranium Metals Inorganics Volatiles volatiles 

••••·· . ····· PlaQ;s: l3~H9ing~,~pdsi6rciilN~~ .\ >/. ·······•/··•· ? ···••/i~ .. •·•· / .r ·•·•> ·.• ····•·•· ·.•. 

K s 
:-:- ·.·.··.· ·::•:•:-·::::::::::>:• ·-:--:-:-:--··=· •>:••·.·-: 

Tanks and Vauit~ ··· . < 
·•· .. ..... 

K s - s s s s 

K s - s s s s 
s s - s - - -

Cribs and Drains ··•··•··•·· . ::.· ·:. . .. -:· .. 

·••··• •.• 

K K K s K K s 

K K K s K - -

K K K - K - -

K K K - K - -

K K K - K - -

K K K s K - -
K s - - s - -

K s - s K K K 

K s - s s s s 
s s - - s - -

s s - - s - -

s s - - s - -
K K - s K K K 

Reverse Well 

K s - s K 

t, 
0 

t, tr1 --'""I 

~ I=>) 
:=::, 

I 

• \0 ..... 
I 

V1 
00 
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Table 4-14. Summary of Known and Suspected Contamination in Each Was te Management Uni t and Unplanned Release 
at Z Plant Aggregate Area. (Sheet 2 of 4) 

Fission Other Semi-
Waste Management Unit or Unplanned Release TRU Products Uranium Metals Inorganics Volatiles volatiles 

. ·• . . ·./ . .·. .·. .·.:,•:•·- .:-:- :<-::"• 
.· ... =-••········•· ·•·/ •.····< rn / < <••·· ( ) .. ·• P9n~, .Di~CQ~; atj~ Jrericn.e( ·.: .··•···· . ( ))) ... <. ··•:: : ... . ..... ··•·•· :•: 

216-Z-4 Trench K K K - s - -

216-Z-9 Trench K K K s K K K 

216-Z-17 Trench K s K - s - -
· .. · .. . :• : . .. . . . ? ··.•. ? \] . •· ·.•:· • \ . .... :-. · 

Septic Tan~ and Associated pfaiµ · f i~i9s 
•··) \ ........ /... i . ::-.. > : :-· < 

2607-Z Septic Tank and Drain Field - - - - - - -

2607-Z-1 Septic Tank and Drain Field - - - - - - -

2607-WA Septic Tank and Drain Field - - - - - - -

2607-WB Septic Tank and Drain Field - - - - - - -

2607-W-8 Septic Tank and Drain Field - - - - - - -
.. 

·• -: .. •: ·. •·•···· · .•. 

Transfer Faci li ties, Diversion Boxes, and Pipelines 

241-Z-Diversion Box No. I K K K s K K s 
241-Z-Diversion Box No. 2 K K K s K - -

231-Z-151 Sump K K K s s - -
. . . .• ... 

Basins 

207-Z Retention Basin s s - - s - -

216-Z-21 Seepage Basin s s s s s s s 
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Table 4-14. Summary of Known and Suspected Contamination in Each Waste Management Unit and Unplanned Release 
at Z Plant Aggregate Area. (Sheet 3 of 4) 

Fission Other 
Waste Management Unit or Unplanned Release TRU Products U ranium M etals Inorganics Volatiles 

Semi-
volatiles 

•-•-- -• - -•- - -- -

Bu;ial Site~ t ---- ·•-•·--•-> .• -----•- ---- ...... -\>••::.: .... --•·- - -- - -

-- --:•: -_- . @··•t•-->•••-•\ ______ •- -• --•-- --•-••-- :- ---

218-W-1 Burial Ground K K K s s s s 
218-W-I A Burial Ground K K K s s s s 
218-W-2 Burial Ground K K K s s s s 
218-W-2A Burial Ground s K - s s s s 
218-W-3 Burial Ground K K K s s s s 
218-W-3A Burial Ground K K - s s s s 
218-W-3AE Burial Ground K K - s s s I s 
218-W-4A Burial Ground K K - s s s s 
218-W-4B Burial Ground K K - K s s s 
218-W-4C Burial Ground K K - s s s s 
218-W-5 Burial Ground K K - K s s s 
218-W-6 Burial Ground - - - - - - -

218-W-1 l Burial Ground s K K s s s s 
Z Plant Bum Pit - - - - s - -

Unplanned Releases 

UN-200-W- l 1 s s - - - - -

UPR-200-W-16 s s - - - - -

UN-200-W-23 s s - - - - -

U PR-200-W-26 s s - - - - -

UN-200-W-44 - s - - - - -

UPR-200-W-45 - s - - - - -

--• 
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Table 4-14. Summary of Known and Suspected Contamination in Each Waste Management Unit and Unplanned Release 
at Z Plant Aggregate Area. (Sheet 4 of 4) 

Fission Other 
Waste Management Unit or Unplanned Release TRU Products U ranium M etals Inorganics 

UPR-200-W-53 - s - - -

UPR-200-W-72 - s - - -

UN-200-W-74 s s - - -
UN-200-W-75 s s - - -

UN-200-W-79 s s - - -

UPR-200-W-84 s s - - -

UN-200-W-89 s s - - -
UN-200-W-90 s s - - -

UN-200-W-91 s s - - -

UN-200-W-103 s s - - -

UN-200-W-130 s s - - -

UN-200-W-132 - - s - -

UPR-200-W-134 s - - - -

UPR-200-W-158 s s - - -
UN-200-W- 159 - - - - K 

Notes: 

K Contamination of environmental media is known to have occurred based on waste inventory or sampling data and knowledge of 
waste release mechanism. 

S Contamination of environmental media is suspected to have occurred based on historical process information or indications from 
nonspecific sampling data (e.g., gamma logs). 
indicates no data found in documents reviewed. 

Volatiles 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Semi-
volatiles 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
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Table 4-15. Contaminants of Potential Concern for the Z Plant Aggregate Area. 

TRANSURANICS 

Americium-241 
Americium-242m 
Americium-243 
Curium-243 
Curium-244 
Curium-245 
Neptunium-237 
Neptunium-239 
Plutonium-238 
Plutonium-239 
Plutonium-240 
Plutonium-241 

URANIUM 

Uranium-233 
Uranium-234 
Uranium-235 
Uranium-236 
Uranium-238 

FISSION PRODUCTS 

Actinium-225 
Actinium-227 
Antimony-125 
Barium-133 
Barium-137m 
Beryllium-10 
Bismuth-210 
Bismuth-211 
Bismuth-213 
Bismuth-214 
Cadmium-109 
Carbon-14 
Cesium-134 
Cesium-137 
Chlorine-36 
Cobalt-60 
Europium-152 
Europium-154 
Europium-155 
lodine-129 
Iron-55 
Krypton-85 
Lead-209 
Lead-210 
Lead-211 
Lead-214 
Molybdenum-93 
Nickel-59 
Nickel-63 
Niobium-91 
Niobium-93m 

Niobium-94 
Polonium-210 
Polonium-214 
Polonium-218 
Potassium-40 
Promethium-147 
Protactinium-231 
Radium-225 
Radium-226 
Radium-228 
Rhenium-187 
Ruthenium-106 
Samarium-151 
Selenium-79 
Sodium-22 
Strontium-90 
Technetium-99 
Tellurium-125m 
Thalli um-204 
Thorium-227 
Thorium-229 
Thorium-230 
Thorium-231 
Thorium-232 
Thorium-234 
Tritium 
Yttrium-90 

METALS 

Barium 
Beryllium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Silver 
Zinc 

OTHER 
INORGANICS 

Asbestos 
Boron 
Cyanide 
Fluoride 
Nitrate/Nitrite 

VOLATILE ORGANICS 

Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 

4T-15 

1,2-Dichloroethane 
cis/trans-1 ,2-Dichloroethene 
Ethyl benzene 
Freon II 
Hexane 
Methylene chloride 
Methyl isobutyl ketone (MIBK) 
Tetrachloroethene 
Toluene 
Tributyl phosphate 
1, 1, I-Trichloroethane 
Trichloroethene 
Vinyl Chloride 
Xylenes 

SEMIVOLATILE ORGANICS 

Acetone 
Acetonitrile 
Creosote 
Cyclohexanone 
Dibutyl phosphate 
Ethanol 
Isopropanol 
Kerosene 
Methanol 
Naphthylamine 
Polychlorinated biphenyls 
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Table 4-16. Soil-Water Distribution Coefficients (KJ for Candidate Radionuclides• and 
Inorganics of Potential Concern at Z Plant Waste Management Units . (Sheet 1 of 3) 

Recommended K,, Conservative MEP AS Default K,, 
Element for Hanford Site Default K,,' pH 6-9" Mobility 

or (Serne and Wood (Serne and Wood 1990) (Strenge and Peterson 1989) Class 
Chemical 1990) in ml/g in ml/g 

in ml/g 

Actinium - - 228 Low 

Aluminum - - 35,300 Low 

Americium 100 - 1,000 100 82 Low 
( < 1 at pH 1-3) 

Antimony - - 2 High 

Asbestos - - 100,000 Low 

Barium - 50 530 Moderate 

Beryllium - - 70 Moderate 

Bismuth - 20 - Moderate 

Boron - - 0.19 High 

Cadmium - 15 14.9 Moderate 

Calcium - 10 70 Moderate 

Carbon ("C) - - 0 High 

Cesium 200 - 1,000 50 51 Low 
1 - 200 (acidic waste) 

Chloride <l 0 - High 

Chromium (VI) - 0 16.8 Modera te-High 

Cobalt 500 - 2,000 10 1.9 Low 

Copper - 15 41.9 Moderate 

Cyanide - - - Moderate-
Highd 

Curium 100 - > 2,000 100 82 Low 

Europium - 50 228 Low 

Fluoride - - 0 High 

Iodine <l 0 0 High 

Iron - 20 15 Moderate 

4T-16a 
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Table 4-16. Soil-Water Distribution Coefficients (KJ for Candidate Radionuclides• and 
Inorganics of Potential Concern at Z Plant Waste Management Units. (Sheet 2 of 3) 

Recommended K.i Conservative MEP AS Default K.i 
Element for Hanford Site Default K.i • pH 6-9' Mobility 

or (Serne and Wood (Serne and Wood 1990) (Strenge and Peterson 1989) Class 
Chemical 1990) in ml/g in ml/g 

in ml/g 

Krypton - - 0 High 

Lead - 30 234 Moderate 

Magnesium - - 70 Moderate 

Manganese - 20 16.5 Moderate 

Mercury - - 322 Low 

Molybdenum - 0 40 High 

Neptunium <l to 5 3 3 High 

Nickel - 15 12.2 Moderate 

Niobium - - 50 Moderate 

Nitrate/nitric acid - - 0 High 

Phosphate - - 50 Moderate 

Plutonium 100 - 1,000 100 10 Low 
< l at pH l - 3 

Polonium - - 5.9 Moderate 

Potassium - - 0 High 

Promethium - - - Unknown 

Protactinium - - 0 High 

Radium - 20 24.3 Moderate 

Rhenium - - - Unknown 

Ruthenium 20 - 700 - 274 Low-Moderate 
( <2 at > l M nitrate) 

Samarium - - 228 Low 

Selenium - 0 5.91 High 

Silica - - 5.0 High 

Silver - 20 0.4 Moderate 

Sodium - 3 0 High 

4T-16b 
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Table 4-16. Soil-Water Distribution Coefficients (KJ for Candidate Radionuclidesa and 
Inorganics of Potential Concern at Z Plant Waste Management Units . (Sheet 3 of 3) 

Recommended K,. Conservative MEPAS Default K,. 
Element for Hanford Site Default K,.' pH 6-9" 

or (Seme and Wood (Seme and Wood 1990) (Strenge and Peterson 1989) 
Chemical 1990) in ml/g in ml/g 

in mVg 

Strontium 5 - 100 10 24.3 
3 - 5 (acidic 
conditions) 
200 - 500 

(w/phosphate or 
oxalate) 

Technetium 0 - 1 0 3 

Thallium - - 0 

Thorium - 50 100 

Tritium 0 0 0 

Uranium - 0 0 

Vanadium - - 50 

Yttrium - - 278 

Zinc - 15 12.7 

Radionuclides with half-lives of greater than one year or short-lived products of long-lived precursors. 
Average K,.s for low salt and organic solutions with neutral pH. 

Mobility 
Class 

Moderate 

High 

High 

Moderate 

High 

High 

Modera te 

Low 

Moderate 

Default values for pH 6-9 and soil content of (clay+ organic matter+ metal oxyhydroxides) < 10% (St renge and Peterson 1989). 
Cyanide mobility is highly dependent on identity of complexing agent. Simple cyanides (e.g., NaCN) are more mobile than complex 
cyanides. 
Value was not provided for this element in above references. 

4T-16c 
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Table 4-17. Physical/Chemical Properties of candidate Organic Compounds of Potential Concern 
at Z Plant Was te Management Units. (Sheet 1 of 3) 

Molecular Water Vapor Henry's Law Soil/Organic Matter 
Compound Weight Solubility Pressure Constant Partition Coef. 

in g/mole in mg/liter in mm Hg in atm-m1/mo ¾o in ml/g 

Acetone 58.0 miscible 270 2.1 X 10·5 2.2 

Acetonitrile 41.0 miscible 7.4 4.0 X 10.6 2.2 

Benzene 78 1,800 95 5.6 X 10·3 83 

Butyl acetate• 116.16 14,000 15 3.2 X 10·4 233 

Caffeine" 194.19 "slight ly solu ble" na na na 

Carbon te trachloride 154.0 758 90 2.4 X 10"2 110 

Chlorobenzene 112.56 470 12 3.7 X 10·3 330 

Chloroform (trichloromethane) 119 8,200 150 2.9 X 10·3 31 

Coal tarsb 276 5.3 X 10·4 1 x 10·10 7 X 10"8 1,600,000 

Creosote 130.0 5000 3.2 X 10·3 1.1 X 10·7 40 

Cyclohexane 84.18 49 100 2.5 X 10·1 1,700 

Cyclohexanone 98. 16 50,000 4.5 1.3 X 10·5 4 

Decane' 142.28 0.052 1.43 na 22,200 

Dibutyl butyl phosphonate" 250.36 "insolu ble" na na na 

Dibutyl phosphate• 210.21 "v. low" 1 na na 

1,2-dichloroethane 98.96 8,500 64 9.8 X 10·4 14 

1,2-dichloroethene ( cis/trans) 96.94 6,300 320 6.6 X 10·3 59 

Ethanol 46.1 miscible 59 J.2 X 10·5 0.3 

Ethanolamine" 61.08 miscible 0.4 4 X 10.8 
5 
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Table 4-17. Physical/Chemical Properties of Candidate Organic Compounds of Potential Concern 
at Z Plant Waste Management Units. (Sheet 2 of 3) 

Molecular Water Vapor Henry's Law Soil/Organic Matter 
Compound Weight Solubility Pressure Constant Partition Coef. 

in g/mole in mg/liter in mm Hg in atm-m3/mo K.., in ml/g 

Ethyl benzene 106. 17 150 7 6.4 X 10"3 1,100 

Ethylene glycol 62.1 miscible 0.065 1 X 10-8 0.027 

Fluoromethane na na na na na 

Freon II (trichlorofluoromethane) 137.4 1,100 670 1.1 X 10-1 160 

Hexane 86.2 19 180 1.6 4,600 

Hexano1• 102.17 na 1 na na 

lsopropanol 60.1 miscible 48 3.8 X 10-l 0.69 

Kerosener 142.2 32 0.045 2.9 X 10-• 4,500 

Methanol 32.0 miscible 130 2.8 X 10-l 0.1 

Methylene chloride 84.9 20,000 360 2 X 10·3 8.8 

Methyl isobutyl ketone (MIBK) 100.16 19,000 6 4.2 X 10-l 19 

1-Naphthylamine 143.2 2,400 6.5 X 10·5 5.2 X 10·9 61 

2-Naphthylamine 143.2 590 2.6 X 10·4 8.2 X 10"8 130 

Normal paraffins• na "insoluble" na na na 

Oil na na na na na 

PCBs (average)° 328.0 0.031 7.7 X 10-l I.IX 10·3 53,000 

Polyurethane na na na na na 

Pseudocumene (1,2,5-trimethylbenzene) 120.2 64 1.4 na 1,600 

Tetrachloroethene 165.9 150 18 2.6 X 10"2 360 



~ 
I ...... 

--...1 
0 

9 ) 2 ") 

Table 4-17. Physical/Chemical Properties of Candidate Organic Compounds of Potential Concern 
at Z Plant Waste Management Units. (Sheet 3 of 3) 

Molecular Water Vapor Henry's Law Soil/Organic Matter 
Compound Weight Solubility Pressure Constant 

in g/mole in mg/liter in mm Hg in atm-m3/mo 

Tetrahydrofuran 72.1 69,000 370 5.lxl0"4 

Toluene 92.2 1,550d 28.4 6.4 X 10·3 

Tributyl phosphate 266.3 280 15 1.9 X 10·2 

1, 1, 1-Trichloroethane 133.41 1,500 120 1.4 X 10·2 

Trichloroethene 131.3 1,100 58 9.1 X 10·3 

Trioctyl phosphine na na na na 

Vinyl Chloride 62.5 2,700 2,700 6.9 X 10·1
• 

Xylenes (total) 106.2 200 10 7.0 X 10·3 

Sources: Strenge and Peterson 1989, except as noted in footnotes below. 

Values listed in Hazardous Substance Data Base (HSDB), National Library of Medicine database (HSDB 1991). 
Properties of coal tar are represented by data for indeno(l ,2,3-c,d)pyrene. 
Average value for all aroclor mixtures. 
Value from Banerjee et al. 1980. 
Value from MacKay and Shiu 1981. 
Kerosene properties are represented by 2-methyl naphthalene. 

na Value not available from above sources. 

297828\TABLE.417 

Partition Coef. 
~ in ml/g 

1.8 
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6,000 
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Table 4-18. Mobility of Inorganic Species in Soil. 

Highly mobile (Kd < 5) 

Antimony 
Boron 
Carbon (as 14CO2) 

Chloride 
Chromium (VI) 
Cyanide 
Fluoride 
Iodine 
Krypton 
Molybdenum 

Moderately mobile (5 < Kd < 100) 
Barium 
Beryllium 
Bismuth 
Cadmium 
Calcium 
Copper 
Iron 
Lead 
Nickel 

Low mobility (Kd > 100) 
Actinium 
Asbestos 
Americium 
Cesium 
Cobalt 
Curium 

4T-18 

Neptunium 
Nitrate, nitrite 
Potassium 
Protactinium 
Selenium 
Sodium 
Technetium 
Thallium 
Tritium 
Uranium 

Niobium 
Phosphate 
Potassium 
Radium 
Ruthenium 
Silver 
Strontium 
Thorium 
Vanadium 
Zinc 

Europium 
Mercury 
Plutonium 
Samarium 
Yttrium 
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Table 4-19. Radiological Properties of Candidate Radionuclides of Potential Concern 
for Z Plant Waste Management Units. (Sheet 1 of 4) 

Specific Radiation 
Radionuclide Half-Life Activity" of 

in Ci/g Concernb 

225Ac 10 d 5.8 X 104 a 

mAc 21.8 yr 7.2 X 101 /3, a 
l08Ag 2.4 min 2.7 X 1013 /3 
llOAg 24.6 sec 4.2 X 109 /3 
28AI 2.24 min 3.Q X 109 /3 , 'Y 
241Am 432 yr 3.4 X 10° a 
242Am 16 hr 8.1 X 105 /3 
242mAm 152 yr 9.7 X 10° a 
243Am 7,380 yr 2.0x 10·1 a 
195Au 30.5 sec 1.9 X 109 

"( C 

133Ba 10.5 yr 2.5 X 102 
'Y 

C 

131mBa 2.6 min 5.3 X 108 
'Y 

7Be 53.4 d 3.5 X 10·5 
'Y 

l°J3e 1.6 xl06 yr 2.2 X 10-2 /3 
21°J3i 5.01 d 1.2 X 105 /3 
2uBi 2.13 min 4.2 X 108 

a, /3 
213Bi 45.6 min 1.9 X 107 /3 , a 
214Bi 19.9 min 4.4 X 107 /3 , 'Y 
14c 5,730 yr 4.5 X 10° /3 
45Ca 163.8 d 1.8 X 104 /3 
l09Cd 453 d 2.6 X 103 

'Y 
C 

141Ce 32.5 d 2.8 X 104 /3 , "( C 

l44Ce 284.9 d 3.2 X 103 /3 , 'Y 
C 

36Cl 3.0 x105 yr 3.3 X 10-2 /3 
242Cm 163.2 d 3.3 X 103 a 
243Cm 28.5 yr 5.2 X 101 a 
244cm 18.1 yr 8.1 X 101 a 
245Cm 8,500 yr 1.7 X 10-1 

a , 'Y 
s1co 271.8 d 8.5 X 103 

'Y 
C 

58Co 70.92 d 3.2 X 104 
'Y 

C 

60Co 5.3 yr 1.1 X 103 
'Y 

s1cr 27.7 d 9.2 X 104 
'Y 

C 

l34Cs 2.06 yr 1.3 X 103 
'Y 

mes 30 yr 8.7 X 101 
'Y 

C 

4T-19a 
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Table 4-19. Radiological Properties of Candidate Radionuclides of Potential Concern 
for Z Plant Waste Management Units. (Sheet 2 of 4) 

Specific Radiation 
Radionuclide Half-Life Activity" of 

in Ci/g Concernb 

254Es 275 d 1.9 X 103 
a, 'Y 

152Eu 13.3 yr 7.7 X 102 {3, 'Y C 

154Eu 8.8 yr 2.7 X 102 {3 , 'Y C 

155Eu 4.96 yr 4.6 X 102 {3 

55Fe 2.73 yr 2.5 X 103 
'Y 

C 

59Fe 44.5 d 4.9 X 104 {3 

153Gd 241.6 d 3.5 X 103 
'Y 

C 

68Ge 287 d 6.7 X 103 'Y C 

3H 12.3 yr 9.7 X 103 {3 

1231 13.2 hr 1.9 X 106 
'Y 

C 

1251 60.14 d 1.7 X 104 
'Y 

C 

12'r[ 1.6 xl07 yr 1.7 X 10·4 {3 

1311 8.0 d 1.2 X 105 
{3 , 'Y 

C 

'°I< 1.3 xl09 yr 6.7 X 10"6 {3 , 'Y C 

85Kr 10.7 yr 3.9 X 102 {3 
54Mn 312.2 d 7.7 X 103 'Y C, e· 
93Mo 5,300 yr 1.1 X 10° 'Y 

C 

22Na 2.6 yr 6.3 X 103 {3 , 'Y C 

91Nb 10,000 yr 3.9x 10·1 
'Y 

C 

93mNb 14.6 yr 2.8 X 102 
'Y 

C 

94Nb 20,300 yr 1.87 X 10·1 {3, 'Y C 

95Nb 34.97 d 3.9 X 104 
{3 , 'Y 

59Ni 75,000 yr 7.6 X 104 
'Y 

C 

63Ni 100.1 yr 6.2 X 101 {3 

n1Np 2.14 X 106 yr 7.0 X 10·• a, 'Y 

239Np 2.35 d 2.3 X 105 {3 

32p 14.3 d 2.9 X 105 {3 

n1Pa 32,800 yr 4.7 X 10·2 a 

20'1pb 3.25 hr 4.5 X 106 {3 

210pb 22.3 yr 7.6 X 101 {3 

211Pb 36.1 min 2.5 X 107 {3 
212Pb 10.6 hr 1.4 X 106 {3, 'Y C 

4T-19b 
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Table 4-19. Radiological Properties of Candidate Radionuclides of Potential Concern 
for Z Plant Waste Management Units. (Sheet 3 of 4) 

Specific Radiation 
Radionuclide Half-Life Activity' of 

in Ci/g Concernb 

214pb 26.8 min 3.3 X 107 
(3 , 'Y 

C 

147pm 2.62 yr 9.3 X 102 (3 
210p0 128 d 4.9 X 103 

Ct 

214po 6 x 10·5 sec 8.8 X 1014 
Ct 

215Pa 7.8 x 10-4 sec 2.9 X 1013 • Ct 

21Bpo 3.05 min 2.8 X 108 a 

238pu 87.7 yr 1.7 X 101 -
Ct 

n9pu 24,400 yr 6.2 X 10·2 
Ct 

240pu 6,560 yr 2.3 X 10·1 
Ct 

241Pu 14.4 yr 1.0 X 102 (3 
225Ra 14.8 d 3.9 X 104 (3 

226Ra 1,600 yr 9.9 X 10-1 
Ct 

228Ra 5.75 yr 2.3 X 102 (3 

86Rb 18.7 d 8.1 X 104 (3 

'87Re 5 X 1010 yr 3.8 X 108 (3 
103Ru 39.2 d 3.2 X 104 (3 , 'Y < 

l06Ru 1.0 yr 3.4 X 103 (3 , "Y < 

35s 87.5 d 4.3 X 104 (3 

l22Sb 2.7 d 4.0 X 105 
(3 , 'Y 

C 

l24Sb 60.2 d 1.8 X 104 (3 , "Y < 

lllSb 2.73 yr 1.0 X 103 
(3 , 'Y 

C 

l26Sb 12.4 d 8.4 X 104 (3 , 'Y < 

46Sc 83.8 d 3.4 X 104 
(3 , 'Y 

C 

75Se 119.8 d 1.5 X 104 
'Y 

C 

79Se <65,000 yr 7.0 X 10·2 (3 
151Sm 90 yr 2.6 X 101 (3 
113Sn 115.1 d 1.0 X 104 

'Y 
C 

l23mSn 129 d 8.2 X la3 (3 , 'Y < 

82Sr 25 d 6.4 X 104 
'Y 

C 

90Sr 28.5 yr 1.4 X 102 (3 
1sira 115 d 6.3 X 103 (3 , 'Y < 

<»re 213,000 yr 1.7 X 10"2 (3 

121Te 16.8 d 6.4 X 104 
'Y 

C 

lllmTe 58 d 1.8 X 104 e· > 'Y C 

4T-19c 
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Table 4-19. Radiological Properties of Candidate Radionuclides of Potential Concern 
for Z Plant Waste Management Units. (Sheet 4 of 4) 

Specific 
Radionuclide Half-Life Activity" 

in Ci/g 

127Te 9.35 hr 2.6 X 106 

129mTe 33.6 d 3.0 X 104 

227111 18.7 d 3.1 X 104 

~ 7,340 yr 2.1 X 10·1 

23'Th 77,000 yr 2.1 X 10"2 

231111 25.5 hr 5.3 X 105 

232111 1.4 X 1010 yr 1.1 X 10°7 

~ 24.1 d 2.3 X 10·4 

~ 3.78 yr 4.6 X 104 

l7°Tm 128.6 d 4.3 X 103 

233u 159,000 yr 9.7 X 10°3 

234u 244,500 yr 6.2 X 10·3 

23.lu 7.0 xl08 yr 2.2 X 10"6 

236u 2.3 xl07 yr 6.5 X 10·5 

23su 4.5 xl09 yr 3.4 X 10·7 

4~ 330 d 8.1 X 103 

't.ly 80.3 hr 4.5 X 105 

ssy 106.6 d 5.6 X 105 

90y 6.41 hr 5.4 X 105 

65Zn 244 d 8.2 X 103 

95zr 64 d 2.1 X 104 

Calculated from half-life and atomic weight. 
a - alpha decay; {3 - negative beta decay; -y - release of gamma rays. 
Gamma radiation due to daughter product. 

4T-19d 
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Table 4-20. Comparison of Radionuclide Relative Risks for Radionuclides of Potential 
Concern at the Z Plant Aggregate Area. (Sheet 1 of 3) 

Soil External 
Radionuclide Half-Life Air Drinking Water Ingestion Exposure 

Unit Risk" Unit Riskb in Unit Risk• Unit Riskd 
in (pCi/m3r' (pCi/Lr' in (pCi/g)"' in (pCi/g)"' 

wAc 10 d 1.2 X 10·3 8.7 X 10·7 4.6 X 10-8 9.4 X 10"6 

mAc 21.8 yr 4.2 X 10·2 1.8 X 10·5 9.5 X 10·7 1.3 X 10·7 

241Am 433 yr 2.1 X 10"2 1.6 X 10·5 8.4 X 10·7 1.6 X 10·5 

242mAm 152 yr na na na na 
243Am 7,380 yr 2.1 X 10"2 1.5 X 10"5 8.1 X 10"7 3.6 X 10-5 

1J3Ba 10.5 yr na na na na 

t37mBa 2.6 min 3 X 10"10 1.2 X 10-IO 6.5 X 10"12 3.4 X 10·4 

'°Be 1.6 xl06 yr na na na na 

21 °13j 5.01 d 4.1 X 10·5 9.7 X 10-8 5.1 X 10·9 0 
211Bi 2.13 min 9.7 X 10"8 6.1 X 10-IO 3.2x 10·11 2.8 X 10"5 

213Bi 45.6 min 1.6 X 10·7 1.2 X 10-8 6.2 X 10-IO 8.1 X 10·5 

214Bi 19.9 min 1.1 X 10-6 7.2 X 10"9 3.8 X 10-to 8.0 X lQ·4 

14c 5,730 yr 3.2 X 10·9 4.7 X 10"8 2.5 X 10·9 0 

109Cd 453 d na na na na 

36Cl 3.0 x105 yr na na na na 
243Cm 28.5 yr 1.6 X 10"2 1.2 X 10·5 6.2 X 10"7 8.2 X 10·5 

244cm 18.1 yr 1.4 X 10"2 
LOX 10·5 5.4 X 10·7 5.9 X 10·7 

245cm 8,500 yr na na na na 
60Co 5.3 yr 8.1 X 10"5 7.8 X 10·7 4.1 X 10"8 1.3 X 10·3 

134es 2.06 yr 1.4 X 10·5 2.1 X 10"6 1.1 X 10·7 8.9 X 10·4 

mes 30 yr 9.6 X 10"6 1.4 X 10"6 7.6 X 10"8 0 

152Eu 13.3 yr 6.1 X 10·3 1.1 X 10"7 5.7 X 10·9 6.3 X 10·4 

i54Eu 8.8 yr 7.2 X 10·5 1.5 X 10"7 8.1 X 10·9 6.8 X 10·4 

155Eu 4.96 yr na na na 

55Fe 2.73 yr na na na na 

3H 12.3 yr 4.0 X 10"8 2.8 X 10·9 1.5 X 10-IO 0 

4T-20a 
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Table 4-20. Comparison of Radionuclide Relative Risks for Radionuclides of Potential 
Concern at the Z Plant Aggregate Area. (Sheet 2 of 3) 

--. 
Soil External 

Radionuclide Half-Life Afr Drinking Water Ingestion Exposure 
Unit Risk' Uni t Riskb in Unit Riske Unit Riskd 

in (pCi/m3)"' (pCi/L)"' in (pCi/g)"1 in (pCi/g)"' 

1i-, 1.6 x107 yr 6.1 X 10·5 9.6 X 10"6 5.1 X 10·7 1.5 X 10·5 

~ 1.3 xl09 yr 4.0 X 10-6 5.7 X 10·7 3.0 X 10"8 7.8 X 10·5 

85Kr 10.7 yr na na na na 

93Mo 5,300 yr na na na na 

22Na 2.6 yr na na na na 

9tNb 10,000 yr na na na na 

93mNb 14.6 yr na na na na 

94Nb 20,300 yr 1.1 X 10·• 1.1 X 10"7 5.7 X 10·9 8.9 X 10·• 

59Ni 75,000 yr 3.5 X 10"7 4.4 X 10·9 2.3 X 10-IO 3.4 X 10·7 

63Ni 100.1 yr 8.7 X 10·7 1.2 X 10"8 6.2 X 10-IO 0 

231Np 2.14 X 106 yr 1.8 X 10"2 1.4 X 10-l 7.3 X 10"7 1.8 X 10-l 

239Np 2.35 d 7.7 X 10·7 4.8 X 10"8 2.5 X 10·9 1.1 X 10·4 

231Pa 32,800 yr 2.0 X 10"2 9.7 X 10-6 5.1 X 10·7 2.0 X 10-l 

209pb 3.25 hr 3.6 X 10"8 4.3 X 10·9 2.3 X 10-IO 0 

2l°Pb 22.3 yr 8.7 X 10"4 3.4 X 10·5 1.8 X 10"6 1.8 X 10-6 

mPb 36.1 min 1.5 X 10"6 9.2 X 10·9 4.9 X 10-IO 2.9 X 10-l 

21•pb 26.8 min 1.5 X 10-6 9.2 X 10·9 4.9 X 10-IO 1.5 X 10·• 

l47pm 2.62 yr na na na na 

2l0pO 128 d 8.7 X 10"4 3.4 X 10-l 1.8 X 10"6 1.8 X 10"6 

214Po 6 x 10·5 sec 1.4 X 10·13 5.1 X 10"16 2.7 X 10" 17 4.7 X 10"8 

215Po 7.8 x 10·• sec 2.9 X 10"12 1.4 X 10·14 7.6 X 10"16 8.7 X 10"8 

218po 3.05 min 3.0 X 10·7 1.4 X 10·9 7.6 X 10·11 0 

238pu 87.7 yr 2.1 X 10·2 1.4 X 10-l 7.6 X 10"7 5.9 X 10·7 

239pu 24,400 yr 2.6 X 10"2 1.6 X 10-l 8.4 X 10.8 2.6 X 10·7 

239pu oxide 24,400 yr 2.6 X 10"2 1.6 X 10"6 8.4 X 10"8 2.6 X 10·7 

24°P u 6,560 yr 2.1 X 10·2 1.6 X 10"5 8.4 X 10"8 5.9 X 10·7 

24°Pu oxide 6,560 yr 2. 1 X 10·2 1.6 X 10"6 8.4 X 10.8 5.9 X 10·7 

241 pu 14.4 yr 1.5 X 10·4 2.5 X 10·7 1.3 X 10"8 0 

4T-20b 
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Table 4-20. Comparison of Radionuclide Relative Risks for Radionuclides of Potential 
Concern at the Z Plant Aggregate Area. (Sheet 3 of 3) 

Soil External 
Radionuclide Half-Life Air Drinking Water Ingestion Exposure 

Unit Risk" Unit Riskb in Unit Risk• Unit Riskd 
in (pCi/m3y1 (pCi/L)"I in (pCi/gy1 in (pCi/gy1 

225Ra 14.8 d 8.2 X 10·4 3.4 X 10"6 1.8 X 10-7 8.0 X 10"6 

~a 1,600 yr 1.5 X 10·3 6.1 X 10"6 3.2 X 10·7 4.1 X 10"6 

228Ra 5.75 yr 3.4 X 10·4 5.1 X 10"6 2.7 X 10·7 5.6 X 10·13 

l87Re 5 X 1010 yr na na na na 

l06Ru 1.0 yr 2.3 X 10-• 4.9 X 10"7 2.6 X 10·3 0 
1~Sb 2.73 yr na na na na 

79Se <65,000 yr na na na na 

u1Sm 90 yr na na na na 
90Sr 28.5 yr 2.8 X 10-5 1.7 X 10'6 8.9 X 10·3 0 

~c 213,000 yr 4.2 X 10"6 6.6 X 10"8 3.5 X 10·9 na 

l2SmTe 58 d na na na na 

227111 18.72 d 2.5 X 10·3 2.5 X 10·7 1.3 X 10-8 6.6 X 10"6 

~ 7,340 yr 3.9 X 10·2 2.0 X 10.6 l.lx 10·1 5.8 X 10·5 

=in 77,000 yr 1.6 X 10·2 1.2 X 10-6 6.5 X 10"8 5.9 X 10·7 

231111 25.5 hr 2.5 X 10-7 2.0 X 10'8 1.1 X 10·9 1.1 X 10-5 

2°"11 3.78 yr na na na na 

n3u 159,000 yr 1.4 X 10·2 7.2 X 10'6 3.8 X 10·7 3.2 X 10·7 

234u 244,500 yr 1.4 X 10·2 7.2 X 10-6 3.8 X 10·7 5.6 X 10·7 

nsu 7.0 X 108 yr 1.3 X 10·2 6.6 X 10.6 3.5 X 10·7 9.7 X 10·5 

mu 2.3 X 107 yr na na na na 

238u 4.5 X 109 yr 1.2 X 10·2 6.6 X 10'6 3.5 X 10·7 4.5 X 10·7 

90y 64.1 hr 2.8 X 10'6 1.6 X 10·7 8.6 X 10·9 0 

Excess cancer risk associated with lifetime exposure to 1 pCi/m3 (10-12 curies) per day in ai r (EPA 199 la). 
Excess cancer risk associated with lifetime exposure to 1 pCi (10-12 curies) per day in drinking water (EPA 1991a). 
Excess cancer risk associated with lifetime exposure to 1 pCi/g (1O· 12 curies/g) per day in soil (EPA 1991a). 
Excess cancer risk associated with lifetime exposure to surface soils containing 1 pCi/g of gamma-emitting radionuclides 
(EPA 1991a). 

na No information available. 
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Table 4-21. Potential Chronic Human Health Effects of Candidate Chemicals of 
Potential Concern at the Z Plant Aggregate Area. (Sheet 1 of 3) 

Tumor Si te Non-carcinogenic 
Chemical Inha lation Route; Ora l Route Rer. Chronic Health Effects 

[Weight of Evidence Group'] Inhalation R oute; Oral Route 

INORGANIC CHEMICALS 

Aluminum 

Ammonium ion decreased pulmonary function; 
degrades odor, taste of wa ter 

Asbestos lung and mesothelioma [A]; 1;2 
large intestine [A] 

Barium feto toxicity; 
increased blood pressure 

Beryllium lung [B2]; tota l tumors [B2] l ;l NA; none observed 

Boron NA; testicu lar atrophy 

Cadmium respiratory tract [B l]; NA l;l cancer; proteinu ria 

Calcium 

Chloride 

Chromium lung [A] • Cr(VI) only; NA l;l nasa l mucosa atrophy; 
hepa totoxici ty 

Copper NA; gastro in testinal irritation 

Fluoride NA; denta l fluoros is 

Iron 

Lead [B2]'; [B2] l ;l centra l nervous system (CNS) 
effects'; CNS effects 

Magnesium 

Mercury neurotoxicity; kidney effects 

Nickel respiratory tract [A]; NA 2;2 cancer; reduced weight gain 

Nitrate/Ni tri te NA; methemoglobinemia in 
infa nts' 

Phosphate 

Potassium 

Silica 

Silver 

Sod ium 

Sulfa te 

Uranium (soluble salts) NA; body weight loss, 
nephrotoxicity 

Z inc NA; anemia 

4T-21a 
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Table 4-21. Potential Chronic Human Health Effects of Candidate Chemicals of 
Potential Concern at the Z Plant Aggregate Area. (Sheet 2 of 3) 

, Tumor Siie Non-carcinogenic 
Chemical Inhalation Route; Oral Route Ref. Chronic Health Effects 

[Weight of Evidence Group'] Inhalation Route; Oral Route 

ORGANIC CHEMICALS 

Acetone NA; kidney and liver effects 

Acetonitrile blood effects, hepatotoxicity; 
blood effects, hepatotox:icity 

Benzene blood (leukemia, (A]; blood (A] l ;l 

Butyl Acetate 

Caffeine 

Carbon tetrachloride liver (B2]; liver (B2] l ;l NA; liver lesions 

Chlorobenzene liver, kidney effects; liver, kidney 

Chloroform liver; kidney (B2] l ;l NA; liver lesions 

Coal tars lung (NA]; NA 2;2 

Creosote NA [Bl]"; NA [Bl]' l ;l 

Cyclohexane 

Cyclohexanone NA; body weight loss 

Decane 

Dibutyl butyl phosphonate 

Dibutyl phosphate NA; respira tory irritation 

1,2-Dichloroethane circulatory system [B2]; l;l 
circulatory system [B2] 

cis-1,2-Dichloroethene NA; blood chemistry effects 

trans-1,2-Dichloroethene NA; increased serum phosphatase 

Ethanol NA; CNS, reproductive effects 

Ethanolamine 

Ethyl benzene developmental toxicity; liver and 
kidney 

Ethylene glycol NA; mortality,liver and kidney 

Fluoromethane 

Freon II (trichlorofluoromethane) Elevated BON, lung les ions; 
survival , histopathology 

Hexane neurotoxicity; neuropathy or 
testicular atrophy 

Hexanol 

4T-2lb 

Ref. 
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Table 4-21. Potential Chronic Human Health Effects of Candidate Chemicals of 
Potential Concern at the Z Plant Aggregate Area. (Sheet 3 of 3) 

Tumor Site Non-carcinogenic 
Chemical Inhalation Route; Oral Route Ref. Chronic Health Effects 

[Weight of Evidence Group'] Inhalation Route; Oral Route 

Isopropanol NA; liver, kidney damage 

Methanol NA; blood system effects, 
decreased brain weight 

Methylene chloride lung, liver [B2); liver [B2) l ;l NA; liver toxicity 

Methyl isobutyl ketone liver and kidney effects; 
liver and kidney effects 

Naphthylamine tritium• NA; multiple sites ;3 

Normal paraffins 

Polychlorinated biphenyls NA [B2); liver [B2] l ;l 

Polyurethane 

Pseudocumene (l,2,5-trimethyl-
benzene) 

Tetrachloroethene leukemia, liver [B2); liver [B2) 2;2 NA; hepatotoxicity; weight gain 

Tetrahydrofuran 

. 
Toluene CNS effects, eye irritation; 

change in liver and kidney weights 

Tributyl phosphate respiratory irritant; kidney damage 

l,l ,1-Trichloroethane liver toxicity; liver toxicity 

Trichloroethene lung [B2]; liver [B2] 2;2 

Trioctyl phosphine 

Vinyl chloride liver [A); lung [A) 2;2 

Xylenes CNS effects, nose and throat 
irritation ; hyperactivity, decreased 

body weight 

Ref. 

;3 

l;l 

l ;l 

2;2 

l ;l 

2;1 

3;3 

2;2 

2;1 

• Weight of Evidence Groups for carcinoge ns: A - Human carcinogen (sufficient evidence of carcinogenicity in humans) ; B -Probable Human 
Carcinogen (Bl - limited evidence of carcinogenicity in humans; B2 - sufficient evidence of carcinogenicity in a nimals with inadequate or lack 
of data in humans); C - Possible Human Carcinogen (limited evidence of carcinogenicity in animals and inadequate or lack of human data); 
D - Not Classifiable as to Human Carcinogenicity (inadequate or no evidence). 

• Lead is considered by EPA to have both ne urotoxic and carcinogenic effects; however, no toxicity criteria are ava ilable for lead at the present 
time. 

' Toxic effect is considered to occur from exposure to nitrite; nitrate can be converted to nitrite in the body by intestinal bacteria. 
• Toxic effect of untritiated naphthylamine. 

Dermally acting carcinogen. 
NA Information not available. 

Sources: 
1. EPA, 1991a 
2. EPA, 1991b 
3. NIOSH, 1987 

4T-2lc 



TMiS PAGE 1N1 Ei•qT!ONALl·
EFT LANK 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

DOE/RL-91 -58 
Draft B 

5.0 ffEA.:C ::·n .•. ::.TB.:.· .. •••·•·: :•ANn. :ENVtt{©NM.ENJJ.i:.i .. :., ........ ,.:.:.' ...... e.: ..••.••.••. o.·· ·····: .. rs.: •.••.•.. :.:.e.: .......... tRNS . :•:-:-:-: .-.. -... -.-.-...... -, ....... ·•· .. -.. . · ....... .. ..... ·. -:-:-:-·-:-:.:-:-·-:-:.:-:.:-:-:-:-:-:-:-:-:-:-:-: 

lA'ASTE MANACEl\4ENT UNIT SCREENING 
POTENTIAL FOR HUM:t.u.1't HEALTH ThfPACT 

This preliminary qualitative evaluation of potential human health ~pg ~Jry}:rocyro§g@J 
concerns is intended to provide input to the Z Plant Aggregate Area waste management unit 
recommendation process (Section 9.0). This process requires consideration of actual or 
potential ~mffi~gfa~:t~•:Mg··~ppg1t~tm impacts to human health and the environment. ?¥.~ 

•••••11•• -ilL•' •i•• llf• W-11\lit~!t~!t~~ that has been ta.ken to identify potential health 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 Z 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 4-13. 
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 , 
contaminants that have been detected in environmental samples with in the 
aggregate area but have not been identified as components of Z Plant Aggregate 
Area waste streams, and contaminants that are expected to be present based on 
historical association with 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 site 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 Z 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 Westinghouse Hanford Company (\\'estinghousc Hanford) Environmental 

iii1iii1lli• l•• 1!!~i::~m~ IIIriit:!xillI!R1§If:9i :m.§~fi4vi.~J 
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The human health concerns and various hazard ranking scores listed above are used to 
establish whether or not a site ~§m:::mffli&~IB~PlIHnU]1r§nltinnl~:r~!~~~ 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 human health evaluation are presented in the earlier sections of 
this report. The types of data that have been assessed include site 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 PQffi99f!Jfy applicable or relevant and appropriate requirements 
(ARARs) (Section 6.0) . 

5.1 CONCEPTUAL FRAMEWORK FOR RISK-BASED SCREENING 

The range of potential human health ~fig ~yjf§nm@P@ exposure pathways at the z 
Plant Aggregate Area were summarized in Sec:ii'on 4~2: :fnl:Sg.jtjgQ}ilijOi¢fgJ~\9tP1§§1:hJ 

The EPA (1989) considers a human exposure pathway to consist of four elements: (I) 
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 occurrence ofthese four elements, and , therefore , the 
existence of a pathway, is dependent, in part, upon the physical and institutional controls 
affecting site access and use. In the absence of site access controls and other land use 
restrictions, the identified potential exposure pathways could all be completed c5~¢~fr- For 
example, it could be hypothesized that an individual could establish a residence within the 
boundaries of the Z 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 ~fly¢- to -l-GJijtj-year period of interest associated 
with identification and prioritization of remedial actions within the Z Plant Aggregate Area, 
unrestricted access and uncontrolled disruption of buried contaminants have a negligible 
probability of occurrence. 

For the purpose of identif)·ing immediate and long term health hazards associated ·with 
Z Plant Aggregate Area waste management units, and prioritizing remediation actions for 
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those units, an occupational exposure scenario was determined to be the most appropriate. 
fiql]ffiniRtBW mm;Hvri~faimq !:]nI§IU2nI~\g:11:: iYfilB8t~g:~2Ii2inPiY }~n{~P.PWIIR~t~ 
immiwit! :itr: 1r~• e1::::11~t~::m;ni11m~nt !Hn~t~ :1p,;::1~m2i§ntr:i m~1r:r!mit~~i2n i?it2n!1 

a11• •t• l • ltlE lrlJi/wi!n:t!i:::i~ :: inP1i!nl::1112: 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 . 

The following exposure routes are available to a worker at the Z Plant Aggregate Area: 

• Ingestion of surface soils-;-

• Inhalation of volatilized contaminants and resuspended particulates-;-

• Direct dermal contact with surface soils-;----attt! 

• 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 
area AAMS, ingestion or contact with groundwater was not evaluated as an exposure 
pathway. However, since migration of waste constituents within the saturated zone will be 
addressed in the 200 West Groundwater AAMS, chemicals 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. Although samples have been collected from each of these media, only the 
radiation survey data, and a limited number of soil samples analyzed for radionuclides and 
volatiles, are specific to individual waste management units. Therefore, only p<3,J9\¥~Y$ 
l~lt,~::::&1~W external radiation tm!12!2~1:~1 :: s2nmm~n%ggg :fil}g:~8,£~tne! 99:~e .. i:at~ can be 
evaluated with confidence at this time. Exposures by other pathways were evaluated based 
on available knowledge about chemicals qqp~~fi!P~n~ disposed of to the waste management 
unit and the engineered barriers to releases '. . . .. . . 
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External dose rate surveys, ~hich are performed on a waste management unit basis, 
were used as the measure of a unit's potential for impacting human ~ealth 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 ill~§.ll[~ 
radiation doses from direct external exposure are presented in Table 5-1 from the available 
survey data. Recent f.{~ffi?:i.9A survey data were available for only ':Ft 99 of the q$M Z Plant 
Aggregate Area waste· rrl"anag·e·ment units and unplanned release sites. For those ~~~g~p 
units that have reeen-t radiation survey data, onl)' 8 were reported as having radiation 

iim!!lii!~i!i4!!~!:~~~T~1;~~1~;~;,. 
tfi.~ transfer fadiities , and retention or t:rr~ seepage basins. . .. . .. 

Westinghouse Hanford manual WHC-CM-4-10, Section 7 (WHC 1989) was used ~§'f.gJ 
Rliiittgr::1t:fffls]ffiii:I2v:Jn!:::1mitmiffl~~:11til2 to re1p identify waste management units that 
can be considered a high priority for remediation . The manual indicates that posting 
("Radiation Area") and access controls are to be implemented at a level of 2 mrem/hr for the 
purpose of personnel protection. With the same objective in mind , the level of 2 mrem/hr is 
recommended as one of the criteria for distinguishing high priority from lower priority waste 
management units. Only one N;gfi~ of the regular I y surveyed units Q§t~g i.n f-I}i'ql~ ?fit 
exceedoo~ this criterion. Dose ·rates up to 18 mrem/hr were measuretfat the 2 i 8 W 3A Solid 
Waste Burial Ground in March 1991. The area of high readings was reported as 
approximately 1 square meter (3 feet by 3 feet) . Additional readings exceeding 2 mrcm/hr 
were reported at scattered locations at this waste management unit. 

High levels of radiation (up to 2,000 mrem/hr) were reportedly associated with some of 
the unplanned releases, as noted ~n#.:~;;*f~:imimg in Table 5-1. However, many of these 
releases occurred in the early years of the Hanford Site and recent survey data were not 
located. 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 the soil with 
water. The effectiveness of the various remediation measures is not known, and 
confirmatory survey measurements were not located. Other releases consisted of 106Rtt;
whieh has a decay half life of about 1 year, and would be largely decayed 40 years after 
release. Thus, with the exception of those unplanned releases located within engineered 
waste units, which are routinely surveyed, information on the current radiological status of 
these remediated unplanned releases is lacking and is identified as a data gap in Section 8. 

5.2.2 Ingestion of Soil or Inhalation of Fugitive Dust 

Radionuclides and nonradioactive chemicals of concern for these pathways are those 
that are non-volatile, persistent in surface soils, and have appreciable carcinogenic or toxic 
effects by ingestion or inhalation. However, little information is available to evaluate the 
presence of specific radionuclides or nonradioactive chemicals in surface soils. Available 
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gross activity survey data for the Z Plant Aggregate Area waste management units are 
provided in Table 5-1. 

Westinghouse Hanford manual 'NHC CM 4 10 'ftfi[!J/tiiL{l#.JN.fgl?:et.tfiflt§.lifftyj ?2Xt!JXi.'!Y 
it!it.ilii\:12=?/IJ!ieitll (WHC 1989) was !#$9 used to set ·crfrerfa ·for Tdentlfy1ng waste 
management units that can be considered high priority remediation sites . The manual 
indicates that posting ("Surface Contamination Area") and access controls are to be 
implemented at a level of 100 counts per minute (ct/min) above background beta/gamma, 
and/or 20 ct/min alpha, for the purpose of personnel protection. With the same objective in 
mind , the levels of 100 ct/min above background beta/gamma and 20 ct/min alpha are 
recommended as two of the criteria for identification of candidate waste management units. 
For those survey readings that are in units of disintegration per minute (dis/min) , a 
conversion will be made to ct/min assuming a detector efficiency of 10 percent. 

The following waste management units exceed the criterion based on recent radiation 
survey results : 

~ ~ ~: ~: ! :~il~ 
1 :~:i~2 

Cribs i \jl\\\!i i1111ii[Cf 9 
• 
• 
• 
• ;:t::1 :~~~ g;~~~~ 1 ;11111111& 
: ;:: : ;1 :::~ g:::: ~ ll1il:1liliill 
• 218-W-4A Burial Ground J ::::•Y:lrntilii r~t 

••.i.: .1.1,:.:,:.l,•.··•.•,•, •.•.:, .• ,.,1.1,1,.,1,:,.2:~.•····=:T.1 .• ,.•p:.Bf,••,•,•·R•·.••.z.:.-:-·:•,•.·.~.-.•••.; .. •••=.::.:.t.: •. •.•.i,l:,l,,!.•,•.:·:·,:·•.ee· ~•.·•,••,.•:-,::•,=:•,.~:• ,:,•.~·) :•.g=.·.•,:, .•. ·,•••:•,.:,e .• , ..• , ..• ,.:, .• ,.·,.1,.·,.•,.B:.•,.•: .• , .• , .• , .• , .•.• ,a .. ::,:.•,.=;,.:, ..• :8•:'. ;:. :: . •. uft • Yi :•::tID:t{i@29flYrta9 
u ~ IJ.!;n. V:V::- tv • ••t• • t •'= i tfil1PR.t?-OQ2»1Sl2$\ ·•:•::.:-:•:•:•:-:::.;,::•.·=:-'.=:=:=:-::•:::::::::-:-:;:;:'.:::•:• :;:-:-:-:-:-

It should be noted that these radiation readings may indicate transient conditions (e.g. , 
presence of contaminated vegetation) and that routine stabilization of surface contamination is 
carried out under the auspices of the \Vesting house RARA program. 

The Westinghouse 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 199 la) . Measurements of 
smearable alpha were made at 10 of the -Wpg waste management units surveyed , and 
smearable alpha was not detected at 8 of the 10 units . Waste management units where 
smearable alpha was detected are: 

• 216-Z-lA Tile Field at 500 dis/min 
• 216-Z-2 Crib at 1,500 dis/min( 

Sampling data for contaminants in surface soils were not located for the Z Plant 
Aggregate Area waste management units . Therefore, the potential for workers to be exposed 
to nonradioactive chemicals via direct contact or inhalation or airborne particulates cannot be 
evaluated with certainty at this time. 

5-5 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

,.., 23 
24 
25 

, 26 
27 

- 28 
29 
30 

I"', 31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

DOE/RL-91-58 
Draft B 

Units subject to collapse of containment structures pose a potential threat of exposure 
by release of chemicals to surface soils. Units with high release potential based on recent 
<•.?.?~.I'I"?f1.?~ .. ?f. .. ?tl'f'? .~~~ .. i11.?1~~~: ..... wn!~::m}~~: ;m:~P§!HS~l @~EP:: IBBA !@:: ~~§WY Y3\~Y!t~! .... ,~ ,- :tll4Iii:0021~112tnm:2:~ ::s2n§i9:~t~§112!lp§~ij :1:@l§ffe iRr r~Hfi~~IJg}§PEf~ ~§n;: m2J.p9.~ 
W!If:tU2Yi!P:!l t 

rllllI!i!:lgtlil H(2T211t! 
• 216-Z-5 Crib-;-
• 216-Z-6 Crib~ 
• 216-Z-7. 

Howe1v·er, all cribs that were constructed v,·ith 1n·ood are likely to suffer structural 
failure, and should be considered to pose a risk of releases to surface soil. 

Units subject to wind erosion because of insufficient soil cover or erodible cover 
materials pose a potential threat of exposure via surface soil. Wind erosion has been noted 
as a problem in the Solid 'Naste gQQi::}Y@,§~ Burial Grounds , particularly at the 2 18-W-3 and 
218-W-4A Burial Grounds. These units contain radionuclides that would pose a potential 
health risk if released to the surface. 

Animal burrows have been noted in a number of units , including the 216-Z-l , 216-Z-2 , 
and 216-Z-3 Cribs. Burrows and rabbit and mouse feces were also noted around the 
perimeter of the Solid Waste eQQ:i:i;~~~ Burial Grounds , particularly at the 218 \V 3A Burial 
Ground. To date, no contamination associated with these burrows has been detected; 
however, disturbance of cover materials by animals could be a source of exposure in the 
future. 

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 Z Plant Aggregate Area. Limited sampling of soils and soil gas was 
performed at the periphery of the @.QQ):¥{~~~ Solid Waste Burial Grounds (see Tables A-7 and 
A-8). A number of volatile organics were detected in these samples, including carbon 
tetrachloride and methylene chloride. These data do not indicate an overlying source of 
these chemicals in the immediate vicinity of the soil borings. It appears from the observed 
distribution of volatile organics , that the detections are due to the presence of a plume of 
contaminated groundwater beneath the site. Lateral migration of chemical vapors along the 
caliche layer may also have contributed to the detected concentrations. Waste inventories of 
hazardous chemicals disposed of to the f9Qa¼@.:~! Solid \Vaste Burial Ground indicate that 
numerous volatile organics were disposed of in these waste management units, including 
Ffreons, trichloroethane, vinyl chloride, and xylenes (Last et al . 1989). If these compounds 
are available for volatilization from shallow buried wastes, or are contained in vapors emitted 
from vent pipes, they would pose a potential risk of exposure to workers at the Hanford Site. 
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Based on available knowledge about the disposal of carbon tetrachloride in Z Plant 
Aggregate Area waste management units, it is likely that airborne emissions of this chemical 
have occurred in the past. Whether emissions continue to occur at levels of concern is 
unknown. 

The primary volatile radionuclide of concern disposed of in the 4QfJ )Y.¢§t Solid Waste 
Burial Grounds was tritium. Approximately 280,000 curies of tritium (decayed through 
1990) were disposed of in these units, with the majority going to the 218-W-JA Burial 
Ground (Anderson et al. 1991). The mode of disposal of this material could not be 
determined from available information. Exposure to tritium (as tritiated water vapor) is of 
concern as is the potential for tritium release via radiolytic production of hydrogen from 
aqueous radioactive wastes. 

Due to the uncertainty as to whether a driving force exists for release of volatiles to the 
atmosphere, none of the Z Plant Aggregate Area waste management units will be classified 
as high priority based on this exposure pathway. 

5.2.4 Migration to Groundwater 

Risks that could potentially occur due to migration of contaminants in groundwater to 
existing or potential receptors will be addressed in the 200 West Groundwater AAMS and 
thus , will not be discussed in the Z Plant AAMS. However, the potential for indiv idual 
waste management units to impact groundwater has been discussed in Section 4. I . 

5.3 ADDITIONAL SCREENING CRITERIA 

In addition to determining human health concerns for a worker at each of the waste 
management 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 inspection 
(PA/SI) activities performed for the Hanford Site (DOE{R& 1988) , and the rankings assigned 
by the Westinghouse Hanford Environmental Protection Group to prioritize sites needing 
remedial actions for radiological control (Huckfeldt 199 la) . 

Both of these ranking systems take into account some measure of hazard and 
environmental mobility, and are thus appropriate to consider for waste unit prioritization . 
The HRS ranking system evaluates sites based on their relative risk, taking into account the 
population at risk, the hazard potential of the substances at the facility h~~got1~ :i yv.g$.(¥. 
iiniit!lint:]tle~iID1B:HIBIDntxil~::ml:i&~Bil!tx, the potential for contaminat1011 of the ..•.. 
environment, the potential risk of fire and explosion , and the potential for tfljttry 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 . 
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The PA/SI screening was performed using the EPA ' s HRS and fp~ mHRS . The HRS 
(40 CFR 300) is a site ranking methodology which was designed to determine whether sites 
should be placed on the CERCLA 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. J;fit 

!~l::ixiii!i;2ntPr~§~:····ttie ·mHRs··1s··a·ran"icfog .. sysiem··aeveiopect.by·· ttie· Pacific Northwest 
Liboratory ·cPNi)f'oi" DOE that uses the basic methodology of the 2lt1::rntifoi~~mtwr::: i21'=1 
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 iilnirl:!~l:ilsiiin~ gj liifr,mirixiri!iii:21tmi HRS . The mHRS has not been 
accepted by EPA as a ranking system. 

Many of the Z Plant Aggregate Area waste management units were ranked in the 
PA/SI using the HRS and mHRS. For those waste management units which were not ranked 
in the PA/SI , unit type and discharge history were evaluated in comparison with ranked units 
for the purpose of this report. If a waste management unit which 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 scores , 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. If no similar waste management units were available for 
comparison, the units were not ranked but were assigned a qualitative indicator of migration 

iiJ1f&t•\(ltllll[.lii1t,~fri8r~?~ffliM 
For the HRS ranking, g43e of the \)qM Z Plant Aggregate Area waste management 

units were assigned rankings '. w Of the units scored , four were given a score of 28. 5 or 
greater. All other units were assigned rankings less than 2.0. The high-ranking units , and 
their scores, are as follows: 

• 
• 
• 
• 

216-Z-1 & 216-Z-2 Cribs 
216-Z-7 Crib 
216-Z-10 Reverse Well 
216-Z-17 Trench 

52.85 
50.33 
47.81 
45.30 

For the mHRS ranking, g~ waste management units were ranked and 3 were given a 
score of 28.5 or greater. Scorf:'s from the mHRS were similar to the HRS scores for all 
waste management units except the 216-Z-17 Trench, which received a mHRS score of 1.18. 
The difference between the rankings assigned by the two systems is probably due to the fact 
that HRS does not consider concentrations or radionuclide decay . 
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Of the waste management units that were not assigned HRS or mHRS scores m tfi~ 
RltS.l. five (burial grounds) were assigned scores based on similarity to scored units. 
T~"enty-#tt=ee units were assigned a qualitative "low" score. Eight unit~ did not receive a 
ranking, although investigated in the PA/SI, because of insufficient data. These are denoted 
as ~ tlm§Jj according to the terminology used in the PA/SI. 

5.4 SUMMARY OF HIGH PRIORITY 'NASTE l\4A.1'tAGEt\ffiNT UNITS BASED ON 
Hm4AN HEALTH CONCERNS §§~!~'{§,tm;{§i :~ -T.~$ 

The screening process was used to sort sites as either high priority or low priority. 
Table 5-1 lists the Z Plant Aggregate Area waste management units that exceeded one or 
more of the screening criteria identified in the preceding sections. In total, -W{Q waste 
management units were identified as high priority. 

Recent fg adiation survey results (dose rate and/or contamination) were available for 
36.W of the ~a6e waste management units and unplanned releases. Nineteen Eigh@.n were 
;eported as hiving no detectable results. Of the remaining 1+~ units , 8 ~Jl:~igµ~j, had 
survey results that exceeded one or more of the criteria (2 mrem/hr, 100 cli"s/ rn in 

iiitilii• llill11A•ttl• 
For the HRS scores, 4 waste management units were given scores of 28 .5 or greater. 

For the mHRS , 3 units received a score of 28.5 or greater. ±WQW~{~Jrjt1;9gg~m~1iJ~t.nit.§ 
tisi!xl:Iil:'ilt!vlieRi\~nYi2P:minm1/ii2fflstl2n :§f§yp :§s2r!:2~ i 2r irli%rSs0 me··0r the 
sites were designated as high priority for more than one of the criteria, hence only a total of 
teR BiTii~ waste management sites are designated high priority. 
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Table 5-1. Identification of High Priority Waste Management Units for the Z Plant Aggregate Area. (Sheet 1 of 4) 

Radiation Suiveys Westinghouse 
Waste Management Unit HRS mHRS Environmental High 
or Unplanned Release Rating Rating ct/min dis/min mrem/hr Protection Priority 

Group Score 
.. ...... ... . . . r;~~ ;hc1 v~lfos' .. ........ ·••· < r··•·•·· > ··•· .................. > ..... }i ··•··•;<::••·•·· .. · . 

·•:.:• •··· . 
. . ...... ··• ... · .· ... ..... . ·• · ..• .• } i\ .•. :.:.:.:.:: ....... ·.· .·•·•·••·•·• . . ·••·• ·.:::. 

216-Z-8 Settling Tank Low Low - - - - No 

241-Z-361 Settling Tank Low Low - - - - No 
. . .. . .. .. i· ... •·•· .:-·- :-

···•·•···· \\ . ) . / .. · . ..... •·• ./ 
. •·• . ·.·. Crib~ a.n<l Rr~in~ ··•·••··· ... .< .:-:· •. 

216-Z-1 & 216-Z-2 Cribs 52.85 57.73 ND 15,000 ND - Yes 

216-Z-3 Crib 1.31 1.31 NA NA ND - No 

216-Z-5 Crib 2.00 1.91 NA ND NA 7 Nob 

216-Z-6 Crib 1.03 0.71 NA ND NA - No 

216-Z-7 Crib 50.33 43.70 NA ND NA 10 Yes 

216-Z-12 Crib 1.36 1.36 NA ND ND - No 

216-Z-16 Crib 0.98 0.16 NA ND ND - No 

216-Z-18 Crib 1.36 1.36 ND ND ND - No 

216-Z-8 French Drain 1.03 0.71 NA ND ND - No 

216-Z-13 French Drain Low Low ND ND ND - No 

216-Z-14 French Drain Low Low NA ND ND - No 

216-Z-15 French Drain Low Low NA ND ND - No 

216-Z-lA Tile Field 1.09 1.09 NA 10,000 ND - Yes 
.. 

Reverse Well 

216-Z-10 Reverse Well 47.81 32.72 NA NA ND - Yes 

0 
0 

tJ tTJ 
@ 33 
::t> t'""' · 

I 

td \D ...... 
I 
u, 
00 
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Table 5-1. Identification of High Priority Waste Management Units for the Z Plant Aggregate Area. (Sheet 2 of 4) 

Waste Management Unit 
or Unplanned Release 

216-Z-4 Trench 

216-Z-9 Trench 

216-Z-17 Trench 

2607-Z Septic Tank and Drain Field 

2607-Z-l Septic Tank and Drain Field 

2607-WA Septic Tank and Drain Field 

2607-WB Septic Tank and Drain Field 

2607-W-8 Septic Tank and Drain Field 

HRS 
Rating 

1.03 

2.27 

45.30 
. . . 

·.··•< .• • ••. $eptic 

Low 

Low 

Low 

Low 

Low 
.·. 

· >Transfer 

241-Z Diversion Box No. 1 Low 

241-Z Diversion Box No. 2 Low 

231-Z-151 Sump Low 

Low 

218-W-l 0.70 

Radiation Surveys 
mHRS 
Rating ct/min dis/min mrem/hr 

0.82 NA ND NA 

2.27 NA ND ND 

1.18 NA ND ND 

Low 

Low 

Low 

Low 

Low 

Low 

Low 

Low 

· . Basins/ : < > 

Low 

Burial Sit~ 

0.50 

Westinghouse 
Environmental 

Protection 
High 

Priority 

No 

No 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

t1 
0 

t1 ~ 

~~ 
I 

0:, '° ..... 
I 

UI 
00 
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Table 5-1. Identification of High Priority Waste Management Units for the Z Plant Aggregate Area. (Sheet 3 of 4) 

Radiation Surveys Westinghouse 
Waste Management Unit HRS mHRS Environmental High 
or Unplanned Release Rating Rating ct/min dis/min mrem/hr Protection Priority 

Group Score 

218-W-lA 0.70 0.90 ND ND NA - No 

218-W-2 0.70 0.80 NA 15,000 NA - Yes 

218-W-3 0.70 0.50 ND ND ND - No 

218-W-3AE 0.90c 0.90c - - - - No 

218-W-4A 0.70 0.90 NA 10,000 NA - Yes 

218-W-ll ENS - NA ND NA - No 

Burn Pit 0.00 0.00 - - - - No 
VI 
""1 

I -
•· .. ·.·:. 

. ..... / ><•·•·· ···••··•· ..•...•.••. >> ·······::.·•·······\:< l)nplanned R,el~es 
n 

UN-200-W-11 ENS - - - - - No 

UPR-200-W-16 ENS - - 200,000 - - Yes 

UN-200-W-23 0.90 - - 10,000 - - Yes 

UPR-200-W-26 Low - - - 2,000 - Yes 

UN-200-W-44 0.90 - - - 2,000 - Yes 

UPR-200-W-53 Low - - - 50 - Yes 

UPR-200-W-72 ENS - 100,000 70,000 - - Yes .' 

UPR-200-W-84 ENS - - - 2,000 - Yes 

UN-200-W-89 Low - - 50,000 - - Nod 

UN-200-W-90 Low - - 10,000 - - Nod 

UN-200-W-91 ENS - - 20,000 - - Yes 



297828/T ABLE.5-1 

,· , 2 r 

Table 5-1. Identification of High Priority Waste Management Units for the Z Plant Aggregate Area. (Sheet 4 of 4) 

Radiation Surveys Westinghouse 
Waste Management Unit HRS mHRS Environmental High 
or Unplanned Release Rating Rating ct/min dis/min mrem/hr Protection Priority 

Group Score 

UN-200-W-103 1.04 - - - - -
UN-200-W-130 ENS - - 40,000 600 -
UPR-200-W-134 ENS - - - - -
UPR-200-W-158 0.82 - 1,000 - 60 -
UN-200-W-159 Low - - - - -

Notes: 
ENS - Waste management unit was not scored in the P NSI because insufficient information on the release was available. 
- - Waste management unit was not assigned an mHRS score or no radiation survey was performed. 
NA - Radiation was monitored at this waste management unit but survey data was not located for this type of radiation. 
ND - Radiation was monitored but not detected at this waste management unit. 
ct/min - counts per minute. 
dis/min - disintegrations per minute. 
mrem/hr - millirem per hour. 

If no mHRS or HRS score was available and waste management unit could not be scored based on similarity to other 

No 

Yes 

No 

Yes 

No 

units, a qualitative ranking was developed for this report. An assigned score of "high" is equivalent to ~28.5, "low" is <28.5. 
b Unit was stabilized in September 1991 by RARA Program. 

Waste management unit was assigned a score based on similarity to other units. 
Historical information indicates that the release was remediated to background (Table 2-6). 
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1 6.0 IDENTIFICA.TION OF POTENTIALLY APPLICABLE OR RELEVANT 
2 AND APPROPRIATE REQUIREMENTS 
3 FOR THE Z PLA..~T AGGREGATE A.REA 
4 
5 
6 6.1 INTRODUCTION 
7 
8 
9 The Superfund Amendments and Reauthorization Act (SARA) of 1986 amended 

10 CERCLA to require that all ARARs be employed during implementation of a hazardous 
11 waste site cleanup. "Applicable" requirements are defined by the EPA in "CERCLA 
12 Compliance with Other Laws Manual" (OSWER Directive 9234.1-01, August 8, 1988) as: 
13 
14 cleanup standards, standards of control, and other substantive environmental protection 
15 requirements , criteria, or limitations promulgated under federal or state law that 
16 specifically address a hazardous substance, pollutant, contaminant, remedial action , 
17 location , or other circumstance at a CERCLA site. 
18 
19 A separate set of "relevant and appropriate" requirements that must be evaluated 
20 include: 
21 
22 cleanup standards , standards of control, and other substantive environmental protection 
23 requirements, criteria, or limitations promulgated under federal or state law that while 
24 not "applicable" to a hazardous substance, pollutant, contaminant, remedial action, 
25 location, or other circumstance at a CERCLA site, address problems or situations 
26 sufficiently similar to those encountered at the CERCLA site that their use is well 
27 suited to the particular site. 
28 
29 "To-be-Considered Materials" (TBCs) are nonpromulgated advisories or guidance 
30 issued by federal or state governments that are not legally binding and do not have the status 
31 of potential ARARs. However, in many circumstances , TBCs will be considered along with 
32 pqf~f:!I ARARs and may be used in determining the necessary level of cleanup for 
33 protectfon of heal th or the environment. 
34 
35 The following sections identify pgf~nffl ARARs to be used in developing and assessing 
36 various remedial action alternatives at the :Z Plant Aggregate Area. Specific requirements 
37 pertaining to hazardous and radiological waste management, remediation of contaminated 
38 soils, surface water protection , and air quality will be discussed. 
39 
40 The ffif:fpggli ARARs focus on federal or state statutes, regulations , criteria, and 
41 guidelines. ARARs also include DOE Orders that carry out authority granted to the EPA by 
42 the Atomic Energy Act. All DOE Orders are potentially applicable to operations at the Z 
43 Plant Aggregate Area and are legally enforceable against contractors and subcontractors. 
44 The DOE Orders specifically related to remedial actions are discussed in the following 
45 sections. A complete list of all DOE Orders is included as Appendix A. 
46 
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The specific types of ARARs evaluated include: 

• Contaminant-specific-;-

• Location-specific~ 

• Action-specific. 

)lq(~!IW. Gqontaminant-specific ARARs are usually health or risk-based numerical 
valueit'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 Z 
Plant Aggregate Area, PPinvw contaminant-specific ARARs address chemical constituents 
and/or radionuclides. The-·pote.ntial contaminant-specific ARARs that were evaluated for the 
Z Plant Aggregate Area are discussed in Section 6.2. 

i§tinnm blocation-specific ARARs are restrictions placed on the concentration of 
hazardous substances, or the conduct of activities , solely because they occur in specific 
locations. The ffilii:fiff.ro location-specific ARARs that were evaluated for the Z Plant 
Aggregate Area are discussed in Section 6.3 . 

EPIPiw Agction-specific ARARs apply to particular remediation methods and 
technofogfos·;··and are evaluated during the detailed screening and evaluation of remediation 
alternatives. The potential action-specific ARARs that were evaluated for the Z Plant 
Aggregate Area are discussed in Section 6.4 . 

Potential contaminant- and location-specific ARARs will be refined during the 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 
P9t@nUru ARARs must be achieved and the timing of the ARARs evaluations are discussed in 
Sec.dons 6. 6 and 6. 7, respectively. 

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 Z Plant Aggregate Area are outlined in Table 4-15. The currently identified potential 
federal and state contaminant-specific ARARs are summarized below. 
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2 6.2.1 Federal Requirements 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

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

•~ 6.2.1.1 Clean Water Act (ql, !!J:$.J'$ :t7.§J.) . Federal Water Quality Criteria 
(FWQC) (49: wnBil~lto are developed under the authority of the Clean Water Act 
(§Yti)fll JJS:II:~l@@.lt) to serve as guidelines to the states for determining rece1vfr1g .. waier .. quai"ffy standards. Different FWQC are derived for protection of 
human health and 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) . ]r.¥ SARA 
121 ( d) (2) states that remedial actions shall attain FWQC where they a.re 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 ($.:)q~iffl} see discussion below) ; consequently , 
EPA and other state agencies rely on .ihes·e criteria more than MCLs , even though 
these criteria can only be considered relevant and appropriate and not applicable. 

FWQC would not be considered at Z Plant Aggregate Area , as no natural surface 
water bodies exist in the Z Plant Aggregate Area. The only existing man-made 
surface water bodies at Z Plant Aggregate Area are waste management units . 

~~~ 1 :ri:~~~ ~~~~:nP:c~~~~ :x1J.~ill~iB-(i~~~c~~d(iQ~~ fj~ :~~~~~ t;p~ ;he 
when the water may be used .for dnnidng°. At present , 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 IM~nt!i ARARs are addressed under 
a separate AAMS specific to groundwater. ······················ 

6.2.1.3 Resource Conservation and Recovery Act (4~ :!J~~ §?QJ~4QGJIF?g(iQ 
t!IZJ~. ~I RCRA addresses the generation and transportafron of hazardous 
waste, and waste management activities at 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. RCRA defines hazardous wastes ({~IEi+g}j 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) . 
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RCRi\. is potentially applicable or releYant and appropriate to the Z Plant 
Aggregate Area. The extensive permitting requirements under RCRA would only 
apply to a waste management unit that is an identifjed hazardous waste TSD 
faeility , and to hazardous waste management activities that occurred outside an 
area of contamination . If a waste management unit is not a RCRA TSD facility 
and if remediation oecurs on site, then the RCRA permitting requirements would 
not have to be satisfied. However, other substantive requirements necessary to 
protect human health and the environment would eonstitute potential ARARs. 

Two key ti,iQHW contaminant-specific 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 ffl'R:B~J. for constituent 
concentrations promulgated under 40 CFR Pari :1"68 : 

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 p§fffi!i™ contaminant-specific 
ARARs can be used to determine when RCRA waste management standards may 
be required. The TCLP limits are presented in Table 6-1 . 

The land disposal restrictions J.?R.-R~ 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 

~tee~iiiiiim~iii~:ii1it~1i~~Bi~~1lf lli!lf ~1!~1 1l!f f llitl~gn~a§ 
ltli~l!l[lii~~1llill111!11111!111ili!ilil!~\tlfrll~i!!t::2r it:lh\srnm:::12iH~I!tl:~rriilB!l:J·Hijlm~n~ :2rIB!:§B8IU The land disposal 
restrictions ijµffi@i'¢.gfl HJJUJ$ can be used to determine if g~fi¢.t~t~ cleanup wastes 
can be left in"pface (Le:~·Tand disposed) , redisposed of OT1 sfre .wfrhout further 
treatment , or must be subject to certain treatment practices m;t9! !RJW1'99J~B#:~J. 
The land disposal restrictions lt.'QH limits are presented in Table 6-1 (see Section 
6.4 .1~ for a further discussion .on applying the land disposal restriction §B. 
limits) . 

6-4 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

r ,.,. 17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

DOE/RL-91-58 
Draft B 

•.: 6.2.1.4 Clean Air Act ~!~ii!t~l :Zffl!~),. The Clean Air Act (4t?USQ?4QJ) 
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 
pre-construction 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 NESHAP and NSPS. However, the process applies only to "major" 
sources of air emissions (defined as emissions of 250 tons per year) . The Z 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 during cleanup of the site t9ri~Xi:@~\it~:~g 'g# 
2ittilititr~S~Pt2t- Further, if the maximum individual dose added by a new 
construction or modification during remediation exceeds 1 percent of the 
NESHAP standard (0.1 mrem/yr) , a report meeting the substantive requirements 
of an application for approval of construction must be prepared. 

6.2.1.5 DOE Order 5400.5. The DOE Standards for Radiation Protection of the Public 
and Em·ironment (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 mrem 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 to the maximally exposed individual at the 
facility boundarj . DOE Order 5400.5 provides Derived Concentration Guide values for 
releases of radionuclides into the air or 'Water. Deri,.·ed Concentration Guide values are 
calculated so that , under conditions of continuous exposure, an individual would receive an 
effective dose equivalent of 100 mrem/year. Because dispersion in air or 'l>vater is not 
accounted for in the Derived Concentration Guide, actual exposures of maximally exposed 
indi'l>'iduals in unrestricted areas are considerably below the 100 mrem/year level. 

DOE Order 5400.5 also pro'l>·ides for establishment of soil cleanup levels through a site 
specific pathway analysis such as the ullo·wable residual contamination level method. The 
calculation of allo.,1,•able residual contamination level values for radionuclides is dependent on 
the physical characteristics of the site, the radiation dose limit determined to be acceptable, 
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and the scenarios of human exposure judged to be possible and to result in the upper bound 
exposure. These values will be de'li·eloped upon collection of additional information 
concerning site contamination and exposure parameters. 

6.2.2 State of Washington Requirements 

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). 

• 6.2.2.1 Model Toxics Control ~~-~--:~fiN::::£9il!92!l~):::sn~tU~~:~¼4tB~9:~~Q). 
The Model Toxics Control Act ~mmm;, Ecology, 1991) t:B@iY=\Zgmgqp,). 
authorized Ecology to adopt cleanup standards for remedial actions at hazardous 
waste sites. These regulations are considered ootfhtjal A RA Rs for soi I , 
groundwater, and surface water cleanup actions . The processes for identifying , 
investigating , and cleaning up hazardous waste sites are defined and cleanup 
standards are set for groundwater, soil , surface water , and air in Chapter 173-340 
WAC. 

Under the Model Toxics Control Act 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 . 

.a;; Under Method B, a risk level of 10·6 is established and a risk calculation 
based on contaminants present is determined . 

• 9. Method C cleanup standards represent concentrations that are protective of 
human health 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 
Hlnim ARAR for z Plant Aggregate Area (groundwater will be addressed in 
the 200 West Groundwater AAMS report). Table 2 of Method A is intended for 
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non-industrial site soil cleanups, and Table 3 of Method A is intended for 
industrial site soil cleanups. Method A industrial soil cleanup standards for 
preliminary contaminants of concern are provided as pq;:@ijljru ARARs in Table 6-1. w .. · 

In addition to Method A, Method Band Method C cleanup standards may also be 
considered minPw ARARs for the z Plant Aggregate Area. Method B and Method C 
cleanup stancfard°s can be calculated on a case-by-case basis in concert with Ecology. Method 
B and Method C should be used where Method A standards do not exist or cannot be met, or 
where routine cleanup actions cannot be implemented at a specific waste management unit. 

i 6.2.2 .2 State Hazardous Waste Management Act and Dangerous Waste 
Regulations ~lfiit?:t~EI11ta92]'.il@l- 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 (ypfil'?:t~f l½RtRIR:l'ill&li 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 the TCLP . 

In addition, Washington State identifies other waste as hazardous . Three unique 
criteria are established: toxic dangerous waste; persistent dangerous waste; and 
carcinogenic dangerous waste. These additional designation criteria may be 
imposed by Ecology as P9t.~mt1 ARARs, for purposes of determining acceptable 
cleanup standards and appropnate waste management standards. 

••• 6.2 .2.3 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 . 

ii!i:::t1!r :::@B™i~xI:§~~1~:1t§n2:N:tx ~R~iitRi~:1,99:tg,2~ tfilJi.§q m§,ne&f2~t 

--~•• llttll• l[ti~iiiliftlf @~i9iRli1s~P:ltiBn:::[;pf~8RH.i9!l:P:1%/£µ§+f9!W}ff ! 911 mxif9Pfil¢hE 
• 6.2 .2.4 Monitoring and Enforcement of Air Quality and Emission Standards 

for Radionuclides (W-At ~~Pl~t 246--U7gz.J: ::M6JQ). These permitting 
requirements by the Washi~gto~·state Departm.eni.oiHealth CH¢?..Ut.O adopt the 
Ecology standards for maximum accumulated dose limits to members of the 

iifialJflf&;!lli!lllialifsaj91 
•:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::•:::::::::::•:::::::::::::::::::::::::::::::::::::::::::::::::::•:•:::•:•:•:•················.· ... ·.-.. ·.·.·.·.· 

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

6.2.2.6 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: 

-1 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) . 

1 Water Quality Standards for Ground Waters of the State of 
Washington C({<fW: :?ml£U Chapter 173-200 WAC). This regulation 
establishes cor,.tamfnanfsta11dards for protecting existing and future 
beneficial uses of groundwater through the reduction or elimination of the 
discharge of contaminants to the state's groundwater. 

.; Water Quality Standards for Surface Waters of the State of Washington 
(Chapter 173-201 WAC and Proposed Chapter 173-203 ahcl :!t?ttAl 
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. 

lllil~llllirret~o/t~,,i~2f~~~~!w~1t~!!~l!8f~'1!~~~~!!9m. 
numerical criteria for toxic chemicals (i .e., EPA Water Quality Criteria), 
and 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 dilution 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 shell fish within the zone 
or that diminish aesthetic values. 

These water quality standards do not constitute pgf.~r.l~) ARARs for purposes of 
establishing cleanup standards for the Z Plant Aggregate Area. Groundwater i5 
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~ IP:iil addressed under a separate study m:::1:P~::t:QQ i)M~t Yf9RTT£o/:#f~r 
D!J§gJ, in which pertinent groundwater-related ARARs will be covered. No 
surface water bodies exist within the Z Plant Aggregate Area t 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. 

••• 6.2--.-J National Pollutant Discharge Elimination System (WAC 173 220 and 
40 CFR 122) and Water Quality Standards :ffi~Ml ~Qj48ViChhpter;)/1:3#2.~0 
~11;::Jng;m~m:te!t- National Pollutant blscharge Elirnination 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 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 

IP!:®.~!W b location-specific ARARs are restrictions placed on the concentration of 
hazardou"s"s"uhst:ances 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 p§tgmli 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 Z Plant Aggregate Area ij§. !Q}¢ ~ggt¢.g#,t,¢. ?.f~ !$ 
88~ liiiii »ii~niif Ii nBB{Hi!wni~BHIT91Y· However, rerned1ai actions selected 
for cleanup may require projects in or near floodplains (e.g. , construction of a 
treatment facility outfall at the Columbia River) . In such 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 Z 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 facil ity outfall at the Columbia 
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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 Z 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 impact the Hanford Reach may be 
restricted. This requirement would not be afl m:ihai! ARAR for remedial 
activities within the Z Plant Aggregate Area. However, Wild and Scenic Rivers 
Act requirements may be p§f~n:tl@ ARARs for actions taken as a result of z Plant 
liiriii~itill cleanup efforts ih'at could affect the Hanford Reach. 

6.4 ACTION-SPECIFIC REQUIREMENTS 

R§f#:n:tiW. A~ction-specific ARARs are requirements that are triggered by specific 
remecil"af actio.ns at the site. These remedial actions will not be fully defined until a remedial 
approach has been selected. However, the universe of 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 pg~tntfi 
contaminant- and location-specific ARARs discussed above will also include provisions for 
111'.ijHffl action-specific ARARs to be applied once the remedial action is selected.) 

6.4.1 Federal Requirements 

e! 6.4.1.1 Comprehensive Environmental Response , Compensation , and 
Liability Act !(ij:mMiR?QQ). 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 off-site 
land disposal options are least favored when on-site 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. 
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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 environment are protected . Selected 
remedies should meet all ARARs, but issues such as cost-effectiveness must be 
weighed in the selection process. 

6.4.1.2 Resource Conservation and Recovery Act (4~ :m:S~ §.?(f.i.~4Qi~ER::~Q 
ugg7}). wJ.11 RCRA (4i:1$@:•229Il, and regulations "adop"ted p~~sua~t to RCiiA; 
d"escrihe numerous actl"on=specit"c"""iequirements that may be PB~l:rrnJ ARARs for 
cleanup activities. The primary regulations are promulgated under 40 CFR Parts 
262 ($1n§~!~$.{19til~n~rn.t.tt@L 264, and 265 ($f#.pgjf{faf:§r:§WP.~t§}W!Q ffi?ffl!r§: 9~ ijlru;~9g§;:¥ri§t~:m§l )tisMiH-i)' and " include·· sud1"" actlon~specific 
requirements as f,gpg»fl 

• i Packaging , labeling , placarding , and manifesting of off-site waste 
shipments-;-

... ; Inspecting waste management areas to ensure proper performance and safe 
conditions-;-

... 2 Preparation of plans and procedures to train personnel and respond to 
emergencies;-

...¢ Management standards for containers , tanks , incinerators , and treatment 
units-;-

• J Design and performance standards for land disposal facilities-;---ftfW 

• :.; 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 potential area of action-specific RCRA ARARs are the 40 CFR Part 268 
land disposal restrictions UP.:B~- In addition to the contaminant-specific 
constituent concentration ffmTts established in the land disposal restrictions @el~i§ 
(as previously discussed in Section 6.2.1~), EPA has identified best 
demonstrated available treatment technologies (BDA Ts) for various waste 
streams. jjqj EPA could require the use of BDA Ts prior to allowing land 
disposal of wastes generated during remediation of Z Plant. ]ij§! EPA ' s 
imposition of the land disposal restrictions B1?8:§ and BDAT requirements will 
depend on various factors. 
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Applicability to CERCLA actions is based on determinations of waste 
"placement/disposal" during a remediation action. According to OSWER 
Directive 9347.3-05FS , EPA concludes that Congress did not intend in situ 
consolidation, remediations , or improvement of structural stability to constitute 
placement or disposal . Placement or disposal would be considered to occur if th~ 
ii!lllini: 
-i, Wastes from different units are consolidated into one unit ( other than a land 

disposal unit within an area of contamination)t 

..g Waste is removed and treated outside a unit and redeposited into the same 
or another unit (other than a land disposal unit within an area of 
contamination};--ef 

-• -l 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 ffifl6 
disposal restrictions $.]?~ standards unless placement or disposal had occurred . 
However, remediation actions involving excavation and treatment could trigger 
the requirements to use BDA T fo r wastes subject to the land disposal restrictions 
~g standards. In addition , the agencies could consider BDA T technologies to 
he .relevant and appropriate when developing and evaluating potential remediation 
technologies . 

Two additional components of the land disposal restrictions w!?R 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 m11J;9~l2wfa1): 
.al A no-migration petition-;-

. ; A case-by-case extension to an effective date-;-

.aJ A treatability variance~ 

• J Mixed waste provisions of a federal Facilities Compliance Act (when 
enacted). 

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

6-12 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

. 19 . 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

DOE/RL-91 -58 
Draft B 

The effect of the land disposal restrictions i mBJ 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 land disposal 
restrictions Ell 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 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 . 

i 6.4.1.3 Clean Water Act (fffl QFB. !;Z~).-. Regulations adopted pursuant to the 
Clean Water Act @~~t:t4:9 @Fffi ::1.g@). under the NP DES mandate use of best 
available treatment techn.oTogTes pr1or to discharging contaminants to surface 
waters. NPDES requirements would not be ARARs for actions conducted only 
within the Z Plant Aggregate Area. However, NPDES requirements could 
constitute p§,f~pµ!µ 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 best available treatment technologies. 
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6.4.1.4 DOE Order 5480.lb Standards for Environmental Pfoteetion, Safety, and 
Health Program for DOE Operations. The purpose and scope of this order is to establish 
the Environment, Safety , and Health (ES&II) Program for DOE operations. This order 
outlines guides that apply to all departmental elements and contractors performing work for 
DOE. This work may be required by la1t1,1 and/or contract and be implemented by the 
aoorooriate eontraetine officer. 

The ES&H Program includes all DOE requirements , activities, and functions that are 
concerned with controlling air, water, and soil pollution . It limits the risk to both operating 
personnel and the general public to acceptably low levels. Radioactive and hazardous 'n'aste 
management functions are included in this program. This order applies to the ES&H 
pro~rams at all Government owned contractor operated facilities. 

This order establishes the responsibilities and authorities necessary for effective 
performance of the program. Overall responsibility and authority for DOE programs is 
eiven to the Under Secretary. 

6.4.1.5 DOE Order 5480.3 Safety Requirements for the Packaging and Transportation 
of Hazardous Materials, Hazardous Substances, and Hazardous Vlastes. The purpose of 
this order is to establish requirements for the packaging and transportation of hazardous 
materials, hazardous substances, and hazardous wastes . This order outlines guides that appl)' 
to all Departmental Elements and contractors performing work for the DOE. This >v'v'Ork may 
be required by law and/or contract and be implemented by the appropriate contracting officer 
who is involved with the packaging and/or transportation of hazardous materials , hazardous 
substances, or hazardous 1,1,rastes. This order is applicable to the extent that 1,vastes would 
need to be oackaeed or transoorted. 

DOE 5480.3 states: "1uhen offered to the carrier, each shipment of hazardous 
materials, hazardous substances, or hazardous wastes shall be in compliance 1with this order, 
and the applicable safety regulations of the Department of Transportation ." The package 
standards outlined in 5480.3 include the standards for radioactive materials in amounts 
greater than Type /', quantities, structural standards for Type B packaging , and criticality 
standards for fissile material packages. Standards for normal conditions of transport and 
standards for hypothetical accident conditions for a single package have been outlined 
depending on the quantity and type of material contained. All off site shipping containers 
must meet quality assurance procedures for fabrication. assembly. and testing . 

6.4 .1.6 DOE Order 5480.4 Environmental Protection, Safety, and Health Protection 
Standards. The purpose of this order is to specify and provide requirements for the 
application of the mandator)' ES&II standards applicable to all DOE and DOE contractor 
operations; to pro•ride a listing of reference ES&H standards; and to identify the sources of 
the mandatory and reference ES&H standards. 

Facility' design, construction , operation , modification , and decommissioning 1tVill be 
covered b)' this order. The facilities of concern are those of permanent or temporary nature 
that are owned leased. or otherwise controlled by the DOE or leased by DOE contractors 
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for use in work for the DOE. If DOE has the authorit)' to establish and enforce ES&H 
Program requirements under the contractual arrangements for the work to be performed , this 
order is applicable. 

The Occupational Safety and Health Administration (OSHA) standards are also applied 
through this order. OSHA requirements provide detailed guidance on the procedures and 
equipment personnel are to have and wear when eondueting an on site remedial action at a 
hazardous waste site. The standards also require the development of Health and Safety Plans 
by each employer in•,'ol1,'ed •,i,•ith the remediation. 

6.4.1.7 DOE 5400.4 Comprehensi¥e En¥ironmental Response, Compensation, and 
Liability Aet Requirements. On October 6, 1989, DOE rescinded its existing 
administrative order (DOE 5480.14) guiding CERCLA response actions at DOE facilities. It 
was replaced with DOE Administrath•e Order 5400.4. This order incorporates two 
provisions important to remedial actions at the Z Plant Aggregate Area as follo 1.vs: 

e 

e 

DOE facilities are authorized to enter into Interagency Agreements and/or Federal 
Facility Agreements at both NPL and non NPL sites , with federal , state , and 
local entities for the execution of remedial actions under the requirements 
prescribed in DOE 5400.2A [Environmental Compliance Issue Coord ination] and 
under Section 120(e) of CERCLA. 

Where the remedial action is being conducted in parallel with the development of 
an Environmental Impact Statement (EIS) under the National Environmental 
Policy Act (N"EPA), coordination of data collection and analysis is encouraged. 
The primary instrument for the integration of these two programs is the Rl/FS 
process. Public review of the two compliance programs are also to be integrated. 

This order is a key document that ,,,,,jll be guiding compliance actions at the Z Plant 
Aggregate Area. 

6.4.1.8 DOE Order 5820.2A Radioaeti'f'e Waste Management. 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. DOE Order 5820.2A establishes requirements for management of high level , 
TRU , and l01t1,' level wastes as well as wastes containing naturally occurring or accelerator 
produced radioactive material, decommissioning of facilities and the format for a waste 
management plan . The requirements applicable to the Z Plant Aggregate Area remediation 
activities include those related to TRU waste, low level radioactiYe waste and the waste 
management plan. These are summarized belo1,',' . 

43 6.4.1.8.1 ~'lanagement of TRU V/astc. The TRU waste resulting from the Z Plant 
44 Aggregate Area remedial action must be managed to protect the public and worker health and 
45 safety, and the environment, and performed in compliance with applicable radiation 
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protection standards and environmental regulations. Practical and cost effective methods 
must be used to reduce the ·,·olume and toxicity of TRU waste. 

The TRU waste must be certified in compliance with the Waste Isolation Pilot Plant 
(\l/IPP) 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 pro1,•ided by a geologic repository or 
TRU waste that cannot be certified or otherwise approved for acceptance at the \\'IPP must 
be disposed of by alternati,·e methods. Alternati1re disposal methods must be approved by 
DOE Headquarters and comply with NEPA requirements and EPA/state regulations. 

6.4.1.8.2 MaBagement of Low Le,;el Radioactive Waste. The requirements for 
management of lo•,¥ level radioactive waste presented in DOE Order 5820.2A are releYant to 
the remedial alternative of remo•f'al and disposal of the Z Plant Aggregate Area 'Nastes . 
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 effecti1,•e 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 abm•e performance objecth·es. 

Other requirements under DOE Order 5820.2A ·,vhich may affect remediation of the Z 
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 achie1,•c the performance objectives 
discussed above. Disposal site selection, closure/post closure, monitoring, and records 
requirements are also discussed in this order. 

6.4.1.8.3 Waste Managemet1t Plat1. Each site that treats, stores, or disposes of DOE 
radioactive waste is responsible for complying with the standards of DOE Order 5820.2A 
and to document this compliance in a Waste Management Plan. The Waste Management 
Plan shall include an execufrve summary; general site information; a description of 
radioactive, mixed, and hazardous waste management operations; a schedule and cost 
summary; and a description of environmental monitoring programs. 

6.4.1.9 DOE OFdcF 5480.11 Radiation Protection foF Oeeupational Worlwrs. DOE 
Order 5480.11 establishes radiation protection standards and program requirements for the 
protection of workers from ionizing radiation. These radiation standards are consistent with 
EPA guidance based on recommendations by the flfotional Council on Radiation Protection 
and Measurements and the International Commission on Radiological Protection. 

DOE policy published in DOE 5480.11 requires that occupational exposure to radiation 
be maintained as lov,· as reasonably· achievable. The exposure of an occupational worker 
shall not exceed the following limiting 1,•alues. 
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Stochastic Effects. The annual effectiYe dose from internal and external sources 
is 5 rem . 

Nonstoehastie Effects. The annual dose equivalent for individual organs is: 

lens of eye 15 rem 
skin of the whole body 50 rem 
extremity 50 rem 
organ or tissue 50 rem 

Unborn Child . The annual dose equivalent to the unborn child during the 
gestation period is 0.5 rem. 

~fon emergency planned special exposures ma)', under unusual circumstances, exceed 
the annual effective dose equivalent limits established above. · 

6.4.1.10 DOE Order 6430.lA General Design Criteria. The criteria provide mandatory, 
minimally acceptable requirements for facilit)' design. Criteria apply to any building 
acquisition, ne'N facility addition and alteration including on site constructed buildings , pre 
engineered buildings, plant fabricated modular buildings, and temporary facilities. Criteria 
will apply in planning, design, and development. 

6.4.2 State of Washington Requirements 

i: 6.4.2.1 Hazardous Waste Management (gfi~pt~r l.7Q8$Q~ }YAµ). As 
discussed in Section 6.4 . 1~, 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 (Q#i:f~f 
;µ:iJqgfil Qt i{QWl 1Q~JP,) and generally parallel federal management standards . 
beteimlriadon ·ofARARs ·will be on a case-by-case basis as cleanup actions 
proceed. 

••• 6.4.2.2 Solid Waste Management (@fiiPt~r:l791?9~ ~~y). Washington State 
regulations describe management standards for solid waste in Chapter 173-304 
WAC (µp.g~pj1)ijliµmwntY9tB.@Mf)1:Q/Qg,). Some of these management standards 
may be potendaiARARs for cilsposaiof deanup wastes within the z Plant 
Aggregate Area. Solid waste standards include such requirements as tht t9~21i;~: ...... . 

• ~ Inspecting waste management areas to ensure proper performance and safe 
conditions-;-

.aJ Management standards for incinerators and treatment units-;-

.ai Design and performance standards for landfills-;--ftfltl 
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-¥. 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. 

i 6.4.2.3 Water Quality Management. Chapter 90.48 RCW , the Washington 
State Water Pollution Control Act, requires use of all known, available, and 
reasonable treatment technologies for treating contaminants prior to discharge to 
waters of the stateEJijqlijgjijg[gfggti.g@g(ir.. Implementing regulations appear 
principally at Chapiers ·f 73:2Tir;·T73:t26i and 173-240 WAC. 

The Water Pollution Control Act requirements for groundwater could be potential 
ARARs for actions conducted within the Z Plant Aggregate Area if such actions 
would result in discharge of liquid contaminants to the soil column . In this 
event, Ecology mtty .wpµlg require use of all known , available, and reasonable 
treatment technologies to treat the liquid discharges prior to soil di sposal. 

The Water Pollution Control Act requirements for surface water would not be 
ARARs for actions conducted only within the Z Plant Aggregate Area. 
However, these requirements could constitute p§!tti@ill ARARs for cleanup 
actions which would result in discharge of treated wastewaters to the Columbia 
Rived ! and associated treatment systems eettkl w§µ(g be required to demonstrate 
they meet all known , available, and reasonable treatment technologies. 

•• 6.4.2.4 Air Quality Management (Rg;~&m:g4). P]#9%Pm¢aµtj\Qjjt,yq~Jp¢ 
li~ij!µimn:::Ml!itt::~r liJ}tB]lfi mQ{g~)~ '.f ~he To xi C Air Poll Utan t reg U lati On S 
for new air emission sources , promulgated in Chapter 173-460 WAC , require use 
of best available control technology for air toxics . The Toxic Air Pollutant 
regulations may be potential ARARs for cleanup actions at the Z Plant Aggregate 
Area that could result in emissions of toxic contaminants to the air. Ecology may 
require the use of best available control technology for air toxics, to treat such air 
em1ss1ons. 

•:::::::::::::::::::::::::::::::::::::::::::::::::: 
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6.5 OTHER CRITERIA AND GUIDANCE TO BE CONSIDERED 

In addition to the potential ARARs presented , other federal and state criteria, 
advisories, aHtl guidance~iim]f:1,. i§}ill;J:~! m#.t,~f1~!§ are "to be considered" (TBC} in determining 
the appropriate degree of remediation for the Z 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. 
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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. 

6.5.3 EPA 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 solid 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 Z 
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 . 

~i:s~!:::::::ggffilf:tt~Y~nt:::y1:::1n~rgx:::§~nf.l.?.f:~:r2t::R#:fn~mm::!ffi§t~v2# 

•-«• IIJE~illl1LWIBlfi;!tliill~ 
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6.6 POINT OF APPLICABILITY 

A significant factor in the evaluation of remedial alternatives for the Z 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 ei ther water or air , Ecology and 
Health standards !~s11rnI:wtinIIIIist~: §~sµ§ntiPW:%m) generally require compliance at the 
boundaries of the Hanford Site. The assumed point of compliance 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 charged with the 
responsibility of 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 pg~~nnl ARARs must be achieved will 
be a significant factor in evaluating appropriate remec:11.il alternatives in the Z Plant 
Aggregate Area. Applicability of p§mµµjµ ARARs at the point of discharge, at the boundary 
of the disposal unit, at the boundary"ofthe· AAMS, at the boundary of the Hanford Site, 
and/or at the point of maximum exposure will need to be determined. 
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6. 1 ARARs ~:gEslQ~§!8f1::£1B:::RE&:tJ:X{)~m: mn:~gmggs.If\11:E F-F£tCJ@];~NT§ 
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 Z Plant 
Aggregate Area, the pg;tgnX@ contaminant-specific ARARs and advisories and mtint.~i location-spedhc"" A°RARs will be identified more comprehensively and 
us·ed io help determine the cleanup goals~; 

• During detailed analysis of alternatives, all the pgf~Afii 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 12 1 
(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 impracticable . 

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 circumstances. 

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) . 
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IN ORGANICS 

Asbestos 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium (VI) 
Chromium (III) 
Chromium (total) 

0\ Copper 
-] 

Lead I ...... 
~ Mercury 

Nickel 
Silver 
Zinc 
Cyanide 
Fluoride 
Nitrate (as Nitrogen) 
Nitrite (as Nitrogen) 

ORGANICS 

Acetone 
Acetonitrile 
Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 

Table 6-1. 

1 2 
, ' 1,) 8 2 7 

Potential Contaminant-Specific ARARs and TBCs for 
Preliminary Inorganic and Organic Contaminants of Concern. (Sheet 1 of 2) 

RCRA RCRA MTCA WCAA RCRA 
TCLP Land Ban Limits Method A Toxic Air Pollutants Corrective Action Levels ( 1) 
Designation Non-wastewater Cleanup Levels ASIL --(Proposed)--
Limits in CCWE ccw Industrial Soil in ug/m3 

Air Soil 
mg/L in mg/L in mg/kg mg/kg in ug/m3 in mg/kg 

4.2 (2) 
100.0 100.0 1.7 0.4 4000.0 

0.00042 0.0004 0.2 

1.0 1.0 10.0 0.00056 0.0006 40.0 
5.0 5.0 500.0 0.000083 0.00009 40.0 
5.0 500.0 1.7 
5.0 500.0 

3.3 
5.0 5.0 1000.0 
0.2 0.2 1.0 20.0 

2000.0 
5.0 5.0 0.3 

590 (3) 16.7 2000.0 
8.3 

0.59 160.0 5927.4 8000.0 
233.1 500.0 

0.5 3.7 0.5 0.12 
0.5 0.96 5.6 0.067 0.03 5.0 
100 0.05 5.7 1165.5 20.0 2000.0 
6.0 5.6 0.043 0.04 100.0 

t:) 
0 

t:) tr1 
@ ~ 
::::, t""' 

I 

to I.O ...... 
I 

V\ 
00 



0\ 
~ 

I ...... 
c:r 

9 2 

Table 6-1. Potential Contaminant-Specific ARARs and TBCs for 
Preliminary Inorganic and Organic Contaminants of Concern. (Sheet 2 of 2) 

RCRA RCRA MTCA WCAA RCRA 
TCLP Land Ban Limits Method A Toxic Air Pollutants Corrective Action Levels (1) 
Designation Non-wastewater Cleanup Levels ASIL --(Proposed)--
Limits in CCWE ccw Industrial Soil in ug/m3 

Air Soil 
mg/L in mg/L in mg/kg mg/kg in ug/m3 in mg/kg 

ORGANICS (Continued) 

Creosote 
Cyclohexanone 0.75 333.0 
Dibutyl phosphate 16.7 
1,2-Dichloroethane 0.5 7.2 0.04 0.04 8.0 
cis-1,2-Dichloroethylene 2630.7 
trans-1 ,2-Dichloroethylene 33.0 2630.7 
Ethanol 6327 
Ethyl benzene 0.053 6.0 20.0 1448.6 8000.0 
Freon II (trichlorofluoromethane) 0.96 33.0 18648.0 
Isopropanol 3263.4 
Kerosene 200 (TPH) 
Methanol 0.75 865.8 
Methylene chloride 0.96 33.0 0.5 2.0 0.3 90.0 
Methyl isobutyl ketone 0.33 33.0 682.7 70.0 4000.0 
Polychlorinated biphenyls 10.0 0.09 
Tetrachloroethylene 0.7 0.05 5.6 0.5 1.1 1.0 10.0 
Toluene 0.33 28.0 40.0 1248.8 7000.0 20,000.0 
Tributyl phosphate 8.3 
1, 1, I -Trichloroethane 0.41 5.6 20.0 6327.0 1000.0 7000.0 
Trichloroethylene 0.5 0.091 5.6 0.5 0.8 60.0 
Vinyl chloride 0.2 33.0 0.023 
Xylenes (Total) 0.15 28.0 20.0 1448.6 1000.0 200,000.0 

FOOTNOTES 
ASIL = Acceptable Source Impact Level RCRA = Federal Resource Conservation and Recoveiy Act (1) RCRA Corrective Action Levels are only proposed 
CCWE = Constituent Concentration in Waste Extract TCLP = Toxicity Characteristic Leaching Procedure al this time (40 CFR Part 264 Subpart S), so are 
CCW = Constituent Concentration in Waste WCAA = Washington Stale Clean Air Act not ARARs yet; they are "fo Be Considered." 
MTCA = Washington State Model Toxics Control Act mg/L = milligrams per liter (2) Measured as fibers per cubic meter. 

mg/kg = milligrams per kilogram (3) Total cyanide. 30 mg/kg for amenable cyanide. 
ug/m' = micrograms per cubic meter 
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Table 6-2. Potential Location-Specific ARARs. (Sheet 1 of 6) 

Location Requirement Prerequisite Citation ARAR 

GEOLOGICAL 

Within 200 feet of a fault New treatment, storage or disposal of Hazardous waste management 40 CFR 264.18; NotARAR. No 
displaced in Holocene time hazardous waste prohibited near Holocene fault WAC 173-303-420 Holocene fault. 

Holocene faults and New solid waste disposal facilities prohibited New solid waste management WAC 173-304-130 Not ARAR. No 
subsidence areas over faults with displacement in Holocene activities near Holocene fault Holocene fault. 

time, and in subsidence areas 

Unstable slopes New solid waste disposal areas prohibited New solid waste disposal on WAC 173-304-130 Not ARAR. No 
from hills with unstable slopes an unstable slope unstable slope. 

100-year floodplains Solid and hazardous waste disposal facilities Solid or hazardous waste 40 CFR 264.18; Potential ARAR. 
must be designed, built, operated, and disposal in a 100-year WAC 173-303-420; 
maintained to prevent washout floodplain WAC 173-304-460 

a 
Avoid adverse effects, minimize potential Actions occurring in a 40 CFR Part 6 Potential ARAR. 0 a m 0\ harm, restore/preseive natural and beneficial floodplain Subpart A; 16 USC 

~~ ""1 
I values in floodplains 661 et seq: 40 CFR N 

I Cl) 6.302 to \0 ...... 
Salt dome and salt bed Placement of non-containerized or bulk liquid Hazardous waste placement in 40 CFR 264.18 Not ARAR. None of 

I 

lFI 
00 formations, underground hazardous wastes is prohibited salt dome, salt bed, mine, or these units. 

mines, and caves cave 
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Table 6-2. Potential Location-Specific ARARs. (Sheet 2 of 6) 

Location Requirement Prerequisite Citation ARAR 

SURFACE WATER 

Wetlands New hazardous waste disposal facilities Hazardous waste disposal WAC 173-303-420 Potential ARAR. 
prohibited in wetlands (including within 200 within 200 feet of surface 
feet of shoreline) water 

WAC 173-304-130 Potential ARAR. 
New solid waste disposal facilities prohibited Solid waste disposal within 200 
within 200 feet of surface water (stream, lake, feet of surface water 
pond, river, salt water body) 

New solid waste disposal facilities prohibited Solid waste disposal in a WAC 173-304-130 Not ARAR. No 
in wetlands (swamps, marshes, bogs, estuaries, wetland (swamp, marsh, bog, wetlands present. 
and similar areas) estuary, etc.) 

0 
Discharge of dredged or fill materials into Discharges to wetlands and 40 CFR Part 230; Potential ARAR. 0 

~ wetlands prohibited without a permit navigable waters 33 CFR Parts 303, 0 tI1 
I and 320 to 330 r:l 33 

N ~r' r::r Minimize potential harm, avoid adverse Construction or management 40 CFR Part 6 Not ARAR. No I a:, \0 

effects, preserve and enhance wetlands of property in wetlands Appendix A wetlands present. 
,-.,. 
I 
V\ 

Shorelines Actions prohibited within 200 feet of Actions near shorelines Chapter 90.58 RCW; Potential ARAR. 00 

shorelines of statewide significance unless Chapter 173-14 WAC 
permitted 

Rivers and streams Avoid diversion, channeling or other actions Actions modifying a stream or 40 CFR 6.302 Potential ARAR. 
that modify streams or rivers, or adversely river and affecting fish or 
affect fish or wildlife habitats and water wildlife 
resources 

Water code and water Specifies conditions for extracting surface Extracting surface water. Chapter 90.03 RCW Not an ARAR. No 
rights water for non-domestic uses. In essence, the surface waters. 

laws provide that water extraction must be 
consistent with beneficial uses of the resource 
and must not be wasteful. 



Table 6-2. Potential Location-Specific ARARs. (Sheet 3 of 6) 

Location Requirement Prerequisite Citation ARAR 

GROUNDWATER 

Water code and water Specifies conditions for extracting Extracting groundwater Chapter 90.14 RCW Not an ARAR. 
rights groundwater for non-domestic uses. In Groundwater addressed 

essence, the laws provide that water under 200 West 
extraction must be consistent with beneficial AAMS. 
uses of the resource and must not be 
wasteful. 

Sole source aquifer New solid and hazardous waste land disposal Disposal over a sole source WAC 173-303-402; Not ARAR. No sole 
facilities prohibited over a sole source aquifer aquifer WAC 173-304-130 source aquifer. 

Uppermost aquifer Bottom of lowest liner of new solid waste New solid waste disposal WAC 173-304-130 Not ARAR. 
disposal facility must be at least 10 feet above Groundwater is deeper 
seasonal high water in uppermost aquifer (5 than 10 feet. t:J 
feet if hydraulic gradient controls installed) 0 

t:J tT1 0\ 
@ 33 ~ Protects the upper aquifers and upper aquifer Activities within an aquifer. Chapter 173-154 Not an ARAR. I 

::t> r' N 
zones to avoid depletions, excessive water WAC Groundwater addressed I n co \0 
level declines, or reductions in water quality. under 200 West 

...... 
I 

V, 
State regu lations for upper aquifer zones are AAMS. 00 

applicable to remedial alternatives that 
involve treating groundwater or presenting 
risks of groundwater contamination. 

Requires that Ecology review and approve New treatment facilities Chapter 173-240 Not an ARAR. 
plans for wastewater treatment facilities that discharging to the WAC Groundwater addressed 
discharge to groundwater. groundwater. under 200 West 

AAMS. 

Aquifer Protection Areas Activities restricted within designated Aquifer Activities within an Aquifer Chapter 36.36 RCW Not ARAR. Not an 
Protection Areas Protection Area Aquifer Protection 

Area 

Groundwater Management Activities restricted within Ground Water Activities within a Chapter 90.44 RCW; Not ARAR. Not a 
Areas Management Areas Groundwater Management Chapter 173-100 Groundwater 

Area WAC Management Area. 
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Table 6-2. Potential Location-Specific ARARs. (Sheet 4 of 6) 

Location Requirement Prerequisite Citation ARAR 

DRINKING WATER SUPPLY 

Drinking water supply well New solid waste disposal areas prohibited New solid waste disposal WAC 173-304-130 Not ARAR. No 
within 1000 feet upgradient, or 90 days travel within 1000 feet of drinking drinking water supply 
time, of drinking water supply well water supply well wells. 

Watershed New solid waste disposal areas prohibited New solid waste disposal in a WAC 173-304-130 Nol ARAR. Not a 
within a watershed used by a public water public watershed public watershed. 
supply system for municipal drinking water 

AIR 

Allainment areas Defines emissions standards and design and Activities in an allainment Chapter 173-434 Potential ARAR. 
operation of solid waste incinerator area WAC 
facilities. Activities in an allainment area. 

tj 
Defines when certification of operators is Activities in an allainment Chapter 173-300 Potential ARAR. 0 

tj [11 0\ necessary al incinerators and landfills. area WAC ~ ~ -3 
I 

Non-allainment areas Restrictions on air emissions in areas Activities in a designated non- Chapter 70.94 RCW; Not ARAR. Not a :::, t""" N 
I 0. 

designated as non-allainment areas under allainment area Chapters 173-400 and non-attainment area. to v;) 
........ 

state and federal air quality programs 173-403 WAC 
I 

Lro 
00 
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Table 6-2. Potential Location-Specific ARARs. (Sheet 5 of 6) 

Location Requirement Prerequisite Citation ARAR 
SENSITIVE ENVIRONMENTS 

Endangered/threatened New solid waste disposal prohibited from New solid waste disposal in WAC 173-304-130 Not ARAR. Not a 
species habitats areas designated by US Fish and Wildlife critical habitats critical habitat. 

Service as critical habitats for 
endangered/threatened species 

Actions within critical habitats must conserve Activities where endangered 50 CFR Pans 200 and Potential ARAR. 
endangered/threatened species or threatened species exist 402 

Parks No new solid waste disposal areas within New solid waste disposal near WAC 173-304-130 Not ARAR. No 
1,000 feet of state or national park state/national park state/national park. 

Restrictions on activities in areas that are 
designated state parks, or Activities in state parks or Chapter 43.51 RCW; Not ARAR. None of 0 

0 recreation/conservation areas recreation/conservation areas Chapter 352-32 WAC these state areas. om °' ~ 33 ---3 Wilderness areas Actions within designated wilderness areas Activities within designated 16 USC 1131 et seq; Not ARAR. Not a I 

::t>r--< N must ensure area is preserved and not wilderness areas 50 CFR 35.1 et seq wilderness area. I ~ to \0 impaired ...... 
I 

Wildlife refuge Restrictions on actions in areas that are part Activities within designated 16 USC 668dd et seq; Not ARAR. Not a 
V\ 
00 

of the National Wildlife Refuge System wildlife refuges 50 CFR Part 27 wildlife refuge. 
Natural areas preserves Activities restricted in areas designated as Activities within identified Chapter 79.70 RCW; Not ARAR. Not a 

having special habita t value (Natural Heritage Natural Area Preserves Chapter 332-60 WAC Natural Area Preserve 
Resources) 

Wild, scenic, or recreational Avoid actions that would have adverse effects Activities near wild, scenic, 16 USC 1271 et seq; Potential ARAR. 
rivers on designated wild, scenic, or recreational and recreational rivers 40 CFR 6.302; 

rivers Chapter 79.72 RCW 

Columbia River Gorge Restrictions on activities that could affect Activities within the Columbia Chapter 43.97 RCW Not ARAR. Not in 
resources in the Columbia River Gorge River Gorge Columbia River Gorge. 
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Table 6-2. Potential Location-Specific ARARs. (Sheet 6 of 6) 

Location Requirement Prerequisite Citation ARAR 
UNIQUE LANDS AND PROPERTIES 

Natural resource Restrictions on activities within designated Activities within designated Chapter 79.71 RCW Not ARAR. Not a 
conservation areas Conservation Areas Conservation Areas Conservation Area. 
Forest lands Activities restricted within state forest lands to Activities within state forest Chapter 76.04 RCW; Not ARAR. Not a 

minimize fire hazards and other adverse lands Chapter 332-24 WAC forest land. 
impacts 

Restrictions on activities in state and federal Activities within state and 16 USC 1601; Not ARAR. Not a 
forest lands federal forest lands Chapter 76.09 RCW forest land. 

Public lands Activities on public lands are restricted, Activities on state-owned lands Chapter 79.01 RCW Not ARAR. Not a 
regulated or proscribed state land. 

Scenic vistas Restrictions on activities that can occur in Activities in designated scenic Chapter 47.42 RCW Not ARAR. Not a tJ 
0 designated scenic areas vista areas scenic area. tJ tT1 0\ 

~ 3:3 ..., Historic areas Actions must be taken to preserve and Activities that could affect 16 UST 469, 470 ~ Not ARAR . No I ::t'r< N recover significant artifacts, preserve historic historic or archaeologic sites ~; historic or archaeologic I ....., 
t:d '-0 and archaeologic properties and resources, or artifacts 36 CFR Parts 65 and sites. ,_. 

I 
and minimize harm to national landmarks 800; Vl 

00 
Chapters 27.34, 27.53 
and 27.58 RCW 

LAND USE 

Neighboring properties No new solid waste disposal areas within JOO New solid waste disposal WAC 173-304-130 Not ARAR. Not near 
feet of the faci lity's property line within 100 feet of facility facility boundary. 

property line 

No new solid waste disposal areas within 250 New solid waste disposal WAC 173-304-130 Not ARAR. No 
feet of property line of residential zone within 250 feet of property residential property 
properties line of residential property near. 

Proximity to airports Disposal of garbage that could attract birds Garbage disposal near airport WAC 173-304-130 Not ARAR. No 
prohibited within 10,000 feet (turbojet airports near. 
aircraft)/ 5000 feet (piston-type aircraft) of 
airport runways 
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1 7.0 PRELIMINARY REMEDIAL ACTION TECHNOLOGIES 
2 
3 
4 Previous sections identified contaminants of concern at the Z Plant Aggregate Area , 
5 potential routes of exposure, and ffllntiiiY applicable or relevant and appropriate 
6 requirements (ARARs) . Section 7Jf1dentlfies preliminary remedial action objectives (RAOs) 
7 and develops preliminary remedial action alternatives consistent with reducing the potential 
8 hazards of this contamination and satisfying p§!~g:N ARARs. The overall objective of this 
9 section is to identify viable and innovative remedial action alternatives for media of concern 

10 at the Z Plant Aggregate Area. 
11 
12 The process of identifying viable remedial action alternatives consists of several steps. 
13 In Section 7 .1, RAOs are first identified. Next, in Section 7. 2, general response aetions are 
14 determined along with specific treatment, resource recovery , and containment technologies 
15 within the general response categories. Specific process options belonging to each 
16 technology type are identified, and these process options are subsequently screened based on 
17 their effectiveness, implementability , and cost (Section 7.3) . The combining of process 
18 options into alternatives occurs in Section 7.4 . Here the alternatives are described and 
19 diagrammed. Criteria are then identified in Section 7 .5 for preliminary screening of 
20 alternatives that may be applicable to the waste management units and unplanned release sites 
21 identified in the Z Plant Aggregate Area. Figure 7-1 is a matrix summarizing the 
22 development of the remedial action alternatives starting with media-specific RAOs. 
23 
24 Because of uncertainty regarding the nature and extent of contamination at the Z Plant 
25 Aggregate Area waste sites, recommendations for remedial alternatives are general and cover 
26 a broad range of actions. Remedial action alternatives will be considered and more fully 
27 developed in future focused feasibility studies . The Hanford §.i.{( Past-Practice Strategy 
28 (ThompsoA 1991 ~@:$.t~::IQQA~) is used to focus the range of remedial action alternatives 
29 that will be evaluated.Tn .. focusecf"studies. In general, the Hanford $lt? Past-Practice Strategy 
30 remedial investigation (RI)/feasibility study (FS) and the Resource Conservation aj):g 
31 Recovery Act (RCRA)/Corrective Measures Studies \Bi§) are defined as the combination of 
32 interim remedial measures (IRMs), limited field investigations (LFis) for final remedy 
33 selection where interim actions are not clearly justified , and focused or aggregate area 
34 feasibility/treatability studies for further evaluation of treatment alternatives. After 
35 completion of an IRM , data will be evaluated including concurrent characterization and 
36 monitoring data to determine if a final remedy can be selected . 
37 
38 A secondary purpose of the evaluation of preliminary remedial action alternatives is the 
39 identification of additional information needed to complete the evaluation. This information 
40 may include field data needs and treatability tests of selected technologies. Additional data 
41 will be developed for most sites or waste groups during future data gathering activities (e .g ., 
42 LFis , characterization supporting IRM , or treatability studies) . These data may be used to 
43 refine and supplement the RAOs and proposed alternatives identified in this initial study. 
44 Data needs are defined in Section 8.0. Alternatives involving technologies that are not well 
45 demonstrated under the conditions of interest are identified in Sections 7.3 and 7.5 . These 
46 technologies may require bench-scale and pilot-scale treatability studies. The intent is to 
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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 Of "learn as you go" approach ~n::whl4.n 
mi::mmP!~ffiin.l:µgijjj§Iirliltlili~liPi§rmii.PW :~~l:ipp!filnl. This observational approach Ts·. 
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 Area~ will allow integrating these actions with longer range objectives of final 
remediation of similar areas and the entire 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 arnas . 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 
contaminant 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 Z 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 Z Plant 

i ii,iii,illlilVll:111~\lllltjl{~fllJIIyi 
Potential future land use will affect the risk-based cleanup objectives , potential ARARs , 

and point of compliance. The RAOs for protecting human health for residential or 
agricultural land use would be based on risk assessment exposure scenarios requiring cleanup 
to lower contaminant leYels than for recreational or industrial land uses . It is important that 
potential future land use and the RAOs be clearly defined and agreed upon by f}GE ~Jogy , 
EPA, and Ecology ~I before further and more detailed evaluation of remedial actions . .... . 
The Hanford Site rR.emedial Action Environmental Impact Statement is intended to resolve 
the land use issues.··· A Record of Decision l{R:@@) for this environmental impact statement is 
expected in the spring of 1994. ················· 
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To focus the corrective actions with a bias for action through implementing IRMs , 
preliminary RAOs are identified for the 200 Areas and Z Plant Aggregate Area. The overall 
objective for the 200 Areas is as follows: 

Reduce the risk of harmful effects to the environment and human 
users of the area by illiBni~BRi!PtimMiriiY 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 an 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 Z Plant Aggregate Area. The media of 
concern for the z Plant Aggregate Area include !§~i:!:!iUP:l ~nt: 

• 

• 

• 

• 

Radiation contaminated B~£J2nPS~fqlsenmm~nl:~$9; iq s~~illf P~nxtBBH~~mm~~~g 
soils that could result in direct exposure or inhalation Pit ;Y!P.Pt$.\9mmgffl@J~-;-

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-; 
&flt! 

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

Preliminary contaminant concentration standards that were applied to media-specific 
RAOs were developed from the preliminary identification of potential ARARs in Section 6.0 
or by numerical assessment of the expected exposures and associated risks for each 
contaminant. 

Waste materials currently stored in single-shell tanks that contribute or may contribute 
contaminants to environmental media will not be addressed by this AAMS program but 
rather by the Single-Shell Tank ½!P$9.:t¢[Rprogram. In addition , groundwater as an exposure 
medium is not addressed in this source AAMSR but will be addressed in the 200 West 
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 Z Plant Aggregate Area, and are 
presented in Table 7-2 . The following are the general response actions for the Z Plant 
Aggregate Area followed by brief descriptions: 
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No action (applicable to specific facilities~ 

Institutional controls~ 

Waste removal and treatment or disposal~ 

Waste containment~ 

In situ waste treatment-;-aoo 

Combinations of the above actions. 

H 1.-l••• llil• !ilis• 16 ~ggµ~ !~µij§§ij¢f~i No action is included for evaluations as required by the National 
17 Envfronmenta! .Poifcy Act (NEPA) and National Contingency Plan (NCP) [40 CFR 300.68 
18 (f)(l)(v)] to provide a baseline for comparison with other response actions. The no action 
19 alternative may be appropriate for some facilities and sources of contamination if risk 
20 assessments determine acceptable natural resource or human health risks posed by those 
21 sources or facilities and no exceedences of contaminant-specific ARARs occur. 
22 
23 Institutional controls involve the use of physical barriers or access restrictions to reduce 
24 or eliminate public exposure to contamination. Considering the nature of the Z Plant 
25 Aggregate Area and the 200 Areas as a whole, institutional controls will likely be an integral 
26 component of all interim remedial altcrnati1v•es. Many access and land use restrictions are 
27 currently in place at the Hanford Site and will remain in place during implementation of 
28 ir1t~~r.11 .. r.~r.11~<li~ .. ~~.~~re~: .. i!i~IJ~fi!i*QQ:lr~:~§/~y{s§mmin~q :~ :w.~§.t~ 
29 mfffiijgjffl§nf:t:fti~r!I~§pg]jifi) Ij,nstitutional controls may wUi also be important for final 
30 remedial measure alternatives. The decisions regarding future long term land use at the 200 
31 Areas will be important in determining whether institutional controls will be a part of the 
32 remedial measure alternatives, and the type of controls required. 
33 
34 Waste removal and treatment or disposal involves excavation of contamination sources 
35 for eventual treatment and/or disposal either on a small- or large-scale basis. One approach 
36 being considered for large-scale waste removal is macro-engineering, which is based on high 
37 volume excavation using conventional surface mining technologies. Waste removal on a 
38 macro-engineering scale would be used over large areas such as groups of waste management 
39 units, operable units, or operational areas as a final remedial action. Waste removal on a 
40 small scale would be conducted for individual waste management units on a selective basis . 
41 Small-scale waste removal could be conducted as either an interim or final remedial action. 
42 
43 .............. wi!:::i!~iitlxi::i9~ B!~lm:gj::~n~ :~~S¼Yiiitii§fij i! &Yil!{fg,:.~~fiq Oij th~ yg)gffiiJpf 
44 S(>:Wiifig iP1!It1=~Jtifet6.f :i &i.~i: 99Jim.ffimgnts{ 
45 
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-,11•• &1111,111111tM11111~1,,ra11'9 
• !ll• i• ll• ••tlllllllllm 

ltmixilll!i ii©lg~{i?9Mi1Yii~ !!~i9f9f: 

'lll···••11111• :~! 
One potential problem with off-site disposal gfrfi!}pa,:¢,ijy¢ W:i~t¢ is the lack of an 

alternate disposal location that will decrease the potential human e~posure 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 includes biological land farming, thermal processing , 

-~Ji!!l!~t!tii~fh~f~~~!~!~~~~QF 
either as an interim or final action and may be appropriate in meeting RAOs for all potential 
future 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 contaminants. 'y'.:~f.t,H#P: 
!ll&li: lll]Pilil§ijiij§~il{f :mi§jm~i~:JitiF~ :m!ini;tj§gtl~lHI J§ pi.:¢fth~: 1:>i.gmJtqm pffi~~rilr.t ~TT18iiSPR@;IDID:i!~H i~I~~~ Capping ½RP-mnm~pJ also provides a radiation exposure barrier 
and 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 

7-5 



DOE/RL-91 -58 
Draft B 

1 impractical. In situ treatment can be difficult because the process conditions may not be 
2 easily controlled. 
3 
4 Combinations of the aboYe actions ma)' be used in several different alternatives . For 
5 example, containment actions could be used in combination vt'ith removal actions for highly 
6 contaminated areas , and institutional controls (i.e., fences and deed restrictions) to prevent 
7 disruption of the containment system. 
8 
9 Implementation of the general response actions may be accomplished using an 

10 observational approach. Such an approach is iterative, where each iteration results in a mere 
11 refined conceptual model. Data needs are determined by the model, and data collected as a 
12 result of an action to fulfill these needs arc used as additional input to the model. Use of the 
13 observational approach •uhile conducting response actions of the 200 Areas will result in the 
14 opportunity for integrating these actions with the longer range objecti,.'es of final site 
15 remediation including other analogue areas . Site characterization and remediation data will 
16 be collected concurrently with the use of LFis , IRMs, and treatability testing to apply 
17 kno'>vledge gained to similar areas. The overall goal of this approach is convergence on a 
18 response action as early as possible while continuing to obtain valuable characterization 
19 information during remediation phases. 
20 
21 In the next section, specific process options within these technology groups are 
22 evaluated. 
23 
24 
25 7.3 TECHNOLOGY SCREENING 
26 
27 In this section , potentially applicable technology types and process options are 
28 identified. These process options are then screened using effectiveness , implementability , 
29 and relative cost as criteria to eliminate those process options that would not be feasible at 
30 the site. The remaining applicable processes are then grouped into remedial alternatives in 
31 Sections 7.4. 
32 
33 The effectiveness criteria focus on: ( 1) the potential effectiveness of process options in 
34 handling the estimated areas or volumes of media and meeting the remedial action objectives 
35 Riit (2) the potential impacts to human health and the environment during the construction 
36 ancf"frnplementation phase; and (3) how proven and reliable the process is with respect to the 
37 contaminants and conditions at the site. These criteria also concentrate on the ability of a 
38 process option to treat a contaminant type (organics, inorganics , metals , radionuclides , etc.) 
39 rather than a specific contaminant (nitrate , cyanide, chromium, plutonium , etc .) . 
40 
41 The implementability criteria place greater emphasis on the institutional aspects of 
42 implementability, such as the ability to obtain necessary permits for off-site actions ; the 
43 availability of treatment, storage, and disposal services; and the availability of necessary 
44 equipment and skilled workers to implement the technology . They also focus on the process 
45 option ' s developmental status, whether it is an experimental or established technology. 
46 
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1 The relative cost criteria are an estimate of the overall cost of a process , including 
2 capital and operating costs. At this stage in the process, the cost analysis is made on the 
3 basis of engineering judgement, and each process is evaluated as to whether costs are high, 
4 medium, or low relative to other process options. 
5 
6 A process option is rated effective if it can handle the amount of area or media 
7 required, if it does not impact hu_man health or the environment during the construction and 
8 implementation phases, and if it is a proven or reliable process with respect to the 
9 contaminants and conditions at the site. Also a process option is considered more effective if 

10 it treats a wide range of contaminants rather than a specific contaminant. An example of a 
11 very effective process option would be vitrification because it treats inorganics , metals , and 
12 radionuclides. On the other hand , chemical reduction may only treat chromium (VI), making 
13 it a less useful option . 
14 
15 An easily implemented process option is one that is an established technology; uses -
16 readily available equipment and skilled workers ; uses treatment , storage , and disposal 
17 services that are readily available; and has few regulatory constraints. Preference is given to 
18 technologies that are easily implemented. 
19 
20 Preference is given to lower cost options , but cost is not an exclusionary criterion. A 
21 process option is not eliminated based on cost alone. 
22 
23 Results of the screening process are shown in Table 7-3. Brief descriptions are given 
24 of the process options, followed by comments regarding the evaluation criteria. The last 
25 column of the table indicates whether the process option is rejected or carried forward for 
26 possible alternative formation. The table first lists technologies that address soil RAOs . 
27 Next, technologies pertaining to biota RAOs are presented. All the biota-specific 
28 technologies happen to be technologies that were listed for soil RAOs. Air RAOs are dealt 
29 with as soil remediation issues because the air contamination is a result of the contaminants 
30 in the soil; addressing and remediating the air pathways would be unnecessary and ineffective 
31 as long as there is soil contamination . If the soil is remediated , the source of the air 
32 contamination would be removed . 
33 
34 The conclusions column of Table 7-3 indicates that besides no action , monitoring , 3 
35 institutional process options, and 16 other process options are retained for further 
36 development of alternatives . These options are carried forward into the development of 
37 preliminary alternatives. 
38 
39 
40 7.4 PRELIMINARY REMEDIAL ACTION ALTERNATIVES 
41 
42 This section develops and describes several remedial alternatives applicable to disposal 
43 sites that contain hazardous chemicals, radionuclides, and volatile aj}g ~YWJYPl~fµt organic 
44 compounds . These alternatives are not intended as recommended actions for any individual 
45 s-i-te ppJ!, but are intended only to provide potential options applicable to most -s-i-tes Whits 
46 where multiple contaminants are present. Selection of actual remedial alternatives that 
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should be applied to the individual sites Y.D!1$ would be partly based on future expedited or 
interim actions and limited field investigadons, as recommended in Section 9.0 of this report. 
Selection of proper alternatives would be conducted within the framework of the Hanford 
wt.w. Past-Practice Strategy (Thompson 1991 RQit~J.))j J:Q~~), and the strategy outlined in 
~~i~?~ ... ?..:~.'. .. IJ~::i:lllH2ri:RFl~~::::12HHl:::~~2:§~::§li::qg !Ii?r§i~tis~ i2tj§2leti§rt:fHl9 
8#:!ifPl!!H:t~!m~H 

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 because site-specific conditions must be further investigated before 
meaningful evaluations can be conducted. 

7.4.1 Development of Remedial Alternatives 

Potentially feasible remedial technologies were described and evaluated in Section 7. 3. 
Some of those technologies have been proven to be effective and constructible at industrial 
waste sites, while other technologies are in the developmental stages. EPA guidance (l;flA 
1Q$.$:1"5.J on feasibility studies for uncontrolled waste management units recommends that a 
Hmited 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 controlst 

• Removal , above-ground treatment, and disposal-;-

• Containment-;--ftfffi 

• In situ treatment. 

The alternatives are intended to treat all or a major component of the Z 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 site µfiif 

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 small amount of the overall contamination attbe :Z.: R!9'P:t 
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1 ~1111~\i}ifl· Both no action and institutional controls are required as part of CERCLA 
2 RI/FS guidance. The purpose of including both of these alternatives is to provide decision 
3 makers with information on the entire range of available remedial actions. 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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22 
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24 
25 
26 
27 
28 
29 
30 
31 
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33 
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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 transuranic W:S!:§-contaminated soils . Finally , three 1n situ alternatives 
were identified. One deals with vapor extraction for volatile organic compounds, one with 
stabilization of soils, and the other with vitrification of soils. 

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 feasibility studies. The remedial action alternatives are 
summarized as follows: 

• No action~ 

• Institutional controls~ 

• Engineered multimedia cover with or without vertical barriers (containment)-;'.; 
ililPUtx~mm::e• li: :!nsms.it irnr1J1&i~1 ~n2 gr2Ht1pt.irta1ii~ •.·.· 

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

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

• Excavation, treatment, and geologic disposal of soil containing transuranic TR.:1:J 
fRadionuclides (removal , treatmentf and disposalh 

• In situ soil vapor extraction of volatile organic compounds (in situ treatment) . 

These alternatives, with the exception of no action and institutional controls , were 
created 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 
multi-media cover can effectively contain radionuclides , heavy metals , inorganic compounds , 
and organic compounds simultaneously. It satisfies the RA Os of protecting human health and 
the environment from exposures from contaminated soil, bio-mobilization , and airborne 
contaminants. It is possible that some waste management units may require a combination of 
the identified alternatives to completely address all contaminants . In situ soil vapor 
extraction is more 89Bffiffifn!ntr specific than the other alternatives , but it addresses a 
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1 contaminant class (volatile organic compounds) that is not easily treated using the other 
2 options, such as in situ stabilization. It is possible that some waste management units may 
3 require a combination of the identified alternatives to completely address all contaminants. 
4 
5 The use of contaminant-specific remedial technologies was avoided because there 
6 appear to be few, if any, waste management units where a single contaminant has been 
7 identified. It is possible to construct alternatives that include several contaminant-specific 
8 technologies, but the number of combinations of technologies would result in an 
9 unmanageable number of alternatives. Moreover, the possible presence of unidentified 

10 contaminants may render specific alternatives unusable . Alternatives may be refined as more 
11 contamination data are acquired. For now, the alternatives will be directed at remediating 
12 the major classes of compounds (radionuclides, heavy metals, inorganics, and organics). 
13 
14 In all action alternatives except the no action alternative, it is assumed that monitoring 
15 and institutional controls are required , although they may be temporary . These features are 
16 not explicitly mentioned , and details are purposely omitted until a more detailed evaluation 
17 f!l~:Y.. .~~ .. P~tf.?r.~~ .. i~ .. 5.~~5.~~~~.t. 5.~~~ ~~s. mrng g§i(%(gfniY:§tµqt~ 'HJ9.:Y)§:SS9ffiPMY IDMY Qf 
18 tn~Im!~tn~nxt~:::emg; immt§nt~fiw;!12n~ 
19 
20 In the next sections, the preliminary remedial action alternatives are described in more 
21 detail, with the exception of the no action and institutional control options. 
22 
23 
24 7.4.2 Alternative 1-Engineered Multimedia Cover with or without Vertical Barriers 

,.. 25 
• 26 Alternative 1 consists of an engineered multi-media cover. Vertical barriers such as 

27 grout curtains or slurry walls may be used in conjunction with the cover. Figure 7-2 shows 
28 a schematic diagram of an engineered multi-media cover without the vertical barriers . If the 
29 affected area includes either a naturally occurring or engineered depression , then imported 
30 backfill would be placed to control runoff and run-on water. The engineered cover itself 
31 may consist of clay TIPitff.~1.:Q~ :§g}j, gravel , sand , asphalt, t,§psoil , and/or: ge<J•synthetics 
32 liflef.s. A liquid coliectfon tiyer could also be included . The specific details of the cover and 
33 vertical barriers would be the subject of a treatability study or a focused FS; ½'W¢fi i:ij~ p~ 
34 ~HP.P9Il1:!¥11 ttEU~ffii!!ti:~iijg1~i ::imi:i?§ri§m1is~ 11§t1ni- The barrier would be designed to 
35 minimize infiltration of surface water and to minimize biological intrusion (e.g. , deep-rooting 
36 plants and burrowing animals) . The covered area would be fenced , and warning signs 
37 posted. 
38 
39 Alternative 1 would provide a permanent cover over the affected area. The cover 
40 would accomplish the following: reduce migration of surface runoff into the affected soil; 
41 reduce the migration of windblown dust that originated from contaminated surface soils; 
42 reduce the potential for direct exposure to contaminated soilsX§fi; and reduce the volatilization 
43 of volatile organic compounds and tritium to the atmosphere. · if vertical barriers are 
44 included, they would limit the amount of lateral migration of contaminants . 
45 

7-10 



1 
2 
3 
4 
5 
6 
7 

13 
14 

DOE/RL-91-58 
Draft B 

15 7.4.3 Alternative 2-In Situ Grouting or Stabilization of Soil 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
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30 
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32 
33 
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46 

Radioactive and hazardous soil would be grouted in this alternative using in situ 
injection methods to significantly reduce the leachability of hazardous contaminants , 
radionuclides and/or iimivolatile organic compounds from the affected soil. +Vi$. ~¢:pp,qJ§gy 

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. 

Figure 7-3 shows a schematic diagram of the in situ grout injection process. Grouting 
wells would be installed and screened throughout the affected vertical zones. Specially 
formulated cement grout (determined by treatability studies) \vould be injected and allowed to 
cure. In situ stabilization would be conducted in a similar manner , except a cutting head tool 
·would be used to mix the contaminated soil with stabilizing compounds fed into the soil. 

liillfi• llfililillil• l~liilli:::~ 

Ft!Btn Bt IB94F ~{B i II~ n1:s 
Alternative 2 would provide a combination of immobilization and containment of heavy 

metal, radionuclide, ana inorganic; oog ijgffiiy§J~fiX~ qfgfilifq contamination. Thus, this 
alternative would reduce migration .ofsurface runof(;ate·r 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 volatile 
organic compounds. 
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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. ti 
was also assumed that sheet pile shoring would be installed to facilitate the excavation. 

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 (determined in part 

excavation or landfilled. Soil treatment by-products may require additional processing or 
treatment. Figure 7-4 shows a schematic diagram of this alternative. 

Alternative 3 would be effective in treating a full 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 (multi-media cap) to reduce this possibility . 
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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 

~-i~~ - - '✓- ~~~~~-~~i_?.~ · .... lilffiYl!:l l!l§]§::1:liµ!~ §i\{tPitt:911~ ~rnnm!Y I B~!fmn~ni l';b§Piffitj 
gpm;j,fjfgJ:;qpgJg§.TT~S Figure 7-5 shows a schematic diagram of the alternative. Import fill 
wouid Tnit1aiiY"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 soil 
under the site, down 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 vitrifiea 
monolith to minimize disturbance and potential exposure. 

In situ vitrification would be effective in treating radionuclide , heavy metal , 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 on site. Also, in situ vitrification may be limited to depths of less than about 30.5 
meters (100 feet), which may not be adequate to immobilize deep contamination . 

It should be noted that in situ vitrification is a relatively new technology which is 

~~P.~~~~~i~-~-- some ,, growing pains "f:112 ni~ yij~ P~IITHl9] :t§f 11;3:ir&~t~~ij :siinYii ~f~ 
!n4@ttfi®:$.}t¢. Therefore, using this technology at the Hanford Site will likely require 
ex"ien slvttplfo t testing. 

7.4.6 Alternative 5-Excavation, Above-Ground Treatment, and Geologic Disposal of 
Soil with Transuranic fflQ Radionuclides 

Figure 7 6 sho•,i.cs a schematic diagram of Alternative 5. It is assumed that sheet pile 
shoring •,i.could be installed to facilitate the excavation. Special excavation procedures would 
htwe to be used to minimize fugitive dust. Non transuranic "o•,·erburden" may have to be 
remo>t·ed, temporarily stored, and returned to the excavation after the transuranic soil was 
remo,.·ed. Imported backfill v,·ould be used to restore the site to original grade. The 
excavated transuranic soil would be vitrified or stabilized by an above ground treatment 
plant. The Yitrified or stabilized soil would then be shipped to a transuranic waste 
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repository. Long term stora:ge may be required until a suitable facility could be sited and 
constructed. An engineered multimedia co"'er (Alternative 1) could be installed over the 
completed site to reduce exposure to any remaining contaminated, non transura:nic soils. 

For Alternative 5 , soil containing transuranic J;R.M radionuclides at concentrations 
exceeding 100 nCi/g would be excavated , treated , and disposed gf. Thus , potential exposure 
to and migration of transuranic wlm-wastes would be minimized: Potential exposure to 
other contaminants would be determined by other remedial alternatives implemented . At 
sites containing transuranic wlm and non-l'Bsl transuranic 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 

.............. rn!iet1:m1i:~n§1~:i:: §s!1m1w2I2111im BR i i:~Pr~~inmix~::~2t! ximr ~~tisfitn ~xm~m{ 

--••-• i• ll• ll(l1l~&t 2-'.!Ii!~stlP:I: l:iti&1Xiiittn.iiit1B!Il~i§ji,i~H~MN:!X1iB¥ !5pnfJ!Pii~lBB)i :~g J\t§~e] tr~ 

1¥~11'.m iffiB~Mli 11tmfilBBRII!m1~}E?H1SRRtf91 ~JMSN9il :: b?£~]51=Si:189 tffiqjtee§~ 

iHBiiilHiiRU9~mm:(:li9!9 Pi 9§9\;!:f§ j§.§,i§ WP@i! txP!i eri§ffg~j %\nissfofr cqrjff§l~ §'6\iiq µe 
t~sPitil], 

Figure 7 7 shows a schematic diagram of a representative soil vapor extraction system. 
The soil Yapor extraction system would consist of venting wells , manifold piping , 
condensed water collectors, High Efficiency Particulate Air filters , and a catalytic oxidizer. 
The condensed 'Nater might contain volatile organic compounds and radionuelides , so it 
might ha.Ye to be disposed of as radioactive mixed waste. The vented air may contain 
radionuclide containing dust particles, so High Efficiency Particulate Air filters would be 
installed to remove the particulate radionuclides. The vented vapors would be treated by· the 
cataly·tic incinerator to proYide at least 95 % destruction. 

• illi[• llill\illllllll,~!,~f!~~ij 
extraction is a proven technology for removal of volatile organic compound , from the vadose 
zone soils iUhRY&n::~2:m~!(pj),;9t1li!i tiitfa1g:miY p~lp§i~ !H§~ms §@~- Soil vapor 
extraction would reduce downward migration of the volatile organic compound vapors 
through the vadose zone, and thereby minimize potential cross-media migration into the 
groundwater. Soil vapor extraction would reduce upward migration of volatile organic 
compound through the soil column into the atmosphere , and thereby minimize inhalation 
exposures to the contaminants. In some cases the radionuclides were discharged to the 
disposal sites W;!i:~li# ~~g~fil~Q( ijijj~ as aqueous wastewater that contained the rad ion uclides 
dissolved in earner soiutlons consisting of surfactants and volatile organic compound (e.g . , 
carbon tetrachloride). Removal of the volatile organic compound by implementing soil vapor 
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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 volatile organic compound off of the soil and into the vented air stream , 
resulting in the permanent removal and destruction of the volatile organic compound . 
Alternative 6 may be used in conjunction with other alternatives if contaminants other than 
volatile organic compounds are present. 

7.5 PRELIMINARY 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 Z 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 5tte Prn 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 contains 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, and/or semivolatile organic compounds%~6q xmiq!~1 2iin!2IRPffiPRP-OQ§ · ......... . 

• In situ vitrification (Alternative 4) could be used at most waste management units 
or unplanned release sites, although vapor extraction may be needed when 
volatile organic compounds 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 transuranic w:R:tf:-containing soils 

~~1m;~~t~~~~1
~h~tn~~nb~~s:~n~:r::e x.~m ~~~~e~!~!~m~r !~zyl1~!\~gic 

repository IS Hkely to accept only transuranic illRi:Q.1 radioactive soils , the 
non~mw: transuranic radioactive soils will nothe.remediated using this 
alternatlve. 
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• In situ soil vapor extraction (Alternative 6) could be used on any waste 
management unit or unplanned release sire µµ1J that contains volatile organic 
compounds. 

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 
unplanned release§ sites. Each waste management unit or unplanned release -s-i-te may require 
just one alternative or a combination of many alternatives. Furthermore, similar sites µpj~§ 
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 

.~~ffe~~r~~;ii~~t~~~~~~:t:~~c;i:~:~~~~~~ra~:t:~:~~n s~:J,~~~!f~~~~•~~~!! H~~tion to remove organfo contaminants. Also, different combinations of technologies are possible 
besides those presented in these preliminary alternatives. Table 7-4 excludes sites gp~ts that 
are covered by other programs. For example, single-shell tanks are excluded because they 
are addressed by the s§ingle-5§hell t1'ank &!8§.Bf~{g-program. 

18 Technology development studies will be needed for the in situ vitrification process; and 
19 treatability studies will be needed for the in situ grouting or stabilization process and soi I 
20 treatment processes to make sure that they will effectively remediate the contaminants . 
21 Specifically, organic waste mobility may be a problem for in situ vitrification; grouting 
22 agents and the resulting reduction of contaminant leachability will need to be determined 
23 before in situ grouting can be performed ; and appropriate treatment protocols and systems 
24 will need to be identified before soil washing can be used. Capping, soil vapor extraction, 
25 and disposal options are all proven processes, but they may require site-specific performance 
26 assessment (treatability) studies. 
27 
28 Focused feasibility studies will be required to evaluate alternative designs for all of the 
29 alternatives evaluated, as they relate to the specific waste management unit being remediated. 
30 A site-by-site economic evaluation is also required before making a decision. This evaluation 
31 will require site-specific information obtained in LFis and focused Jff Ss. 
32 
33 
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Figure 7-2. Alternative 1: Multimedia Cover. 
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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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Environmental 
Media 

Soils/ • 
Sediments 

• 

• 

Biota • 

• 

Air (I) • 

• 

Settling Tank 
Waste 

,' 

) 

Table 7-1. Preliminary Remedial Action Objectives 
and General Response Actions. (Sheet 1 of 2) 

Remedial Action Objectives 

Human Health Environmental Protection 

Prevent ingestion, inhalation, or direct • Prevent migration of radionuclides and 
contact with solids containing radioactive hazardous constituents that would result in 
and/or hazardous constituents present at groundwater, surface water, air, or biota 
concentrations above MTCA and DOE contamination with constituents at 
standards for industrial sites (or concentrations exceeding ARARs. 
subsequent risk-based standards). 

Remediate soils containing TRU 
contamination above 100 nCi/g in 
accordance with 40 CFR 191 
requirements. 

Prevent leaching of contaminants from 
the soil into the groundwater that would 
cause groundwater concentrations to 
exceed MTCA and DOE standards at 
the comoliance ooint location. 

Prevent bio-uptake by plants. • Prevent bio-uptake of radioactive 
contaminants. 

Prevent disturbance of engineered 
barriers by biota. 

Prevent inhalation of contaminated • Prevent adverse environmental impacts on 
airborne particulates and/or volatile 
emissions exceeding MTCA and DOE 

local biota. 

limits from soils/sediments. 

Prevent accidental release from collapse 
of containment structures. 

• Interim stabilization of tanks and ancillary 
piping and transfer facilities to prevent 
release to the environment (remediation 
will be remanded to RCRA). 

General Response Actions 

• No Action 

• Institutional Controls/Monitoring 

• Waste Removal, Treatment, and Disposal 

• Waste Containment 

• In Situ Treatment 

• No Action 

• Institutional Controls/Monitoring 

• Waste Removal, Treatment, and Disposal 

• Waste Containment 

• In Situ Treatment 

• Removal of Drainable Liquid/Isolation of 
Source Materials for Environment 

• Interim stabilization of tanks, ancillary 
oioing, and transfer facilities 



Environmental 
Media 

Buried 
Containers 

2 2 ) 3 

Table 7-1. Preliminary Remedial Action Objectives 
and General Response Actions. (Sheet 2 of 2) 

Remedial Action Objectives 

Human Health 

• Prevent leakage of liquids from buried 
containers that would cause iroundwater 
concentrations to exceed Ml CA 
standards a t the compliance point 
location, or which could result in 
volatilization emissions of leaking 
chemicals to the atmosphere. 

Environmental Protection 

• Prevent wind erosion of 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/ 
Monitoring 

• Wind Barriers Installed 

• Capping 

• Drum Removal 

.__ _____________________________________________ • __ S_u_bs_u....;r_fa_c_e_B"--a....;rr-'-ie"""r_s ________ __. 

Note: (1) No General Response Actions are required for the air because soil remediation will eliminate the air contamination source. 
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Table 7-2. Preliminary Remedial Action Technologies. (Sheet 1 of 3) 

General Response 
Media Action Technology Type Process Option Contaminants Treated 

Soil No Action No Action No Action NA 

Institutional Controls Land Use Restrictions Deed Restrictions NA 

Access Controls Signs/Fences NA 

Entry Control NA 

Monitoring Monitoring NA 

Containment Capping Multi-Media I,M,R,O 

Vertical Barriers Slurry Walls I,M,R,O 

Grout Curtains I,M,R,O t1 
0 

~ Cryogenic Walls I,M,R,O t1 Q! 
g, ~ I 

N 
Dust & Vapor Suppression Membranes/Sealants/ I,M,R,O ti) I 

to \0 

Wind Breaks/Wetting ...... 
I 

UI 
Agents 00 

Excavation Excavation Standard Construction I,M,R,O 
Equipment 

Treatment Thermal Treatment Vitrification I,M,R,O 

Incineration 0 

Thermal Desorption 0 

Calcination I,M,R,O 

Chemical Treatment Chemical Redu.ction M 

Hydrolysis 1,0 

Chemical 0 
Dechlorination 
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Table 7-2. Preliminary Remedial Action Technologies. (Sheet 2 of 3) 

General Response 
Media Action Technology Type Process Option Contaminants Treated 

Physical Treatment Soil Washing I,M,R ,O 

Solvent Extraction 0 

Physical Separation I,M,R ,O 

Fixation/Solidification/St I,M,R,O 
abilization 

Containerization I,M,R,O 

Biological Treatment Aerobic (Landfarming) 0 

Anaerobic 0 tJ 
0 

~ 
Disposal Landfill Disposal On-site Landfill I,M,R,O t:) ~ 

g, ~ I 

Off-si te Landfill I,M,O N 
0- I 

to \0 
Geologic Repository Geologic Repository T (I,M,O, non-transuranic 

,-
I 

Ul 
radionuclides if mixed with 00 

T) 

In Situ Treatment Thermal Treatment Vitrification I,M,R ,O 

Thermal Desorption 0 

Chemical Treatment Reduction M,O 

Physical Treatment Soil Flushing I,M,R ,O 

Vapor Extraction 0 

Grouting I,M,R 

Fixation/Solidification/ I,M,R ,O 
Stabilization 

Biologica l Treatment Aerobic 0 

Anaerobic 0 

I . 



~ 
I 

N 
0 

· ') ) 

Table 7-2. Preliminary Remedial Action Technologies. (Sheet 3 of 3) 

General Response 
Media Action Technology Type Process Option 

Biota No Action No Action No Action 

Institutional Controls Land Use Restrictions Deed Restrictions 

Access Controls Signs/Fences 

Entry Control 

Monitoring Monitoring 

Excavation Excavation Standard Construction 
Equipment 

Disposal Landfill Disposal Landfill Disposal 

Containment Capping ' Multi-Media 

I = Other Inorganics contaminants applicability 
M = Heavy Metals contaminants applicability 
R = Radionuclide contaminants applicability 
0 = Organic contaminants applicability 
NA = Not Applicable 
T = Transuranic Radionuclides applicability 

Contaminants Treated 

NA 

NA 

NA 

NA 

NA 

I,M,R,O 

I,M,R,O 

I,M,R,O 
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Table 7-3. Screening of Process Options. (Sheet 1 of 10) 

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. 
exposure pathways . exposure pathways. regulatory agencies, local 

governments, and the public. 

Land Use Deed Restrictions Identify contaminated areas and Depends on continued Administrative decision is Low Retained lo be used 
Restrictions prohibit certain land uses such implementation. Does easily implemented. in conjunction with 

as farming . not reduce contamination . other process 
options . 

Access Signs/Fences Install a fence and signs around Effective if the fence and Easily implemented. Low Retained to be used 
Controls areas of soil contamination . signs are maintained . Restrictions on future land in conjunction with tj 

use. other process 0 

~ 
options . tj tE! 

~ ~ I Entry Control Install a guard/monitoring Very effective in keeping Equipment and personnel Low Retained to be used l,.) 
I $:I) 

system to prevent people from people out of the easily implemented and in conjunction with tD \0 ...... 
becoming exposed. contaminated areas. readily available. other process I 

VI 
options . 00 

Monitoring Monitoring Analyze soil and soil gas Does not reduce the Easily implemented . Low Retained to be used 
samples for contaminants and contamination, but is Standard technology. in conjunction with 
scan with radiation detectors . very effective in tracking other process 

the contaminant levels . options . 

Capping Multi-Media Fine soil over synthetic Effective on all types Easily implemented. Mediu Retained because 
membrane or other layers of contaminants, not Restrictions on future m of potential 
and covered with soil; likely to crack. Likely land use will be effectiveness and 
applied over contaminated to hold up over time. necessary. implementability . 
areas. 
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Table 7-3. Screening of Process Options. (Sheet 2 of 10) 

Technology Relative 
Type Process Option Description Effectiveness Implementability Cost Conclusions 

Vertical Slurry Walls Trench around areas of Effective in blocking Commonly used practice Mediu Retained for 
Barriers contamination is filled with lateral movement of all and easily implemented m shallow 

a soil (or cement) bentonite types of soil with standard earth contamination. 
slurry. contamination. May moving equipment. May 

not be effective for not be possible for deep 
deep contamination. contamination. 

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

contamination. May be difficult to ensure implementability. 
continuous wall. 

tJ 
Cryogenic Walls Circulate refrigerant in pipes ~ffective in blocking Specialized engineering Mediu Rejected because it 0 

~ surrounding the lateral movement of all design required. m is difficult to tJ ~ 

~~ I contaminated site to create a types of soil Requires ongoing implement. t,.} 

er I 

frozen curtain with the pond contamination. freezing . to \0 -water. I 
Vt 
00 

Dust and Membranes/ Using membranes, sealants, Effective in blocking Commonly used practice Low Rejected because of 
Vapor Sealants/Wind wind breaks, or wetting the airborne pathways and very easy to limited duration of 
Suppression Breaks/Wetting agents on top of the of all the soil implement, but land integrity and 

Agents contaminated soil to keep contaminants, but may restrictions will be protection. 
the contaminants from require regular necessary. 
becoming airborne. upkeep. 

Excavation Standard Moving soil around the site Effective in moving Equipment and workers Low Retained because 
Excavating and loading soil onto and transporting soil to are readily available. of potential 
Equipment process system equipment. vehicles for effectiveness and 

transportation, and for implementability. 
grading the surface. 
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Table 7-3. Screening of Process Options. (Sheet 3 of 10) 

Technology Relative 
Type Process Option Description Effectiveness Implementability Cost Conclusions 

Thermal Vitrification Convert soil to glassy Effective in destroying Implementable. High Retained because 
Treatment materials by application of organics and Commercial units are of potential ability 

electric current. immobilizing the available. Laboratory to immobilize 
inorganics and testing required to radionuclides and 
radionuclides . Off-gas determine additives, destroy organics. 
treatment for volatiles operating conditions, and 
and gaseous off gas treatment. Must 
radionuclides may be pre-treat soil to reduce 
required. size of large materials. 

Incineration Destroy organics by Effectively destroys Implementable. High Rejected because of 
combustion in a fluid ized the organic soil Technology is well potential air 

t1 bed, kiln, etc. contaminants. Some developed. Mobile units emissions and 0 
heavy metals will are available for relatively wastewater t1 tT1 

~ 
..__ 

volatilize. small soil quantities. Off- generation and low ;;:i ~ I 

Radionuclides will not site treatment is available. organic content of ~ VJ I 
(') t):j \D 

be treated. Air emissions and soils. ..... 
I 

wastewater generation l../\ 
00 

should be addressed. 

Thermal Organic volatilization at 150 Effectively destroys Potentially Mediu Retained because 
Desorption to 400°C (300 to 800°F) by the organic soil implementable. m of potential 

heating contaminated soil contaminants. Heavy Successfully demonstrated effectiveness and 
followed by off gas metals less likely to on a pilot-scale level. implementability. 
treatment. volatilize than in high Full-scale remediation yet 

temperature to be demonstrated. Pilot 
treatments. testing essential. 
Radionuclides will not 
be treated. 
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Technology 
Type 

Chemical 
Treatment 

Process Option 

Calcination 

Chemical 
Reduction 

Hydrolysis 

Chemical 
Dechlorination 

) 

Table 7-3. Screening of Process Options. (Sheet 4 of 10) 

Description 

High temperature 
decomposition of solids into 
separate solid and gaseous 
components without air 
contact. 

Treat soils with a reducing 
agent to convert 
contaminants to a more 
stable or less toxic form. 

Acid- or base-catalyst 
reaction in water to break 
down contaminants to less 
toxic components. 

Detoxify chlorinated organic 
chemicals by reaction with 
organic reagents. 

Effectiveness 

Effective in the 
decomposition of 
inorganics such as 
hydroxides, 
carbonates, nitrates, 
sulfates, and sulfites. 
Removes organic 
components but does 
not combust them 
because of the absence 
of air. Radionuclides 
will not be treated. 

May be effective in 
treating heavy metal 
soil contaminants. 
Radioactivity will not 
be reduced . 

Very effective on 
compounds generally 
classified as reactive. 
Limited effectiveness 
on stable compounds. 
Radioactivity will not 
be reduced. 

Not commonly used on 
the chlorinated 
compounds that have 
been identified at Z 
Plant. 

Implementability 

Commercially available. 
Most often used for 
concentration and volume 
reduction of liquid or 
aqueous waste. Off-gas 
treatment is required. 

Difficult to implement. 
Virtually untested on 
treating soils. Competing 
reactions may reduce 
efficiency. 

Difficult to implement. 
Common industrial 
process. Use for 
treatment of soils not well 
demonstrated. 

Difficult to implement. 
Requires soil washing or 
solvent extraction before 
use. 

Relative 
Cost 

High 

Conclusions 

Rejected because of 
limited 
effectiveness on 
non-liquid or 
aqueous wastes. 

Mediu Rejected because of 
m limited applicability 

and implementation 
problems. 

Mediu Rejected because of 
Ill limited 

High 

effectiveness and 
unproven for soils. 

Rejected because of 
limited 
effectiveness and 
difficult 
implementation. 
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Table 7-3. Screening of Process Options. (Sheet 5 of 10) 

Technology Relative 
Type Process Option Description Effectiveness Implementability Cost Conclusions 

Physical Soil Washing Leaching of waste Effectiveness is Implementable. Mediu Retained because 
Treatment constituents from contaminant specific. Treatability tests are m of potential 

contaminated soil using a Effective with sandy necessary. Well effectiveness and 
washing solution. soils. May work with developed technology and implementability. 

only low level commercially available. 
radiologically Requires treatment of the 
contaminated soil. rejected water. 
May not work with 
humus soil. Generally 
more effective on 
contaminants than 
partition to the fine ~ 
soil fraction . 0 

~ Radioactivity will not ~t:! 
~~ I be reduced. w 

I ~ a:, '-0 
Solvent Contacting a solvent with The selected solvent is Implementable. Mediu Rejected because -I 
Extraction contaminated soils to often just as hazardous Laboratory testing the solvent may V1 m 00 

preferentially dissolve the as the contaminants necessary to determine lead to further 
contaminants into the presented in the waste. appropriate solvent and contamination . 
solvent. May lead to further operating conditions. 

contamination. 
Radioactivity will not 
be reduced. 

Physical Separating soi l into size Effective as a Implementable. Low Retained because 
Separation fractions. concentration process Most often used as a of potential 

for all contaminants pretreatment to be effectiveness and 
that partition to a combined with another implementability . 
specific soi l size technology. Equipment is 
fraction . readily available. 
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Table 7-3. Screening of Process Options. (Sheet 6 of 10) 

Technology Relative 
Type Process Option Description Effectiveness Implementability Cost Conclusions 

Fixation/ Form low permeability solid Effective in reducing Implementable. Mediu Retained because 
Solidification/ matrix by mixing soil with inorganic and Stabilization has been m of potential 
Stabilization cement, asphalt, or radionuclide mobility. implemented for site effectiveness and 

polymeric materials. Effectiveness for remediations. Treatability implementability. 
organic stabilization is studies are needed. 
highly dependent on Volume of waste is 
the binding agent. increased. 

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

waste. Reduces the storage of containers implementability. t1 mobility of required. Regulatory 0 

~ 
radionuclides . constraints may prevent t:1 t!:'. 

disposal of containers ~~ I 
w with certain waste types. I ...... 

t:c '° -Biological Aerobic Microbial degradation in an Effectiveness is very Potentially Mediu Rejected because of 
I 

Vo 

Treatment (Land farming) oxygen-rich environment. contaminant- and implementable. limited applicability 
00 

m 
concentration-specific. Various options are and difficult 
Treatment has been commercially available to implementation. 
demonstrated on a produce contaminant 
variety of organic degradation. Treatability 
compounds. Not tests are required to 
effective on inorganics determine site-specific 
or radionuclides. conditions. 

Anaerobic Microbial degradation in an Effectiveness is Potentially Mediu Rejected because of 
oxygen defi cient contaminant- and implementable. m limited applicability 
environment. concentration-specific. Various options are and difficult 

Treatment has been commercially available to implementation. 
demonstrated on a produce contaminant 
variety of organic degradation. Treatability 
compounds. Not tests are required to 
effective on inorganics determine site-specific 
or radionuclides . conditions. 
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Table 7-3. Screening of Process Options. (Sheet 7 of 10) 

Technology Relative 
Type Process Option Description Effectiveness Implementa~ility Cost Conclusions 

Disposal Landfill Disposal Place contaminated soil in Does not reduce the Easily implemented if Mediu Retained because 
an existing on-site landfill or soil contamination but sufficient ,storage is m of potential 
off-site RCRA landfill. moves all forms of available in an approved effectiveness and 

contamination to a landfill area. implementability. 
more secure place. 

Geologic Put the contaminated or Does not reduce the Difficult to implement High Retained because 
Repository pretreated soil in a safe soil contamination, but because of limited site of effectiveness on 

geologic repository. is a very effective availability, and permits transuranic wastes. 
long-term method of for transporting 
storing radionuclides . radioactive wastes are 
Probably unnecessary hard to get. Requires 

0 for nonradioactive pretreatment of 0 

~ 
waste. contaminated soil. 0 ~ 

I In Situ Vitrification Electrodes are inserted into Effective in Potentially High Retained because ~~ \.,.) 
I (JQ Thermal the soil and a carbon/glass immobilizing implementable. of potential ability tD \C) ....... 

Treatment frit is placed between the radionuclides and most Implementability depends to immobilize I 
VI 

electrodes to act as a starter inorganics. Effectively on site configuration, radionuclides and CX) 

path for initial melt to take destroys some organics e.g., lateral and vertical destroy organics. 
place. through pyrolysis. extent of contamination. 

Some volatilization of Treatability studies 
organics and required. 
inorganics may occur. 

Thermal Soil is heated in situ by Effective for removal Implementable for Mediu Rejected because of 
Desorption radio-frequency electrodes of volatile and semi- shallow organics m limited 

or other means of heating to volatile organics from contamination. Not applicability. 
temperatures in the 80 to soil. Ineffective for implementable for 
400°C (200 to 750°F) range most inorganics and radionuclides and 
thereby causing desorption radionuclides. inorganics. Emission 
of volatile and semi-volatile Contaminants are treatment and treatability 
organics from the soi l. transferred from soil to studies required. 

air. 
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Technology 
Type 

In Situ 
Chemical 
Treatment 

In Situ 
Physical 
Treatment 

Process Option 

Chemical 
Reduction 

Soil Flushing 

Vapor Extraction 

Grouting 
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Table 7-3. Screening of Process Options. 

Description Effectiveness 

Reducing agent is added to Effective for certain 
the soil to change oxidation inorganics, e.g., 
state of target contaminant. chromium. Ineffective 

for organics. Limited 
applicability. 

Solutions are injected Potentially effective 
through injection system to for all contaminants. 
flush and extract Effectiveness depends 
contaminants. on chemical additives 

and hydrogeology . 
Flushing solutions 
posing environmental 
threat likely to be 
needed. Difficult 
recovery of flushing 
solution. 

Vacuum is applied by use of Effective for volatile 
wells inducing a pressure orgamcs. Ineffective 
gradient that causes volatiles for semivolatile 
to flow through air spaces organics, inorganics, 
between soil particles to the and radionuclides. 
extraction wells. Emission treatment 

required . 

Involves drilling and Effective in limiting 
injection of grout to form migration of leachate, 
barrier or injection to fill but difficult to 
voids . maintain barrier 

integrity. Potentially 
effective in filling 
voids. 

(Sheet 8 of 10) 

Relative 
lmplementab ilit y Cost Conclusions 

Difficult to implement in Low Rejected because of 
situ because of limited applicability 
distribution requirements and implementation 
for reducing agent. problems. 

Difficult to implement. Mediu Rejected because of 
Not implementable for m implementation 
complex mixtures of problems. 
contaminants. Flushing 
solution difficult to 
recover. Chemical 

t1 
additives likely to pose 0 
environmental threat. t::1 Q: ..., ~ 

~ r< 
I 

lJj \0 ..... 
I 

UI 

Easily implementable for Mediu Retained for 
00 

proper site conditions. m potential 
Requires emission application to 
treatment for organics and volatile organics. 
capture system for 
radionuclides and 
volatilized metals. 

Implementable as barrier Mediu Retained because 
and for filling voids. m of ability to limit 
Implementability depends contaminant 
on site conditions. migration and 

potential use for 
filling void spaces. 
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Table 7-3. Screening of Process Options. (Sheet 9 of 10) 

Technology Relative 
Type Process Option Description Effectiveness Implementability Cost Conclusions 

Fixation/ Solidification agent is Effective for Implementable. Mediu Retained because 
Solidification/ applied to soil by mixing in inorganics and Treatability studies m of potential 
Stabilization place. radionuclides. required to select proper effectiveness and 

Potentially effective additives. Thorough implementability. 
for organics. characterization of 
Effectiveness depends subsurface conditions and 
on site conditions and continuous monitoring 
additives used. required. 

In Situ Aerobic Microbial growth utilizing Effective for most Difficult to implement. Low Rejected because of 
Biological organic contaminants as organics under proper Treatability studies and limited applicability 
Treatment substrate is enhanced by conditions. Ineffective thorough subsurface and difficult t:1 

injection of or spraying with for inorganics and characterization required. implementation. 0 

~ 
oxygen source and nutrients . radionuclides. t:1 t!! 

Anaerobic Microbial growth utilizing Effective for some Difficult to implement. Low Rejected because of ~~ I 
L,.) I -· organic contaminants as volatile and complex Anoxic ground conditions limited applicability t:d 'D ...... 

substrate is enhanced by organics. Not required. Treatability and difficult 
I 

Ul 

addition of nutrients. effective for inorganics studies and thorough implementation. 
CX) 

and radionuclides . subsurface 
characterization 
necessary. 

BIOTA TECHNOLOGIES: 

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

exposure pathways. governments, and the 
public. 

Land Use Deed Restrictions Identify contaminated areas Ineffective if entered. Administrative decision is Low Retained to be used 
Restrictions and prohibit certain land Does not reduce easily implemented. in conjunction with 

uses such as agriculture. contamination. other process 
options. 
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Table 7-3. Screening of Process Options. (Sheet 10 of 10) 

Technology Relative 
Type Process Option Description Effectiveness Implementability Cost Conclusions 

Access Signs/Fences Install a fence and signs Effective in limiting Easily implemented. Low Retained to be used 
Controls around areas of access if fencing is Restrictions on future in conjunction with 

contamination to keep maintained. land use. other process 
people out and the biota in. options. 

Entry Control Install a guard/monitoring Very effective in Easily implemented Low Retained to be used 
system to eliminate people keeping people out of equipment and personnel in conjunction with 
from coming in contact with the contaminated and readily available. other process 
the contamination. areas. options. 

Monitoring Monitoring Biota sampling and testing Does not reduce the Easily implemented. Low Retained to be used 
for contaminants. contamination, but is Standard Technology. in conjunction with 

very effective tracking other process u 
the contaminant levels. options. 0 

ti Q! 
~ Capping Multi-Media Fine soil over synthetic Effective in reducing Easily implemented. Mediu Retained because g,~ I 
w membrane or other layers the uptake of Restrictions on future m of potential I '- · 

td \0 
and covered with soil; contaminants, not land use will also be effectiveness and ...... 

I 

applied over contaminated likely to crack. Likely implementability. 
U) necessary. 00 

areas. to hold up over time. 

Excavation Standard Remove affected biota and Effective in moving Easily implemented. Low Retained because 
Excavating load it onto process system and transporting biota. Equipment and workers of potential 
Equipment equipment. are readily available. effectiveness and 

implementability. 

Disposal Landfill Disposal Place contaminated biota in Does not reduce the Easily implemented if Mediu Retained because 
an existing landfill. biota contamination but sufficient storage is m of potential 

moves all of the available in landfill. effectiveness and 
contamination to a implementability. 
more secure place. 



Table 7-4. Preliminary Remedial Action Alternatives Applicable to Waste 
Management Units and Unplanned Release Sites. (Sheet 1 of 4) 

Waste Management Unit or Unplanned Release 

,· .. ./'<{····•··/ > 
. ·. .. 

·•·· ....... .. '.\ .. i:··•·· · .... . 
•• ... •.·. ·• . 

216-Z-8 Settling Tank 

241-Z-361 Settling Tank 
·.· .· ........ < ····•.··· ••. .·· ......... ·•.· .. ·· .. ····•· 

.. . ..... > .· ........... ·. ·."· ... · .. ·•·• · .. · 

216-Z-l & 216-Z-2 Cribs 

216-Z-3 Crib 

216-Z-5 Crib 

216-Z-6 Crib 

216-Z-7 Crib 

216-Z-12 Crib 

216-Z-16 Crib 

216-Z-18 Crib 

216-Z-8 French Drain 

216-Z-13 French Drain (I) 

216-Z-14 French Drain (I) 

216-Z-15 French Drain (I) 

216-Z-IA Tile Field 

Alt 1. 
Engineered Alt 2. Alt 3. 

Multimedia Cover In Situ Excavation, 
With or Without Grouting or Soil Treatment, 
Vertical Barriers Stabilization and Disposal 

• • • 
• • • 

• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 

Alt 4. 
In Situ 

Vitrification 
of Soil 

• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 

Alt 5. 
Excavation, Above
Ground Treatment, 

and Geologic 
Disposal of 

Transuranic Soil 

• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 

• 

Alt 6. 
In Situ Soil Vapor 

Extraction for 
Volatile Organic 

Compounds 

• 

• 

• 
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Table 7-4. Preliminary Remedial Action Alternatives Applicable to Waste 
Management Units and Unplanned Release Sites. (Sheet 2 of 4) 

Alt 5. 
Alt 1. Excavation, Above-

Engineered Al t 2. Alt 3. Al t 4. Ground Treatment, 
Multimedia Cover In Situ Excavation, In Situ and Geologic 

Waste Management Uni t or Unplanned Release With or Without Grouting or Soil Treatment, Vitrifica tion Disposal of 
Vertical Barriers Stabilization and Disposal of Soil Transuranic Soil 

Alt 6. 
In Situ Soil Vapor 

Extraction for 
Volatile Organic 

Compounds ... . r. ·•·· .·. •·•·• <) ·... \ •· . .. / . .•...• i••i••.· <>·~........ ······/ ·.. •> 

··••·•··•••••·••••• ?•••••··•• t<• t••·•·•••i .H %• >~ <••••••····•••••·••••<••••••) •···· .. ·.· .... ·••··· . \ . ·•.· ... •·· ..... /. . ... 
··•·•· ··• 

•.. .:,.<• •· ··• t< CV < •.w ens· .• .·· ··• 

216-Z-10 Reverse Well • • • 

·······················••<•<t••······· ........ 

... . ·•···•·•·••·······• • ......•... ·•··•······•···•·••·.•· )f •·•·•·· ........ •.• pJllc1{••o itc'1es, ·····;••~;:riches : .•• ··••·····•·•.•••·••·<)):·•·••••<>••··•··•··•·•·•<••>••··••·· }){. <• f ( •.........•••••••••••••........ ·.•·· •<<••• .•.•..•• { ..•••.. 
216-Z-4 Trench • • • • • 
216-Z-9 Trench • • • • • • 
216-Z-17 Trench • • • • • .... .. . . ........... ··.: ··•· . 

.. Septic Tanks and ,A.ssociated Dra in Fields ) ....• ) ..... 

2607-Z Septic Tank and Drain Field ( l ) • • • • 
2607-Z- l Septic Tank and Drain Field ( l ) • • • • 
2607-WA Septic Ta nk and Drain Field (I) • • • • 
2607-WB Septic Ta nk and Dra in Field (1) • • • • 
2607-W-8 Septic Tank and Drain Field ( I) • • • • 

·•· 
······ 

. ·· . ... 

Transfer Facilities, Diversion Boxes and Pipelines . •·· 

241-Z Diversion Box No. l • • • • • 
241 -Z Diversion Box No. 2 • • • • • 
23 1-Z-151 Sump • • • • • .. 

.· ···•··•··•· .. ... •· .. <:\ •···.•··•·· ·.·· ..... ···•·· 
. 

. ·. Basins ......• 

241-Z Retention Basin • • 
216-Z-21 Seepage Basi n (1) • • • • 
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Table 7-4. Preliminary Remedial Action Alternatives Applicable to Waste 
Management Units and Unplanned Release Sites . (Sheet 3 of 4) 

Alt 5. 
Alt 1. Excavation, Above-

Engineered Alt 2. Alt 3. Alt 4. Ground Treatment, 
Multimedia Cover In Situ Excavation, In Situ and Geologic 

Waste Management Unit or Unplanned Release With or Without Grouting o r Soil Treatment, Vitrification Disposal of 
Vertical Barriers Stabilization and Disposal of Soil Transuranic Soil 

········ ( 
.. << .. . > ·•···•··•·•:•:·:•• :: : > ·•••··.·•· > ............ : . .. ? >.·.·•·· .·. < 

·<. ... \• Burial Sitei; .:··•· 

218-W-1 Burial Ground • • • • • 
218-W-JA Burial Ground • • • • • 
218-W-2 Burial Ground • • • • • 
218-W-3 Burial Ground • • • • • 
218-W-4A Burial Ground • • • • • 
218-W-11 Burial Grou nd • • • • • 
Z Plant Bum Pit • • • • 

·•··· . ··-:. .·.·.· ·•:•. .. · .. ·. 

Unplanned Relea~e$ : · ... ·.· . : •••:•: -::< .•::. 

UN-200-W-l l • • • • • 
UPR-200-W-16 • • • • • 
UN -200-W-23 • • • • • 
UPR-200-W-26 • • • • 
UN-200-W-44 • • • • 
UPR-200-W-53 • • • • 
UPR-200-W-72 • • • • 
UPR-200-W-84 • • • • 
UN -200-W-89 (2) 

UN -200-W-90 (2) 

Alt 6. 
In Situ Soil Vapor 

Extraction for 
Vola tile Organic 

Compounds 
:::: . 

•·••· > .... 

• 
• 
• 
• 
• 
• 

:-
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Table 7-4. Preliminary Remedial Action Alternatives Applicable to Waste 
Management Units and Unplanned Release Sites. (Sheet 4 of 4) 

Alt 5. 
Alt l. Excavation, Above-

Engineered Alt 2. Alt 3. Alt 4. Ground Treatment, 
Multimedia Cover In Situ Excavation, In Situ and Geologic 

Alt 6. 
In Situ Soil Vapor 

Extraction for 
Waste Management Unit or Unplanned Release With or Without Grout ing or Soil Treatment, Vitrifica tion Disposal of Volatile Organic 

UN-200-W-91 

UN-200-W-103 

UN-200-W-130 

UP R-200-W-134 

UPR-200-W-158 

UN-200-W-1 59 (2) 

Notes: (1) 
(2) 

Vert ical Barriers Stabilization and Disposal of Soil Transuranic Soil Compounds 

• • • • • 
• • • • • 
• • • • 
• • • • • 
• • • • 

This is an active unit. 
Records indicate that all environmental contamination resulting from this unplanned release was removed and disposed. Therefore no applicable altemative(s) 
was identified. 
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8.0 DATA QUALITY OBJECTIVES 

11::ftlgfi:gl:m;:§!l!wn:::! I l :f:! l T~he z Plant Aggregate Area Management Study 
(AAMS), as part of the Hanford if!? Past-Practice Strategy , is designed to focus the RI/FS 
process, integrated with the RFI/CMS process for RCRA sites , toward an ultimate goal of 
comprehensive cleanup or closure of all contaminated areas in the Z Plant Aggregate Area at 
the Hanford Site at the earliest possible date and in the most effective manner. The 
fundamental principle of ;1.ii Hanford ~lti Past-Practice Strategy is a "bias for action" which 
emphasizes the maximum use of existing data to shorten ~~lr:H§ 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 

~i~i-~l~i~l,~~~::B~,i~~~~~~;~~~~~ ~t~ili,~j~~~ffi~~~i!If~lflll\ili~ilille JP $.~ tj§niwi:Qi:: H§wlxlr1: I}pata , whether existing or newly-acquired , can only be used for 
thesepurposes i.ffr "meets the requirements of data quality as defined by the data quality 
objective (DQO) process developed by the EPA for use at CERCLA sites (EPA 1987) . 
However, due to the limited target compound list/target analyte list used in the EPA Contract 
Laboratory Program (CLP) routine anal)·tical ser.·ices the EPA DQO methodology has been 
modified to more accurately reflect the analytical and operational concerns at the Hanford 
Site. This modification introduces a ti.vo tiered process whereby screening and validated data 
are used as the basis for the definition of subsequent sampling and analysis needs (WHC 
~_9.9._1_?.).: .... wP~~ ::§l~12n ~mp~~m~nrw ~!1~ :irJ@:prfis~§~:fqr: 1h!~~ m~ §qpprog Roi~ ~n :~!1~: e milt 1oor~~m: iri-I 

Vie haYe, howeYer, maintained the three stage process defined by EPA in the guidance 
document for DQO de'f·elopment (EPA 1987) . The process involves the following three 
stages: 

• Stage 1 Identify decision types (Section 8. 1)-; 
• Stage 2 Identify data uses and needs (Section 8.2r,--ftflt:i 
• Stage 3 Design a data collection program (Section 8.3). 

These stages have been used as the basis for presenting the DQOs for the Z Plant 
AAMS, as modified by the two tiered data quality strategy developed by \l/estinghouse 
Hanford. Included within these sections are discussions of comparable requirements that 
conform to DOE 5700.6B, Quality Assurance (9/23/86) , Quality Assurance Program 
RequifCments for i"luclear Facilities (ANSI/ASME, 1989) , and lnterim Guidelines and 
Specifications for Preparing Quality Assurance Project Plans (EPA 1983b) . These three 
documents form the basis of the quality assurance program at the Hanford Site and will be 
used in conj unction with the EPA guidance to establish and define the DQOs for the Z Plant 
Aggregate Area and evaluate the qualit)' of the available data. 

8- 1 
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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 r, 

• The data available to make these decisions (Section 8. 1. 2h 
1::lI:I::tnt:aµl,~i :::iilll:li!ltll: :illl:l\§§£BRP:Ii~~] :*P.l 
• The conceptual model in(§ which these data must be incorporated (Section 

8. 1 . ~4);--afla .. 
• The objectives and decisions which must evolve from the data (Section 8.1.4§). 

These issues serve to define the types of remediation and risk assessment decisions 
which will be made for subsequent Z Plant Aggregate Area corrective and remedial actions . 

8.1.1 Data Users 

The data users for the Z Plant AAMS (and subsequent investigations such as LFis , 
RI/FSs, and RFis/CMSs) are: 

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

g::::::::::1:::iafil[lli~lniirk§!IIl~P-!n~::2rIIBi!§$¥' msP!PiYl 
.. ; The Environmental Protection Agency (EPA),..-an-d 
• The Washington State Department of Ecology (Ecology) 
r:1::::::::::tnt::;g:8§l ll~mt~~~!~~nt,i 9£ J?n~rgy llffl@i.).. 
Nominally, these responsibilities are assigned to the heads of these agencies (the 
Secretary of Energy for DOE, the Administrator of EPA [and the Region 10 
Regional Administrator], and the Director of Ecology) . The EPA Regional 
Administrator and the Ecology Director have delegated oversight responsibilities 
to the Federal Facilities Branch and the Hanford Project Office, respectively . 
DOE issues responsibilities and authorities for quality assurance policy 
coordination and overview , development , implementation , and evaluation through 
DOE 5700.6B, Quality Assurance. 

• Unit managers of Westinghouse Hanford , and pg~pgajJy other Hanford Site 
contractors who will be tasked with implementing remedial activities at the Z 
Plant Aggregate Area. Staff of these contractors will have to make the 
implementation decisions J.9\Y~fi~m~~j (@.gt1ggJ). f1~~§i99§ about appropriate 
scheduling of activities and aifocat1on ofresources (funding , personnel , and 
equipment) to accomplish the recommendations of the AAMS . 
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• Concerned members of the wider community involved with the Hanford Site. 
These may include: 
.; Other states Cllnl.1\§ij) Oregon and Idaho h lftiflifi/iiinAiij~ 
• Other federal agencies, 

· -l Affected Indian tribes, 
J Special interest groups,-aoo 
J The general public. 

These lattef groups will be involved in the decision process through the implementation 
of the Community Relations Plan (ERP m§!pgy§i :ru] :Ili;~Q) , and will apply their concerns 
through the "primary" data users, the signatones ofthe Tn~Party Agreement. 

The needs of the above listed users will play a pivotal role in defining the DQOs 
relevant to specific remedial and corrective activities ~~µ~~iM~tB?@-@µ~}I~Y~:: §;gm.~:§~~9~~ i1111n11=1:~1:m12iY ~182§1! Ig)! 1111 im211- gJJJµij 1I'ri•g~y::t\ir~~mint- ·· ······· · · ··········· · · · · · ·•· · · 

8.1.2 Available Information 

The Hanford li,1,g Past-Practice Strategy presents a strategy for meeting the statutory 
requirements and integrating CERCLA RI/FS and RCRA RFI/CMS guidance. The Hanford 
Iii Past-Practice Strategy specifies a "bias for action II which promotes the roll~mm: use of 
existing data with a limited and focused RI/FS or RFI/CMS process . This "bias for action" 
concept was first promoted in the Proposed Rule for the revised (40 CFR Part 300) and 
demonstrates both EPA ' s and DOE' s commitment to streamlining the decision making 
process at remedial action sites. The use of existing data, 1,1,·ith appropriate qualifiers , for 
making informed decisions about further sampling and analysis needs , remediation 
alternatiYes, and risk assessment objectives helps to expedite and further focus subsequent 
programmatic needs. However, this emphasis can only be implemented if the existing data is 
Ii adequate for the purposes listed. 

Available data for the Z Plant Aggregate Area are presented in Sections 2.0, 3.0, and 
4.0 lq(jp:!J§.!isl!IJ2ffi:iliwl l19f(jfif§(~t9gy. As described in Section 1.2.2, data are 
needed to address the following issues: 

• Issue 1: Facility and process descriptions and operational histories for waste 
sources (Sections 2.2f anti 2.Jt:ine ii {~h 

• Issue 2: Waste disposal records defining the dates of disposal , waste types, and 
waste quantities (Sections 2.3 and 2.4)-;-

• Issue 3: Sampling events of waste effluent and affected media (Sections 2.3 and 
4. l)t 

• Issue 4: Site conditions including the site physiography, geology , hydrology , 
meteorology, ecology, demography , and archaeology (Section 3. O)t 
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• 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 @i'i presented in the separate 200 West Groundwater 
Aggregate Area Man.agement Study Biv2i)t-a00 

• Issue 6: Environmental parameter measurements needed to characterize fate and 
transport of contaminants (Section 4f:!)-

A major requirement for adequate characterization of the area of eoncern ffiiJ.y i@fii m@~~ 
!$$.µ~ is the identification of the chemical and radiological constituents associated with ffie 
sfres·:··with a view toward determining the p~ji£~~y~))pf iJ.4~t1f.Y~Qg contaminants of concern itt 
~P:9-~~?. I B:l!l:!~:::1!1::!~la~g99: ~9,:::~~ :~eg::mnl~~ :1s~::§~ :Pii waste management uni ts ~n !D¢.!®:1Wmt :lgggf¢gijJ¢\&t¢.g. The data reported for the various waste management units in 
the ··2··Pfant .. Aggregate ·Area ili~IHRN i s:~:112 w%§l!j it~~ ! t'.f} ins fft4) have been found 
to describe: 

• Inventory. Generally estimated from chemical process data and emphasizing 

iililill•lllilta;! ffi:J~!m.M (Issues 1 and 2) 

• Surface Radiological Surveys. Undifferentiated radiation levels , without 
identification of radionuclides present, presented in terms of the extent of alpha, 
beta, and gamma radiation in excess of background levels. xl!~$~ D!$.!9n¢1 gJgi 

• External Radiation Monitoring. Similar to the surface radiological surveys but 
providing less information because with a fixed-point thermoluminescent detector 
(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 . 
mm ~ijl/:iig::npt ~ltt~r i1tuiri:ri21§nvi!!q! ~~i,i; (Issue 5) 

• Waste, Soil, or Sediment Sampling. These include sediment sampling in 
basins, ponds , cribs, and ditches. There is reeord of 21 unplanned releases as 
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• lriff i}~mnYniJ There is also a set of soil sampling and analysis data which was 
conducted for several years on a grid pattern that extends across all three 
operable units in the Z Plant Aggregate Area. These data indicate impacts from 
historical operations at the Hanford Site in the vicinity of the grid points. 
However, the impacts cannot be ascribed to particular units and do not contribute 
to the decision-making process on a unit-by-unit basis ~µJffiiy\~~:µ§@;:t-9 1:ri,1111::!!§!s.r§Hne i8nll}n~!e~111x~ - ········ · · ··········· ··· · · ··· · · · ·· ······ · · 

• Biota Sampling. These data could assist assessment of radiological 
contamination through bio-uptake and -transfer. The sampling points include: 
soil grid point 2W22 (rabbit feces) , 231 -Z fenceline (rabbit feces), a site west of 
z Plant (mouse feces) , &:l §1P:t6t:: §§tpggll§g~fnf(~qµ!tm ! ~g~~tP.9h)J and the 216-
Z-10 Crib (rabbit feces). (Issue 5) 

• Borehole Geophysics. These data , for a number of waste management units 
which discharged to the soil column (selected cribs and french drains) were 
designed to detect the presence of radionuclides (pyQ1¢.i.p:gfilnro.~tr~Yfitn~n§.m in 
the subsurface and to indicate whether these matenals are m1gratlng vertically. i 

~iP~$::m~ij::~i~t§mgijJ./i~w.j ?./;t.fi.rngnwJqlf~tJJHtJg~§.P&Y$.tfaj 9.P:.~ wm Pt 

IWl.iil•llil• if!1g 
(Issue 5) 

• Soil Physical and Chemical Properties. Moisture contents, particle size 
distributions, and calcium carbonate contents have been measured in soil samples 
from monitoring wells mfifrf#.nJY tjm m~:m1t1~x~lnvnru gf§µrygj) in the z 
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Plant Aggregate Area. These parameters can be used to estimate transport of 
contaminants in the subsurface. (Issue 6) 

ma11::1~:::s2.n:~iir~tte:::11tstntJffi1fgn:::t-lnt::s;::m2r~:::§t=:Im~I,1n§win&1:1#x$/ 

i :: ]: i}g)rgtli :l!l!u~m:*'::U!x!HThintsn!I:t&f&il:{~§Riii!Y :RJ{1F§mtW:~1f:9h l{sUYi@~§.) 
fies1 11e!: 111:J0tJ:tns !ttit! :sm :~!m:P1!:ngi:~si: rn11~ n~st& ~n~t s2n,wimm~t 
;i§ffi~vnq~~::~y~::@nl~~; 

• : :::: lmfiijr¢iifil. ::mn:)1iHWilYl n@ m.~i~Em~mt:~ft :9gfi7fijgf%i§µy~ ijgt~~;B\hl$ 
·····ssuit~111at~ ie:::thi:: 1n11n1:m~::m1.x§~§:::2~1:m~~11: m:::m,i:::; : ;1,inr ~~ir~&itij 1r~; 

1:~:::,::::f~m:f:J1ft:m~i~f :q~nstfnA!l~:::~u# J!!ffiJi~::n2:t(s22:§1=Akr~slt2:2#: !i9J~: t2r: inttmn§ a 
§;!limixiin~~::i~i~~111:::erI1:§t ssmnfil1~§ntti ~A1i~: ::: mtirmir::£H$¢UsttbP pij:m~:®ij 
Rim!tii§:lj§' P!RYmi! ]ijl §IU§n ~liliI2} 

.tl•tt•• IJllii• l11,ilti~l\l tn!IiBiisl 1!m1~::nr!in't2::::tqr:::tm§::ef11~:;: : mn§~i/ti}stv95 :t£~:t:2uswintr: 
:: ], ::::::::::1::1mnlI&:~Pl€:8?:e:::w1 :pg§pp)il(f.;Jfggr,q !t4.sf4&lt4tfaflm ?00 ~1[$,J§Pf1.IDQ~~~ ~t 

Pni§!i!Mit2~t12n::Btga~::mi~f: ::;1£n~::t.8is!gi~::~rn2:Jns!qs~~:: ~J1§~I2t lmt s1=~@ 

liil1:i~llljiil~m1tif i~!illi~ililiiiiitili!1i~i~~!i~~lllf ~i~iili~; 
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........ ....... tll~MBII] i~ !t!IP:~Utt:lisl§nU; 8~gff1]i B&]i?@! J~i~~B),i %%!! i§x~il! (tit ~U~!f 
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8.1.3 Evaluation of Existine AJYID.lifhl~ Data 

The potential uses of the existing sampling and analysis and field surVC)' data are 
limited to some extent by changes in anal)1tical methodology or quality control requirements 
that hai.·e occurred since the data were collected. These changes include improvement in 
analytical methodologies, leading to impro¥ed accuracy and precision and lower detection 
limits, as well as de·telopment of improved techniques. In addition , older data may not be 
representath1e of current conditions at the site due to decay or transformation of 
contaminants, intermedia or intramedia transport, and interim remediation actions at the site 
(e.g. , stabilization efforts conducted under the RARA program). 

The primary existing information that can be used to evaluate the occurrence and extent 
of contamination at Z Plant Aggregate Area waste management units is the chemical and . 
radionuclide inventories in the WIDS database and the ·,vaste disposal inventories from the 
Solid Waste Burial Grounds. The quality of the inventory data .,·ary widely since some are 
based on estimates from plant operations and disposal histories from the early days of the 
Hanford Site whereas others are based on waste manifests . 'Naste inventories are not 
available for transfer units or treatment tanks, or for many of the unplanned releases. In 
addition, the limited suite of chemicals and radionuelides reported in WIDS does not include 
many constituents expected to be present based on historical association with 1.Yaste producing 
processes. Thus , this type of information is best used to guide future sampling efforts and to 
provide an approximate indication of the possible nature and extent of contamination. 

The gross gamma borehole logging is limited by methodological problems, such as low 
sensitivity due to logging through ·.vell casings and lack of element specific spectra. Thus, 
these data pro,.·ide only qualitative indication of subsurface contamination. 

EPA (1987) has specified indicators of data qualit)', fi¥e "PARCC" parameters, which 
can be used to evaluate the existing data , and to specify requirements for future data 
eolleetion. These Are· 

• 
• 
• 

• 
• 

Precision the reproducibility of the data; 
A.ccuracy the lack of a bias in the data; 
Representativeness the degree to \.vhich the appropriate parameters have been 
sampled ; 
Completeness 
Comparability 
sets--;. 

the fraction of samples which are considered "valid" ; and 
the confidence that can be placed on the comparison of two data 

The limitations in precision and accuracy of the existing analytical data are mainly due 
to improvements in analytical techniques and increases in quality control requirements since 
the time the samples were collected. Data which do not meet formal CLP QA/QC 
requirements for data .,,alidation may not be usable to support a ROD; howe.,·er, these data 
should be used to the maximum extent possible, as recommended by the Har,joffl: Past 
Practice Strategy . These data can be used: to formulate the conceptual model , to conduct a 
mrnlit:Ative risk Assessment to nrenAre work nlAns Ancl AlGo Ac;, An initiAI clAtA set whieh eAn 

8-9 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

t·') 19 
20 
21 

"' 22 
•... , 23 

24 
·~ 25 

~, 26 
27 

- 28 
r"J 29 

30 
n,. 31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

DOE/RL-91-58 
Draft B 

be the basis for a fully qualified data. set through a process of rcvicv,·, evaluation , and 
confirmation. 

The rcprcscntati¥cncss of the existing analytical data is the primary shortcoming of the 
data. Data arc nonrcprescntative because only a limited range of analytes was tested for in 
the samples (c. g., anal;·zing for radionuelidcs by not for hazardous chemicals) , radionuelidcs 
were not differentiated in suF¥eying methods (gamma logging and surface radiation surveys) , 
and sampling locations were generally· not selected to be representative of concentrations in 
en;•ironmcntal media. 

Representativeness is of concern for data used to determine subsurface and surface soil 
concentrations and extent of contamination . Subsurface inYestigations have been undertaken 
at only three vf'astc management units in the Z Plant Aggregate Arca, and no surface soil 
sampling specific to waste management units was located . Concerns relating to worker 
exposures and possible release or spread of contamination limits the ability to drill with.in 
v,raste manaeement units . 

Due to these limitations, the existing data have limited usefulness for evaluating the full 
range of contamination or the distribution of contaminants at particular waste management 
units. The result of this data gap is that concentrations in environmental media cannot be 
compared to levels of regulatory concern and a quantitative risk assessment cannot be 
conducted v,ith existing data. Ho•uever, the data. may be used to direct future sampling 
efforts and, for those ·n•aste management units where subsurface sampling and anal;·sis ·,vas 
performed- to indicate the extent of dowmvard mieration in the subsurface. 

The completeness and comparability· of the existing analytical data are unlmo·un for the 
existing data because quality control information needed to evaluate these parameters were 
not located. Indications are that >,'Eu=ying levels of quality control were applied in the course 
of site investieations. due to chanees in OA orocedurcs over time. 

None of the data which have been gathered in the Z Plant Aggregate Area have been 
'",calidated" in accordance with the EPA CLP protocol , although some (Yarying) le1,cels of 
quality control have been applied to the sampling and analysis procedures. The best 
indication of the validity of the data is the reproducibility of the results, and where it can be 
obsen·ed through duplicate samples. this is one of the less si.e;nifieant problems with the data. 

While these limitations cannot in most eases be quantified (and some such as 
representati,·eness are specifically non quantifiable) , certain features of most of the data 
collected to date in the Z Plant Aggregate Area can be ci ted as failing one or more of the 
PARCC parameters. These data should , hmvever, be used to the maximum extent possible 
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 
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occurring constituents (H00"9'er and LeGore 1991) . These data, when available, can be used 
to differentiate the effect of the environmental releases from naturally occurring background 
levels. 
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Mnt&fflm~~~r:~~:) ~~:~t~~g:~~~! ~r:ei:i~er~!~! ~~!~g~~~~~~~~on 4.2.1 
(F{guri:i 4~~f .. The model is based on best estimates of where contaminants were discharged 
and the potential for migration of contaminants from the point-of-release to the current 
location. The conceptual model is designed to be conservative and assumes insufficient data 
for delineation of the full extent of chemical and radiological contamination. This means that 
a migration pathway was included in the model if there was any possibility of contamination 
travelling through it , historically or presently . In most cases there may not be a significant 
flux of such contaminant migration for many of the pathways shown on the figure. 
Significant refers to a quantity causing an unacceptable risk for the receptors of the pathway . 

There are many significant uncertainties regarding the contaminant levels in the 
migration pathways shown on the conceptual model. Yet, almost none of these pathways 
have been sampled to determine whether any contamination still exists in any of the locations 
specified in the conceptual model. Likewise for those locations that have been sampled , 
there is little data regarding which constituents are present, to what extent they are present, 
and what the contaminant levels are in the various media. Until these data are available , the 
various pathways cannot be prioritized. This affects the ability of DOE and Westinghouse 
Hanford to specify appropriate remedial response actions and to specify the risk assessment 
objectives. 

The specific objectives of the Z Plant AAMS are listed in Section 1.3 &OOVe. They 
include mi f:E:HtBiinij: 

• Assemble site data (as described in Section 8.1.2 &OOVe}; 

~ 111:!ll )!)1~11!1~1~111111f~;~lllilll1 12t~ t~ 12~1~ f2Ptsw ~#mm~i 
• Develop a P.#IHrnmiY site conceptual model (see Section 4.0h 
• Identify contam1nants of concern and their distribution (Section ~4. 0}; 
• Identify preliminary pg~§D~~~J applicable, or relevant and appropriate, regulations 

(ARARs, Section 6.0f 
• Define preliminary remedial action objectives and screen potential remedial 

(~~~~1§~:~i1~riit~t2~i~~::ili;1lll~i~11111!1Jl~~lill~il~~~lg 
~••••·····•· :: lr.ll~~!~~f 11~illi~~iiii@m: R@gl:/ @A §~tiirBifim}s 
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• Recommend expedited , interim, or limited g;ge;;;. mm~•• w.rJ.~ QtAlli~r actions 
(Section 9.0, below)-;-ftflti · · ··· ···· · ······ 

• Define and prioritize '>'+'Ork plan activities with emphasis on supporting early 
cleanup actions and records of decision. 

·· •·· ···•·•·•·••••••••~li.iif jilllll•l11~1.l~i~i~i.~~·•;it~••·•;i.•~;~ti•~•.••~~~~iti~~.•••r~~.~~v············ 
··· 1f•l :f:!l:l:··········· ······························· ·· ······························ ···············•····················· ······· ···········•··· ·· ·· ············· ·•···•········· ·· ····· ····· 

The decisions that will have to be made on the basis of this AAMS can be described 
according to the Hanford Past-Practice Strategy flow chart (Figure 1-2) which must be 
conducted on a site-by-site basis. Decisions are shown on the flow chart as diamond-shaped 
boxes, and include: 

• Is an ERA justified? (Point B on the flow chart) 

• Is less than .fi¥e §i months' response needed (is the ERA time critical)? (Yes exit 
from Point B) 

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

• Is an IRM justified? (Yes} exit from Point C) 

• Can the remedy be selected? (Yes} exit from previous question) 

• Can additional required data be obtained by limited field investigation (LFI,? 
(Point D) 

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

• Can I, Operable Unit/ Aggregate Area Rl§fg :::Ptfl~S}§~§p((ROD) be issued? 

ffhe last two questions will only be asked after additional data are obtained through 
field 1nvestigations-:'~ Upon acquisition of addition analytical data DQO issues can be more 
clearly defined. The ~ti•ig:•I:~ DQOs presented herein are designed for !$§V~~@nh-l.in 
assessing the scoping obJectives for these investigations. ) . 

Ho•n•ever, mffl.ost of these decisions are actually a complicated mixture of many smaller 
questions, and wilCbe addressed in Section 9.0 through ~n)g more detailed flow charts fQf 
,~1~~ui1 •tn!trr~ 19r •1m1i~fiin !® ~nxlni!ff.en. ······· · •.·.•.•.•.•.• 

Similarly, the tasks which will need to be performed for the AAMS , and will therefore 
drive the data needs for the study are found in the rectangular boxes on the flow chart. 
These include ffll[q}!Pi!n.J: 
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Definition of threshold contamination levels, and formulation of a conceptual 
model, performance of a qualitative risk assessment and FS screening (IRM 
preliminaries)-;-

• Focused Feasibility Studies for IRM selection~ 

• Determination of minimum data requirements for the IRM pathWftj'-;-

• Negotiation of a Scope of Work, relative priority, and incorporation into an 
integrated schedule, performance of a LFI-;-frfffi 

• Determination of minimum data needs for a RA and final Remedy Selection 
(preparation of RI/FS path) . 

The use of the screening methodology discussed in A Proposed Dau1 Quality Strt1tegy 
for Har,j=offi Site Characterization (McCain and Johnson 1990) is also important for achieving 
schedule and cost control objectives for answering the questions posed at points B, C, and D 
of the Hiln.foffi Past Prt1ctice Strt1tegy diagram. The screening methodology ·will allow for 
the analysis of large numbers of samples quickly and at a sufficient level of confidence to 
allow effective decisions to be made. The screening methods can be verified by comparison 
with validated laboratory data. This will ensure defensibility of the screening data while at 
the same time allow for expedited decision making for determining whether an ERA is 
needed, whether data are sufficient for further refinement of the conceptual model, and 
whether additional data can be obtained through limited field investigations. The 200 AAMS 
DeeisioH MakiHg FlO'tY Chart (Figure 9 1) presents a modified version of the Har.ford Past 
Practice Strategy that incorporates the objective of providing a defensible basis for 
determiHing the need for an ERA. The screening methodology· promoted abo~·e may· also be 
used to expedite and substantiate subsequent decisions that ,,,.·ill be made for the Z Plant 
operable units. 

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 . l)t 
Identifying data types (Section 8.2.2. lh 
Identifying data quality needs (Section 8.2.2.2)-; 
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• Identifying data quantity needs (Section 8.2 .2.3h 
• Evaluating sampling/analysis options (Section 8.2. 2.4r,----ftft€l 
• Reviewing data quality parameters (Section 8.2.2 .5)-: 
! :ti :!1:Iiirrwliirhi::~gl:[gjpiil(liuirr i~fjf:6(~9,),~ 

Stage 2 is developed on the basis of the conceptual model presented in Section 4.0 of 
this ~eport lg::::~n1:::nr2J~s~:::9gj:~§y~~~:: :::an@ itsUe&~n~: ~~s~~§ry~ i g™~B~~~ ::fn,~ ~~~B@~ m gr~t~r 
HiWAA• 

8.2.1 Data Uses 

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

• Site characterization-;-
• Public health evaluation and human health and ecological risk assessments-;-
• Evaluation of remedial action alternatives-;-ftfl{l 
• Worker health and safety . 

Site characterization 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 the contamination. This process involves the 
collection of basic geologic, hydrologic , and meteorologic data but more importantly , data on 
specific chemical and radiological contaminants and sources which can be incorporated into a 
conceptual model to indicate the relative significance of the various pathways. Site 
~~-<11:~~~~-r.iz.~~i()~ _is not an end in itselfi l §tti~§§g}pjjpj£lqa[q}j4 !9Jr~ii?!§ttErirt,i:R"(!'.9!ll 
@4Q$fl:Tu i! QQ4g").. But rather, the data generated during site characterization must support 
the ob}ec"dve ·or ·assessing the need for remediation (according to risk assessment methods , 
either qualitative or quantitative; :prifRIBP!!in£S wftn IB.-iB~) and providing appropriate 
means of remediation (through an FFS ; ·ps; or CMSf The understanding of the site 
characterization, based on existing data , is presented in Sections 2.0 and 3.0, and is 
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 waste management units in the Z Plant Aggregate Area include the 
following: input parameters for evaluating chemical fate and transport; 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 ·.vith site 
characterization needs . An extensive discussion of risk assessment data uses and needs is 
presented in the Risk Assessment Guitfflnce for 81;1peifund (EPA 1989) . The present 
understanding of site risks is presented in the selection of constituents of concern (Section 
4.2) , and evaluation of potential human health impacts from Z Plant Aggregate Area waste 
management units (Section 5). Quantitative risk assessments will be conducted at the 
Hanford Site with a methodology· under development , and the data needs for this 
methodology will be considered in developing site specific sampling and analysis plans. 
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• i•••• f• l• llillllBfltl • lli!l!:m~l:l~~mint:lniU~~! t!) tiAl!~BIHRU Qr ~m-11! }E!i~~/&li 1iAlt~:t1lmsnieL 

•• ll\• llllJl• l• trlllll111111 

m1i!iii~ itoo~ ijiit211.s. :12:1n!f i4r.!9t« !?1~ri 14it1Br(i,£t{£i [tr4r?iM 
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 
design. Generally, collection of information during the investigations specifically for use in 

~~~ . ~~~ .?~~i~~, .. i~ .. ~?t .c.?~t~~tt~c.ti:1~ .~i~J~imin¥ t~~~H~IDH*tt~i2i'i~~~i~2,tt:Jfmf9pfii~t 
IAnnl!§i~§~ tp!f§r~ :t!ft§!!x! :eim tiffl!finijtsmi p# iqfiq~jg. It is preferable to gather 
such specific information during a separate predesign investigation gf gfjlj~)gfi,~pf 
lmi~iie:P; ~~i:!~:~ ~ni ;-:e2iili22nit iPPreitij~ ei1n1 liil<?ir«:Rtti BfHitt?rqe£1er; ~tr4r~sx 
[#1(.;U~rRJJJQQ;i,0). Based on existing data, broad remedial action technologies and objectives 
wereldendl1ed ·10· 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 operable unit. 
The results of these assessments are also used in the development of the Radiation \Vork 

~.~~~.it .. xmep~:: ~~t%~~ £BB:~m~nt~ t~9]i.t.H:I ff2~ m~!P M!§r~ (~g~ ~~m~n ~nq §gr¢~ mm.; 
§pp§ngi tll?l · 

It should be noted that each of these data use categories (site characterization , risk 
assessment needs , remedial actions , and health and safety) will be required at each decision 
point on the Hanford ~?rl Past-Practice Strategy flow chart, as discussed at the end of 
Section 8. 1.5. To the extent possible, however , not all waste management units will be 
investigated to the same degree but only those with the highest priority (representative) . 
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These results will then be extended to the other, analogous sites which have similar geology 
and disposal histories (see Section 9 .5.2). 

The existing data can be used for two main purposes: 

• Development of site-specific sampling plans (site characterization) ; and 

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

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

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

• The location of waste management units-many of the waste management units 
have surface expressions, markers, or have been surveyed in the past ; however, 
the exact boundaries of some of the units are uncertain. The unplanned releases 
are generally lacking in this information. 

• Possible contamination found at the waste management units-these data are 
derivable from the inventories of the waste management un its (mainly for the 
cribs and other liquid waste disposal facilities) as well as from limited subsurface 
~?i~_ ~ampling which ~~~ h.e.e.n done at i!~tl!:9tll§~ &!~!~ ~jg~ffi~nf µijj§) 
j \gm the 216-Z-lA wUIJfi@l9, 216-Z-9 1fi~R9D, and 2 16-Z-12 Cribs and on the 
penphery of the Solid Waste !§Rtd~Y%l. BunaiGrounds. 

• The likely depth of contamination-this information is mainly obtained from gross 
gamma borehole logging , but eere §Pl} sampling information is available for the 
three efilis P:-01.~~ noted above. In addition , rough estimates of the extent of 
contamination can be developed based on fluid volumes released to the waste 
management units. 

For the waste management units where sampling data are available , samples have been 
analyzed for a limited range of analytical parameters , to fulfill the specific objectives of the 
inYestigation. For example, soils beneath the 216 Z lA Trench •n•ere anal)·zed for plutonium 
and americium , but were not analyzed for other likely radionuclide, inorganic , or organic 
contaminants. 

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

• Levels of surface radiation-derived from the on-going periodic radiological 
surveys done under the Environmental Surveillance program. It should be noted 
that surface radiation conditions are transient, depending on surface disturbance 
and stabilization activities undertaken under the RARA program . Therefore, a 
confirmatory radiological survey is recommended prior to commencing field work 
at a waste management unit. 
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• Expected mi:@Jn.jµn.j contaminant levels-~xtensive sampling to characterize the 
range of confamTnant concentrations in sub.surface soils has been performed only 
for plutonium and americium beneath the 216-Z-lA Trench wH~F!~rg. 

Table 8-1 also may be used to identify the data needs for the individual waste 
management units in the Z Plant Aggregate Area, which must be addressed for remediation 
approaches to be developed . 

8.2.2 Data Needs 

Site characterization is contingent upon an adequate set of data to establish locations 
and migration patterns and to evaluate the risks that contamination may pose. A critical 
component of this process is clear definition of the data needs , including: 1) data types; 2) 
data quality; 3) data quantity ; 4) sampling and analysis options ; and 5) data quality 
parameters 99.)58!!:y:~~- These five data classifications are discussed below. 

8.2.2.1 Data Types. Data use categories described in Section 8.2 . 1 define the general 
purpose and intent for 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 parameters , but should also include necessary 

~hJ!~~~e ~::t::tr1i1=tnmt1:§~mi~filk~~··••1111;1••••;111~1~~·••1illll~~i~i~lil li~li2id 
ssnnt~~B~§rr:Hi! 1111:~:e~gp~t~:;• PM~: m~y@~M~r~:~fiq!t~qn~:~~vf!y 2~~q @n Wg t~~~m~ §t ±:Hii txi!HiHSTT~f: 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 exposes overlapping data needs. Data objectives by 
media, data needs, and types to be collected in the site investigations at sites in the Z Plant 
Aggregate Area are identified in Table 8 2. These are discussed in greater detail in Section 
8.3 to provide focus to investigatory methods which may be employed. The data type 
requirements for the preliminary remedial action technologies developed in Section 7 .0 are 
summarized in Table 8-3-4. 

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 , validation methodologies , and contaminant 
levels of concern as described below. A Proposed Data Quality Strategy for Hanford Site 
Characterization ®49R AAij JQ®§QP JQQQ) , will be used to help define these levels 

iiliiiiilll• Ellfili~\llil• ll~Ilf* 
44 Chemical and radionuclide laboratory analysis will be one of the most important data 
45 types required at virtually all of the ~ W:~$(~ ffl?.U?.g¢:ffl~m µp;jt~ in the Z Plant Aggregate 

46 Area. 11'.~*iilPriif~ Pr~P!§~Pni in2 ~~1~~12r:!~ml~ ir~ ~iBtir~~ §x ~R~ gp~txHlt m~f~pg 
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II~fgq{ In general, increasing accuracy and precision , and lower detection limits are 
obiiuned 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 . Individual DQO and the 
appropriate analytieal levels associated with each data need are given in Table 8 4. M:Hm~ 

ii•11-• til•l•\--I~ lxl~i::!1 1ir !l i::iil i~sm ~ii :1~19~1~i~i m~~!l!IRtl SRDlliIDml~:iit1:sl!i]l 1m iii~ l!lit 

i-lfl• l2illli• 1• lll~01

m 
Before laboratory and Pri@yijp field data can be used in the remedial action process, it 

must first be validated . Excepdons are made for initial evaluations of the operable @:~$t'¢ 
ffigggg~mlit. unit§ using existing data , which may not be able to be validated #PP!9PP.A1:$ :!9t xi~mln ~¥~ Im!~! 1§! M*'ia12iti~ 1§9:X!nm&. 1P~§t~ Rfli§~R §qi ~gt t{qfil<?ffk§tm ilft€C9£fl:£:! .......... . 
a'#faif~gy IJQJ§"BJt £~1?:il Other screening data (e.g . , estimates of contaminant coiicenfraffoninferred froin field analyses), and screening data collected in accordance with 
the strategy outlined in McCain and Johnson (1990) may also be oo§,j :Cepted. 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 QA/Quality Control (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 WHC personnel from the Office of Sample 
Management, or a qualified independent participant subcontractor. Data validation will be 
performed in accordance with the Westinghouse Hanford document Sample Management and 
1.~'!':t1!:i! (~~(t~'! ... ~c::. ... ~ 9.9.g~) . Ing~ liaRiiiI~?ftq ~qft!:ri §,~qt!?~zir iqr.l'.0r~ .... .... . 
gqg}jqftit!JqrMrl :(IB§ffini:fflq: [pffi1~29 ]~iB)i WJP:: §ineJfq§ §~~ Jgjp PY ili~!HiihB4§~ 
1%mtBrff,-

To accomplish the second point, all laboratory data must meet the requirements of the 
specific QA/QC parameters as set up in the Quality Assurance Project Plan 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. 
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The usability of field data must be assessed by a trained and qualified person . The 
project geohydrologist/geophysicist 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 9ata 
tni2tiitiBA Management Plftft Qy~fffi~w (Appendix D). 

8.2.2.3 Data Quantity Needs. The number of samples that need to be collected during an 
R:IffiS inxlq]Jlq§ij 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 

~~1!1P1~~-- - ~~1~-~~~'. .. ... n :~~ii:191: ~Bi2wpi1~r1 :!rg11eiBm~111 ~n 1n~ P~RRMBften er 12r#:. . 

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 subsurface soil sampling scheme will 
depend on results of geophysics surveys, surface radiation surveys , and beta/gamma 
spectrometer probe surveys . In situations where 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 
which ensures that appropriate data quality and quantity are obtained with the resources 
available may be accomplished by using a phased approach and field screening techniques . 
The investigations on sites in the Z Plant Aggregate Area should take advantage of this 
approach for a comprehensive characterization of the site in a cost-effective manner. 

A combination of lower level (Levels I, ~pij II , and III) and higher level analytical data 
(Levels wnJ and fV) should be collected. ForTnstance, at least one of the samples collected 
from each source (including contaminated soil at unplanned release locations) should be 
analy2:ed at DQO Level IV or V and validated to provide high quality data. This approach 
would provide the certainty necessary to determine contaminants present near the sources . 
Samples 1n1ill be analy2:ed by methods indicated in Table 8 5. §~mPl~~¢2J,~qf:~4fr§m::m~ 

iiff{i!iWi iitr f'.Zmt: :11t1:J: ll'.Rl \!i§qf)i Bf irii£CTRf@ t:'r???Jfqyftj[qt liB'~Yrimin~ Pl 
!!He?f£{frt1 11 1aa£1,rt1114:t!r ~11; i~~2111= 
8.2.2.5 Data Quality Parameters. ~~ precision , accuracy , representativeness , 
completeness, and comparability (PARCC1 parameters are indicators of data qual ity . Ideally , 
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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 PARCC parameters 
are presented in Section 8.1.2 aae¥e. 

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 be pushed to the ~~ffi~R parts per billion 
detection range in soils and water, and this level is adequate to the needs of the RA for most 

;.timi~::~;;1}trmiij~Iiii;~;;~1iii&~~i;~~:illi111111~t1.111~tflivflf 
lrillfli.li~l~iili:riiimlliiii~i~I ei !(2m::llninl1:imtl t!~2£ii2i g;¥ii;,····s0me 
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 
~~~~~~~~!1.~ ... 1~..,~~~ '. .... ltt limRl~~ ilfflmi l;~tn29]:ggg;pft&t&&i • ili!xi~ ;g ijijt~s~~qj-
!1¥11=~ B& Bii!i1tifi&i ~P]li!~f:: IIBM:i Jq!ili!i! :tsli~ :wsnfrel lstf~iwil litRBB & .......... .. . 
!n!@}1~1:i~I! s!tmfHP l~xtmt! )?9 1it~tl$f:t: !! §RIB! :s~~~§~ 1~P$fiM ~R!'¥B~ ffi~QRP~ :~ R~ AIY¢i2Pr+lffi)gpl1n:Jgw¢rgif:AAAPQJ]ijyj]$~ In addition , a RA is conventionally computed oni:ito.is1ngle chgit ofpreclSfori an·cfuses conservative assumptions, which reduce the 
impact of 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 4.2.2). 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 . 

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 standard procedures , generally as 
incorporated into the Environmental Investigation and Site Characterization Manual (WHC 
1988b) or in other standard references . 
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Considering the data needs developed in Section 8.2.2 and the data available to meet 
those needs as presented in Section 8.1.2, it is apparent that a number of data gaps can be 
identified for the Z Plant Aggregate Area. These are summarized, by waste management 
unit type, in Table 8-~iiii.nij 1ih9Ml~ ::~~ :mit:t'§gµ~ §!lit§ 911 g wit~ ftjijtjgg~mint gl-t,U 
glliifl: gl,~~~:: !!Bi !!,QI iiliii ~ fi~:::iiP~BiRn~ : :Ill BRRim~nl~ BBBBiniiBI !l§lw;i •t• aJfl\lllCiWlll\lllllllilLJE 

In addition to the data needs that specifically address contamination problems at 
individual waste management units and unplanned releases in this aggregate area, there are 
general data needs which will be required tci characterize the possible transport pathways, as 
presented in the conceptual model. These needs include characterization of the following : 

• Geologic stratigraphy of the vadose zone and possible perched water zones-;-

• Factors affecting air transport of contaminants (e.g., surface soil particle size 
distribution};-

• Potential releases from process effluent lines between facilities and t§ waste 
disposal sites~ 

• Ecological impacts and transport mechanisms (bio-uptake, bioconcentration 

11ug• :: r~si11t21 Jn[29:&ij erlittqn). 
... . . . . . . . 1i::BB ~§~I :n!R:§ ii!!! n~x! ~B Pi !eler~iiR:1 jg ~TT~ g~~! RBH~sjj§ij B!R&!m ~~IHBP 
iii)i 

s.3 DATA coLLECTioN PROGRAM <STAGE 3 ~1w1m:m~g. :r1msm§) 
The data collection program is Stage 3 of the process to develop DQOs. Conducting 

an investigation in phases 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 ftH the goals and objectives for remedial action decisions are obtained at a lower cost 
by using the information obtained in each step to focus the gpggJµg investigation ttr 
succeeding steps le ffiffi~R~~~gn li.lres~~§- .................. . 
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Initial sampling should collect new data believed most necessary to confirm and refine 
the conceptual model. Subsequent phases of sampling may be needed to further reduce 
uncertainty, to fill in remaining data gaps , to collect more detailed information for certain 
points where such information is required, and to conduct any needed treatability studies or 
otherwise support the data needs of the remedial action selection process. The need for 
subsequent investigation phases will be assessed early in the investigation activities and as 
data become available. Assessing completeness of the investigation data through a formal 
statistical procedure is not possible, however, given the complexity and uncertainty of the 
parameters required to describe the site. 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 Z Plant Aggregate Area is to 
collect needed data that are not currently available. Because of the size of the Z Plant 
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 $9$h ij~ ID~ 

The following work plan approach will be used for LFis and RI/FS in the Z Plant 
Aggregate Area. The results are described in Sections 8.3.2 and 8.3 .3 in a general form. 

• 

• 

• 

• 

• 

Existing data as described in Sections 2 .0 and 3.0 should be used to the 
maximum extent possible. Although existing data are not validated fully, the data 
are still useful in refining the preliminary conceptual model (Section 4.2--:-±) and in 
helping to focus and guide the inYestigations m~nh1n&§[~QY~~pg~t,~9fi~rn§xv.%!1t~9 
11i2n§~I:}mq intimm m~Hti§- · · 
Additional Yalidated data ~! :x~gg~r§;t ~99:§Rf~gpi,ijg:]~ym~ 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 eetal spectral gamma probe surveys), and surficial and source sampling 
should be conducted early in any investigation effort to identify necessary interim 
response actions ~1!~*~ g~g1t12ngtIIBl§:21t1ml§l 
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 fRA iPiin.mi~R§n~iig(i§Q§ or RA 
activities. 
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Subsequent ffi:QQ!YQmP investigation activities will ~~ PIPPA~~qjg support (if 
needed) long.term qf.&.nnmnx~lpg~Jm~ risk assessments for finai cleanup actions 
and further refine the conceptual · model. 

• Field investigation techniques should be used to minimize the amount of 
hazardous or mixed waste generated; however, any waste generated will be 
handled in accordance with Ell 4.2, Interim Control of Unknown Suspected 
Hazardous and Mixed Waste (WHC 1988c) . 

8.3.2 General Strategy 

The overall objective of any field investigation (LFQJRM} or RI) of the sites in the Z 
Plant Aggregate Area will be to gather additional informatio·~· to support risk assessment and 

rerI1~ia1 .. ~~ti?~ .. . se.1e.~tion .. lss2r2~ni t§ lul:lfi#l<£r.@:atr~ R?i#tiCr?mrfg~ Rfrqff#ID': (!?~B«~fi 
!iijf:g) tl2i:2nm\2li9:ii4 i l§l@pg;ij;t~?. 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 
originally considered as a potential concern do not appear to be significant. 

t l:l~m~iID"~i~ ~ PXlll!!!P~: ~pgg~e, ~Br! ~¥Bill; I :~el~IP~: i~xit ~~~~ #~¥~!~ t BF !~, 
~f:!N :;~gl~t! m,qmngp ~@l~xi) l'i! §Hlt~~ixitx llB!§ ~m\Sifis ~~i.R!~n~ ~9 ................. . 
llxlt~:::1itn!!§l§if~~i\ii$l ~:Jmw+ijifflrrt! l!Jpjjgj 1111~~ thin: iif?Imtx~! m HI 
!MllliHll~!mi?:W9't ~m! ~~!Y§!~)i 1im§yf ttm~ ggg~µmJng t%WPRm~µtm~\ 

• Dangerous and radioactive wastes may be generated during the field investigation . 
While efforts should be made to minimize these wastes , any waste generated will 
be handled in accordance with Ell 4.2 , Interim Control of Unknown Suspected 
Hazardous and Mixed Waste (WHC 1988c) . 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 may include some or all of the following integrated 
methodologies: 

• Source Investigation (Section 8.3 .3 . 1) 

• ~ Geological Investigation (Section 8.3 .3.2) 
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~ Surface Water and Sediment Investigation (Section 8.3 .3.3) 

.ai Soil Investigation (Section 8.3 .3.4) 

..:;: Air Investigation (Section 8.3.3.5) 

i Ecological Investigation (Section 8.3 .3.6) 

i Seismic Reflection miRiY&:iu!i:§trins.riRH!S Survey (Section 8.3.3. 7) 

.af Process Effluent Pipeline Integrity Assessment (Section 8.3.3.8) 

~ Geodetic Survey (Section 8.3.3.9) 

Each investigation methodology is briefly outlined in the following sections-;- . mere 
detailed descriptions will be included in site specific work plans for 1Naste management units 
which require these investigations. A summary of applicable methods for each waste site is 
P..r.~~~~~~. i~ .. !~?.1~ .. ~ .. 7: .... §Bi~n2 :~~i~y:::m;~~qee~ ~~RB~:1::~,~~~E9m~~n~f4B~ Sf ~r§MneH ............. . 

• i••1ta• r111i1•r~~ 

8.3.3.1 Source Investigation. The purpose of source investigation activities in the Z Plant 
Aggregate Area is to characterize the known waste management units and unplanned releases 
that exist in the operable unit and may contribute to the 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 assessmenti ),@~R)jg§ffifHfgp¢~, and 
remedial action selection , which will also determine what levels ofthe varfous 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 
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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 of surface and subsurface radiological contamination. Conditions 
at specific sources should also be noted in order to plan sampling remediation 
activities and worker health and safety. 

• Conduct nonintrusive geophysical surveys (Electromagnetic Induction and Ground 
Penetrating Radar) at specific waste management units (e.g, the 2607-Z-1 Septic 
Tank and lrl n Field) 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 . 

• Conduct beta/gamma spectrometer probe surveys to screen for near-surface 
contamination and to confirm the absence or presence of some specific 

• iriitttiiiiili• iiil'q§ 
li~l~lllilf ~ii~t~iiil~11~~1!:~i!!1, i!r!~!W~!~1rttr~p~~!y 
Procedure for the beta/gamma spectrometer probe surveys. The beta/gamma 
spectrometer probe survey serves two purposes depending on the source 
conditions: to confirm the 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 need to conduct these surveys will be based (at least in part) on the 
results of the surface surveys and on information about historical site burials. 

• Soil gas surveys should be conducted at waste management units where volatile 
organic chemicals are suspected , as a screening method to identify compounds 
such as solvents and degreasers that may have been used during construction 
activities. The soil gas survey should not be considered conclusive that volatile 
organic compounds at lower concentrations may not be present. Soil gas survey 
methods of Ell 5.9 should be followed. Data from the soil gas surveys can be 
used to help locate surface and near-surface samples and vadose zone borings. 
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Collect surface and near-surface samples of contaminated soils and/or w~ste 
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. 

Wipe samples should be collected as part of the investigations of surface 
contamination or building (or pavement) surfaces. The ·.vipe sample locations can 
be chosen based on Yisual obserYations and a surface radiation surve)' conducted 
during a site walkthrough. 

8.3.3.2 Geologic Investigation. A geologic investigation should be performed to better 
characterize the vadose zone and the nature of unsaturated sediments 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 understanding migration pathways in the 
vadose zone. An investigation of the Plio-Pleistocene -1-ayet= ill.#L which may be 
causing perched water zones, may be especially valuable. ll!~lm~Jiig~mirrt 

lt• lllllllliil• ltfil,a,,1 
mtMmtiPiiJ4tJ91:M9.i ililif~ggg§g gf::tijij jfln21tt~iijt9¢,i}pij iwHl?tiQg P!:~§.~#t}# mi::::im12n :~1:1422 ;s1i~~:~r ··· ········ ··············· ·· ···· ·········· · ·················· · · ············· ····· ·· · · · ·· · · · ··· · · · · ·· · ····· ···· ·· ······· ·· ·········· 

• Geologic data collected during the ongoing vadose zone soil (Section 8.3 .3.4) and 
other (deeper) investigations (e.g ., geologic and geophysical logs IP:m 
i2in2iit1::1iU:jn~iUli&ni iBf i9BR9Wi1#:r • i§§) will be compared , 
compiled , and evaluated . 

8.3.3.3 Surface Water and Sediment Investigation. A surface water and sediment 
investigation should be conducted. The investigation will include: 

• Radiation survey along ditches, trenches, and ponds for health and safety 
purposes and to locate areas of elevated radiation for selection of specific soil 
sampling locations. 

• Sampling of surface water and sediment in any ditches , ponds, and trenches 
.~~i~~ .. ~t~11 .~?.~~n. .. ~~te.r.- .... !n!~1iH:1riiMIY::pi]Hni!~:1t§~@gpfmR~t%rtt2n 
;§j~fITi :009:!lhiI&lier!I: §ipj.gij i iiifH 

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 tQ l!ihi 
intfiti2n Bi ~ntiFli iiml~wtisA2n§ inq t2 ~~§f~~:tn1 SHIPJinxi 1u~1s it mrn~r !~~~ -· · ···· 
Sampling will include tnij19n§»:fQg: 
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• 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 and radiation sampling will also be 
performed. 

• 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 define the hydrology and water quality in 

t~.~.~~~?.S.~ .. ~?~.~ .. s.x~t~I? .. ffilijijn•••mii~ml :1n;ll:Pf9W]i~{ !~Bl~! :§f ~~S~B9 
£2nmm~nlmf:•:1! ~su ij~miie:•en• stim~ms~l: •12msxttI •mrMi§:~Hi it ............ . 
111rgtitlir1!111ir,1111111ritia~11:t1r1111,eng,t§ ~fµg}i§ 

8.3.3.5 Air Investigation. Any air investigations (gij iP gggf~gg~ gf~ §9W~J should 
consist of on-site particulate sampling as part of the health and safety program. In addition , 
high-volume air samplers should be placed in appropriate on-site locations based on 
evaluation of existing meteorological data. The purpose of these samplers will be to 
determine if any migration of airborne contaminants occurs. 

~~~~5;:~oJ~~:\~1~~:i:~~:;~~u;:~:;~~ala~~v;:~g::i~::~t~~~i:s~t~~••!tl!!~~•~~\Jj#:§t 

1R1w1!1i::1xitt!iifism~ n1xiI:1ns~pqi2 xi&~tit12n 1m1nni:!lnij nmttijst !~~im.g• 2& in1mw· ········ 
f.~~~ These activities are intended to identify potential biota concerns which need to be 
addressed in later phases of the site investigation. Particular emphasis should be given to 
identifying potential exposure pathways to biota that migrate off site or that introduce 

g§~ §f Piim :,1m¢P1iAP.!n mAA§~~/ 

A cultural resource investigation should be conducted in the Z Plant Aggregate Area to 
verify the locations of kno·n·n archeological sites by reYiewing existing data. The focus of 
the inYestigation will be to confirm that no archaeological resources are present at proposed 
drilling sites. 

8.3.3. 7 Seismie Reflection pJtPPfiY$l¢.~J $.fflifigrapfi!£ Survey. A seismic reflection 
&.imnx~f:2™ ~\mge;~pn~s survey w1ff be conducted across the operable unit iiliii&~~~ ~If&~ to 
help characterize the geology and hydrogeology of the vadose zone. Of particular interest 
are perched water zones and the caliche layer (an important aquitard) in the Plio-Pleistocene 
Unit. 

8.3.3.8 Process Effluent Pipeline Integrity Assessment. 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 operable unit should be reviewed 
and their construction, installation , and operation evaluated . Specific lines will then be 
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selected for integrity assessment with emphasis on lines serving the waste management units 
that have received large volumes of liquid (e.g., cribs). 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 phase of investigation. The survey will be 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 will be conducted by a professional surveyor licensed in the state of 
Washington. 

8.3.4 Data Evaluation and Decision-Making 

Data will be evaluated as soon as results for each episode (e.g., soil gas, round of 
water sampling, drilling program l@QJ~tmn :$gf~nh,g~ ;qg))mg f~$V.lt~) become available for 
use in restructuring and focusing the'Tnvestigation acii;lties: Data reports will be developed 

~~~t .. s.~~1?.3?.~~--~?. .. i~t~ryre~-- ~~~ -?am,. _ l1fii~I1ni!ie~~:ftiin2i'.ilt irnv1lni in~: BIi R2t~§1ij]§:~mt::i~~:m@&W~!&II§/ Data will be used to refine the conceptual model , 
further assess potential contaminant-specific ARARs, develop the qyjpg§gy§ risk 
assessment, and assess remedial action alternatives. 

The objectives of data evaluation are: 

• To reduce and integrate data to ensure that data gaps are identified and that the 
goals and objectives of the Z Plant 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 Z Plant Aggregate Area Waste Management Units. (Sheet 1 of 4) 

Development of Sampling Plans Health and Safety 

Location Possible Depth of Surface Expected 
Waste Management Unit Contamination Contamination Radiation Max. Level 

.• .. i <· <. ·•.··· ·• ·. 

216-Z-8 Settling Tank X X 

241-Z-361 Settling Tank X > .· .... . ... , .. 

·•· 
·.-: ·-: .. · -.· 

216-Z-1 and 216-Z-2 Cribs X X X X 

216-Z-3 Crib X X X X 

216-Z-5 Crib X X X X 
00 
>--1 216-Z-6 Crib 

I X X X X ..... 
Pl 216-Z-7 Crib X X X X 

216-Z-12 Crib X X X X 

216-Z-16 Crib X X X X 

216-Z-18 Crib X X X X 

216-Z-8 French Drain X X X X X 

216-Z-13 French Drain X X X 

216-Z-14 French Drain X X X 

216-Z-15 French Drain X X X 

216-Z-lA Tile Field X X X X X 
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Table 8-1. Uses of Existing Data for Z Plant Aggregate Area Waste Management Units. (Sheet 2 of 4) 

Waste Management Unit 

216-Z-4 Trench 

216-Z-9 Trench 

216-Z-17 Trench 

2607-Z Septic Tank and Drain 
Field 

2607-Z-1 Septic Tank and Drain 
Field 

2607-WA Septic Tank and Drain 
Field 

2607-WB Septic Tank and Drain 
Field 

2607-W-8 Septic Tank and Drain 
Field 

241-Z Diversion Box No.1 

Development of Sampling Plans 

Location Possible Depth of 
Contamination Contamination 

X X 

X X X 

X X X 

X 

X 

X 

X 

X 

Transfer F;icilit~s, Diversjon l30)((!S, anq Pipelines 

X X 

Health and Safety 

Surface 
Radiation 

X 

X 

X 

Expected 
Max. Level 

X 
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Table 8-1. Uses of Existing Data for Z Plant Aggregate Area Waste Management Units. (Sheet 3 of 4) 

Development of Sampling Plans Health and Safety 

Location Possible Depth of Surface Expected 
Waste Management Unit Contamination Contamination Radiation Max. Level 

241-Z Diversion Box No. 2 X X 

231-Z-151 Sump X X 
···. ·.. > .. 

·>. 
> . ? ... 

<•>••···••·········•••·</>·••••·••·.R~·~i~i < . ·••····•••••• +•••><<•••••>r>1••••••{< it nt <·••··•·•··•···· <+••<•••••••·•· . .. • .. · ) . .. · ...•. •:-:-;::;:_.: :=: ~--=·· . -.•.· •.•,· . ·.-.· -.· . .:-:-:-:- -:· :·:::=::::::::::::::-.. ·.: .·.· -·• 

207-Z Retention Basin X X 

216-Z-21 Seepage Basin X X 
...... •.>••··•·•···•· ·•···• / ...... . . L •. ··.·: •·. . •·• .. -:•'. •,•• 

. > s~licl Waste ~ufr~l sites i u .:.. )·•·•······· .. •····• > ·•·•·• ...... ·······•· ··: ...... .. ·. 

218-W-l Burial Ground X X X 
00 
>-i 218-W-lA Burial Ground X X X I -() 218-W-2 Burial Ground X X X 

218-W-3 Burial Ground X X X 

218-W-4A Burial Ground X X X 

218-W-11 Burial Ground X X X 

Z-Plant Burn Pit X 
•· •·•· ·· .· •· .. ··/ .... ·· •···•·•···· ·····•·• •i:·•·•:./ / 

··••···•·•··•·• ·•·········· ........ < •. < •• •.··•·>·······>·••············•··•·•.•···················•·· •··•··•··. 

Unplanne<l Releases ... 
UN-200-W-ll X X 

UPR-200-W-16 X X 

UN-200-W-23 X X 

UPR-200-W-26 X X 
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Table 8-1. Uses of Existing Data for Z Plant Aggregate Area Waste Management Units. (Sheet 4 of 4) 

Development of Sampling Plans Health and Safety 

Location Possible Depth of Surface Expected 
Waste Management Unit Contamination Contamination Radiation Max. Level 

UN-200-W-44 X 

UPR-200-W-53 X X 

UPR-200-W-72 X X 

UPR-200-W-84 X X 

UN-200-W-89 X X 

UN-200-W-90 X X 

UN-200-W-91 X X 

UN-200-W-103 X X X 

UN-200-W-130 X X 

UPR-200-W-134 X 

UPR-200-W-158 X X 

UN-200-W-159 X 

297828{[ ABLE.S-1 
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Table 8-2. Data Needs for Preliminary Remedial Action Alternatives 
for the Z Plant Aggregate Area. 

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 • leachability from grout medium 
• hydraulic properties 

(permeability/porosity) 
• stratigraphy 
• borehole spacing 
• grout/additive mix parameters 

Excavation, Soil • areal extent.i • toxicity/radioactivity 
Treatment, and • depth.i • levels of contaminants 
Disposal • particle size • solubility/reactivity 

• silt-size (dust) content • soil chemistry (relative affinity) 
• excavation stability • concentrations in PM-lO fraction 

• spent solvent treatment/disposal options 

In Situ vitrification • areal extent • volatility 
• depth • reactivity 
• soil/waste conductivity • leachability/integrity 
• thermal properties • off-gas treatment waste disposal options 
• moisture content 
• voids 

• air permeability 

Excavation, Above • areal extent.i • concentrations of TRU 
Ground • depth.i • toxicity/radioactivity 
Treatment,and • mineralogy of soil/waste • levels of contaminants 
Geologic Disposal • particle size • concentrations in PM-10 fraction 

• silt-size (dust) content • reactivity 
• excavation stability • leachability/integrity of final waste form 
• treatment parameters 

In Situ Soil Vapor • areal extent • volatility of constituents (Henry's Law 
Extraction • depth Constant) 

• locations/depth of highest • non-volatile organics 
concentrations (vapors, adsorbed) • levels 

• stratigraphy • volatile radionuclides (Radon) 
• soil permeability/porosity • treatability (catalytic oxidization) 
• voids 

May be obtained during remediation using the observational approach recommended by the Hanford Site Past
Practice Strategy (DOE/RL 1992a). 
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Table 8-3. Analytical Levels for the Z Plant Aggregate Area. 

Level Description 

LEVEL I 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. 

LEVEL II 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. 

LEVEL III 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. 

LEVEL IV Contract Laboratory Program (CLP) Routine Analytical 
Services (RAS). This level is characterized by rigorous 
QNQC 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. 

LEVEL V Nonstandard methods. Analyses which may require method 
modification and/or development are considered Level V by 
CLP Special Analytical Services (SAS). 
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Table 8-4. Comprehensive List of Analytes and Parameters for the Z Plant Aggregate Area. (Sheet 1 of 5) 

Soil/Sediment Water 

Radionuclides Analysis11 PQL11 Precision21 Accuracy11 Analysis11 PQL11 Precision21 Accuracy11 
in pCi/g inRPD in% in pCi/L in RPO in% 

Gross Alpha 900.0 M TBD +30 +25 900.0 10 +25 +25 
Gross Beta 900.0 M TBD +30 +25 900.0 5 +25 +25 
Gross Gamma TBD TBD +30 +25 TBD TBD +25 +25 
Actinium-225 907.0 M TBD +30 +25 907.0 TBD +25 +25 
Actini um-227 TBD TBD +30 +25 TBD TBD +25 +20 

Americium-241 Am-01 TBD +30 +25 Arn-03 TBD +25 +25 
Americium-242 TBD TBD +30 +25 TBD TBD +25 +25 
Americium-242m TBD TBD +30 +25 TBD TBD +25 +25 
Americium-243 Arn-01 TBD +30 +25 Arn-03 TBD +25 +25 

Barium-133 TBD TBD +30 +25 TBD TBD +25 +25 
Bismuth-210 TBD TBD +30 +25 TBD TBD +25 +25 
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 
Cesium-137 D3649 M TBD +30 +25 D3649 M TBD +25 +25 
Cobalt-60 D3649 M TBD +30 +25 D3649 M TBD +25 +25 
Curium-242 907.0 M TBD +30 +25 907.0 TBD +25 +25 
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Table 8-4. Comprehensive List of Analytes and Parameters for the Z Plant Aggregate Area. (Sheet 2 of 5) 

Soil/Sediment Water 

Radionuclides AnalysisJJ PQLJJ Precision21 Accuracy21 AnalysisJJ PQLJJ Precision21 Accuracy21 

in pCi/g in RPD in% in pCi/L in RPD in% 

lodine-129 902.0 M TBD +30 +25 902.0 TBD +25 +25 
Lead-209 TBD TBD +30 +25 TBD TBD +25 +25 
Lead-210 Pb-01 M TBD +30 +25 Pb-01 TBD +25 +25 
Lead-211 TBD TBD +30 +25 TBD TBD +25 +25 
Lead-212 TBD TBD +30 +25 TBD TBD +25 +25 

Lead-214 TBD TBD +30 +25 TBD TBD +25 +25 
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 
Plutonium Pu-02 TBD +30 +25 Pu-10 TBD +25 +25 
Plutonium-238 Pu-02 TBD +30 +25 Pu-10 TBD +25 +25 
Plutonium-239/240 Pu-02 TBD +30 +25 Pu-10 TBD +25 +25 

Plutonium-241 TBD TBD +30 +25 TBD TBD +25 +25 
Polonium-214 TBD TBD +30 +25 TBD TBD +25 +25 
Polonium-215 TBD TBD +30 +25 TBD TBD +25 +25 
Polonium-218 TBD TBD +30 +25 TBD TBD +25 +25 
Potassium-40 D3649 M TBD +30 +25 D3649 M TBD +25 ·+25 
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Table 8-4. Comprehensive List of Analytes and Parameters for the Z Plant Aggregate Area. (Sheet 3 of 5) 

Soil/Sediment Water 

Radionuclides Analysisv PQL11 Precision21 Accuracy21 Analysisv PQLv Precision21 Accuracy21 

in pCi/g in RPD in % in pCi/L in RPD in% 

Selenium-79 TBD TBD +30 +25 TBD 2.5 +25 +25 
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-204 TBD TBD +30 +25 TBD 300 +25 +25 

Thorium-227 00-06 TBD +30 +25 00-07 TBD +25 +25 
Thorium-229 00-06 TBD +30 +25 00-07 TBD +25 +25 
Thorium-230 00-06 TBD +30 +25 00-07 TBD +25 +25 
Thorium-231 TBD TBD +30 +25 TBD TBD +25 +25 
Tritium 906.0 M TBD +30 +25 906.0 300 +25 +25 

Uranium-233 u TBD +30 +25 908.0 TBD +25 +25 
Uranium-234 u TBD +30 +25 908.0 TBD +25 +25 
Uranium-235 u TBD +30 +25 908.0 TBD +25 +25 

Uranium-236 u TBD +30 +25 908.0 TBD +25 +25 
Uranium-238 u TBD +30 +25 908.0 TBD +25 +25 
Yittrium-90 Sr-02 TBD +30 +25 Sr-02 TBD +25 +25 
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Inorganics 

Aluminum 
Ammonia 
Arsenic 

Barium 
Boron 
Cadmium 

Chromium 
Copper 
cyanide 

Fluoride 
Iron 
Lead 

Manganese 
Mercury 
Nickel 

Nitrate 
Nitrite 
Selenium 

Titanium 
Vanadium 
Zinc 
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Table 8-4. Comprehensive List of Analytes and Parameters for the Z Plant Aggregate Area. (Sheet 4 of 5) 

Soil/Sediment Water 

Analysis11 PQL11 Precision21 Accuracy21 Analysis11 PQL11 Precision21 

in mg/kg (RPD) (%) in µg/L (RPD) 

6010 0.45 +25 +30 6010 450 +20 
350.2 M · 500 +25 +30 350.2 500 +20 

7061 0.02 +25 +30 7061 10 +20 

6010 0.02 +25 +30 6010 20 +20 
6010 TBD +25 +30 6010 TBD +20 
6010 0.09 +25 +30 6010 1 +20 

6010 0.07 +25 +30 6010 10 +20 
6010 0.06 +25 +30 220.2 10 +20 
9010 TBD +25 +30 335.3 50 +20 

340 M TBD +25 +30 340 50 +20 
6010 20 +25 +30 6010 70 +20 
6010 0.45 +25 +30 6010 450 +20 

6010 0.02 +25 +30 6010 20 +20 
7471 0.002 +25 +30 245.2 2 +20 
6010 1.5 +25 +30 6010 50 +20 

353 M TBD +25 +30 353 130 +20 
353 M TBD +25 +30 353 40 +20 
6010 0.75 +25 +30 270.2 20 +20 

6010 TBD +25 +30 6010 TBD +20 
6010 0.08 +25 +30 286.2 40 +20 
6010 0.02 +25 +30 6010 20 +20 

Accuracy21 
(%) 

+25 
+25 
+25 

+25 
+25 
+25 

+25 
+25 
+25 

+25 
+25 
+25 

+25 
+25 
+25 

+25 
+25 
+25 

+25 
+25 
+25 

0 
0 

0~ 

~~ 
I 

td \Q ...... 
I 

VI 
00 
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Table 8-4. Comprehensive List of Analytes and Parameters for the Z Plant Aggregate Area. (Sheet 5 of 5) 

Soil/Sediment Water 

Organics Analysis11 PQL11 Precision11 Accuracy21 Analysis11 PQL11 Precision11 

in mg/kg (RPD) (%) in µg/L (RPD) 

Acetone 8240 0.1 +25 +30 8240 100 +20 
Carbon tetrachloride 8240 0.005 +25 +30 8240 1 +20 
Chloroform 8240 0.005 +25 +30 8240 5 +20 

DDT 8080 0.008 +25 +30 8080 0.1 +20 
Kerosene 8015 M 20 +35 +30 8015 M 500 +35 
Methylene chloride 8240 0.005 +25 +30 8240 5 +20 

MIBK 8015 0.5 +25 +30 8015 5 +20 
Toluene 8240 0.005 +25 +30 8240 5 +20 
Tributyl phosphate TBD TBD +35 +30 TBD TBD +30 

Notes: 
To Be Determined TBD 

M EPA method modified to include extraction from the solid medium, extraction method is matrix- and laboratory-specific 
is therefore TBD. 

PQL Practical Quantitation Limits 
RPD Relative Percent Difference 
mg/kg milligrams per kilogram 
µg/L micrograms per liter 

11 Prescribed Procedures for Measurements of Radioactivity in Drinking Water (EPA 1980a) 
Test Methods for Evaluation of Solid Waste (SW 846) Third Edition (EPA 1986) 
Methods for Chemical Analysis of Water and Waste (EPA 1983a) 

Accuracy 
(%) 

+25 
+25 
+25 

+25 
+25 
+25 

+25 
+25 
+25 

11 Precision and accuracy are goals. Since these _parameters are highly matrix dependent they could vary greatly from the goals listed. 



DOE/RL-91-58 
Draft B 

Table 8-5. Data Gaps by Waste Management Unit Category. 

Waste Management Unit Identified Data Gaps 
Category 

Tanks • Integrity of tanks and piping 
• Contaminant concentrations in tank wastes 
• Volume of tank wastes 
• Contaminant concentrations and distributions in soils 

beneath tank 

Cribs, Trenches, Tile • Surface soil contaminant concentrations 
Fields, Drain Fields • Subsurface soil contaminant concentrations 

• Soil gas contaminant concentrations 
• Vertical/lateral extent of contamination 
• Specific constituents (especially organics and heavy 

metals) 

French Drains, Reverse • Subsurface soil contaminant concentrations 
Wells • Vertical/lateral extent of contamination 

• Specific constituents 

Burn Pit • Specific constituents (organics , heavy metals) 

Retention Basin • Surface radiation readings 
• Surface sediment contaminant concentrations 
• Subsurface soil contaminant concentrations 
• Specific constituents 

Seepage Basin • Surface water concentrations 
• Sediment concentrations 
• Vertical/lateral extent of contamination 

Burial Grounds • Surface soil contaminant concentrations 
• Subsurface soil contaminant concentrations 
• Vertical/lateral extent of contamination 
• Specific constituents (organics/heavy metals) 

Unplanned Releases • Constituents and concentrations in subsurface soils . 
• Distribution/extent of subsurface contamination . 

8T-5 
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Table 8-6. Applicable Characterization Methods at Z Plant Aggregate Area Waste Management Units. (Sheet 1 of 4) 

Perched 
Surface Subsurface Soil Surface Subsurface Zone 

Radiation Spectral Surface Gas Soil Soil Monitor-
Waste Management Unit Suivey Geophysics Geophysics Suivey Sampling Sampling ing Wells Remarks 

\ .·.· . > t·•.•· ... ) . ··.· ....... > r:~,Jn~yaJ1d •·.· .. ·.··· <····· .. . ·• i' 

... ). r···t••••···••····· 
} / / .. > ... ·••· 

•··. ·•···•>•<·· : •·•·•·•·• ·•·•·•· . ... •·····••:•.•·• . ....... i ···•·········•·•·•·•· .· . .>: .;.:: •·• •·· ·.· 

216-Z-8 Settling Tank X X Analogous Site 

241-Z-361 Settling Tank X X Analogous Site . .•.. ··• ..... ···:·•·•··· )( 
< 

:·-·:.::·-:•::.::::-· /\ ·•·••···· 
. •.... 

bri~~ and D~f~~ .. ··.· .. ·•······••······•/•·····< t\ - . : :> < ... .. . ·••·· .·••· ...... . . / /.. .. ~ / 

216-Z-l & 216-Z-2 Cribs X X X Analogous Site 

216-Z-3 Crib X X X Analogous Site 

216-Z-5 Crib X X X Analogous Site 

216-Z-6 Crib X X X Analogous Site 

216-Z-7 Crib X X X Analogous Site 

216-Z-12 Crib X X X A A Analogous Site 

216-Z-16 Crib X X X Analogous Site 

216-Z-18 Crib X X X Analogous Site 

216-Z-8 French Drain X X X X 

216-Z-13 French Drain X X X 

216-Z-14 French Drain X X X 

216-Z-15 French Drain X X X 

216-Z-IA Tile Field X X A X A A Analogous Site 
.. ·.· ·•·· 

){ ·. ·• 
R,t;verse Well 

••• ·• 

216-Z-10 Reverse Well X X X X X 
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Table 8-6. Applicable Characterization Methods at Z Plant Aggregate Area Waste Management Units. (Sheet 2 of 4) 

Waste Management Unit 
.. · .... 

216-Z-4 Trench 

216-Z-9 Trench 

216-Z-l7 Trench 
. . . . · . 

. · .... 

. . 

2607-Z Septic Tank and Drain Field 

2607-Z-l Septic Tank and Drain 
Field 

2607-WA Septic Tank and Drain 
Field 

2607-WA Septic Tank and Drain 
Field 

2607-W-8 Septic Tank and Drain 
Field 

241-Z Diversion Box No. I 

241-Z Diversion Box No. 2 

231-Z-l51 Sump 

241-Z Retention Basin 

216-Z-2I Seepage Basin 

Surface 
Radiation 

Survey 

X 

X 

X 
... . . 

X 

X 

X 

X 

.· 

·• 

Subsurface 
Spectral 

Geophysics 
. ...... ·:·: 

.. 
X 

X 

X 

Surface 
Geophysics 

X 

X 

X 

X 

X 

Soil 
Gas 

Survey 

X 

Surface 
Soil 

Sampling 

X 

X 

X 

··• ····•··· 

Tr,!nsf\!r faciliti~, Diversion 13ox~. and Pipeline 

X 

X 

X 

13asins 

X 

X 

Subsurface 
Soil 

Sampling 

X 

X 

X 

X 

X 

... • 

.-: .. 

X 

X 

Perched 
Zone 

Monitor
ing Wells 

•·· ·.·· 

X 

X 

··• 

·•· .· 

X 

Remarks 

Analogous Site• 

Analogous Site• 

Analogous Site· 

··.···) r ···•> ... •••••·••·• 
Analogous Site" 

Analogous Site" 

Analogous Site· 

·,.··•····· ·•·•· 
· .. 

t, 
0 

t, t:!! 
~~ 

I 

to \0 ,_. 
I 

VI 
00 
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Table 8-6. Applicable Characterization Methods at Z Plant Aggregate Area Waste Management Units. (Sheet 3 of 4) 

Perched 
Surface Subsurface Soil Surface Subsurface Zone 

Radiation Spectral Surface Gas Soil Soil Monitor-
Waste Management Unit Survey Geophysics Geophysics Survey Sampling Sampling ing Wells Remarks 

.. · ,. ..... .. .. 
··•· 

.. ·•·• .. ... . ·,::: .... . •.•. ·••i< . .. 

. <•·············· 

. . 

·••· . · < .. BuiiaFsit~ >>< ·••··. . ...... . < . ·•.· . 

218-W-l Burial Ground X Analogous Site 

218-W-JA Burial Ground X Analogous Site 

218-W-2 Burial Ground X Analogous Site 

218-W-3 Burial Ground X Analogous Site 

218-W-4A Burial Ground X A Analogous Site 

218-W-l l Burial Ground X X Analogous Site 

Z Plant Bum Pit X X X 
... .. >> 

··•······ ·•·•···········. . :< :·} ···••··· 
... Unplarni:ct Releases 

UN-200-W-ll X X 218-W-l Burial Ground 

UPR-200-W-!6 X X 2!8-W-4A Burial Ground 

UN-200-W-23 X X X 

UPR-200-W-26 X X 218-W-4A Burial Ground 

UN-200-W-44 X X 

UPR-200-W-53 X X 218-W-4A Burial Ground 

UPR-200-W-72 X X 218-W-4A Burial Ground 

UPR-200-W-84 X X 218-W-l Burial Ground 

UN-200-W-89 X X 

UN-200-W-90 X X 

UN-200-W-91 X X 
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Table 8-6. Applicable Characterization Methods at Z Plant Aggregate Area Waste Management Units. (Sheet 4 of 4) 

Perched 
Surface Subsurface Soil Surface Subsurface Zone 

Radiation Spectral Surface Gas Soil Soil Monitor-
Waste Management Unit Survey Geophysics Geophysics Survey Sampling Sampling ing Wells Remarks 

UN-200-W-103 X X X 

UN-200-W-130 X X X 231 -2-151 Sump 

UPR-200-W-134 X X 218-W-l Burial Ground 

UPR-200-W-158 X X 218-W-lA Burial Ground 

UN-200-W-159 X X 

Notes: 
A Representative analogue site for investigation of units in this waste management unit category. 

Analogous to cribs. 
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9.0 RECOMMEND A TIO NS 

The purpose of the AAMS is to compile and evaluate the existing body of knowledge 
to support the Hanford ~fri Past-Practice Strategy (Thompson 1991 IQJMRwi~!~~i) 
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 CERCLA and RCRA . 
The existing body of pertinent knowledge regarding Z 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 process path for 
each waste management unit and unplanned release. This data evaluation process is a 
refinement of the Hanford l«i Past-Practice Strategy (Figure 1-2) and establishes criteria for 
selecting ;I appropriate Hanford §;{{4 Past-Practice Strategy paths (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 

~r.~.~: ..... I IIB~~j§p :g; IDl:isltifli1iitr • 1] ~~!IH9B!:i fmAJ ffi!)~i~Hl~: gf tn!Mtil !xl!it!§m. 

This section presents recommended assessment paths for the waste management units 
and unplanned releases at the Z 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 EPA, Ecology , or DOE, identification and development of new information, and 
modification of the criteria used in the assessment path decision-making process . glj:~!#.g@. 
iylµgfigµ!:!Pt99i§~i~ijpjgt~ Jn ::11m~::~2] gti.g 9.!IYiB I: §'¢gµqq Q/l WI$ g~yij}gi!I tP . w 

iiB!iiiPl1l99:Rti m!Iri2ffimin2iff PPi@i !t§!!BiB Jni: ~ni~ 1111 i Bl Bi B~iqtffl~g :JiL 
1ssst!!is! ffim :: m!Ifil#.t«r! 1:m:(flr4:Mli4Rm® l8ll~lmtnt :r1n@isBa#?mr rPr?ltr ¼¼miE!nx 
l i riim§n~~ I~IB§!Pi&.x :!§f i!i:::!~gQ))!)gijij§ i;{iqpl,qr.41 i?.]ti E:i'.!tif.@4:flsi \$/pqf~iii Changes in 
recommendations will be addressed , and more detail on recommended assessment paths for 
waste management units and unplanned releases will be included , in work plans as they are 
developed for the actual investigation and remediation activities. 

A discussion of the criteria for assessment path selection is pro~·ided in Section 9. 1. 
Figure 9 1 pro•,rides a flowchart of the data evaluation process that will be discussed . The 
results of the data evaluation process are provided in Section 9.2. Recommendations for 
redefining operable unit boundaries and prioritizing operable units for work plan de~·elopment 
arc provided in Section 9.3. Sections 9.4 and 9.5 provide recommendations for focused 
feasibility studies and treatability studies, respecti·,·ely . 
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Table 9 1 pro•f'ides a summa:r1 of the recommendations of the remediation process path 
assessment for Z Plant Aggregate Area waste management units and unplanned releases. 
Table 9 2 provides a summary of decisions made during the data evaluation process path 
assessment for Z Plant Aggregate Area waste management units and unplanned releases. 
Decisions and recommendations are summarized in the following paragraphs and discussed in 
detail in the remainder of this section. 

T\'•'O septic tanks and associated sanitarf drain fields were recommended for an ERA to 
assess whether the liquid discharged to the system is mobilizing contamination beneath the 
216 Z 3 Crib, 216 Z 8 French Drain , and 216 Z 9 Trench and to take correeti'f·e action , if 
required. An ERA for liquid removal from two lttJmg tanks , the 216 Z 361 Settling Tank 
and the 216 Z 8 Settling Tank, is recommended io .. mfrifrnize potential leakage. Several 
waste management units assessed within the ERA path were recommended for actions that 
fall within the scope of existing operational programs. Wooden cribs with collapse potential 
and waste management units with elevated levels of surface radionuclide contamination were 
recommended for response under m :ggg~~§§~PY the Radiation Area Remedial Action 

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 

i;i1i1t1~iii~t~~::t!lltjll~ll!fiEl~1::!!~!~1!!!~~!~~~P~!ls aoo 
associated transfer units (241 Z Diversion Boxes No. 1 and No . 2 and the 231 Z 151 Sump), 
all trenches, the 216 Z lA T ~i; ~ile Ffield, and four $.j* solid waste burial 5i-tes gr,qµµg$ ~ 
~11.J.,. ~l~Y.'?,. 2.}8 \\l 3 , anci .. 218 \¥ 4A Burial Grounds) ~§~sm~n:~]:%*2~:ig~§IP!~~I 
HOR!~A~ i;f~f~g~. A risk assessment was recommended for .fetH' §ht unplanned releases for 
wh1ch suf'rtdendnformation appears to exist to perform the assessment ; available information 
indicates that the risk assessment would likely conclude that no further remediation will be 
~~~~s~ ~~fflggn::g*Aif:;~g}:. Two remedial investigations were ln£~P§f9Pil PJ~;igg;lggt~ 
i:~ i;ffl }§ 'recommended for the remaining liquid waste disposal units and solid waste 
disposal units , along with their corresponding unplanned releases &$14.PP~i&\fi/n. 

Several Z Plant Aggregate Area facilities are TSD facilities and are planned to be 
addressed under the RCRA program for the Hanford Site. These facilities include: the 218 
Vil 2A, 218 '>l 3A, 218 W 3AE, 218 W 4B, 218 W 4G, and 218 W 5 Burial Grounds , and 
the proposed 218 \1/ 6 Burial Ground; the Radioactive Mixed Waste (RMW) Storage 
Facility; the proposed Waste Receiving and Processing (\llRAP) facility; and the 241 Z 
Treatment Tank (including Tanks D 4, D 5 , D 7, and D 8) . Because these facilities are 
included in a RCR/\. Part B permit application and will be closed in accordance with the TSD 
facility closure requirements, no action under the AAMS is contemplated. Six unplanned 
releases (UPR 200 W 45, UN 200 W 74, UN 200 W 75 , UN 200 W 79 , UN 200 \\l 132, 
and UPR 200 W 158) are closely associated •with the TSD facilities and as a result are 
similarly recommended for consideration under the RCRA program. 
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The 216 Z 9 Trench is also scheduled for decontamination and decommissioning in 
fiscal year 2011 under the Hanford .Surplus Facilities Program . Due to its low to moderate 
relative risk ranking (Section 5.0), the 216 Z 9 Trench is recommended for LFI in advance 
of the proposed decommissioning date to evaluate the potential extent of radionuclide and 
organic chemical contamination in the soil column beneath the facility. 

9.1 DECISION-MAKING CRITERIA 

The criteria used fer l§ assessiflg- the most expeditious remediation process path are 
based primarily on urgency for action and whether the data are adequate to proceed along a 
given path (Figure 9-1). All waste management 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 unplanned releases that are addressed in the data evaluation 
process have been ~ initially evaluated as candidates for an ERA. Units and unplanned 
releases where a reiease has occurred or is imminent become a afe.:cbrisidefed candidates for 
ftft ERAi . Conditions that might trigger an ERA are the deter~r~;ti8~ ;r~ unacceptable 
health or environmental risk or a short time frame available to mitigate the problem 
(Thompson 1991 l@lrR!@!mg~). As a result, ERA candidates were evaluated against a set 
of criteria to determine whether potential for exposure to unacceptable health or 
environmental risks exists. Waste management units and unplanned releases that are 
recommended for ERAs will undergo a formal evaluation following the selection process 
outlined in Prioritizing Sites for Expedited Response Actions at the Hanford Site (WHC 
1991b). 
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Waste management units and unplanned releases that are not recommended for 
¢,ppij<;f.i(foijji.pW:as. an ERA continue through the data evaluation process. Units and unplanned 
release·s ·contin~'ing through the process that potentially pose a high risk (refer to Section 
5.0) , become candidates for gqµ~jq~raqqijj;i an IRM. The criteria used to determine a 
potential for high risk, there6y°'TndTcad ng a:·high priority site , were the HRS score used for 
nominating waste management units for CERCLA cleanup (40 CFR 300), the 'm.941E~ 
lllltll !lul:1:IYill (mHRS), scores, surface radiation survey data, and ranklngs 'hy the 
Environmental Protection Program (Huckfeldt 1991b). Units and unplanned releases with 
HRS and mHRS scores greater than 28.5 (the CERCLA cleanup criterion) were designated 
as $ll~ii:f:gii IRM caHdidatcs qgnm.P~W~tlQQ. Units and unplanned releases that did not have an 
HR.s' .sc.ore were compared to\ifmilar .sites to establish an estimated HRS score. Units and 
unplanned releases with surface contamination greater than 2 mrem/hr exposure rate, 100 
ct/min beta/gamma above background or alpha greater than 20 ct/min were also designated 
as IRM candidates. In addition , surface contamination sites which had an Environmental 
Protection Program ranking of greater than 7 were further designated as IRM candidates 

addition , surface contamination sites which had an Environmental Protection Program 

~~i~,1~i~~~J:t~~11i~~ii~iiilil~~~mfii~~~t1%:~; §;,~~1i~~~1,~~*'r~!*li§ 
candidates are listed in Table 5-1 , which summarizes the high priority sites . w'fi~:fqµf i@4 

~ifi!llni~:~p; :%1~il!Rffitim!nikTI~%19Bl%t'W~ 1H~B:lg Jns!f(gij: §iN:~(nBt rwim1' i~ ijjgfi Ri§mti ipi=: w.¢Ui$t &fis.it¢.MtifiP¢t!\f§ijsid§:piitibti:f.6fiafilRMJ IRM candidates were then further 
evaluated to determfoe ff an !RM lS appropnate for the waste management unit or unplanned 
release. IRM candidates that did not meet the IRM criteria were placed into the final remedy 

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 . RARA or 
Surplus Facility ~#:EPIDW.~~!Pmng \gfiq \I{sR~ sl9§#:r~ programs). As a result , 
recommendations ·were made· that remed1ai ·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 uni ts or unplanned releases will be 
addressed under the operational program within a time frame compatible with the past 

iiiiiii1iliiili-~1igJ~i-l?• llJ?I~ 
Units and unplanned releases recommended for complete disposition under another 

program (e.g. , closure under the RCRA ~Hil4§~9;4Bl,H&~~:yp,g~g~n~f?~S9Wi!§~!PR!P~i:fiq 
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RG.~E!P~ffl program) were not considered in the 200 AAMS d~valuation process. In 
addff1on~'pofontially new sites that were identified during the AAMS were also not 
considered. It is recommended that a formal determination be mademigarding the regulatory 
status of all new sites following established procedures before they are considered further 
lit~~li~;.AMS data evaluation process. N,§, !qi,\¾ i! ~Uij§(W~i Jq~!ti.]1~q iii {ijj 4 f)w.J 

syst 
Specific criteria used to develop initial recommendations for ERA§, LFI§, and IRM§ 

for waste management units and unplanned releases within the 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 fust evaluated under the final remedy selection path discussed in 
Section 9.1.3. tl sc . 

9.1.1 Expedited Response Action Path 

a.r1 : 
:d ti 

; ca1 
'QCi 

ERA candidates are evaluated to determine if they pose an unac.oeptable health or 
environ men ta1 risk ls::l l:~~Rrf !hnlttlml iiiUl!~\jg m!t1:!i1; ~pij l?IR~l~ffli~ii§t§- All waste 
management units and unplanned releases, other than those recorn.m(ijld~d for complete 
disposition under another Hanford program, are assessed against theERA criteria. 

The Hanford §'(fi Past-Practice Strategy describes conditions Jbatmight trigger 
abatement of a candidate waste management unit or unplanned releasee11nder an ERA. 
Generally, these conditions would rely on a determination of, or su~ted, existing or future 
unacceptable health or environmental risk, and a short time-frame a~'alli.ble 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 mixechwaste contaminantst 

T 
• Actual or potential contamination of drinking water supµkes or sensitive 

ecosystems~ \ r~ 
--:..:.b-

• 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 pi)ihe environment, or 
have the potential for migration-;- · '.:Ydr 

• Weather conditions that may increase ffij potential for relW.se or migration of 
hazardous substances and radioactive or mixed waste coma.rninantst 

t:Se S 
• The availability of other appropriate federal or state response mechanisms to 

respond to the release~ 
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• Time required to develop and implement a final remedy-;-

• Further degradation of the medium which may occur if a response action is not 
expeditiously initiatedt 

• 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 an ERA. Candidate units and releases which 
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 lrti Past-Practice Strategy. These additional screening 
criteria are depicted on Figure 9- 1 and are described below. 

The initial criterion p~~~B~£~~l8~ ::1mmsnin1~µ1~2til: used to assess each ERA 
candidate is whether a driving force to an exposure pathway exists or is likely to exist. 
Waste management 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 in the ERA process. Waste management units or unplanned 
releases where contamination could spread ffiigpgf~ and , therefore, potentially require 
significantly more extensive remedial action f{Ieti unabated , were also assessed in the ERA 
path. 

Waste management u'riits and unplanned releases with a driving force were assessed to 

;;ii~1!lj~ •iiii~fil~~!::;~t! ~~ee~:1:;e~e~~~ 1~~ri,~•~!~9t!~f t!!!~Wf~~~!i~~b~!~ 
p§.~ ·are -~!~@ifigff the qJantrty and concentration of the release. If the release or imminent 
release is greaierihan lO0 _times the CERCLA reportable quantity for any constituent, the 
waste management unit o? iinplanned release will remain$ in consideration for an ERA. If 
the release or imminent release contains hazardous constituents at concentrations that are 100 
times the most applicable ·~ta,ndard, the unit or unplanned release continues to be considered 

iirr•• lllil• III~ some cases , engineering jupgment was used to estimate the quantity and concentration of a 
postulated release. Standards applied include Washington State Model Toxics Control Act 
~ @I standards for indusftial sites and DOE and Westinghouse Hanford radiation criteria 
(refe:r'fo Section 6.0) . The ·application of these standards does not signify they are 
recognized as ARARs. 
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gqy~r:&.~filr-i;~~: :~:i:~::o~d ~~~::t;~!~F~~!!!i~~~~~~~~~~~~~!!f!=r a unit or 
unpian.ne<l .reiease· to be considered for an ERA. An example that would require substantial 
technology development before implementation of cleanup would be a tritium release since 

~~=~:~. ,1,1~~~tnology is available fef ~9:;~i!f~~~::19! A~QA~TT~t~HRB~Af tritium 

Another criterion for an ERA is to determine 1Nhether implementation of the available 
technology would have adverse consequences that would offset the benefits of an ERA. 
Examples of ad•rerse consequences include: technologies where the exposure to cleanup 
personnel would pose a much greater risk than the release; the ERA would foreclose future 
remedial actions; or the ERA would pre•,ent or greatly hinder future data collection 
activities. If adverse consequences are not expected to be present then the wastement 
management unit or unplanned release remained 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 Defense Waste Management Program . 

liltillllltl• 1111JIWat• 111,1~ 
Generally, active facilities will not be included in past practice investigations unless operation 
is discontinued prior to initiation of the investigation. The Surplus Facilities 
~gqffiffiijj~§jµijg and RCRA @{Q$~ pprograms-are i$ responsible for safe and cost
effec.ti~e stirveifiance, maintenance,· and decommissioning of surplus facilities and RCRA 
closures at the Hanford Site. The Surplus Facilities ~~£@mmrn§i§fting ~ftg:Bs'.R~ Bl9§4:f~ 
Program is also responsible for RARA activities that fridude surveiiiance; ·mafote11ance, 
decontamination, and/or stabilization of inactive burial grounds, cribs, ponds, trenches , and 
unplanned releases. 

If the proposed ERA will not address all the contamination present, the waste 
management unit or unplanned release continues through the process to be evaluated under a 
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second assessment path. ftp#j~gffip}g} 5$lJrface contamination cleanup under the RARA 
program is an example where -Initiai--deanup may not address subsurface contamination and , 
therefore, additional investigation may be needed. 

Final decisions regarding whether th~H1gpgµgMgf ERAs are justified in the aggregate 
area will be made between ~mgpg 00&, Ecoiogy-;-- EPA, and Ecology DOE based, at least in 
part, on the recommendatioiis--pro-vided in this section, ~ g results of the final selection 
process outlined in Prioritizing Sites for Expedited Response Actions at the Hanford Site 
lli :i:!i ~ i~pi , and aYailability of resources. 

9.1.2 Limited Field Investigation and Interim Remedial Measure Paths 

High priority waste management units and unplanned releases were evaluated to 
determine if sufficient need and information exist such that an IRM could be pursued. An 
IRM is desired for high priority waste management units and unplanned releases where 
extensive characterization is not necessary to reach a defensible cleanup decision$, . 
Implementation of af½ IRM§ !gf~§i !mli&:~mini :RnU~inij PITP!lnr~ij!rltli~§ with minimal 
characterization 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 
waste management units and unplanned releases without impacting the effectiveness of the 
implemented action. 

The initial step in the IRM assessment process ~yfil9:gt.~§'gp~~p is to categorize the 
waste management units. The exposure pathways of interest are similar for each unit in a 
category; therefore, it is effective to evaluate candidate waste management units as a group . 
The groupings used in Section 2.3 (e.g ., Cribs and Drains , Tanks and Vaults) will continue 
to be used to group the waste management units for IRM assessment. WTI!.i}Ggrouping waste 
management units ~PPtf.@gh is especially effective fer ID. reducing charac-ten zadon 
require men ts. lli~Bni!: ~rr ~n!:JQQilrl~Ii~!Piitni BR§#:liU2nl iPBIRisni: 1m~ LFI cs) can be 
used to characterize a representative waste management 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. 

• l-ltlll.1• f• l illi••i i!li:Rtt11~xi:ia~imlii~11n~ ani~~~ ---- ----------------- ---- -- ------- -------- ----------------- -------- -- ------- --- --- --- ---- --- ------- -- ------------------------------------------

Data adequacy is assessed in the next step. The existing data were iri evaluated to 
determine if: 1) existing data were gr~ sufficient to develop a conceptual model and 
qualitative risk assessment; 2) the IRM will work for this path ; 3) implementing the IRM 
will have adverse impacts on the environment, future remediation activities or data collection 
efforts ; and 4) the benefits of implementing the IRM are greater than the costs. If data are 
not adequate~ an assessment was made to determine if a LFI might provide enough data to 
perform an IRM. If a LFI would not collect sufficient data to perform an IRM , the unit was 
addressed in the final remedy selection path. 
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The final step in the IRM evaluation process is to assess if the IRM will work without 
il,lmmili 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? Waste management units where 
remediation is considered to be possible without adverse consequences gµtw~igfiing m~ 

Final decisions will be made betweefl ~ffi§pig 00&, Ecology, EPA, and DOE Ecology 
?.~. 't'f'~~t~?r. p~cular IRMs are justified ii=~ngi ~q~!lnivs~ Pi ~~~ ~u:~fi~ ~ ~~IJ 
111~;~~:~~~b~:s~~;~~~~t tFi,~do:v:~a~~~~;~e;e~:~~~:s~rovided in this AAMSR, 

9.1.3 Final Remedy Selection Path 

Waste management units and unplanned releases recommended for initial consideration 
in the final remedy selection path are those not recommended for IRMs, LFis , or ERAs, Of 

were l'.IIffi2ltlniiaitl!t2J~~ low priority sites. 1t is recognized that all waste 
management units and unplanned releases within an operable unit or aggregate area will 
~Y@P~Y be addressed collectively under the final remedy selection path to support a final 
~~lf.~~~~::11:::2&iel!~:ijn1t Record of Decision (ROD). For the purposes of this 
discussion, RI/F8 and the RFI/CM8 processes are synonymous; therefore , RI/F8 vt'ill be 
used throughout this diseussiofl to represeflt either the CERCLA or RCRA investigation past 
practices process. 

The initial step in the final remedy selection 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 data 
collected. 

9.2 PATH RECOMMENDATIONS 

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 
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1 in Table 9-2. Following approval by BG&,- Ecology, EPA, and Ecology DOE, these 
2 recommendations will be further developed and implemented in work plans. 
3 
4 
5 9.2.1 Proposed Sites for Expedited Response Actions 
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Several lleygq waste management units ·n·ere evaluated along the ERA path. Two 
sanitary 1,1t·aste disp.osal units, 2607 Z Septic Tank and SanitarJ Drain Field and the 2607 WA 

~1~il:i1qi~:1i~iinm1~n~~i~~:iqi~i~§i:~itt;:i~i,\y;;:mlill~~i11t~u~:iqt 
ppfffi{jpti,i:ffi:§gra/ffiit 5e¥eft $!ii ERA candidates, consisting of cribs with collapse potential ancfsur:face contamination site·s, were recommended for disposition under the RARA 

Settling ·tankand 24T~Z~36f Setffing°Tank, were recommended for an ERA. A discussion 
of the recommendations for these waste management units are included in this section . Since 
the anticipated response actions are not expected to fully remediate the ERA candidates, all 
of the units will be included for further data evaluation in the assessment paths . 

9.2.1.1 Sites Potentially Causing 8t1bst1rfaec Contaminant Migration. Two septic tanks 
and associated sanitarJ drain fields in the Z Plant Aggregate Area discharge water to the soil 
columA adjacent to waste management units with kno·wn or suspected contamination. The 
2607 Z Septic Tank and Sanitary< Drain Field, located ·within approximate!)' 50 meters of the 
216 Z 3 Crib, discharges sanitarJ wastewater to the soil column at the rate of approximately 
2-3---m~/day. The 2607 WA Septic Tank and Sanitary Drain Field, located approximately 50 
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meters from the 216 Z 8 French Drain and within 100 meters of the 216 Z 9 Trench , 
discharges sanitary wastewater to the soil column at the rate of approximately 6 ~/-tla-y-;-

Thus, there is a significant flux of water through the Yadose :wne beneath these ·waste 
management units. Discharged water could be remobilizing 'f'adose zone contamination that 
originated at the cribs. This problem may be especially significant in the perched water zone 
above the Plio Pleistocene caliehe layer. At this location, there can be significant lateral 
mo,.•ement of ,.,adose zone water. The septic S)'Stem could be flushing contaminated v,•ater 
that is more than 100 times the reportable quantity and the concentration standards into the 
underlying aquifer. 

The 2607 Z Septic Tank and Sanitary Drain Field and the 2607 \\'A Septic Tank and 
SanitarJ Drain Field should be investigated to determine if deactivation is necessary . The 
volume of water flowing to these facilities needs to be confirmed. If the value is significant, 
an investigation needs to be made to determine if the liquid is mobilizing contaminants 
beneath the 216 Z 3 Crib , 216 Z 8 French Drain , and 216 Z 9 Trench . If so, it is 
recommended that the nearby septic tanks and associated sanitary drain fields be deactivated. 

9.2.1.2 Cribs with Collapse Potential. Fi-ve g§qf of the older cribs are open wooden 
structures that could fail catastrophically g§!!~P~:~!19iP9~Pm~~iY i~XP§§~»'.9f~~f~- A sudden 
collapse could bring contaminated dust from the buried crib to the surface. Based on crib 
inventory data, dust derived from the bottom of the cribs would be expected to contain 
radionuclides at several orders of magnitude above reportable quantities and concentration 
standards. Cribs with potential collapse problems include: 

• 

• 

• 

• 

• 

216 Z 2 

216-Z-5 

216-Z-6 

216-Z-7~ 

Maintenance and contamination control measures for cribs with collapse potential are 
implemented under the RARA pr{rogram. Therefore, actions to mitigate environmental 
releases from these facilities wil( be deferred to imtfQfiU~ µrj~~f the RARA p:filrogram. An 
engineering study is planned under the RARA pprogram for (993 for the 200 Areas to 
evaluate the potential for crib collapse. ··· 

Response actions such as the addition of clean fill material over the cribs or pressure 
grouting void areas within the crib to prevent collapse may be considered for these waste 
management units. Evaluation and recommendation of response actions for these facilities 
will be performed under the RARA pgrogram. 
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9.2.1.3 Sites with Significant Surface Contamination. There are four waste management 
units in the Z Plant Aggregate Area evaluated in the AAMS program with levels of surface 
contamination that are high enough to be of immediate concern. Surface contamination is the 
most immediately accessible to humans 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 waste management 
units would be greater than 100 times reportable quantity and concentration standards. The 
corrective action for waste management units with surface contamination faHs !$APP.);@$~ 
within the scope of the RARA virogram. · · · ··· · · 

As discussed in Section 5.2.2, recent radiation survey results indicate that the following 
waste management units exceed surface contamination criteria: 

• 216-Z-1 and 216-Z-2 Cribs 

• 216-Z-lA Tile Field 

• 218-W-2 Burial Ground 

• 218-W-4A Burial Ground} 

Surface contamination control activities at these units are recommended for evaluation 
and implementation under the RARA program. 

9.2.1.4 Tanks with Leak Potential. Two tanks, the 241-Z-361 Settling Tank and the 
216-Z-8 Settling Tank, contain drainable liquids. These tanks are estimated to be over 35 
years old and have the potential to leak radioactive and hazardous liquid to the soil. The 
settling tanks are inactive facilities. It is recommended that the liquid stored within the tanks 
be removed to prevent future leakage. 

9.2.1.5§ 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 contaminants. 
Natural recharge from local precipitation was not considered a significant short-term driving 
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force. Specifics for each waste management unit and unplanned release are provided in 
Table 9-2. 

Acti¥e facilities such as the 216 Z 21 Seepage Basin or the 216 Z 20 Crib (discussed in 
the U Plant AAMSR; DOE/Rb 1992) ·uere considered as candidate ERAs because these 
facilities do contain a driving force and arc potentially releasing contaminants to the 
environment. However, closing of these facilities cannot occur without constructing alternate 
disposal facilities ; therefore, there are potential ad1,•erse institutional consequences that would 
not be offset by the benefits of an ERA. Thus , an ERA would not be an appropriate 
recommendation for these facilities at this time. 

9.2.2 Proposed Sites for Interim Remedial Measures 

Sevetl l :iniUi# of the~? waste management units addressed in the z Plant 
Aggregate Area"d°aia.evaluation .process were identified as high priority sites (refer to Section 
5 .0) and were assessed as candidates for IRMs. Three of the waste management units 
designated as high priority sites (216-Z-7 Crib, 216-Z-17 Trench , and the 216-Z-10 Reverse 
Well) were so designated because of high HRS scores. Tftree ltiY@ waste management units 
(216-Z-1 A Tile Field' fi*Rt#t&:1 §ipig~ k1~in) gJ§rMtrl i;§µr1i~ @rgµpg ~ 218-W-2 Burial 
Ground, and #te 218-W-4A Burial Ground) were designated as high priority because of 

216-Z-2 Cribs) was identified as a high priority site due to high HRS scores and elevated 
surface radiation measurements. Another thirteen ~~gfiX~fi waste management units ~pg 
YTTRlfilm.i!\\ilmi~ (216-Z-3 Crib , 2 16-Z-5 Crib, 2i6~Z~6 Crib , 216-Z-12 Crib, 216~:Z:~16 
Cnb, 2T6~Z~i8 Crib , t~irer2trn§lµ1§gw!ng#. fJ2rer§§~ighi,g(Jl~1§ 241-Z Diversion Box 
No. 1, 241 -Z Diversion Box No . 2 , 231 -Z-151 Sump, 216-Z-4 Trench , 2 16-Z-9 Trench , 
218 W 1 Burial Ground , and 218-W-3 Burial Ground; g~~t'.\it !t\Rµfi~l(?r§µrjq~g1$ t¥tt ~~ 
iHEi i t2in2J ~ S!~rlsr:lJiilng/ ~lrlmll8±R1) .. wer·e· ieniat1ve1y·1ae11Hhec1 ·as···ha:v1ng-.--·· 
sufficient proximity and/or similarity to the high priority sites to warrant inclusion in the 
IRM assessment path. 

None of the -l-+ pg candidate waste management units are recommended for IRMs 
without first conducting LFis. The reason for this determination is that there was not 
adequate data for any of the evaluated units to support performing a qualitative risk 
assessment and/or select a final remedy. Goo ffiWQ waste management unit$. evaluated in the 
IRM path , the 216-Z-10 Reverse Well , grig ffl~[~~§t&tf! $g~pjgij ffl~~p} do~ not remain as 
ftft IRM candidate§ because it was determined that ftft [Ff$ would not result in collecting 
sufficient data to proceed with consideration as an IRM candidate . The 216-Z-10 Reverse 
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units remain as IRM candidates but require LFis to obtain sufficient information to proceed 
with the IRM evaluation. Discussion of the recommended LFis is provided in Section 9.2.3. 

9.2.3 Proposed Sites for Limited Field Investigation Activities 

Sixtecfl !WflM1Yt~9 waste management units are recommended to undergo LFis. ~ 
LFis have becfl recornmeAded to provide sufficieAt iAforrnntion to proceed with IRM 
~,~~.u.~t~?.~~.: ..... 1n~::iP1Hm: :2i~~Rn e2~n~:tm ~n~ :t~ P~~11, ::j~ :~2 ~~~~~ ~n~~r~£ B~m :1s :~s1,~9~@ m::ss#!!s~: ~ lili :::mtJ~tinm™ :inxsig11:::in!9i1!t!2n }fl~ iatnlttf:$4 itt :12~t 2i:t n~ 
im::iift!li~!: :~~~i~}: lil~!fl;::~qµI~lffil!~i !g:~!ll! :~9 [~Piifivgng! ~lnrii 9!iij: :1~r1: t9™1B ..... 
itr m~:et!ri ril wU!:F1it!2]:1,::ei!r11gwti!n) :tni !J§rer+:t: :wti2 #: 1, ei8rnmrti *'11@11 
m!:g1:i rMrrtII!Mm1: smHn!i m!::~§!t ~m1: $him~~::sr t!g~2nYsU41::~~mtij 911:ti!t!: &9499 

-t• lli• 1[1l• IIIE,~tw 
l\plllllilllllll1-illill1llll!lrnm!11~ 
.............. 111::~itill;§ 11:]l!liH?t tn~ am!~::ffl~ Bi 9~BBI j9q jffip!§l~nmg Ii iRti nlffl~~ 
QBitx!ii:! ~9~ fqUgmni:12at!§§~~{PBiiB!~::sert}j,q~tJ12n~ fRf »'.8Ft5 Pl~ 9t¥ifBRm~n~] 

J!P§ii:lli:11u:2fJiiHXi§ltl§§!e !?l\]p~ 
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IR.M: candidates that are recommended to undergo LFis have been categori2:ed into tv,'O 

groups that contain similar released waste, release mechanisms, and design. The first group 
contains cribs, trenches , and the tile field. The second group contains burial grounds. 

9.2.3.1 Cribs, Trenches, and Tile Field. This group includes nine cribs and three 
associated transfer units, three trenches, and one tile field. Cribs 1Nith collapse potential 
have also been evaluated along the ERA path and have been recommended for actions under 
the Rt\RA program (see Section 9.2. 1) . The actions implemented under the RARA program 
will nreeede the LFT Activities The erihs with eollflnse notentinl inel11rle · 

• 

• 

• 

• 

216 Z 1 and 216 Z 2 

216 Z 5 

216 Z 6 

216 Z 7 

Cribs to be involved in LFI acfr~·ities which do not require actions under the RARA 
oro£Cram (cribs v,ithout collanse notential) include: 

e 216 Z 3 

e 216 Z 12 

e 216 Z 16 

e 216 Z 18 

The trnnsfer Hnits flssoeinted with the erihs ineli,rle· 
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Trenches and tile fields are essentially long cribs and are therefore grouped with the 
cribs. The trenches and tile field include: 

• 

• 

• 

• 

216 Z 4 Trench 

216 Z 9 Trench 

216 Z 17 Trench 

216 Z lA Tile Field 

The eribs with collapse potential 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 \1t'ere included for assessment 
under the remaining criteria. The 216 Z 1 and 216 Z 2 Cribs, the 216 Z 7 Crib , the 216 Z 
lA Tile Field, and the 216 Z 17 Trench .,,.,ere identified as high priority sites. The other 
waste management units 1Nere included because of their similarity and proximity to the high 
orioritv waste manaeement units. 

The initial decision point in the IRM path is to assess whether data are adequate to 
conduct an IRM. The data available for most of the waste management units are screening 
leYel data and estimated inYentories 1,Yhich do not provide information on the nature and 
extent of the contamination. Therefore, an IRM could not be implemented without further 
investieation. 

Similarities of units may make it possible to remediate them using the observational 
approach after characterizing onl)' a few of the units. It 1Nas expected that a LFI would 
pro1t·ide sufficient information to proceed with an IRM for waste management unit groups. 
Therefore, the basis for recommending a LFI is that sufficient information can be gained 
from a more detailed inYestigation of one or two of the cribs and a trench that ·would allow a 
remedial decision to be made on the other waste management units with little or no additional 
characterization. 

Possible representati1,•e waste management units for the Z Plant Aggregate Area would 
be the combined 216 Z l and 216 Z 2 Cribs and the 216 Z 17 Trench. The 216 Z 17 
Trench is recommended as being representative of waste management units that received 
waste during initial operations in the 231 Z Building in addition to being representative of 
waste management units with a potential to haYe impacted underlying groundwater quality . 
The 216 Z 1 and 216 Z 2 Cribs are recommended as being representative of cribs which 
received waste during more recent operations in the 234 5Z Building in addition to being 
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representatiiv·e of 1Naste management units 1with a potential to ha~·e impacted underlying 
groundwater quality. 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 obiectives 1n•ould be to: 

• 

• 

• 

ement unit to impact the "'aste manag from " . al for releases 
Ille poteeu . d . f 

Evaluate -- - d•·•ater ~ttaltty; ·1, """ treeeh "" , 

1 

ttRderlyieg grottR " . soil beeealh lhe er, ' 
. ntamination exists m the Determine if co tent· and 

assess the ex . so ... 

Assess the extent of contaminant migration from the cribs and trench in support 
of focused feasibilitv studies. 

If transuranic radionuclides and/or other hazardous chemicals are not found in soil 
below the representative cribs and trench, it is unlikely to be present below the other cribs, 
trenches, and tile field, therefore additional sampling for transuranic radionuclides and/or 
hazardous chemicals would likely not be necessary at the other units. The actual extent of 
transuranic contamination, if any, could be determined during implementation of an IRM (if 
justified) at the burial ground and would not need to be fully lmown prior to the decision to 
proceed. The extent of IRM actions for the other facilities would be based on measurements 
from the representati1re cribs and trench, therefore, no other sampling for extent of 
contamination at the other units would be anticipated. 

9.2.3.2 Burial Grounds. This group includes four burial grounds. The four burial grounds 
are not covered under a RCRA closure or Part B permit action, and include: 

e 218 W 1 

e 218 \\' 2 

e 218 W 3 

e 218 \\l 4A 

Th 218 m 2 and the 218 'N 4A Burial Grounds were identified as high priority 'Naste 
e n . B th 218 nr 1 and 218 management units and w~re de~ig~ated as IRM cand1dates..e::::~rue~ed in ~imilar fashion , 

W 3 Burial Grounds received s1m1~ar :as~e:8 ~~ ;re ~e:he:~li'8 u, 4 A Burial Grounds. These · 1 ded · th group •· ·1th t e n an ~ n 
they were me u me . h ffi . d ta t onduet an IRH therefore they were .. . aste management units have msu e1entao e . ' ' . f m 
" Rd~ fer LF!s. n is ••peeled thal sttffieiem iefermauoe eottld be o!J1ateed 4'0f 
=~.':i"'i: .. .,~g•~oR of oee or two bttrial grotted, lo eoeliette with IR.!4 asses;mee1s (1 

' · · f th ther bun groun s . r fied) .. ·ith little or no additional eharaetenzatton oe o . ]US 1 w 
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A possible representative burial ground for LFI would be the 218 '.\' 4A Burial 
Ground . The 218 W 4A Burial Ground is recommended as being representative because it is 
a high priority site due to surface eoAtamination and has had four unplanned releases 
associated with it. It is expected to contain similar wastes and to be similar in design to the 
other burial grounds. The 218 W 4A Burial Ground is expected to include trenches, 
caissons, and a final cover similar to those likely to be encountered at the other burial 
grounds. The rationale for IRM: and LFI will be more completely developed in work plans, 
ho1t1t'CYer, the folloi,1,<ing addresses possible considerations during work plan de.,·elopment. 

Possible LFI objectives would be to: 

• 

• 

• 

• 

Conduct surface contamination suryeys and assess likely source(s); 

Evaluate the potential for releases from the waste management unit to impact 
underlying groundwater quality; 

Determine if contamination exists in the soil beneath the burial ground and, if so , 
assess the extent; and 

Assess the nature and exteAt of radionuclide and hazardous chemical contaminants 
in near surface and surface soils at the burial ground sufficient to support a 
focused feasibility study. 

Additional field inspections and document reviews might be desirable to e.,•aluate the 
relative integrity of existing burial ground caps and buried waste containers. Some 
geophysical survey work might be desirable to update information found regarding the 
location and construction of burial ground disposal units such as trenches and caissons, and 
to identify potential subsurface 1t·oids that have a potential for major settlement. 

If transuranic radionuclides and/or other hazardous chemicals are not found in soil 
below the representative burial ground, it is unlikely to be present below the other burial 
grounds, therefore additional sampling for transuranic radionuclides and/or hazardous 
chemicals would likely not be necessary at the other units . The actual extent of transuranic 
contamination, if any, could be determined during implementation of an IRM (if justified) at 
the burial ground and ·.vould not need to be fully known prior to the decision to proceed. 
The extent of lR}.'1 actions for the other facilities would be based on measurements from the 
representative burial ground, therefore, no other sampling for extent of contamination at the 
other burial grounds would be anticipated. 

9.2.4 Proposed Sites for Final 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. It was determined that sufficient information 
may exist to perform a RA and select a final remedy for feu.r gij! unplanned releases; these 
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are mfi]~ discussed in Section 9.2 .4.2. iir!!li$1H~8~]nmi:::nnmtt!m?ef §g!~pgqp RI5 
are ti recommended for the remainder of the 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 Aetivities. Ris have been 
recommended from the final remedy selection path for two basic groups of waste 
management units . The first group would include units used for disposal of liquid wastes, 
including the settling tanks, French drains, septic tanks and associated sanitary drain fields, 
basins , and reYerse well. The second group ·,•,•ould include units used for disposal of solid 
wastes, including the burial grounds and the burn pit. For purposes of integrating the 
inYestigations, achieving economies in the level of investigation efforts , and focusing on 
relevant remedies , t>.vo Ris ·would be more appropriate due to differences in the nature of the 
wastes disposed and design of the disposal units. Thus , a RI is recommended to address 
·uaste management units used for disposal of liquid 'wastes and a RI is recommended to 
address 1Naste management units used for disposal of solid wastes . Unplanned releases 
associated with the respective liquid and solid waste disposal units 1,vould be addressed in the 
corresponding Ris. 

Except for the 216 Z 10 Reverse Well, the waste management units and unplanned 
releases recommended for RI from the final remedy selection path are all low priority sites . 
Most of the waste management units share common waste, design , and operational features 
and they haYe been described together in the following discussions . Unplanned releases are 
also described together. The 216 Z 10 Reverse 'Nell and the Z Plant Burn Pit are described 
separately. This organizational structure has been used only for discussion purposes; it does 
not imply that separate Ris •,vill be de·,•eloped for each of the types of waste management 
units and unplanned releases described. i\s pre,.'iously stated , only two Ris are 
recommended , one for liquid waste disposal units and one for solid waste disposal units . 

•:: ::: : Isrin11 :11n~ :1msn iin!rwix: t111i1: ?l§t~ w~ig; §,§ntilln~ng @BJf tfis~ §f 
r~4iPi1U¢Un~ m'.Wl m~i'ifqg@$ ¢h¢filjg?l$/U 

• I!! insm~& ~2:tHi witiiiin!M §it~~s 
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The iHYestigation at these settling tanks should begin after ERAs have been completed. 
Both m~::::lttUng tanks M4::1fr~::41~;~f§!QQ)]iw.;~~ 't','CfC assigned low HRS scores and they are 
not suffidentiy similar ~o 'high' prIOflt): 'units' to warrant e·v<aluation under the IRM path ' so 
they could not be recommended for LFis. 

There are no sampling or in¥entory data for any of these units and so RAs cannot be 

iii1•-~"'1!1lffl~ll!!fl¼~!!Plllr 
these units to pro¥ide nature and extent of contamination information to perform a RA for 
final remedy selection. 

9.2.4.1.iit French Drains. A RI is recommended to include each of the Ffrench ::::::::::: 

drains: 

• 216-Z-8 

• 216-Z-13 

• 216-Z-14 

• 216-Z-15) 

These four waste management units all are low priority -sttes and they are not 
sufficiently similar to high priority units to warrant evaluation under the IRM path , so they 
could not be recommended for LFis. 

Insufficient data exist at these units t? ... conduct a RA. A is\p§;ggljpjffi#:':ilir~lt~ifi 
RI is recommended which would include fgt each of these units to provide nature and extent 
of contamination information to perform a:·· RA for final remedy selection. 
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9.2.4.1.-3~ Septic Tanks and Sanitary Drain Fields. A RI is recommended to 
include each ofthe septic tanks and sanitary drain fields: 

• 2607-Z 

• 2607-Z-1 

• 2607-WA 

• 2607-WB 

• 2607-W-8} 

The investigation at 2607 Z and 2607 WA should begin after ERAs have been 
completed. These five waste management units all have been assigned low HRS scores by 
comparison with other waste management units and they are not sufficiently similar to high 
priority units to warrant evaluation under the IRM path, so they could not be recommended 
for LFis. 

There are no sampling or inventory data for any of these units and so a RA cannot be 
performed. The purpose of a limited sampling program under a i~tjggf~fiii!m;WJ; RI would 
be to confirm that no contamination exists in the septic tanks and sari1.tary drain fields. If no 
contamination is found, then no further action would likely be recommended. 

9.2.4.l.4fg Basins. A RI is recommended to include each of the t9YR~W:g basins: 

• 241-Z Retention Basin 

• . 216-Z-21 Seepage Basin 

The 216-Z-21 Seepage Basin was first assessed in the ERA path , but due to potential 
adverse consequences associated with halting discharges to the seepage basin , an ERA could 
not be recommended. Both basins in this group are low priority units and they are not 
sufficiently similar to high priority units to warrant evaluation under the IRM path , so they 
could not be recommended for LFis. 

9.2.4.1.-54 Reverse Well. The 216-Z-10 Reverse Well was initially evaluated along 
the ERA path, but an ERA could not be recommended because it was determined that 
appropriate technology for treating and remediating the unit in an expedited manner was not 
available. The 216-Z-10 Reverse Well was further evaluated in the IRM path , but it was not 

9-25 



. . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

~ 18 
r.,. 19 
I • 

20 
- 21 

22 
23 
24 
25 
26 

""" 27 
_ 28 

29 
~ 30 

31 
' 32 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

DOE/RL-91-58 
Draft B 

retained as an IRM candidate because it was determined that an LFI would not result in 
collecting sufficient data to proceed with consideration as an IRM candidate. 

Insufficient data exist at this unit to conduct a RA . Therefore, a tmmmtm )ri :jfiij 
!gg]@gft#:I!~ RI is recommended ti provide nature and extent of contami~aiio~ f;fo;mation 
to· perfo"im "a ttA for final remedy seiection. 

9.2.4.1.6S Burial Grounds. A RI is recommended to include each of two burial :;::::: 

grounds: 

e 218 W lA 

e 218 ',ll 11 

Both burial grounds in this group are lo\1, ' priority units and they are not sufficientl)' 
similar to high priority units to warrant evaluation under the IRM path , so they could not be 
recommended for LFis. Insufficient data exist at these units to conduct a RA . Therefore, a 
RI is recommended which V,'OUld include each of these units iife tee6ffiffi6frded :rof'Toclusiorl 
~#::a,:gggfgg:~ ::~ JRJ. to provide nature and extent of con~;f~'~t{~~ i~fu;;;tf;'~'t;' ❖ w perform ·a: ·Iix··tor·· fin·a1··remedy selection. 

9.2.4.1.-+.S, Z Plant Burn Pit. A RI is recommended for the Z Plant Burn Pit. This 
waste management unit has been assigned a low HRS score by comparison with other units 
and it is not sufficiently similar to another high priority unit to warrant evaluation under the 
IRM path, so it could not be recommended for LFI. No sampling or inventory data were 
identified for the area, so a RA cannot be performed. Historical data regarding the Z Plant 
Burn Pit does not indicate the disposal of any radioactive or hazardous material . 

. ~1 RI was recommended fort J;:his unit »f:i~i:Bqfflrq~pg~it9fill9:!4~~9fi :WID~:gggig~t~ 11,jffl to provide enough data to confirm that contamination is not present. If no 
contamination is found , then no further action would likely be recommended . 

9.2.4.1.8,§ Unplanned Releases. Tv,ielve $i~ unplanned releases are recommended as 
candidates for inclusion in an aggregate area or operable unit RI. These unplanned releases 
are: 

e UN 200 \V 11 

e UPR 200 W 16 

• UN-200-W-23 

e UPR 200 W 26 

• UN-200-W-44 
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UPR 200 W 158 (associated with 218 W lA Burial Ground) 

Unplanned tReleases UN-200-W-23, UPR 200 W 26, UN-200-W-44, UN-200-W-89 , 
UN-200-W-90, and UN-200-W-103, and UPR 200 '.1/ 158 all have HRS scores below 28.5, 
and do not have'''~~fficient data to conduct a risk assessment. Unplanned fR,'.eleases UN 200 
'.\' 11, UPR 200 W 16, UPR 200 W 53, UN-200-W-91 , and UN 200 \1/ 130 all ha~·c ~I 
insufficient information available for HRS scoring. Hovf'ever, each unplanned release is 
described as ha1ring been cleaned up or released as a radiation zone as contamination decayed 
to background levels. H is thus assumed that these five unplanned releases 'n'Ould also have 
low HRS scores. 

Unplanned release UPR 200 \It/ 158 has actually been identified as occurring at three 
separate locations; this has been attributed to wind dispersal of contaminants. Only the 
release associated with the 218 W lA Burial Ground is recommended as a candidate for RI. 
The other tv,ro unplanned releases identified as UPR 200 Vl 158 in the 218 W 3A and 218 
W 6 Burial Grounds are being recommended for deferral to be addressed during RCRA 
closure acti~·ities at those burial grounds. 

A lack of soil sample data and inconsistent survey data prevent RA completion for 
these tweh1e ~~% unplanned releases. Ins+M~~sn ~R:m~: ~g~f}lg~~~:rn;~ RI has been 
recommended to provide enough data to confirm that contamination does not exist. If no 
contamination is found, no further action would likely be recommended. 

• 

• 

• 

• 

UPR 200 '/Ii' 72 

UPR 200 W 84 

UPR 200 W 134 

U~t 200 W 159 
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Unplanned releases UPR 200 W 72 , UPR 200 W 84 , and UPR 200 W 134 were not 
assigned HRS or mHRS scores. In each ease, the release occurred in a solid waste burial 
ground and the contaminated area. was remediated by excavating affected soil and placing it 
in a solid \Yaste · burial ground trench. Unplanned release UN-200-W- l 59 was assigned a 
"low" HRS score (less than 28 .5) by comparison· to other unplanned releases . The exact 
location of the unplanned release was not identified. The contaminated area was remediated 
by excavating affected soil and placing it in a solid waste burial ground trench. 

It is recommended that a RA be performed encompassing each of these t:B}.~ unplanned 
releases- using available information . If the RA confirms that no contamination .. warranting 
remediation remains , it is likely that no further action will be required at -tflese ~h~§ unplanned 
releases-. 

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 costfeffective if similar units 
are studied together. 

9.3.1 Sites Deferred to Other Aggregate Areas or Programs 

No Z Plant Aggregate Area waste management units and unplanned releases are 
recommended for consideration under other aggregate areas . Fifteen waste management 
units and six unplanned releases a.re recommended for consideration under other Hanford 
programs. These programs a.re the Surplus Facilities Program and the RCRA closure and/or 

iiiiiiia4iS9!Slll\ill§j 
ii~§,1.ii:lti.ilm~f: 

The 232-Z Incinerator Building is scheduled for decontamination and decommissioning 
in fiscal year 1999 under the Hanford Surplus Facilities ©~§§mm~§~iqq~ijg ~p~:::gQRW 
liPi@ri Program. Because no information was found indfoadn·g -reieases to ti-ie· soff column heiow ihe facility had occurred or might occur in the near future , the 232-Z Incinerator 
Building was recommended for consideration under §.lJgql!J: ~~ K~Pt fiUn!P. i!hg §99.~ qf the 

~=~~~:u~c~~~:: !~~!~~~~~!:!~H:':~@~~ :s~R*BE~ -Program ·and· fl"o ·· turther ·action· would 
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One waste management unit is recommended for eonsidcra.tion under the Surplus 
Facilities Progra.m: 

• 232 Z Incinerator 

Remediation of this unit can be most effectively addressed through decontamination and 
decommissioning efforts under the Surplus Facilities Progra.m. 

Waste management units and associated unpla.nncd releases which will be or a.re 
recommended to be considered under the RCRA progra.m include: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

234 5Z Hazmdous Waste Staging Area (HV/SA) 

Waste Receiving and Processing (WRAP) 

RMW Storage Facility 

241 Z Treatment Tank and unplanned releases U~t 200 W 74, UN 200 \1/ 75, 
and UN 200 W 79 

218 \\' 2A Buria.l Ground and unplanned release UPR 200 W 45 

218 W 3A Buria.l Ground and unplanned release UN 200 158 

218 W 3AE Burial Ground 

218 W 4B Buria.l Ground 

218 W 4C Buria.l Ground and unplanned release UN 200 \\' 132 

218 \\' 5 Burial Ground 

218 \\' 6 Buria.l Ground and unplanned release UN 200 158 

.. . ~~f!l~~~tion of th~ 't'f'~~tc management units Bfi\P~~ w$1/l$ (~ w~q-tjgg~ ~vg ~pg ~y~g 
RHB™:: i§ppq§.J would ~fip,p}g be addressed as part of the facility closure and/or final status 
permitting that will occur under RCRA. The unplanned releases associated with these units 
would most logically be remediated during the RCRA closure and/or permitting activities. 
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The 216 Z 20 Crib has been recommended at this time for transfer from the U Plant 
Aggregate Area to the Z Plant Aggregate Area. Transfer of this waste management unit 
would allow it to be investigated with other ·.-,.•aste management units with similar waste 
histories. 

9.3.2 Z Plant Operable Unit Redefinition 

Redefinition of the 200-ZP-1, 200-ZP-2, and 200-ZP-3 Operable Units is suggested 

s2Rf tj1~~ ijfg,11 Jn1:e21¥Rrt: 1§21tEstimmr1211 :1mtrn : 
liiiTiitlnl:limt&:111: :§f9HB9&:lffii QpfiRli In~~ @PRB19 Pi I J)iH!§w~~ 

a~ flt n]1~q 1mteir¥i1§2Mrsi 211it1!1i intt ~n21mr el i§ t2I!2w§i 

111••·••t• {IL.iP1
%l ~mtMt !IDfi: 
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• i :: :Iili!ls!HBI :~n!Iii!Btfrtt!iarulig!:i)!ggjy~::J,jqµig ,~~'~ e!}pg~II t~SMii® BHTTifg{!Y 
!ffln!i mlin: !!!)~9:Bitii Bfi~§i:imrnlil:~ ilB~EIRti YBiti ~R ~n}f RfBPAIR .................. . 
i91Hrt lilt~§!~: IP:~{{ l :: ±9:~ i!t~::!rn£n!I~~ !9 !9:~ ei:BJ ert:9 Bf!B !ti l{ftjffi 

ii!: Riii~iBIJnii 111::~~tii~ iillti~:/i~I! 1i ts !YW:11~ i{Bi!m~~ lit! §!PUI 
§i?!iU2ni niimiti ~§ i l~fBHR{!~ir!f§ii WI lffpfgfgg @rH;r!§1J8µ!9 9@ 
inxi§ii~1m: 1mr1ni itn~t: e iiint i!st~!iti 1r1 §ml?:§/ x 

•t : :i: ::itn2ti2! 11::1:11=1! 1111:1~:~r; ~ni:i1mrllmR ~~t~m§ m:u;~* mi:~1i2§n1:2r ....... . 
Iisma:11i~::1~§i?§m Jq:ffli :e minf J?Prn 1;ni 11 ie~nfiu~ Jn 1~ui tt§nq fgrtu11i 
11ig !it!niiiiRRi§ ~~~IPnW:~ :m~§ ~~g~fi2m1+tr ;i~~I I~ pgpijg~!~ PR Ii t~L 
efilrit ilffiti§}ij :mn~~~~:n~ iffitifiBHIIH:~§18:#M :11 thi IB&nifl!t IDB[~ i!R~il~ -ill~!§ 

ll{llfll• IIIl•~I§ 
iiji! iri4~Mni &9Qfl!t• i:@i?fii1~lthi~t §hRB~~I§~ I 1B!l2w§,; 

lfl general, it is recommended that: 

• ln1t'estigation of groundv,•ater be removed from the scope of the Z Plant Operable 
Units and considered under the 200 West Groundv,•ater AAMS ; 
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The 232 Z Incinerator be removed from the scope of the Z Plant Operable Units 
afld considered under the Surplus Facilities Program; and 

Several waste management units subject to RCRA closure and/or final status 
permitting, along with associated unplanned releases, be addressed entirely b)' the 
RCRA program. 

For the 200 ZP 1 and 200 ZP 2 Operable Units, it is recommended that: 

• 

• 

• 

All liquid waste disposal units (e.g., cribs, trenches, French drains) be 
consolidated afld the current boundaries be reconfigured to only one Operable 
Unit encompassing all of the liquid waste disposal units; 

Unplflflned releases within the reconfigured boundary be included in the 
consolidated Operable Unit; and 

The geographic boundaries be redefined to include the 216 Z 20 Crib. 

It is recommended that the 200 ZP 3 Operable Unit be reconfigured to encompass the 
burial grounds. It is recommended that the Z Plant Burn Pit also be assigned to this 
Operable Unit even though geographically it ma)' fall within the boundaries of the liquid 
waste disposal Operable Unit. The 2607 WB Septic Tank and Sanitar)· Drain Field would be 
reassigned to the liquid waste disposal Operable Unit. Unplanned releases within the 
reconfigured boundary would be included in the burial grounds Operable Unit. 

9.3.3 Investigation Prioritization 

Very little if any data exist to rank the waste management units and unplanned releases 
within the Z 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 . 

Based on available information about inventories of wastes and contaminants, facility 
construction, and operational history, it is recommended that investigations be prioritized as 
follows: 

• Facilities which discharged liquid waste containing radionuclides and/or 
hazardous constituents to the soil column should be evaluated first. First priority 
within this grouping is recommended for the cribs and associated transfer units, 
which received the largest quantities of contamination, with secondary priority 
given to the trenches, the reverse well, the tile field, the Ffrench drains, the 
basins, and the settling tanks-;-i 
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The burial grounds pose a potential for wind erosion and subsequent release to 
air, therefore they should be evaluated second~[f: 

Other facilities which discharged liquid wastes that are not suspected of 
containing radionuclides and hazardous constituents, such as the septic tanks and 
associated sanitarJ drain fields, should be evaluated third. 

8 B.li:tMminmg! §QW,;~)µp1§l:~figµtg ii!l vlqgg'f.@ ~iJ'.(~t:t§QffitP.)~n§O: qf ~ij~ IBM :~m.t WWJ. 
9 1:nxii~!lt!PP§~:: \l lil rilm,.msn~~~ mnn~wi~i 9Plffiiti Hmt t§h:9R!~ 1 :~§§&8~~ 1 ········· ............ .. .. . 

lO i!x• IIIB9il§ify::iI~!l:~~::iv~mmrI~laYi~!lil9~~ Specific priorities for each waste 
11 management unit will be developed in subsequent work plans. 
12 
13 
14 9.3.4 RCRA BIR~!s~!PP§iRY!HPn:: ~qq!~FPY~l i!~s~ Facility Interface 
15 
16 As previously discussed in Section 9.3.1, there are a number of RCRA facilities in the 
17 Z Plant Aggregate Area. These facilities belong to a separate program with separate Tri-
18 Party Agreement milestones. Some environmental releases at these facilities may have 
19 commingled and interacted with other source units at the Z Plant Aggregate Area, depending 
20 on the extent of contamination that has occurred. For example, contamination from the 
21 218-W-2A and 218-W-3A Burial Grounds, which are TSO facilities deferred to the RCRA 
22 program, may have affected the 218-W-3 Burial Ground , which is covered under this 
23 AAMS. Given the number of RCRA facilities in the Z Plant Aggregate Area and their 
24 proximity to other units, it is expected that there will be a need for RCRA facility interface 
25 for some of the Z Plant waste management units . 
26 
27 The RCRA Part B permit application for the burial grounds proposes that final closure 
28 be initiated in about the year 2081 , with partial closures of portions of the burial grounds to 
29 occur as each portion is filled. A definitive schedule for partial closures has not been 
30 established yet. Corrective actions associated with ongoing activities and future closure 
31 actions have not been defined in the Part B permit application at this time. A site-wide 
32 RCRA permit is currently being negotiated which will eventually finalize Hanford Facility 
33 closure schedules and corrective actions . All closure schedules and corrective actions at the 
34 burial grounds are still subject to regulatory agency approval until the final RCRA permit is 
35 issued. 
36 
37 Investigations have been recommended for several non-RCRA burial ground units 
38 under this AAMS. Since partial closures and corrective actions of the RCRA burial grounds 
39 have not been established, the recommended investigations may precede or overlap with 
40 RCRA activities. It will be necessary to ensure that investigations at non-RCRA units are 
41 integrated with schedules and proposed actions for the RCRA burial grounds as they are 
42 incorporated into the final status permit. 
43 
44 In addition, there are a number of unplanned releases associated with RCRA TSD 
45 facilities within the Z Plant Aggregate Area which are recommended to be addressed during 
46 RCRA closure and/or permitting activities. Investigation and remediation of affected soils 
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associated with these unplanned releases, if any, would result 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. Wfi~:!::Focused feasibility studies (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 ROD. Insufficient 
data exists to prepare either a focused pf:;$ or final FS for any units or group of units within 
the Z Plant Aggregate Area. Sufficieri't".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 Z Plant Aggregate Area for individual waste 
management units or waste management unit groups. The IRMs will be implemented as they 
are approved , and the FFS will be prepared to support their implementation . The FFS 
applied in this manner is intended to examine a limited number of alternatives for a specific 
site or groups of sites. The FFS 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 a LFI. 

Recommendations for the FFS in support of IRMs are not provided in this report 
because of the limited data availability. In most cases , LFis will be conducted at waste 
management units or unplanned releases 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 FPS will also be prepared to evaluate select 
remedial alternatives. In this case the FFS 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 sites. 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 

These recommendations reflect select technologies developed in Section 7. 0 of this report. 
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The FFS is intended to provide a detailed analysis of select remedial alternatives . The 
results of the detailed analysis provides 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 CERCIA (EPA 1988§) . 

• A comparative analysis of the alternatives that will facilitate the selection of the 
remedial action . 

9.4.2 Final Feasibility Study 

To complete the remediation process for an aggregate area, a final or summary FS will 
be prepared. This study will address those waste management units and unplanned releases 
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 STUDIES 

A range of technologies which are likely to be considered for remediation of waste 
management units and unplanned releases within the Z 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 

• Excavation , treatment, and disposal of transuranic ~:Q'. radionuclides 
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• In situ soil vapor extraction of volatile organic compoundss 

Treatability testing will be required to conduct a detailed analysis for most of the 

~~~.n.?.1ogies. lili!ltI~~Ii©.:12ilIM'.iU Pi :ri!iitJ.i,ppn ~2Is2nils~: t~ii iHtHri :~r~fili!ib¾ ifMH}:i!it: A summary of treatability testing needs outlined in Section 7.3 is as follows : 

• 

• 

• 

• 

• 

• 

Engineered multimedia co•rer performance testing (pilot scale testing) of 
conceptual designs is needed. 

In situ grouting testing required to optimize injection properties of grout and 
verify effecti•reness in stabilizing contaminants. 

Exca¥ation and soil treatment testing of dust control measures , soil treatment 
reagents, and contacting methods will be required . Some limited soil washing 
bench scale studies have been initiated . 

lfl situ ,..itrification testing required to verify contaminant stabilization 
effectiveness and to establish operating parameters. Some vitrification pilot 
testing is ongoing. 

Excavation, treatment, and disposal of transuranic radionuclides testing to 
evaluate dust control measures and stabilization or vitrification effectiveness and 
to establish operating parameters is required. 

In situ soil vapor extraction of volatile organic compounds extraction 
effectiveness needs to be ,..erified and operating parameters require development. 
A program is currently under •n·ay for field testing of vapor extraction techniques. 

,. : ii !TT ~!tttlti\ft;!;~it :::::nitil::B~lR~i$ilt§:ii§y]g :!RI r!Hirltti g~§i§i ms:r~SHII ............... . 
itliHBB i~i jpi§!B~ :;n;::t:tl~I!Rt:lmMm IRPBi~ pJtsmtm rni\hBH§~i Rinihsli!!Jmt 
P1:l9!f\~BI! t!~~]wetHfl Bi :r~s\!ir:~g Jg ?ttffiptjg@ijt~ Jh~ :ijff~st\yijfis§~i ffl!# ~IPH1:~W$ 
mit@nm.wi.vw.t.~¥-
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As treatability testing of the various alternatives progresses, other parameters are likely 
to be identified which require further development. Guidance exists from various regulatory 
agencies (e.g., EPA) for designing and implementing treatability studies; relevant guidance 
will be relied upon as treatability studies begin and progress. 

9.6 PROPOSED AGGREGATE AREA BASED FIELD CHARACTERIZATION 
STUDY 

It has been established that carbon tetrachloride emanates from the Z Plant Aggregate 
Area soils and wells during certain meteorological conditions. In addition, other volatile 
gases have caused work shutdowns to protect employees in the area. Presently, little is 
understood regarding the nature and sources of these volatile gases , yet there remains a 
strong need to respond to this health and safety issue for worker protection purposes . As a 
result of this need , an aggregate area-based field characterization program is proposed. This 
effort will characterize the volatile gases in the Z Plant Aggregate Area (primarily carbon 
tetrachloride) and associated meteorological effects. Additional consideration should also be 
given to extending the program to other portions of the 200 West Area where ambient air 
quality may be a concern. 
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Response 
Action 

* Hanford Site Past-Practice Strategy (DOE/RL 1992a) 

Figure 9-1. 200 Aggregate Area Management 
Study Data Evaluation Process. 
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Table 9-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 1 of 4) 

Current Operable Unit ERA !RM RI OPS Remarks 

216-Z-l & 216-Z-2 Cribs 200-ZP-l X X X RARA - Surface Contamination (a) 

216-Z-3 Crib 200-ZP-l X X (a) 

216-Z-5 Crib 200-ZP-2 X X X t:J 
0 RARA - Cave-in Potential 

t:J t!! \0 216-Z-6 Crib 200-ZP-2 X X X --3 g,~ I 
,-.- 216-Z-7 Crib 200-ZP-2 X X X I I),) to \0 ....... 

216-Z-12 Crib 200-ZP -l X X (a) I 
VI 
00 

216-Z-16 Crib 200-ZP-2 X X 

216-Z-18 Crib 200-ZP -l X X X Carbon Tetrachloride ERA Proposal Unit 
(a) 

216-Z-8 French Drain 200-ZP -2 X 

216-Z-13 French Drain 200-ZP-l X (a) 

216-Z-14 French Drain 200-ZP-l X (a) 

216-Z-15 French Drain 200-ZP-l X (a) 

216-Z-IA Tile Field 200-ZP-l X X X RARA - Surface Contamination; Carbon 
Tetrachloride ERA Proposal Unit (a) 
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Table 9-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 2 of 4) 

Current Operable Unit RI OPS Remarks 

216-Z-4 Trench 200-ZP-2 X X 

216-Z-9 Trench 200-ZP-2 X X X X Carbon Tetrachloride ERA Proposal Unit<•> 

216-Z-17 Trench 200-ZP-2 X X 

2607-Z Septic Tank and Drain 200-ZP-2 
Field 

\0 
1-j 2607-Z-l Septic Tank and Drain 200-ZP-2 I ...... Field O" 

X 

X 

Active t) 
0 

t)~ 
Active ~~ 

I 

to \0 ....... 
2607-WA Septic Tank and Drain 200-ZP-2 X Active I 

VI 
Field 00 

2607-WB Septic Tank and Drain 200-ZP-2 X Active 
Field 

2607-W-8 Septic Tank and Drain 200-ZP-2 X Active 
Field 

241-Z Diversion Box No. I 200-ZP -l X X (a) 

241-Z Diversion Box No. 2 200-ZP-l X X (a) 

231-2-151 Sump 200-ZP-I X X 

Basins 

241-Z Retention Basin 200-ZP -2 X 

216-Z-21 Seepage Basin 200-ZP-2 X Active 



'° ~ 
I ..... 

(') 

) 

Table 9-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 3 of 4) 

Waste Management Unit or Current Operable Uni t ERA !RM LFI RA RI OPS Remarks 
Unplanned Release .. 

···•·······························································•·•·•··•·· 

> 
.·•·• ··•·••·•r·•·••••·••·••·•···· .. ••·••••·•••••••••••••••••tu•••••••?· .... > •·••.•t<•••••u 

• •. Jlh~Jt~:UN ....... •·•·•·•···· 

··••·••••I ··••••I••••t.t r·<- ••••••••<·<r•·•·>••r·•···>X•· ···.·. . .............. ..... 
..... ·.·.·. •.•.· .. 

21 8-W-l 200-ZP-3 X X 

218-W-l A 200-ZP-3 X X 

218-W-2 200-ZP-3 X X X RARA - Surface Contaminat ion 

218-W-3 200-ZP-3 X X 

218-W-4A 200-ZP-3 X X X RARA - Surface Contamination 

218-W-ll 200-ZP-3 X X 

Z Plant Bum Pit 200-ZP-2 X Redefined to 200-ZP-3 Operable Unit 
.. .·. ···. ·• ·• .. ... .... . .. ... ·/ ···• < . . . ·,:- ·.·.• 

. Unplanned Relc:ases . . •· .... . ) .; . . ........ · •· . 

UN-200-W-ll 200-ZP-3 X X 

UPR-200-W-16 200-ZP-3 X X 

UN-200-W-23 200-ZP-J X (a) 

UPR-200-W-26 200-ZP-3 X X 

UN-200-W-44 200-ZP -3 X 

UPR-200-W-53 200-ZP-3 X X 

UPR-200-W-72 200-ZP-3 X X 

UPR-200-W-84 200-ZP -3 X X 

UN-200-W-89 200-ZP-l X (a) 

UN -200-W-90 200-ZP-l X (a) 

UN-200-W-9 1 200-ZP-l X (a) 

UN-200-W-103 200-ZP-l X (a) 
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Table 9-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 4 of 4) 

Waste Management Unit or 
Unplanned Release 

UN-200-W-130 

UPR-200-W-134 

UPR-200-W-!58 

UN-200-W-159 

Notes: 

ERA Expedited Response Action 
!RM Interim Remedial Measure 
LFI Limited Field Investigation 
RA Risk Assessment 

Current Operable Unit 

200-ZP-2 

200-ZP-3 

200-ZP-3 

200-ZP-1 

ERA IRM LFI RA 

X X 

X X 

X X 

X 

RI Remedial Investigation; Feasibility study will be conducted if RA indicates remedial action necessary. 
OPS Operational Programs 
<•> Redefined to 200-ZP-2 Operable Unit 

RI OPS Remarks 

Only the portion of the release associated 
with 218-W-IA Burial Ground. 

(a) 
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Table 9-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 1 of 4) 

Fina l 
Rem-

ERA Evaluation Path IRM Evaluation Path LFl Path edy 

Waste Tech- Opera- No 
Management Un it Is An nology Adverse tional Adverse Data 
or Unplanned ERA Quan- Concen~ Avail- Conse- Pro- High Data Consc- Collect Ade-
Release Justified? Release? Pathway? tily? tration? able? quencca? grams? Priority? Adequate? quencea? Data? quatc? 

1.•·•· < . •··. L ... • < < ········ ···· /. < . > < ····· ··•·•·· ·.·.·.·.·•· .•.••.•. · ···•h u11s ••····• .. /•·· f••·· ( ) ... ~ ·<••••> i ) ) tt•··•····· 
216-Z-8 Settling y y y y y y N N N - N 
Tank 

24 1-Z-361 Settling y y y y y y N N N - N 
Tank 

. •<./ .· •·· ·.. ....... </ ... . ·•· •·•·• \Cr .. //. 

216-Z- 1 & y y y y y y N y y N y 
2 16-Z-2 Cribs 

216-Z-3 Crib y y N - - N" N y 

2 16-Z-5 Crib y y y y y y N y y N y 

2 16-Z-6 Crib y y y y y y N y N" N y -

216-Z-7 Crib y y y y y y N y y N y 

216-Z-J2Crib y y N - N" N y 

2 16-Z- 16Crib y y N N" N y 

216-Z- 18 Crib y y y y y y N N N" N y 

216-Z-8 Fren ch y y N - N N 
Drain 

216-Z- 13 French y N N N 
Drain 

2 16-Z-14 French y N N N 
Drain 

2 I 6-Z- I 5 French y N N N 
Drain 

2 16-Z- lA Tile y y y y y y N N y N y 
Field 



) 

Table 9-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 2 of 4) 

Final 
Rem-

ERA Evaluat.ion Path !RM Evaluation Path LFl Path ody 

Waste Tech- Opera- No 
Management Unit Is An nology Adverae tional Adverae Data 
or Unplanned ERA Quan- Concen- Avail- Consc- Pro- High Data Conse- Collect Ade-
Release Justiliod? Release? Pathway? t.ity? lnltion? able? quences? grams? Priority? Adequate? quences? Data? quote? 

'-0 ..., 
I 

N 
CT 2607-Z Sept.ic y N N N 

Tank and Drain 
Field 

2607-Z- l Septic y N N 
Tank and Drain 
Field 

2607-WA Septic y N N N 
Tank and Drain 
Field 

2607-WB Septic y N N N 
Tank and Drain 
Fie ld 

2607-W-8 Septic y N N N 
Tank and Drain 
Field 

Transfer Facilities; _T>iveraioq Boxes, and: Pipel ines 

241-Z Diversion y N N" N y 
Box No. I 
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Table 9-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 3 of 4) 

Final 
Rem-

ERA Evaluation Path ! RM Evaluation Path LF1 Path edy 

Waste Tech- Opera- No 
Management Unit Is An nology Adverse tional Adverse Data 
or Unplanned ERA Quan- Concen- Avail- Conse- Pro- H igh Data Conse- Collect Ade-
Release Justified? Release? Pathway? tity? tration? able? quences? gram,? Priority? Adequate? quences? Data? quote? 

241 -Z Diversion y N . N"' N y 
Box No. 2 

23 1-Z-151 Sump y y N N"' N . y 

·•<·•···••·•·•· -•••••••• m•••T >·\•••··•···• --••>·••••••••••r••••••••••·· ·-•·•·•·•·-_>·•· < <<r I->· ..•. .--.--.... ·•-· _. ·_••·•••··· .<·•·•·••·>•>••·•••···••>••···•··••u•••r ··•< ?i ·· -··· iu< u•••· < ?J•••·••••••··••i :-···-· ··.·.·.·.·.·.·.· ·.·.:-::.:-· ·-· - ' ::;::;::::::: ? . -·•·•·•···•·•·•••>·••<<···•··• :-:-:,:.-:·::· ·::::-:::::::: 

24 1-Z Retention y N N N 
Basin 

2 16-Z-2 1 Seepage y N N . . N 
Basin 

/ ).. .. <.. . •-·••· > 
. .. 

< <. . >) •·••••··_·•·a\J,m·~i~ •L•• tI•••i } 
~ _ ... -><•··••••• /< ··•rrn•t•\t+ <•••••••••••·\ <••······•·•-·••••••j••••• )•••••••••••••••••)•••<••••••••••••• 

·-•·-•. 

2 18-W- I y y N . N"' N y 

2 18-W-JA y y N . N N 

2 18-W-2 y y y y y y N y y N y 

2 18-W-3 y y N . N"' N y 

218-W-4A y y y y y y N y y N y 

2 18-W- JI y y N N N 

Bum Pit y y N . N . N 
.. ··,: ·:· · :-:-·- ·:: ·•·- < •·•· •·• ···.·· .... _ ... -· 

·•··•·· 
.. ·.· .·· ···•·•·· ·•·••·• ·• .. 

•••• ·•·•··•···•·- /···•·••·•·•·•· .. ·········>/ <·•··•· -·•··· ·•·••·•·· ........... 
-•· _. l)npl1tW1ed Releases .. ·•·• ·•·• •· . . ...... ·. 

UN-200-W- I I y y N N N 

UPR-200-W-1 6 y y N . N N 

UN-200-W-23 y y N N N 

UPR-200-W-26 y y N N N 

UN-200-W-44 y y N N N 
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Table 9-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 4 of 4) 

Waste 
Management Unit 
or Unplanned 
Release 

UPR-200-W-53 

UPR-200-W-72 

UPR-200-W-84 

UN-200-W-89 

UN-200-W-90 

UN-200-W-91 

UN-200-W-103 

UN-200-W-130 

UPR-200-W-134 

UPR-200-W-158 
(I) 

UN-200-W-159 

y 
N 

Yes 
No 

Is An 
ERA . 

Justified? Release? Pathway? 

y y N 

y y N 

y y N 

y y N 

y y N 

y y N 

y y N 

y y N 

y y N 

y y N 

y y N 

Indicates decision point not reached. 

Quan-
tity? 

-

-

-

ERA Evalu•tion Path IRM Evaluation Path 

Tech- Opera- No 
nology Advene tional AdVC[!le 

Concen- Avail- Conse- Pro- High Data Conse-
tration? able? quences? gram,? Priority? Adequate? quencea? 

- N -

N - -

N - -

N - -

N -

N -

- N -

- - N -

- - N -

- N - -

N -

•1 Evaluated as high priority site because of proximity and/or similarity to other high priority sites. 
(1) Only the part of unplanned release UPR-200-W-158 associated with the 218-W-lA Burial Ground. 

Final 
Rem-

LFI Path edy 

Data 
Collect Ade-
Data? quate? 

N 

y 

- y 

- N 

N 

N 

N 

N 

y 

- N 

y 
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Table 9-3. Waste Management Units and Unplanned Releases 
Addressed by Other Programs. 

218-W-2A/UPR-200-W-45 

218-W-3A/UN-200-W-158 Active 

218-W-3AE Burial Ground D&RCP Active 

218-W-4B Burial Ground D&RCP Active 

218-W-4C/UN-200-W132 Burial Ground D&RCP Active 

218-W-5 Burial Ground D&RCP Active 

218-W-6/UN-200-W-158 Burial Ground D&RCP Proposed 

D&RCP - Decommissioning and RCRA Closure Program 

a\ Waste management unit and associated unplanned release, if any. 

9T-3 

200-ZP-3 

200-ZP-3 

200-ZP-3 

200-ZP-3 

200-ZP-3 

200-ZP-3 

200-ZP-3 
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A.LO SUBSURFACE GEOPHYSICAL LOGS 

6 Geophysical well logging has been conducted at the Z Plant Aggregate Area since at 
7 least as early as 1954 as a surveillance technique to evaluate radionuclide migration in the 
8 unsaturated zone underlying or adjacent to waste disposal or storage areas. Vadose-zone 
9 monitoring wells and groundwater monitoring wells have been constructed at many of the 

10 Z Plant Aggregate Area waste management units. Geophysical well logs have been acquired 
11 from monitoring wells at the following eighteen waste management units, the remaining 
12 waste management units did not have monitoring structures in the immediate vicinity: 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

216-Z-1 Crib 
216-Z-2 Crib 
216-Z-3 Crib 
216-Z-5 Crib 
216-Z-7 Crib 
216-Z-12 Crib 
216-Z-16 Crib 
216-Z-18 Crib 
216-Z-lA Tile Field 
216-Z-9 Trench 
216-W-3A Burial Ground 
216-W-3AE Burial Ground 
216-W-4B Burial Ground 
216-W-4C Burial Ground 
216-W-5 Burial Ground 
216-W-6 Burial Ground 
216-W-11 Burial Ground . 

32 As part of this Aggregate Area Management Study, select geophysical well logs from 
33 these twenty-four waste management units were examined to provide a preliminary appraisal 
34 of migration of radionuclides in the unsaturated zone. The objectives of the geophysical well 
35 log study were to qualitatively and, if possible, quantitatively evaluate the extent and rate of 
36 vertical and lateral migration of radionuclides. Several previously conducted studies provide 
37 important background information. Most notable is a three-volume document by Fecht et al. 
38 (1977), in which gross gamma-ray logs were reviewed and evaluated for potential 
39 contamination. Several additional published and unpublished documents exist such as gross-
40 gamma logs acquired from monitoring inactive cribs and logs acquired as part of the low-
41 level burial ground monitoring well installation program (Chamness et al. 1991). Pertinent 
42 results of previously conducted studies or observations are discussed along with results of 
43 this study in sections describing individual waste management units . 
44 
45 The following vadose zone fluid migration pathways have been recognized in the 
46 200 West Area: 1) vertical downward migration; 2) lateral migration at the interface of an 
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underlying coarser-grained zone or low permeability zone; 3) a combination of vertical and 
lateral migration that may be manifested in adjacent wells as digitate clean and contaminated 
zones; and 4) vertical downward migration along the well casings in poorly constructed 
wells . Additional complications in interpreting the migration of contaminants include the 
natural decay of radionuclides and the different migration rates of various radionuclides. 

A.1.1 AVAILABLE GEOPHYSICAL WELL LOGS 

The array of geophysical logs acquired from the Z Plant Aggregate Area includes gross 
gamma-ray logs, gamma-gamma logs, neutron-epithermal-neutron logs, density logs, sonic 
logs , and temperature logs. Spectral gamma-ray logs have been acquired at two locations 
within the Z Plant Aggregate Area: within the 216-Z-lA Tile Field and along the 216-Z-20 
Ditch. However, because the 216-Z-20 Ditch is a U Plant Aggregate Area waste 
management unit, it is not discussed in this report. The gross gamma-ray log was by far the 
most common log acquired , and , with the exception of the spectral gamma-ray log , is the 
most useful for evaluating migration of anthropogenic radionuclides in the unsaturated zone . 
Ancillary logs, such as the neutron and density logs, may also provide useful information. 
The interpretation of those logs , however, is complicated by several factors , including: the 
presence of multiple casing strings, the complications of logging in unsaturated zones , 
uncertainties in well construction and modifications , and questionable tool geometry and 
response characteristics. Consequently, the ancillary logs were not evaluated as part of this 
study. 

The available gross gamma-ray logs were acquired from Z Plant Aggregate Area 
monitoring wells by the Pacific Northwest Laboratory (PNL) under contract by the primary 
Department of Defense Westinghouse Hanford contractor. 

PNL began recording gross gamma-ray logs from Z Plant Aggregate Area monitoring 
wells in 1958. On the basis of log presentation , three generations of logging equipment have 
been used in the Z Plant Aggregate Area since 1958. However , based on conversations with 
long-term Westinghouse Hanford and PNL employees, several more subtle equipment 
modifications were made within generations of logging equipment. In fact, judging from the 
normalization factors used by Fecht et al. (1977), procedural or equipment modifications may 
even have been made annually. Beginning in 1982, procedures were implemented to 
improve log quality and consistency (Lewis 1991). Further improvements in logging 
procedures were implemented in 1989. Since 1976, two probes with similar response 
characteristics have been used by PNL. Beginning in 1982, the serial number of the probe 
used has been recorded on the log header. Detailed logging procedures are described in 
WHC (1991). 

The gross gamma-ray logs identified for this study are listed in Table A-9. The logs 
listed in Table A-9 constitute a comprehensive list of all logs acquired in the Z Plant 
Aggregate Area through 1990. Logs were identified for eight cribs , one tile field , one 
trench, and eight burial grounds. 
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An assessment of gross gamma ray log quality is difficult, particularly for the very 
early logs, because of a lack of accessible documentation of procedures and results. 
EYaluation of log quality ultimately encompasses a large number of factors including 
documentation of design specifications, modifications, and repairs; detailed performance tests 
of probes and instrumentation; eyaluation of the precision and accuracy of the depth 
measurement system; probe response; and periodic calibration. Of equal importance to 
equipment considerations is documentation of monitoring well construction and modifications 
("as built" diagrams) and reference elevations. P~rL has vastly improved their quality 
control procedures over the last decade. Beginning in 1979, a designated test well (399 5 2) 
was logged on a quarterly basis, and probe serial numbers 1Nere recorded along with basic 
logging information. "Calibration" logs acquired between 1979 and 1988, when more 
sophisticated procedures were implemented , are fairly uniform with respect to log intensity 
and bed resolution . No known quality control information exists for logs acquired by PNL 
prior to 1979. Since 1988, a significant campaign has been mounted to improve PNL log 
aualih'. 

A.1.3 TECHNICAL APPROACH 

To facilitate differentiation of peaks resulting from natural and anthropogenic 
radionuclides, geologic cross sections of the waste management units 1Nere constructed 
(Figures A 2, A 3, A 5 , A 6, A 8, and A 9) using representative gross gamma ray logs 
acquired from the main 1Naste management units . Cross section locations are shown on 
Figures A 1, A 4, and A 7. Correlations shovm on the cross sections are based on geologic 
descriptions by Last et al. (1989) and typical gamma ray log characteristics (Schlumberger 
1972 and 1979: Dresser Atlas 1982) . 

In the Z Plant Aggregate Area, the upper 12 to 28 m (40 to 90 ft) consist of coarse 
sand, graYelly sand , and sandy gravel identified as the Pasco gravel member of the Hanford 
formation. This horizon typically has a fairly low and uniform natural gamma response. 
The low gamma response frequently observed in the upper 6 m (20 ft) is probably due to 
attenuation by conductor easing. Underlying the Pasco gravels member is the basal slack 
,,,,cater sequence of the Hanford formation. The fine grained nature of this unit produces a 
sli2htly higher. but still uniform. gamma ray response. 
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One of the most striking features of many logs is the relatively high gamma ray 
response resulting from the fine grained eolian sand and silt (loess) comprising the Early 
"Palouse" soil. That unit is typically 6 to 9 m (20 to 30 ft) thick and has one or two peaks 
yielding the greatest gamma ray response of the natural radionuclides. The underlying 
Pliocene Pleistocene basaltic gravels and ealiehe rich paleosal (ealerete) units are not easily 
reeogni:lfl:ble on the logs, although they often display a relatively lo•n1 gamma ray response 
(as low as the Pasco gnP,'els). Zones of especially low response are probably gravel and 
rich, whereas zones of especially high response may result from the calcrete layers. 
Underlying the Plio Pleistocene hori:cons, is the middle Ringold Formation, consisting of 
sand and gravels and occasional lenses of sand and clay. In the southern portion of the site 
the Upper Ringold Formation is present. The discontinuous fine sands and muds of the 
Upper Ringold produce a fairly high gamma ray response comparable to the Earl)' "Palouse" 
seift 

The "regional" stratigraphic framework described above pro\'ides a baseline for more 
detailed e¥aluation of logs from an individual waste management unit. For each waste 
management unit, logs from nearby wells were correlated and compared to the cross section 
of the waste management unit to identify log profile anomalies that might represent 
anthropogenic radionuclidcs. For many of the more recently constructed wells and later 
gross gamma ray logs were acquired in the 20 cm (8 in) diameter casing and then shortly 
thereafter in 15 em (6 in) diameter easing. Generally, only the later logs provided useful 
information on anthropogenic radionuclide peaks 

Results of the log interpretations for each of the waste management units are presented 
in thP fAl1m,.rins;1e QPPtinn<1 
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A.1.4 EVALUATION OF DATA IDENTIFIED FOR WASTE MANAGEMENT UNITS 

Based on availability of both gross gamma and geologic logs for a particular waste 
management unit and indications of elevated gamma activity , an analysis of the potential 
nature and extent of radionuclide contamination was performed. Sections A.1.4.1 through 
A.1.4 .~g discuss data identified for the following representative waste management units: 

• The 216-Z-18 Crib 

• The 216-Z-9 Trench 

• The 216-Z-lA Tile Field , 216-Z-1 and 216-Z-2 Cribs , and 216-Z-3 Crib:-

B£9§i IIDJ§ij~: iii PB~ i?riiiij fq.r!§;g~p :; l!lt itlr~giti ltl lit~: m~n~g~m.int 
in!I B~BiHI 1:§i!lnni: iin~iliti::AR~ f9ffiTTBlts!: nil itit tisi!~~t~§ ~if: ijH mi &1Bt€t~R ..... . 
&!i~e!::1~11 i~r: !~MIR!~ 1~,i~!IP:!¥~ TIRfi~n Jggg~g (mp~[ !i:!~1¥ PB~ fg :miP.Pf9PBif:l::1~ Iw~P: 
¢.§n~trn¢tj§®~ 

A.1.4.1 216-Z-18 Crib 

A.1.4.1.1 Waste Description. This section briefly summarizes information presented in 
Tables 2-1 and 2-2, and Sections 2.3 and 4.1. 

Source - High salt, acidic, organic waste from 236-Z Building . 

Service Dates - 1969 - 1973. 

Fluid Volume Received (Liters) - 3 ,860,000. 
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1 Quantity of Radionuclides Disposed of in Unit (Curies) 
2 

3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 

, 15 
16 

. 17 

,n ~ ~ 18 
19 
20 
21 
22 
23 
24 
25 

,.., 26 
27 
28 

- 29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Waste Total Pu 23au 137Cs t06Ru 90Sr wco 239J>u 240pu 
Management in gm 
Unit 

216-Z-18 Crib 23,000 1,310 353 

A.1.4.1.2 Scintillation Probe Profile Evaluation. Cross s;~tions A-A ' and B-B' through 
the 216-Z-18 Crib are shown on Figures A-2 and A-3. Figure A-1 shows the cross section 
locations m::1:~e.iis~:21:~liffl~I :g~• ::r1m:n~1:1::1~:£~i8tfrt~~ }i89· As shown on 
Figure A-2, elevated gamma response is observed just beneath the base of the northeast 
corner of the crib in monitoring well 299-Wl8-9. Additional intervals of elevated gamma 
response are observed at depths of 10 m (30 feet) below ground surface in monitoring wells 
299-W18-94 and 299-Wl8-93 (Figure A-2). Monitoring well 299-Wl8-98 , approximately 8 
m (25 feet) north of the crib , shows only natural gamma response. Monitoring wells 
299-Wl 8-9 and 299-W 18-10 exhibit intervals of elevated gamma response from the base of 
the crib to the top of the Early "Palouse" soil horizon. Intervals of elevated gamma 
response, likely associated with minor fine-grained soil horizons , also are evident in well 
299-Wl8-10 below the base of the Plio-Pleistocene horizon . Monitoring well 299-Wl8-12, 
located near the center of the crib exhibits only natural gamma response. 

Review of these gamma scintillation logs suggests that radionuclide migration to the top of 
the Early "Palouse" soil horizon and possibly deeper has occurred in the northeastern portion 
of the crib. 

A.1.4.2 216-Z-9 Trench 

A.1.4.2.1 Waste Description. This section briefly summarizes information presented in 
Tables 2-1 and 2-2 , and Sections 2.3 and 4.1. 

Source - Radioactive , acidic , organic wastes from RECUPLEX process (234-52 Building) , 
242-Z Building inorganic process wastes , and 236-Z t-AW li!R}Pii:i@i§1~ 
Service Dates - 1955 - 1962. 

Fluid Volume Received (Liters) 4,090,000 
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Quantity of Radionuclides Disposed of in Unit (Curies) 

Waste Total Pu 23su 137Cs t06Ru 90Sr 6()Co 239pu z40pu 
Management in gm -
Unit 

216-Z-9 Trench 48,000 2 X 10·5 0.052 1.9 X 10-8 0.049 0.00395 2,190 590 
(0.0556) (0.0535) 

A.1.4.2.2 Scintillation Probe Profile Evaluation. Cross 5:$,ections C-C' and D-D' through 
the 216-Z-9 Trench are shown on Figures A-5 and A-6. F1gure A-4 shows the cross section 
locations IJ:::~~P11sn:B!P::£F:!tl~~~g g~lm~ !~~P9B~!m~ ID:~ :&[~Qtft~:Wf~R:£8· As shown on 
Figure A-5, elevated gamma response is observed at a depth of approximately 11 m (35 feet) 
beneath ground surface in well 299-W15-86 which is located approximately 8 m (25 feet) 
southwest of the trench. Monitoring well 299-Wl5-101 , located on the east side of the 
trench , exhibits elevated gamma response from ground surface to a depth of 6 m (20 feet). 
A second interval of elevated gamma response in monitoring 299-Wl5-86 corresponds with 
the top of the Early l Palouset horizon and may be natural. 

Radionuclide migration below the Early "Palouse" and Plio-Pleistocene horizons are not 
evident at the 216-Z-9 Trench. 

A.1.4.3 216-Z-lA Tile Field, ~ij 216-Z-1 & 216-Z-2 Cribs 

A.1.4.3.1 Waste Description. This section briefly summarizes information presented in 
Tables 2-1 and 2-2, and Sections 2.3 and 4.1. 

Source 

216-Z-lA Tile Field - Overflow from the 216-Z-1, 216-Z-2, or 216-Z-3 Cribs, PFP process 
wastes (234-5Z Building) , PRF process waste (236-Z Building) , and 242-Z process wastes. 

216-Z-1 & 216-Z-2 Cribs - PRF (236-Z) and 242-Z process waste, 234-5Z laboratory 
wastes. 

216 Z 3 Crib 234 5Z process, analytical, and development wastes via 241 Z Settling Tank. 

Service Dates 

216-Z- lA Tile Field - 1949 to 1959; 1964 to 1969. 

216-Z-1 & 216-Z-2 Cribs - 1949 to 1952; 1964 to 1966; 1968 to 1969. 

216 Z 3 Crib 1952 to 1959. 
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Quantity of Radionuclides Disposed of in Unit (Curies) 

Waste Total 2380 137Cs t06Ru 
Management Pu in 
Unit gm 

216-Z-lA Tile 57,000 0.16 5.2 X 10.6 

Field 

216-Z-1 & 7,000 0.027 Q.04 1.6 X 10·11 

216-Z-2 Cribs (0.165) 

~le b J GFie ~ l.+ * rn·3 :G48 e.G * rn·9 

~ 

90Sr 60Co 239pu z40pu 

0.15 137 37 

0.37 0.0171 2,680 992 
(0.0159) 

~ m &+.-8 

A.1.4.3.2 Scintillation Probe Profile Evaluation. 216-Z-lA Tile Field - Cross &Sections 
E-E' and F-F' through the 216-Z-lA Tile Field are shown on Figures A-8 and A-9. Figure 
.A.:~? .. ~~~~.~ .. ~~? .. ?r.?.~5. section locations gtt ~li?~§n B~ii!!@yg~ ~~mm~ t~R,Q§@i~m:~~~ 
ll:reZdlil:ili!ni¢Jg. As shown on Figure A-8, elevated gamma response is observed just he·n-eaththe base o{ihe tile field in monitoring wells 299-W 18-150, 299-W 18-170, and 
299-Wl8-159. Monitoring wells 299-Wl8-159 and 299-W18-167 exhibit secondary intervals 
of elevated gamma response immediately above the contact between the upper coarse-grained 
Pasco gravels member and lower fine-grained slack 't'f'atcr §i~~i@gmrog~~ sequence of the 
Hanford formation and Witffift nlf ~gijip2nRmief the fine-grained~ unit of the Hanford 
formation. Only minor gamma response peaks which could be associated with the natural 
response of thin fine-grained horizons are observed in peripheral wells 299-W18-6, 
299-Wl8-7, 299-Wl8-171, and 299-Wl8-172. 

Radionuclide migration to the top of the Early "Palouse" soil horizon beneath the 
216-Z-lA Tile Field appears likely . The lateral extent of radionuclide migration appears to 
be limited to the edges of the tile field. 

216-Z-1 and 216-Z-2 Cribs - Monitoring wells 299-W18-65 and 299-Wl8-61 (not 
shown) exhibit elevated gamma response from approximately 3 m (10 feet) to 15 m (45 feet) 
below the base of the cribs (Figure A-7). Both wells also exhibit secondary intervals of 
elevated gamma response near the top of the fine-grained basal- unit of the Hanford 
formation. Elevated gamma response is also evident beneath the cribs with the Early 
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1 [ Palouse'.): and Plio-Pleistocene horizons . Whether the elevated gamma response is natural or 
2 due to th·e retention of radionuclides in these fine-grained horizons is difficult to determine. 
3 
4 Radionuclide migration to within 8 m (25 feet) of the top of the Early "Palouse" soil 
5 horizon appears evident. Only natural gamma response is observed in monitoring well 
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Table A-1. Moisture Contents of Soil Samples from Z Plant Wells. (Sheet 1 of 5) 

Well Sediment Types Sample Depth in }1eters (Feet) 

299-W7-8 (Source: 0.6 (2) 
Barton et al. 1990) 1.2 (4) 

1.8 (6) 
2.7 (8.9) 

3.5 (11.5) 
4.3 (14) 
4.9 (16) 

6.3 (20.5) 
7.2 (23.5) 
7.8 (25.5) 
8.5 (28) 

9.3 (30.5) 
9.9 (32.5) 
10.7 (35) 
11.3 (37) 
11.9 (39) 
12.5 (41) 
13.4 (44) 
14.0 (46) 
14.6 (48) 
15.3 (50) 

HC 16.2 (53) 
16.8 (55) pp 
17.4 (57) 
18.0 (59) 
18.9 (62) 
19.5 (64) 
20.1 (66) 
20.7 (68) 
21.4 (70) 
22.3 (73) 

E 23.8 (78) 
29.0 (95) 
30.5 (100) 
32.0 (105) 
33.6 (110) 
35.1 (115) 
36.6 (120) 
38. l (125) 
39.7 (130) 
41.2 (135) 

AT-la 

%H20 

3.13 
2.43 
1.98 
2.02 
2.18 
4.36 
3.03 
3.09 
5.15 
5.75 
5.64 
11.70 
7.40 
4.86 
13.40 
13.40 
18.02 
4.34 
5.30 
6.28 
6.40 
5.45 
4.27 
9.95 
19.19 
5.84 
5.84 
5.17 
4.85 
5.65 
3.82 
3.00 
1.41 
0.87 
1.37 
1.26 
1.27 
3.26 
1.21 
1.39 
1.12 
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Table A-1. Moisture Contents of Soil Samples from Z Plant Wells. (Sheet 2 of 5) 

Well Sediment Types Sample Depth in Meters (Feet) 

299-W7-8 (Source: 1.5 (5) 
Goodwin and 3.1 (10) 
Bjornstad 1990) 4.6 (15) 

6.1 (20) 
HC 7.6 (25) 

9.2 (30) 
10.7 (35) 
12.2 (40) 

299-W7-9 (Source: 1.2 ( 4) 
Barton et al. 1990) 1.8-2.4 (6-8) 

3.7 (12) 
4.6 (}5) 
6.1 (20) 
7.6 (25) 
9.2 (30) 
10.7 (35) 
13.7 (45) 
15.3 (50) 

HC 16.8 (55) 
18.3 (60) 

EP 19.8 (65) 
21.7 (71) 
22.3 (73) 

PP 24.4 (80) 
26.2 (86) 
27.5 (90) 
28.8 (94) 

UR 31.1 (102) 
32.3 (106) 
33.6 (110) 
34.8 (114) 
36.6 (120) 

299-W7-7 (Source: E 16.8 (55) 
Barton et al. 1990) 18.3 (60) 

19.8 (65) 

AT-lb 

%H20 

5.69 
2.74 
5.47 
3.97 
5.15 
4.22 
4.86 
2.94 

1.79 
1.85 
2.29 
2.68 
2.24 
2.72 
2.91 
3.48 
4.59 
4.45 
4.29 
4.51 
5.27 
3.20 
3.21 
6.59 
3.70 
3.77 
5.27 
3.18 
2.96 
2.16 
1.73 
1.72 

3.47 
4.06 
4.45 
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Table A-1. Moisture Contents of Soil Samples from Z Plant Wells. (Sheet 3 of 5) 

Well Sediment Types Sample Depth in Meters (Feet) 

299-Wl5-21 (Source: 1.2 ( 4) 
Barton et al. 1990) 1.8 (6) 

4.6 (15) 
5.8 (19) 
7.6 (25) 
8.8 (29) 

9.9 (32.5) 
10.5 (34.5) 
11.6 (38) 
13.4 (44) 
14.6 (48) 
15.9 (52) 
17.1 (56) 
18.3 (60) 
19.8 (65) 

HC 30.5 (100) 
? 

32.3 (106) 
33.6 (110) 
35.4 (116) 
37.8 (124) 

38.9 (127.5) 

? 
HF 

40.3 (132) 

EP 42.1 (138) 
42.7 (140) 
45.1 (148) 
46.4 (152) 
47.9 (157) 

299-W15-21 (Source: HC? 4.6 (15) 
Goodwin and 6.1 (20) 
Bjornstad 1990) 7.6 (25) 

9.2 (30) 
10.7 (35) 
12.2 (40) 
13.7 (45) 

AT-le 

%H20 

10.34 
22.84 
2.73 
3.22 
3.27 
4.41 
19.59 
3.77 
3.91 
3.24 
2.91 
3.07 
2.19 
1.91 
2.29 
4.07 
9.28 
7.60 
4.93 
15.71 
6.81 
2.57 
3.29 
3.40 
13.36 
10.19 
11.42 

3.69 
3.83 
6.78 
14.69 
3.76 
6.88 
9.63 
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Table A-1. Moisture Contents of Soil Samples from Z Plant Wells . (Sheet 4 of 5) 

Well Sediment Types Sample Depth in Meters (Feet) 

299-W18-26 (Source: 10.7 (35) 
Barton et al. 1990) 12.2 (40) 

13.7 (45) 
15.3 (50) 

HC 16.8 (55) 
35.1 (115) 
36.6 (120) 
38.1 (125) 
39.7 (130) 
41.2 (135) 
42.7 (140) 

HF 44.2 (145) 

EP 45.8 (150) 
47.3 (155) 

299-Wl5-20 (Source: 1.5 (5) 
Goodwin and 3.1 (10) 
Bjornstad 1990) 4.6 (15) 

6.1 (20) 
7.6 (25) 
9.2 (30) 
10.7 (35) 
12.2 (40) 
13.7 (45) 
15.3 (50) 
16.8 (55) 

HC 18.3 (60) 
25.9 (85) 

HF 
27.5 (90) 
29.0 (95) 
30.5 (100) 
32.0 (105) 
33.6 (110) 
35.1 (115) 
36.6 (120) 
38.1 (125) 
39.7 (130) 

AT-ld 

%H20 

3.72 
3.96 
3.40 
2.66 
3.19 
7.37 
3.41 
2.39 
2.18 
2.06 
2.54 
5.91 
6.68 
12.73 

3.19 
6.06 
7.25 
12.11 
3.19 
5.09 
3.57 
2.92 
4.39 
17.96 
3.11 
3.50 
7.55 
3.12 
3.03 
3.19 
3.60 
9.08 
4.22 
3.24 
3.18 
3.51 
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Table A-1. Moisture Contents of Soil Samples from Z Plant Wells. (Sheet 5 of 5) 

Well Sediment Types Sample Depth in Meters (Feet) 

299-W15-19 (Source: 6.1 (20) 
Goodwin and 7.6 (25) 
Bjornstad 1990) 9.2 (30) 

10.7 (35) 
12.2 (40) 
15.3 (50) 
16.8 (55) 
18.3 (60) 

HC 21.4 (70) 
35.1 (115) 
36.6 (120) 
38.1 (125) 
39.7 (130) 
40.6 (133) 
41.2 (135) 

299-Wl5-23 (Source: 1.5 (5) 
Goodwin and 3.1 (10) 
Bjornstad 1990) 4.6 (15) 

6.1 (20) 
7.6 (25) 
9.2 (30) 
10.7 (35) 

HC 12.2 (40) 
30.5 (100) 

HF 32.0 (105) 
33.6 (110) 
35.1 (115) 
36.6 (120) 
38.1 (125) 

299-W15-24 (Source: HC? 15.3 (50) 
Goodwin and 16.8 (55) 
Bjornstad 1990) 

299-W7-10 (Source: HC 1.5 (5) 
Goodwin and 3.1 (10) 
Bjornstad 1990) 

Notes: 
Moisture contents in weight percent H20. See Figure 3-15 for key to sediment units. 

%H20 

2.73 
2.53 
3.40 
8.28 
3.09 
2.27 
2.34 
2.63 
5.29 
2.74 
2.77 
3.63 
8.19 
6.77 
9.60 

5.69 
2.74 
5.47 
3.97 
5.15 
4.22 
4.86 
2.94 
3.80 
3.40 
4.23 
4.36 
4.43 
5.43 

3.49 
2.02 

3.42 
2.46 

Sediment contact depths for wells W7-9, W7-10, W15-20, W15-23, and W18-26 taken from Lindsey et al. 
(1992) (solid line contacts). 
Sediment contact depths for wells W7-7, W7-8, and Wl5-19 taken from Appendix C6, ERA proposal for 
200 West Carbon Tetrachloride Plume (DOE/RL 1991b) (solid line contacts). 
Sediment contact depths for wells W15-21 and 15-24 interpreted from well log information from Barton 
et al. (1990) and Goodwin and Bjornstad (1990) (dashed line contacts and question marks) . 

AT-le 
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Table A-2. Calcium Carbonate Contents of Soil Samples from 
Z Plant Aggregate Area Wells. (Sheet 1 of 4) 

Well Sediment Type Sample Depth in Meters (Feet) 

299-W7-08 (Source: 1.2 (4) 
Goodwin and 2.7 (9) 
Bjornstad 1990) 4.3 (14) 

6.4 (21) 
8 (26) 

9.5 (31) 
10.7 (35) 
11.9 (39) 
13.4 (44) 
14.6 (48) 

HC 16.2 (53) 
PP 17.4 (57) 

19 (62) 
20.1 (66) 
21.3 (70) 
22.9 (75) 

E 23.8 (78) 
25.9 (85) 
27.4 (90) 
29.0 (95) 

30.5 (100) 
32.0 (105) 
33.5 (110) 
35.0 (115) 
36.6 (120) 
38.1 (125) 
39.6 (130) 
41.2 (135) 
42.7 (140) 
44.2 (145) 
45.7 (150) 
47.2 (155) 
48.8 (160) 
50.3 (165) 
51.8 (170) 
53.3 (175) 
54.9 (180) 
56.4 (185) 
57.9 (190) 
59.4 (195) 
61.0 (200) 
62.5 (205) 

AT-2a 

%CaCO3 

3.5 

3.1 
2.6 

1.4 
4.4 
0.9 
4.8 

24.9 
0.7 
3.8 
3.0 

20.3 
3.0 
1.6 
2.0 

11.7 
2.2 
1.5 
1.2 
1.4 
1.0 
0.5 
0.7 

1.9 
0.1 
0.7 
0.9 

0.7 
0.6 
0.8 
0.2 
0.2 
0.3 

0.1 
0.1 
0.1 
0.1 

0.2 
0.5 

0.2 
0.2 
0.2 
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Table A-2. Calcium Carbonate Contents of Soil Samples from 
Z Plant Aggregate Area Wells. (Sheet 2 of 4) 

Well Sediment Type Sample Depth in Meters (Feet) 

64.0 (210) 
65.5 (215) 

E 67.1 (220) 
68.6 (225) 
70.1 (230) 
71.6 (235) 
73.2 (240) 
74.1 (243) 

299-W-7-9 (Source: 1.2 (4) 
Goodwin and 2.1 (7) 
Bjornstad 1990) 3.7 (12) 

4.6 (15) 
6.1 (20) 
7.6 (25) 
9.1 (30) 
10.7 (35) 
12.2 (40) 
13.7 (45) 
15.2 (50) 

HC 16.8 (55) 
EP 18.3 (60) 

19.8 (65) 
21.0 (69) 

pp 22.9 (75) 
24.4 (80) 
26.2 (86) 
27.4 (90) 
29.3 (96) 

UR 31.1 (102) 
32.3 (106) 
33.5 (110) 
34.7 (114) 
36.6 (120) 
37.8 (124) 
39.6 (130) 
40.8 (134) 
42.1 (138) 
43.3 (142) 
44.2 (145) 

E 45.7 (150) 
47.2 (155) 
48.8 (160) 

AT-2b 

%CaCO3 

0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
1.1 

0.5 

4.01 
2.0 
1.7 

2.9 

1.0 
1.4 

1.3 
3.1 
6.4 
3.0 
3.0 

5.8 
10.1 
3.6 

2.9 

25.4 
34.4 
0.8 
8.7 

22 
14.7 
3.7 
1.5 

0.8 
1.0 
0.7 

1.3 
2.2 
2.6 

2.2 
0.8 

1.0 
0.7 
0.4 
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Table A-2. Calcium Carbonate Contents of Soil Samples from 
Z Plant Aggregate Area Wells. (Sheet 3 of 4) 

Well Sediment Type Sample Depth in Meters (Feet) 

50.3 (165) 
51.8 (170) 
53.3 (175) 
54.9 (180) 

E 56.4 (185) 
57.9 (190) 
59.4 (195) 
61.0 (200) 
62.5 (205) 
64.0 (210) 

299-Wl5-21 (Source: 1.2 ( 4) 
Barton et al. 1990) 2.4 (8) 

4.6 (15) 
5.8 (19) 
7.6 (25) 
8.8 (29) 
10.7 (35) 
12.2 (40) 
13.4 (44) 
14.6 (48) 
15.8 (52) 
17.1 (56) 
18.3 (60) 
21.3 (70) 
22.9 (75) 

24.4 (80) 
25.9 (85) 
27.4 (90) 
29.0 (95) 

? HC 30.5 (100) 
HF 32.3 (106) 

33.5 (110) 
35.4 (116) 

36.6 (120) 
37.8 (124) 
39.0 (128) 
40.2 (132) 

? 40.8 (134) 
EP 42.7 (140) 

43.9 (144) 
45.1 (148) 
46.3 (152) 

AT-2c 

%CaCO3 

0.4 

0.2 
0.0 
0.1 
0.3 
0.2 
0.3 
0.2 
3.0 
0.8 

4.4 

0.7 

31.6 
2.4 

1.0 

NIA 
1.0 

1.0 
1.4 
1.0 
1.6 

1.1 
1.5 
1.6 
1.0 

0.7 
0.6 
0.7 
0.7 

1.9 
2.6 

19.4 
1.1 

2.0 
5.9 
1.6 
2.0 

2.0 
1.6 
2.1 
2.3 

2.9 
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Table A-2. Calcium Carbonate Contents of Soil Samples from 
Z Plant Aggregate Area Wells. (Sheet 4 of 4) 

Sediment Type Sample Depth in Meters (Feet) 

? 47.9 (157) 
PP 50.3 (165) 
pp 51.5 (169) 

? 53.3 (175) 
UR 54.9 (180) 

56.4 (185) 
? 57.9 (190) 

E 59.4 (195) 
61.0 (200) 
62.5 (205) 

64.0 (210) 
65.5 (215) 

Calcium carbonate contents in weight percent. See Figure 3-15 for key to sediment units. 
Sediment contact depths for well W-79 were taken from Lindsey et al. (1991). 

%CaC03 

42.8 
6.1 
21.6 
16.8 
4.8 
2.2 
0.7 
0.3 
0.5 
0.2 

0.2 
0.2 

Sediment contact depths for well W7-8 were taken from Appendix C6, ERA Proposal for 200 West 
Carbon Tetrachloride Plume (DOE/RL 1991b). 
Sediment contact depths for well Wl5-21 were interpreted from well log information from Barton et al. 
(1990) and Goodwin and Bjornstad (1990). 

TABLE.A-2 

AT-2d 



1985 

Radionuclide in pCi/m3 Result Error 

Sample N16S: 
E-SE of Main Z Plant 
Building Complex 

Strontium-90 max 8.69E-03 
min 4.46E-05 
avg @8ltf&l 

Cesium-137 max 7.31E-04 
min -3.04E-04 
avg Ji~llM 

• Plutonium-239 max l.18E-04 ~ 
I min 7.91E-05 I.;) 

Pl avg 9.S0E-05 3.29E-05 

Uranium max 1.94E-04 
(total) min 5.27E-05 

avg 1.25E-04 1.18E-05 

2 

Table A-3. Air Sampling Results. (Sheet 1 of 4) 

1986 

Result 

2.68E-03 
9.57E-05 

1;~~4m 
6.43E-04 

-6.22E-05 

Mf&w.f!M 
4.82E-04 
3.65E-05 

!;Q?Bf:Q@ 
8.73E-05 
3.94E-05 
6.07E-05 

Error 

4.92E-05 

1987 

Result 

7.34E-05 
-1.88E-05 
3.53E-05 

l.l0E-03 
-2.89E-04 

Error 

9.15E-05 

3.45E-04 1.39E-03 

3.41E-04 
6.49E-05 

W.ifflP!ffi l#Bif™ 
3.20E-05 
9.0SE-06 

f!§,§.$&.$ Jii~ifQ.$ 

1988 

Result 

§gQgt@ 
iHPIW$: 
5.S0E-05 

P\@iW$: 
~)@9:P!ffi 
tW.@9.P!\W 
9.00E-04 
1.60E-04 
4.20E-04 

Error 

?&9£&1 
@tmP!wt 
l.OOE-05 

149.~W:f 
,119~ 
' ~®if@ 

1989 

Result 

1.70E-04 

Qlffl!J.;±99. 
ij;1m@)$: 

4.46E-04 
-1.09E-04 

m§:mmi 
2.84E-04 
1.09E-05 
1.64E-04 

3.82E-05 

9l[{~j 

Error 

9.92E-05 

i;t@©.f 
@mijijfif 
4.12E-04 
4.03E-04 

1\111~91: 
3.82E-05 
4.91E-06 
2.47E-05 

1.81E-05 

J!"t~E1 
Ji§,§~?.' 

-

Average 
Result 

6.55E-04 

1.37E-04 

2.37E-04 

5.43E-05 
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w 
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Radionuclide in pCi/m3 

Sample N962: 
SE Corner W-4B 

Strontium-90 

Cesium-137 

Plutonium-239 

Uranium 
(total) 

max 
min 
avg 

max 
min 
avg 

max 
min 
avg 

max 
min 
avg 

9 ') 

Table A-3. Air Sampling Results. (Sheet 2 of 4) 

1985 1986 

Result Error Result Error 

1.91E-02 - - 5.36E-03 
l.78E-04 - - l.59E-04 
5.0lE-03 4.87E-03 H1$,p:,,w. 4J~f:lgfil~ 
7.04E-04 

-l.l0E-04 

~\$,@gJH 

1.29E-05 
0.00E+OO 

714:iit~ 
1.24E-04 
3.57E-05 

11$&&1 

1¥ggi,g1, 

l ifil:'.$f9~ 

8.45E-05 

2.48E-05 
l.09E-05 

ti~Q:§fil# 

2.48E-05 
1.09E-05 
J.67E-05 

6.32E-05 
2.96E-05 
4.89E-05 

iij)JAP 

l.18E-05 

2.81E-05 

1987 1988 

Result Error Result Error 

1.06E-02 - - 4.60E-04 1.80E-04 
-l.82E-04 - - 2.20E-04 l.20E-04 
~\$.1fd)) $.fHijfQ.l 3. lOE-04 l.00E-04 

l.OOE-03 
4.58E-04 
7.33E-04 5.05E-04 

l.24E-04 
3.02E-05 

~WMifg~ ij@1J{&l 

5.40E-05 
l .57E-05 

g\ijg§BJ? l)ftifM 

8.20E-04 
3.40E-04 

1l.®.tmM 

1.70E-05 
8.l0E-06 
2.40E-05 

7.20E-04 

~\QQi#H 
Ml9'.$WI 

1989 

Result Error 

ls?Hf)m 11\1E.$4 
1Wt~@$ JM,1~m1 

Average 
Result 

6.07E-04 2.34E-04 I 2.25E-03 

3.45E-03 

if4Ri1M 
l.23E-03 

l.19E-04 
7.34E-06 
4.83E-05 

8.50E-05 

n~i1tm1 
3.66E-05 

l.09E-03 

!t1.$$.&4. 
8.28E-04 

2.09E-05 
5.06E-06 
1.08E-05 

3.35E-05 

t~PW.$ 
2.72E-05 

5.95E-04 

3.28E-05 

4.73E-05 

t:, 
0 

t:, CE! 

~~ 
I 

tD \0 ...... 
I 

VI 
00 



Radionuclide in pCi/m3 

Sample N964: 
WofW-4B 

Strontium-90 

Cesium-137 

~ Plutonium-239 
I 

L,.) 
(') 

Uranium 
(total) 

max 
min 
avg 

max 
min 
avg 

max 
min 
avg 

max 
min 
avg 

1985 

Result 

l.24E-02 
7.42E-02 

34~#&~ 
2.65£-04 

-2.llE-04 

ii1r!I&.$ 
2.llE-05 
2.48£-06 

timli1ffi 
1.20E-04 
2.25E-05 

$.ll7$!i&$ 

Error 

7 

Table A-3. Air Sampling Results. (Sheet 3 of 4) 

1986 

Result 

3.80E-04 
1.14E-04 
2.34E-04 

9.33E-04 
-6. lOE-04 

§i~~g~q..1 
1.28E-04 
2.17E-06 

t,iwm~ 
4.50E-05 
2.30E-05 
3.56E-05 

Error 

2.19E-04 

l.90E-05 

1987 

Result 

l.77E-04 
1.06E-05 

Error 

Ji.I~~ h4.~$~ 
5.88E-04 

0.00E+OO 

'AMl3M ~\~iffiAI 
1.08E-04 
4.95E-06 

4. lOE-05 !~11~ 
3.60E-05 
l.02E-05 
2.35E-05 2.22£-05 

1988 

Result 

l.60E-04 

z.wi~ 
8.40E-05 

h1JfiW 
HMP:s~ 
f.Jlx!1w.! 
1.80E-05 

-5.70E-07 
6.20E-06 

Error 

9.70E-05 

§)~9§91 
6.60E-05 

ii 

1989 

Result 

l.83E-04 

@;oolf®.! 
~mmt:®. 
4.1191-#91 

t:tiUl t:94: 
jJ!M@M 
3.65E-06 
1.61£-05 
7.75E-06 

5.38E-05 
$:(1§.p1,Q?: 
2.79E-05 

Error 

1.21£-04 
$(§i(g@.$, 
ijiQM$.©~ 

?l1P$©\1 
§)l~J.tfl\1 
i iJpg@ii] 
2.85E-06 
6.03E-06 
4.06E-06 

2.33E-05 

i;~mq~ 
2.13E-05 

Average 
Result 

7.45E-04 

7.80E-05 

2.04E-05 

3.66E-05 



t. 

Table A-3. Air Sampling Results. (Sheet 4 of 4) 

Radionuclide in pCi/m3 

Sample N994: 
Old Corner 200 West 

Strontium-90 

Cesium-137 

• Plutonium-239 
'""1 

I 
w 
0. 

Uranium 
(total) 

Notes: 

max 
min 
avg 

max 
min 
avg 

max 
min 
avg 

max 
min 
avg 

1985 

Result Error 

1986 

Result 

1.51E-04 
2.0SE-05 

M®.INM 
3.31E-03 

-1.40E-04 
{\9§.g&j 

9.12E-06 
2.62E-06 
s}t.6£006 
•:-:-:-:-:-:-:❖:-:-:-:,:-:-:-:-:-

1.05E-04 
2.91E-05 

}i.i?.i\9.$. 

Error 

- - indicates radionuclide not analyzed, or results not reported. 
Shaded entry indicates result less than error. 

1987 

Result 

8.61E-05 
-7.60E-06 

Error 

l i~)Ri-Oi $)14'.ijW.i 
5.52E-05 

-6.29E-04 
t%?m@.if: ij)j~g@{ 
5.31E-06 
2.17E-07 

l!Plitgij J;iitEQ.ij 
2.04E-05 
8.65E-06 
1.57E-05 1.00E-05 

Negative values indicate concentration at or near background levels for radioactivity 
(Ref: 1988 and 1989 data). 
Sample error data not available for 1985 through 1987. 

Data Sources: 
Elder et al. 1986, 1987, 1988, and 1989; Schmidt et al. 1990 and 1992. 

2m28/T ABLE.A-3 

1988 

Result 

2.30E-04 

M79JM~ $@mm, 
6.IOE-04 

1mmiw.1 
3.lOE-04 

2.60E-06 
-5.60E-07 
7.00E-07 

Error 

1.20E-04 
?;jggfqf 
11Mi@i 
5.70E-04 

lmltii14 
2.IOE-04 

1989 

Result 

3.00E-04 

g;ool~W. 
f{;2fil$.W.$. 

~iWtF~lm 
f:)?llif:9t 
~i;wr:e.mit 
j\;mit!ffi 
miUM1 
IJl~~M 
5.36E-05 

Q\®idH& 
¥19'.£¥@ 

Error 

l.29E-04 

mJi~~l'.!, 
2\~tldil 
MijY.MM 
mwm.Hm 
Iiiffl~Wf 
~!ij#.J.:.~99 
1;1n'.l:rnm 
11mirnm 
2.91E-05 

Mtill tP~ 
M®.fimt 

Average 
Result 

6.26E-05 

1.70E-04 

2.lOE-06 

2.31E-05 



Radionuclide 
in pCi/1( 

Sample 2W2 

Cerium-141 
Cerium-144 
Cobalt-58 
Cobalt-60 
Cesium-134 
Cesium-137 
Europium-152 
Europium-154 
Europium-155 
lodine-129 
Potassium-40 
Manganese-54 
Niobium-95 
Lead-212 
Lead-214 
Plutonium-238 
Plutonium-239 
Ruthenium-106 
Strontium-90 
Technetium-99 
Uranium 
Zinc-65 
Zirconium-95 

1985 

Result Error 

2 7 

Table A-4. Results of Grid Soil Sampling. (Sheet 1 of 6) 

1986 (1) 1987 

Result Error Result Error 

1988 

Result 

6.40E+00 
m@J\qg 

f~t~~l~I 
Ml9lrni 
3.20E-02 

6.00E-01 
1.70E-03 
7.90E-0l 

mnr~mi 
g@Q\%9® 

3.00E-01 

3.70E-03 

Error 

6.S0E-01 

it!JP.lf9®. 
. ~iil~;i 

'-i®.lf:9®. 
1.B0E-02 

8.80E-02 
4.IOE-04 
7.00E-02 

1i1111~: 
9.20E-02 

2.60E-02 

1989 

Result (1) Error 
Average 
Result 

-4.60E-03 

6.40E+OO 
5.90E-02 

-2.30E-02 
5.S0E-02 

l.30E-02 
3.20E-02 

600E-0l 
l.70E-03 
7.90E-0l 
6.lOE-02 
9.IOE-01 

3.00E-01 

3.70E-03 

t1 
0 

t1 t!! 
~~ 

I 

o:l '-0 ..... 
I 

l.Jl 
00 



1985 
Radionuclide 
in pCi/11: Result Error 

Sample 2W3 

Cerium-141 
Cerium-144 
Cobalt-58 l.30E-0l 8.00E-02 
Cobalt-60 a 
Cesium-134 a 
Cesium-137 3.05E+OO 3.00E-01 
Europium-152 a 
Europium-154 a 
Europium-155 a 
lodine-129 
Potassium-40 

• Manganese-54 >-j 
I Niobium-95 +>-

a 
a 

CT Lead-212 
Lead-214 
Plutonium-238 1.60E-03 6.00E-04 
Plutonium-239 1.70E-01 2.00E-02 
Ruthenium-106 a 
Strontium-90 1.05E+OO 1.90E-01 
Technetium-99 
Uranium 3.40E-01 l.l0E-01 
Zinc-65 4.40E-0I 1.50E-01 
Zirconium-95 a 

9 
, 

7 

Table A-4. Results of Grid Soil Sampling. (Sheet 2 of 6) 

1986 (1) 

Result Error 

5.00E-02 3.00E-02 
8.70E-01 1.l0E-01 

6.00E-04 4.00E-04 
4.00E-02 1.00E-02 

2.50E-01 5.00E-02 

4.60E-01 1.50E-01 

1987 

Result Error 

1988 

Result 

1.30E+OO 
9.80E-02 

~ll.111 
1)79:g;qg 
lW<te.;qg 

6.20E-01 
1.00E-03 
3.30E-01 

Q;()QE+.® 

2.50E-01 

Error 

1.40E-01 
8.lOE-02 
6ii0Ei02 
l;iPif=I 

iilil~g~ 
t i~U#\µ 

8.50E-02 
3.lOE-04 
6.40E-02 

M19if:9t 

8.00E-02 

1989 

Result (1) Error 
Average 
Result 

l.30E-01 
-1.50E-03 
5.00E-02 

1.74E+OO 
9.80E-02 
1.80E-02 
2.60E-02 

1.70E-02 
3.90E-03 

6.20E-01 
1.07E-03 
l.80E-01 
3.30E-01 
6.50E-01 

3.50E-01 
4.40E-01 
2.00E-02 

t:1 
0 

t:1 ~ 

~~ 
I 

td \Q ...... 
I 

U\ 
00 



1985 
Radionuclide 
in oCi/e: Result Error 

Sample 2W7 

Cerium-141 
Cerium-144 
Cobalt-58 a 
Cobalt-60 a 
Cesium-134 a 
Cesium-137 9.85E+OO 7.00E-01 
Europium-152 a 
Europium-154 a 
Europium-155 a 
lodine-129 
Potassium-40 

• Manganese-54 6.00E-02 4.00E-02 ..., 
Niobium-95 a I 

~ 
() Lead-212 

Lead-214 
Plutonium-238 2.90E-03 7.00E-04 
Plutonium-239 7.00E-02 l.00E-02 
Ruthenium-106 a 
Strontium-90 9.50E-0l l.80E-01 
Technetium-99 
Uranium 2.60E-0l 9.00E-02 
Zinc-65 a 
Zirconium-95 a 

) •) I.. 9 

Table A-4. Results of Grid Soil Sampling. (Sheet 3 of 6) 

1986 (1) 

Result Error 

5.00E-02 3.00E-02 
4.50E+00 4.80E-0l 

9.l0E-03 2.90E-03 
l.00E-01 2.00E-02 
4.00E-01 2.70E-0l 
4.30E-01 8.00E-02 

3.80E-0l l.30E-01 

1987 

Result Error 

1988 

Result 

2.40E+OO 

ij\19.119.i 
i;1m*P:~ 
4:i19if:9i 

ij/@.il9.l 
@/¥fiMgg 

5.40E-0l 
l.20E-03 
4.40E-02 

Mi@~~gg 
2.IOE-01 

2.50E-01 

Error 

1989 

Result (1) 

f-mi1.tl:f:rra 
f=ia~mi 
Jf$.tiM)l 

Error 

1iiit4Hll 
M@itMt 
f\$.$tMiZ 

tiitifqij ~@m;m U~l~mg 
2.60E-0l 

1ii91Wt 
~;,;;,~i 
't lP.IWi 
Jl.19.1¥® 

7.60E-02 
3.40E-04 
4.70E-03 

MM1.Mt 
4.20E-02 

7.90E-02 

4.96E-02 
l.27E+OO 

l.18E-0l 

,11~~, 
Him.mt:® 
l.59E+0l 

f:fz4.Jfql 
t~\#$~W:i 
7.IOE-01 
5.32E-0l 
4.50E-04 
1.13E-02 

1;~rni 
l.64E-0l 

#?m.Wi 
3.77E-0l 

Ui®!IIP:) 
isisaErn3 

l.86E-02 
l.39E-0l 
7.59E-02 

~;9.~~~~ 
iji~ffii91. 
liH~ffil 

l.76E+OO 

Jt.mm@i 
~i.2!fl~ 
8.29E-02 
7.66E-02 
2.00E-04 
1.45E-03 

ll.~imt 
3.42E-02 

:t;Jijgf qij 
1.14E-01 

1i§».lH!I 
i;~iim~ 

Average 
Result 

-5.63E-02 
-2.48E-02 
-6.82E-03 
7.59E-03 
4.98E-02 

4.51E+00 
7.55E-02 

-2.90E-02 
3.31E-02 

-1.58E-02 
l.59E+01 
2.07E-02 

-4.88E-02 
7.lOE-01 
5.36E-01 
3.41E-03 
5.63E-02 
l.44E-01 
4.39E-01 
l.27E-0l 
3.17E-0l 

-1.04E-01 
-l.67E-03 

t, 
0 

0 tE! 
g, F! 

I 

to \C) ....... 
I 

VI 
00 



Radionuclide 
in pCi/g 

Sample 2W17 

Cerium-141 
Cerium-144 
Cobalt-58 
Cobalt-60 
Cesium-134 
Cesium-137 
Europium-152 
Europium-154 
Europium-155 
Jodine-129 
Potassium-40 

• Manganese-54 
>--3 

I Niobium-95 
~ 
0. Lead-212 

Lead-214 
Plutonium-238 
Plutonium-239 
Ruthenium-106 
Strontium-90 
Technetium-99 
Uranium 
Zinc-65 
Zirconium-95 

a 
a 
a 

Result 

1985 

9.60E-01 
l.80E-01 

a 
2.00E-01 

a 
a 

7.20E-03 
l.40E-01 

a 
4.50E-0l 

3.40E-01 
a 
a 

Error 

l.40E-01 
l.40E-01 

l.S0E-01 

l.30E-03 
l.00E-02 

8.00E-02 

l.l0E-01 

6 

Table A-4. Results of Grid Soil Sampling. (Sheet 4 of 6) 

1986 (1) 

Result 

5.00E-02 
5.00E-01 

3.00E-03 
9.00E-02 

l.70E-01 

2.80E-01 

Error 

3.00E-02 
8.00E-02 

l.OOE-03 
l.00E-02 

4.00E-02 

9.00E-02 

1987 

Result 

@~Ii!~ 
~itt•i®. 
2.40E-03 

~!l~im.t 
5.20E-02 
4.60E-01 
l.30E-01 

)ti.ti~ 
6.l0E-02 

6.20E-03 
l.l0E-01 

11$.PfHU 
l.60E-01 

Error 

imitm 
!iliifii 
2.00E-02 

100;~ 
2.30E-02 
6.lOE-02 
6.60E-02 

£®.tHm. 
5.80E-02 

l.00E-03 
l.20E-02 

MiQefit 
4.20E-02 

9.20E-02 

~tlll 

1988 

Result 

3.00E-01 
zjjpg;gg 

ir,111 
l i®:~!HU 

@Xii~@ 
w,iwttmm 
4.80E-01 
3.l0E-02 
l.00E-01 

M~A¥1®. 
l.40E-0l 

2.60E-01 

Error 

4.00E-02 

$]filgfilt 

~I.Iii 
~;OO~±At 

i;iqgm 
)\®ij&i 

6.60E-02 
6.20E-04 
1.l0E-02 

!Hiifit 
2.70E-02 

8.lOE-02 

1989 

Result (1) Error 

t9:Ht~ 
tti.2¥1®. ms1i:m 
m;wte.m: 
~;w.e&l 
4.78E-01 

il!l.9:~I~ 
~~,~ 
5.38E-02 

i\t+ifit 
l.36E+0l 

~t/mi~ 
mtm.@t 
8.09E-01 
6.59E-01 
2.98E-03 
l.34E-01 

111n~:m 
l.27E-01 

?titt~m 
4.46E-0l 

~ii111 

n1.i1m 
?.A4i&i 
ZJHEim 

~ill 
6.20E-02 

1\4$.l&t 
$.}Q~~ 
4.99E-02 

ii.®.¥1@! 
l.54E+OO 

!l~lm.t mm.em, 
9.32E-02 
8.69E-02 
6.45E-04 
l.40E-02 

)~11mmi 
2.73E-02 

)A$1±® 
l.35E-0l 

~tl ll 

Average 
Result 

9.60E-03 
3.00E-02 

-6.65E-03 
-8.33E-03 
3.53E-02 
5.40E-0l 
9.44E-02 
6.57E-03 
8.80E-02 

l.96E+0l 
l.36E+0l 
-2.69E-03 
-5.95E-02 
8.09E-01 
5.70E-01 
4.S0E-03 
l.15E-01 
6.47E-02 
2.09E-01 

-7.71E-02 
3.27E-0l 

-l.79E-03 
l.17E-02 



Radionuclide 
in pCi/1( 

Sample 2W22 

Cerium-141 
Cerium-144 
Cobalt-58 
Cobalt-60 
Cesium-134 
Cesium-137 
Europium-152 
Europium-154 
Europium-155 
Iodine-129 
Potassium-40 

• Manganese-54 
~ 

I Niobium-95 ~ 
Cb Lead-212 

Lead-214 
Plutonium-238 
Plutonium-239 
Ruthenium-106 
Strontium-90 
Technetium-99 
Uranium 
Zinc-65 
Zirconium-95 

1985 

Result 

a 
3.00E-02 

a 
l.45E+OO 
2.00E-01 

a 
a 

a 
a 

a 
a 

3.60E-03 
7.00E-02 
4.40E-0l 
9.40E-0l 

3.lOE-01 

Error 

2.00E-02 

l.60E-0l 
l.30E-0l 

9.00E-04 
l.OOE-02 
3.lOE-01 
l.70E-0l 

l. lOE-01 

9 2 J 

Table A-4. Results of Grid Soil Sampling. (Sheet 5 of 6) 

1986 (1) 

Result Error 

m@mmi MIi~ 
8.30E-0l l.OOE-01 

l.80E-03 6.00E-04 

MXt.Jt.~@. g!.®.l:±99 
5.00E-01 l.OOE-01 

3.90E-01 l.30E-01 

1987 

Result Error 

1988 

Result 

l.OOE+OO 
8.30E-02 

!iii 
~t@limi 
att(f$.i® 

6.50E-01 
2.40E-03 
7.20E-02 

Wit!%@ 
4.60E-0l 

3.50E-0l 

3.40E-02 

Error 

l.l0E-01 
7.60E-02 

iamiit ,~m,~w. 

):;?#?.~ 
)Jim.Aft 

8.60E-02 
5.20E-04 
7.50E-03 

t@,~mt 
8.70E-02 

l.l0E-01 

2.90E-02 

1989 

Result (1) Error 
Average 
Result 

9.S0E-03 
3.00E-02 

l.90E+OO 
l.42E-0l 
l.80E-02 
4.S0E-02 

-2.4E-03 
-l.70E-02 

6.S0E-01 
2.60E-03 
5.73E-02 
2.29E-0l 
6.33E-0l 

3.S0E-01 

3.40E-02 

~ 
0 

~~ 

~~ 
I 

0:, \0 ....... 
I 

VI 
00 
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I 
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Table A-4. Results of Grid Soil Sampling. (Sheet 6 of 6) 

1985 1986 (1) 1987 
Radionuclide 
in pCi/g Result Error Result Error Result 

Sample 2WN 

Cerium-141 
Cerium-144 
Cobalt-58 
Cobalt-60 
Cesium-134 

a 
a 
a 3.50E-02 

l.56E-01 
3.00E-02 2.30E-02 

Cesium-137 
Europium-152 
Europium-154 
Europium-155 
Iodine-129 
Potassium-40 
Manganese-54 
Niobium-95 
Lead-212 
Lead-214 
Plutonium-238 
Plutonium-239 
Ruthenium-106 
Strontium-90 
Technetium-99 
Uranium 
Zinc-65 
Zirconium-95 

Notes: 

a 
a 
a 

a 
a 

a 

a 

a 
a 

l.48E-01 

6.00E-03 

l.09E-0l 

2.99E-0l 

5.20E-02 

2.00E-03 

2.70E-02 

l.0lE-01 

5.00E-03 

5.80E-02 

4.44E-0l 

3.90E-02 

l.00E-03 

1.70E-02 

l.47E-0l 

- - indicates radionuclide not analyzed, or results not reported. 
Shaded entries indicate result less than error. 

l.30E-0l 
t@iEIDi 
j!lim~ 
~m1gm1 

2.50E-02 

ID?Qi.&$. 
3.80E-03 

ffi@l&i 
5.90E-02 

uwl;{H 
f:f.;®.$~@. 
~m®1mi 

Error 

2.70E-02 

11®.EW.t 
f.§QJ.~;gg 
4.Jfilit.W$. 

l.30E-02 

!¥&.i@l 
8.40E-04 

#19tmn 
l.70E-02 

lilllt®= 
M@gw.i 
N9.&lw.g 

(a) designation indicates radionuclide concentration is less than detectable (ref: 1985 data only). 
(1) Sample 2Wl7b reported for 1986; sample 2wl7 not reported. 
Negative values indicates concentration at or near background levels for radioactivity. 
No data reported for 1990. 

Data Sources: 
Elder et al. 1986, 1987, 1988, and 1989; Schmidt et al. 1990 and 1992. 

1988 

Result 

1.30E-0l 

iPititNU 
;1,;)l:&.tmi 
ih#tJ.gm.i 

@.l.?Qi.&$. 
3.60E-03 

;1,,?Aim 
5.00E-02 

3.40E-01 

Error 

1989 

Result (1) 

g;®.g&i ~IE.~ 
M]J41m 
}?i)):91&1 
ua1gm. m,;i;mi ~t@ii;tm. 

2.70E-02 

tMmim. 
11.1§.i@g 
4.HPE.;@. 

l.54E-0l 

tinimi 
tittmmi 
~4$m&i 

Error 

Mtmmi 
i®.t.r.Mn 
i@m;® 
J.1i~j;Kffi 
111Jlm 
2.80E-02 
KgjBi-02 .; .·.·.·.-.·.·.·.:.:-;-:.:-:-:,:-:-

f;i~@i 
~l.@.p~ 

l.44E+0l l.60E+OO 

1+12im. 1.;imtmt 
nsttim 
7.99E-01 
5.92E-0l 

i;tfi.l@l 
9.90E-04 

lHQ.l.1HH m\§9:im 
l.20E-02 

l.l0E-01 

[loEi-02 
,:.:.:-:.;.:.:-:-:•:-:-:-:-:-:-:-:, 

f[l.t4$~ 
J}?Qi&t 

11~11 
~j)Jl;w. 
8.98E-02 
7.82E-02 

~;f.~imi 
sa.~Bi-02 -:-·-:-:-:-:-:-:-:-:-:-:,·-·,·. ·-·-

Average 
Result 

3.63E-03 
-3.37E-02 
-l.03E-02 
-3.55E-03 
1.13E-03 
l.44E-0l 
6.21E-02 
4.87E-03 
3.45E-02 

l.44E+0l 
l.62E-02 

-7.52E-02 
7.99E-0l 
5.92E-0l 
6.40E-05 
4.60E-03 

-8.83E-02 
6.90E-02 

3.82E-01 
-3.62E-02 
-7.67E-03 

t:i 
0 

t:J ~ 

~~ 
I 

td \C) -I Va 
00 
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Table A-5. 1990 Soil Samples from Z Plant near Building Complex. 

Sample No. Cesium-137 in pCi/g 

1 0.4 

2 <0.3 

3 <0.2 

4 1.6 

5 0.5 

6 <0.3 

7 0.5 

8 0.4 

9 0.5 

10 <0.3 

11 0.6 

12 0.4 

13 <0.3 

Notes: 
< indicates result below analytical detection limit. 
Source: Schmidt et al. 1992. 
Sample locations are identified on Plate 2. 

AT-5 

Plutonium in pCi/g 

<0.3 

0.8 

<0.3 

2.9 

1.5 

<0.3 

<0.3 

<0.3 

<0.3 

0.9 

3.9 

1.8 

0.7 



~ 
I 
0\ 
~ 

Radionuclide 
in pCi/g 

Sample 2W2 

Cobalt-58 
Cobalt-60 
Cesium-134 
Cesium-137 
Europium-152 
Europium-154 
Europium-155 
Iodine-129 
Niobium-95 
Plutonium-238 
Plutonium-239 
Ruthenium-103 
Ruthenium-106 
Strontium-90 
Technetium-99 
Zinc-65 
Zirconium-95 

1985 

Result Error 

J 

Table A-6. Grid Site Vegetation Results for 200 West Area. (Sheet 1 of 5) 

1986 (1) 1987 

Result Error Result Error 

1988 

Result 

£$)@.gm1 

l.40E-0l 
1%.Qi'.;@. 
~i!9afill 
m~gwi 

M11@1wg 

Error 

g;@.gm.i 

3.00E-02 

rum~m. 
~~&~ 
MXte&.i. 

~i.~zy~@. 

1989 

Result (1) Error 
Average 
Result 

-5.20E-03 

1.40E-Ol 
l.60E-02 
3.S0E-02 
l.90E-02 

-5.40E-02 1:1 
0 

1:1 ~ 

~~ 
I 

to \0 ,_. 
I 

VI 
00 



Radionuclide 
in pCi/l( 

Sample 2W3 

Cobalt-58 
Cobalt-60 
Cesium-134 
Cesium-137 
Europium-152 
Europium-154 
Europium-155 
Iodine-129 
Niobium-95 
Plutonium-238 

~ Plutonium-239 .., 
Ruthenium-103 I 

°' Ruthenium-106 0-

Strontium-90 
Technetium-99 
Zinc-65 
Zirconium-95 

a 
a 
a 

a 
a 
a 

a 
a 
a 

a 

a 
a 

1985 

Result 

9 2 ,. 

Table A-6. Grid Site Vegetation Results for 200 West Area. (Sheet 2 of 5) 

Error 

1986 (1) 

Result 

9.60E-02 
2.lOE-01 

l.19E-01 

Error 

2.60E-02 
3.lOE-02 

4.40E-02 

1987 

Result Error 

1988 1989 

Result Error Result ( 1) Error 

1.90E-01 2.80E-02 

imrntmi $.l.$.Qij~ 
l.20E-01 4.20£-02 
ij@Qmd4 tmr.l&.t 

f$,mPtfP~ 11.19.$.ml 

Average 
Result 

5.30E-03 
9.60E-02 
l.84E-0l 
2.30E-02 
1.20E-01 
4.70E-04 

-3.60E-02 

1.19E-0l 



Radionuclide 
in pCi/g 

Sample 2W7 

Beryllium-? 
Cerium-141 
Cobalt-58 
Cobalt-60 
Cesium-134 
Cesium-137 
Europium-152 
Europium-154 
Europium-155 
lodine-129 

~ Niobium-95 
--:i Plutonium-238 I 

~ Plutonium-239 
Ruthenium-103 
Ruthenium-106 
Strontium-90 
Technetium-99 
Zinc-65 
Zirconium-95 
Tc-99 
Zn-65 
Zr-95 

a 
a 
a 

a 
a 
a 

a 

a 
a 

a 

a 
a 

1985 

Result 

2.96E-0l 

2 ' 
I ., 

Table A-6. Grid Site Vegetation Results for 200 West Area. (Sheet 3 of 5) 

Error 

1.06E-0l 

1986 (1) 

Result 

l.12E-01 
3.04E-01 

1.33E-01 

l.70E-0l 
2.88E-01 

6.00E-02 

Error 

3.20E-02 
4.50E-02 

7.70E-02 

6.50E-02 
1.66E-0l 

5.70E-02 

1987 

Result Error 

1988 

Result 

1.20E-0l 

t:P?9?lt?. 

,11i1 

Error 

2.70E-02 

[!;79:gfgi 
~f®¥~1i 
4:i[iiffi9.i: 

1989 

Result (1) 

l.19E+OO 

/4)$.g&ffii 

if t?:~~ 
8.18E-0l 

ij\ij{J.;;wi 
t~))li:tqi~ 
M1m89.i 
f tijJJ.$$1 
1.56E+0l 

:t)!@.!;;fQ~ 
4.IOE-01 
3.23E-0l 
1.04E-03 
4.68E-03 

1.91E-01 

Error 

2.22E-01 

zotEJn. 

9.07E-02 

1$Plml 

itlii 
**$1¥91 

1.70E+OO 

jiJ®t;® 
5.13E-02 
5.27E-02 
4.40E-04 
9.89E-04 

4.04E-02 
1.43E+OO 1.26E+OO 

Average 
Result 

l.19E+OO 
-1.56E-02 

8.02E-03 
1.12E-0l 
3.85E-01 
2.72E-02 
2.IOE-02 
1.04E-02 

-1.84E-02 
1.56E+OO 
-4.90E-03 
4.IOE-01 
3.23E-01 
1.04E-03 
4.68E-03 
1.70E-01 
2.88E-01 
1.91E-01 

1.43E+OO 
0.00E+OO 

2.88E-02 

t1 
0 

t1 ~ 
g, ~ 

I 

to \0 ....... 
I 

VI 
00 
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Table A-6. Grid Site Vegetation Results for 200 West Area. (Sheet 4 of 5) 

1985 
Radionuclide 
in pCi/~ 

Sample 2W17 

Beryllium-7 
Cerium-141 
Cobalt-58 
Cobalt-60 
Cesium-134 

a 

a 
a 

Cesium-137 a 

Result 

Europium-152 l.22E-01 
Europium-154 a 
Europium-155 a 
lodine-129 

1.21£-01 
Niobium-95 
Plutonium-238 
Plutonium-239 
Ruthenium-103 
Ruthenium-106 a 
Strontium-90 a 
Technetium-99 
Zinc-65 
Zirconium-95 
Tc-99 
Zn-65 

a 

Error 

l.OOE-01 

6.40E-02 

1986 (1) 

Result Error 

l.98E-01 5.90E-02 

im@rnt tn?:tmij 

8.30E-02 5.IOE-02 

l.46E-01 4.20E-02 

Zr-95 9.80E-02 8.40E-02 6.80E-02 6.20E-02 

1987 

Result 

1.70E-0l 

l.l0E-01 

1$atmrng 
f=li$9if:9i 

Error 

l.60E-0l 

2.30E-02 
zi$Qgfgg 
g]fl.mt 

1988 

Result 

3.20E-02 
i§(§ggfg~ 
li~Pi®i 
1;7gm@4 
t;~QBW@ 

flmgg@g 

4.S0E-02 

J~g);;ifgg 

Error 

1.S0E-02 

$)29'.®.1@. 
MiOEJi2 
~;li1=g~ 
t@o&Wl 

i@)'.®-1@. 

1.lOE-02 

1Jmgffig9 

1989 

Result (1) 

2.13E+OO 

mA~r&Q~ 

a.imii~ 
5.50E-02 

fifQ~i 

tff~II 
11$1$.~ 
1.30E+0l 

t.imU@l 
5.94£-02 
7.17E-02 
8.07E-04 
2.39E-02 

3.08E-01 
1.47E+OO 

Error 
Average 
Result 

3.07E-01 2.13E+OO 
n@i~ -6.42E-o3 

1.61£-02 
$,J.!Jgqµ 
i[SSEID2 
wliii~ 
)(@gw( 

1.45E+OO 
ggjgwg 
4.46E-02 
3.22E-02 
3.53E-04 
3.16£-03 

6.17E-02 
l.26E+00 

5.52E-02 

9.88E-02 
6.24E-02 

-1.04E-02 
1.47E-02 
6.07E-02 

1.30E+0l 
1.07£-02 
5.94E-02 
7.17E-02 
8.07E-04 
2.39E-02 
8.30E-02 

l.66E-0l 
l.39E+O0 

3.38E-02 
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Table A-6. Grid Site Vegetation Results for 200 West Area. (Sheet 5 of 5) 

Radionuclide 
in pCi/g 

Sample 2W22 

Cobalt-58 
Cobalt-60 
Cesium-134 
Cesium-137 
Europium-152 
Europium-154 
Europium-155 
lodine-129 
Niobium-95 
Plutonium-238 
Plutonium-239 
Ruthenium-103 
Ruthenium-106 
Strontium-90 
Technetium-99 
Zinc-65 
Zirconium-95 

Notes: 

1985 

Result Error 

a 
a 
a 
a 
a 
a 
a 

a 
a 
a 

a 

a 

1986 (1) 

Result 

1.77E-01 
2.57E-01 

1.69E-01 

Error 

3.70E-02 
4.70E-02 

6.00E-02 

- indicates radionuclide not analyzed, or results not reported. 

1987 

Result Error 

(a) designation indicates radionuclide concentration is less than detectable (ref: 1985 data only). 
Results for 1986 reference sample 2W17b; 1986 listing for 2W17 not given. 
Shaded entries indicate result less than error. 

(1) Sample 2W17b reported for 1986; sample 2W17 not reported. 
No data reported for 1990. 

1988 

Result Error 

1.l0E-01 2.60E-02 

;.immmi iji1P&©J 

~~~~l~I~ ~i~lB~ 
1!19'.ffit.@ 1\12,t.{9g 

l.90E-01 3.70E-02 

Negative values indicate concentration at or near background levels for radioactivity (refer to 1988 and 1989 data). 
Data Sources: 

Barton et al. 1990 and Goodwind and Bjornstad 1990. 

1989 

Result (1) Error 
Average 
Result 

6.40E-03 
1.77E-01 
l.84E-01 

-2.70E-02 
7.lOE-03 
3.?0E-02 

5.50E-02 

1.69E-01 

1.90E-01 
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Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 1 of 8) 

Well 299-W7-9 

Depth in Meters (Feet) 

Chemical 12.2 (40) 31.1 (102) 56.1 (184) 67.1 (220) 73.2 (240) 

Nitrate in mg/kg 3.7 6.1 < 1 < 1 < 1 

Sulfate in mg/kg 5.1 3.2 11.5 7.1 16.1 

Fluoride in mg/kg < 1 < 1 < 1 < 1 < 1 

Chloride in mg/kg 1.4 < 1 2.1 < 1 4.7 

Phosphate in mg/kg <2 <2 < 2 <2 <2 

Bromide in mg/kg < 1 < 1 < 1 < 1 < 1 

Nitrite in mg/kg < 1 < 1 < 1 < 1 < 1 

TOC in mg/kg < 20 25 < 20 < 20 < 20 

Beta in pCi/g 16.8 18.0 17.9 15.8 13.5 

Sigma Beta in pCi/g 3.32 3.45 3.43 3.18 2.93 

Lo-Alpha in pCi/g 1.73 1.59 1.45 1.71 2.32 

Sigma Lo-Alpha in pCi/g 1.78 1.79 1.50 2.01 2.23 

Methylene Chloride in µg/kg < 59 < 67 - - -

Chloroform in µg/kg < 3.4 < 3.9 < 7.6 13 < 3.4 

Carbon Tetrachloride in µg/kg < 0.2 < 0.2 0.20 12 < 0.08 

Trichloroethene in µg/kg < 1.0 < 1.2 < 2.3 8.8 < 1.1 

Tetrachloroethene in µg/kg - - < 2.7 4.4 < 1.2 
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Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 2 of 8) 

Well 299-W7-9 

Depth in Meters (Feet) 

Chemical 12.2 (40) 31.1 (102) 56.1 (184) 67.1 (220) 73.2 (240) 

1,1,1-Trichloroethane in µg/kg < 2.1 < 2.5 < 4.6 23 < 2.1 

Benzene in µg/kg < 4.5 < 5.2 - - -

Toluene in µg/kg < 10 < 12 < 18 200 < 8.0 

1,2-Dichloroethane in µg/kg - - - - -

Ethylbenzene in µg/kg - - - - -

1,1-Dichloroethene in µg/kg - - - - -

trans-I, 2-Dichloroethene in µg/kg - - - - -

cis-1, 2-Dichloroethene in µg/kg - - - - -

Chlorobenzene in µg/kg - - - - -

m- and p-Xylene in µg/kg - - < 20 76 < 9.0 

a-Xylene in µg/kg - - < 13 35 < 5.7 

Bromodichloromethane in µg/kg - - - - -

1,1,2-Trichloroethane in µg/kg - - - - -

Fluoromethane in µg/kg - - - - 3500 ND 
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Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 3 of 8) 

Well 299-W7-10 

Depth in Meters (Feet) 

Chemical 18.3 (60) 24.4 (80) 45.8 (150) 61.0 (200) 

Nitrate in mg/kg - - - -

Sulfate in mg/kg - - - -

Fluoride in mg/kg - - - -

Chloride in mg/kg - - - -

Phosphate in mg/kg - - - -

Bromide in mg/kg - - - -

Nitrite in mg/kg - - - -

TOC in mg/kg - - - -

Beta in pCi/g 21.3 22.1 18.0 17.7 

Sigma Beta in pCi/g 3.90 3.90 3.50 3.38 

Lo-Alpha in pCi/g 7.19 8.00 1.59 2.88 

Sigma Lo-Alpha in pCi/g 3.01 3.09 1.71 2.08 

Methylene Chloride in µg/kg - - - -

Chloroform in µg/kg - <3 < 5 <8 

Carbon Tetrachloride in µg/kg - < 0.1 < 0.2 < 0.3 

Trichloroethene in µg/kg - < 1 < 2 <3 

Tetrachloroethene in µg/kg - < 0.3 < 0.4 < 0.7 

67.1 (220) 73.2 (240) 

- -

- -

- -

- -

- -

- -

- -

- -

18.2 17.1 

3.61 3.36 

3.10 3.64 

2.39 2.16 

- -

< 7 <8 

< 0.3 < 0.3 

<3 < 3 

< 0.6 < 0.7 
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Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 4 of 8) 

Well 299-W7-10 

Depth in Meters (Feet) 

Chemical 18.3 (60) 24.4 (80) 45.8 (150) 61.0 (200) 67.1 (220) 73.2 (240) 

1,1,1-Trichloroethane in µg/kg - < 1 < 2 9.1 <3 <3 

Benzene in µg/kg - - - - - -

Toluene in µg/kg - <6 <9 < 14 < 12 < 14 

1,2-Dichloroethane in µg/kg - - - - - -

Ethylbenzene in µg/kg - - - - - -

1,1-Dichloroethene in µg/kg - - - - - -

trans-1, 2-Dichloroethene in µg/kg - - - - -

cis-1, 2-Dichloroethene in µg/kg - - - - - -

Chlorobenzene in µg/kg - - - - - -

m- and p-Xylene in µg/kg - < 3 < 5 17 <7 <8 

a-Xylene in µg/kg - <6 < 10 < 15 < 14 < 15 

Bromodichloromethane in µg/kg - - - - - -

1,1,2-Trichloroethane in µg/kg - - - - - -

Fluoromethane in µg/kg - - - - - -
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Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 5 of 8) 

Well 299-Wl5-21 

Depth in Meters (Feet) 

Chemical 1.8 (6) 36.6 (120) 38.1 (125) 42.7 (140) 42.7 (140) 48.5 (159) 67.1 (220) 73.2 (240) 

Nitrate in mg/kg 13.6 2.1 5.8 13.2 5.7 H 38.5 < 1 < 1 

Sulfate in mg/kg 3.3 10.8 29.9 10.9 5.3 19.6 12.9 7.7 

Fluoride in mg/kg < 1 < 1 < 1.0 < 1 < 1 < 1 1.1 < 1 

Chloride in mg/kg 2.0 2.3 8.6 < 1 < 1 1.2 2.6 1.4 

Phosphate in mg/kg <2 <2 < 2.0 < 2 <2 <2 <2 < 2 

Bromide in mg/kg < 1 < 1 < 1.0 < 1 < 1 < 1 < 1 < 1 

Nitrite in mg/kg < 1 < 1 < 1.0 < 1 < 1 < 1 < 1 < 1 

TOC in mg/kg < 20 < 20 < 20 < 20 - < 20 < 20 < 20 

Beta in pCi/g 20.1 24.3 22.9 23.7 - 12.4 16.3 15.9 

Sigma Beta in pCi/g 3.68 4.12 3.98 4.06 - 2.77 3.27 3.20 

Lo-Alpha in pCi/g 4.62 6.39 3.00 4.51 - 5.46 12.2 4.43 

Sigma Lo-Alpha in pCi/g 2.41 2.72 1.94 2.36 - 2.68 3.78 2.29 

Methylene Chloride in µ,g/kg - - - - - - 1051 < 26 

Chloroform in µ,g/kg - < 1.3 < 1.1 < 1.2 - < 1.8 129 31 

Carbon Tetrachloride in µ,g/kg - 0.31 0.14 0.12 - 2.8 6.2 < 0.1 

Trichloroethene in µ,g/kg - < 0.66 < 0.53 < 0.59 - < 0.90 4.2 < 0.5 

Tetrachloroethene in µ,g/kg - < 1.9 < 1.5 < 1.7 - < 2.6 - -
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Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 6 of 8) 

Well 299-Wl5-21 
-

Depth in Meters (Feet) 

Chemical 1.8 (6) 36.6 (120) 38.1 (125) 42.7 (140) 42.7 (140) 48.5 (159) 67.1 (220) 73.2 (240) 

1,1,1-Trichloroethane in µg/kg - - - - - - 10 < LO 

Benzene in µg/kg - - - - - - 200 < 2.0 

Toluene in µg/kg - - - - - - 64 < 4.5 

1,2-Dichloroethane in µg/kg - - - - - - ~ 26 -

Ethylbenzene in µg/kg - - - - - - ~ 3 -

1,1-Dichloroethene in µg/kg - - - - - - ~ 300 -

trans-1, 2-Dichloroethene in - - - - - - - -
u!!/ICI!: 

cis-1, 2-Dichloroethene in µg/kg ' - - - - - - - -

Chlorobenzene in µg/kg - - - - - - - -

m- and p-Xylene in µg/kg - - - - - - - -

a-Xylene in µg/kg - - - - - - - -

Bromodichloromethane in µg/kg - - - - - - - -

1,1,2-Trichloroethane in µg/kg - - < 0.005 - - - - -

Fluoromethane in µg/kg - - - - - - - -
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Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 7 of 8) 

Well 299-W15-23 

Depth in Meters (Feet) 

Chemical 18.3 (60) 47.3 (155) 48.8 (160) 61.0 (200) 

Nitrate in mg/kg - - - -

Sulfate in mg/kg - - - -

Fluoride in mg/kg - - - -

Chloride in mg/kg - - - -

Phosphate in mg/kg - - - -

Bromide in mg/kg - - - -

Nitrite in mg/kg - - - -

TOC in mg/kg - - - -

Beta in pCi/g 16.7 28.8 17.0 23.1 

Sigma Beta in pCi/g 3.29 4.65 3.39 4.06 

Lo-Alpha in pCi/g 2.13 10.1 8.24 1.97 

Sigma Lo-Alpha in pCi/g 1.91 3.58 3.00 1.81 

Methylene Chloride in µg/kg - - - -

Chloroform in µg/kg < 3 2 - <2 

Carbon Tetrachloride in µg/kg 0.2 0.5 - < 0.1 

Trichloroethene in µg/kg < 1 < 2 - < 1 

Tetrachloroethene in µg/kg 0.5 1.8 - < 0.2 

67.1 (220) 70.2 (230) 

- -

- -

- -

- -

- -

- -

- -

- -

16.8 18.5 

3.41 3.57 

3.45 • 1.18 

2.29 1.57 

- -

2.4 8.8 

3.8 < 0.1 

< 1 < 1 

< 0.2 < 1.3 
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Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 8 of 8) 

Well 299-Wl5-23 

Depth in Meters (Feet) 

Chemical 18.3 (60) 47.3 (155) 48.8 (160) 61.0 (200) 67.1 (220) 70.2 (230) 

1,1,1-Trichloroethane in µ.g/kg 1.1 2 - < 1 < 1 < 1 

Benzene in µ.g/kg 200 < 2.0 - - - -

Toluene in µ.g/kg 75 - 107 - <4 <3 <5 

1,2-Dichloroethane in µ.g/kg - - - - - -

Ethylbenzene in µ.g/kg - - - - - -

1,1-Dichloroethene in µ.g/kg - - - - - -

trans-1, 2-Dichloroethene in µ.g/kg - - - - - -

cis-1, 2-Dichloroethene in µ.g/kg - - - - - -

Chlorobenzene in µ.g/kg - - - - - -

m- and p-Xylene in µ.g/kg < 3 < 5 - <2 <2 < 3 

a-Xylene in µ.g/kg < 5 <9 - <4 < 3 < 5 

Bromodichloromethane in µ.g/kg - - - - - -

1,1,2-Trichloroethane in µ.g/kg - - - - - -

Fluoromethane in µ.g/kg - - - - - -

Data Source: Barton et al. 1990 
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Chemical 

Nitrate in mg/kg 

Sulfate in mg/kg 

Fluoride in mg/kg 

Chloride in mg/kg 

Phosphate in mg/kg 

Bromide in mg/kg 

Nitrite in mg/kg 

TOC in mg/kg 

Beta in pCi/g 

Sigma Beta in pCi/g 

Lo-Alpha in pCi/g 

Sigma Lo-Alpha in pCi/g 

Chloroform in µg/kg 

Carbon tetrachloride in 
µg/kg 

Trichloroethene in µg/kg 

Tetrachloroethene in µg/kg 

I, I, I -Trichloroethane in 
µg/kg 

Benzene in µg/kg 

1.5(5) 

1.6 

24.7 

< l 

1.6 

< 2 

< l 

< I 

< 20 

12.6 

2.81 

2.47 

1.31 

< II 

6.5 

< 3.3 

< 3.8 

< 6.5 

47 

2 2 7 

Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 1 of 10) 

Well 299-W7-7 

Depth in Meters (Feet) 

6.1(20) 12.2(40) 18.3(60) 24.4(80) 30.5(100) 36.6(120) 42.7(140) 48.8(160) 54.8(180) 61.0(200) 67.1(220) 

1.8 4.8 4.5 < I < 1 < l < l < l < l < I < l 

60.7 130 l.l 19.8 28.7 17.3 11.4 18.8 10.2 7.1 8.7 

< I < l < l 2.1 2.6 1.3 1.1 1.4 1.0 l.l l.l 

1.1 1.9 1.5 3.3 2.5 2.7 3.0 2.9 3.1 3.4 2.9 

<2 <2 < 2 < 2 < 2 < 2 <2 <2 <2 <2 < 2 

< I < l < l < I < I < l < l < l < l < l < l 

< l < l < l < I < I < I < I < I < l < l < I 

< 20 < 20 < 20 85 < 20 < 20 < 20 < 20 < 20 < 20 < 20 

14.1 17.4 18.9 15.3 15.3 18.0 14.1 14.7 12.2 13.5 13.1 

3.00 3.39 3.56 3.14 3.15 3.46 2.97 3.04 2.77 2.92 2.39 

3.54 4.70 2.55 3.68 3.53 2.28 1.64 0.171 1.20 2.31 3.33 

2.55 2.69 1.73 2.05 2.33 1.77 1.92 1.79 l.67 1.94 2.38 

- - - - < 0.6 < 0.7 - < 11 < 5.7 - < 5.6 

- - - - < 0.01 < 0.02 - 0.53 < 0.13 - < .75 

- - - - < 0.2 < 0.3 - < 3.4 < 1.8 - < 1.7 

- - - - < 0.3 < 0.3 - < 3.9 < 2.0 - < 2.0 

- - - - < 0.4 < 0.5 - < 6.8 < 3.5 - < 3.4 

- - - - < 1.6 18 - 39 < 14 - 41 
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Chemical 

Toluene in µg/kg 

1,2-Dichloroethane in µg/kg 

Ethylbenzene in µg/kg 

1,1 -Dichloroethene in µg/kg 

trans-1 ,2-Dichloroethene in 
u~/k~ 

cis-1 ,2-Dichloroethene in 
µg/kg 

Chlorobenzene in µg/kg 

m- and p-Xylene in µg/kg 

o-Xylene in µg/kg 

Trichloronuoromethane in 
ug/kg 

1.5(5) 

< 49 

-

-

-

-

-

-

40 

20 

ND 

8 

Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 2 of 10) 

Well 299-W7-7 

Depth in Meters (Feet) 

6.1(20) 12.2(40) 18.3(60) 24.4(80) 30.5(100) 36.6(120) 42.7(140) 48.8(160) 54.8(180) 61.0(200) 67.1(220) 

- - - - ND ND - < 50 40 - 72 

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

- - - - < 1.8 < 1.8 - < 30 < 15 - < 15 

- - - - < I.I < 1.2 - < 19 < 9.7 - < 9.5 

- - - ND ND - - - 1,600 - 90 - - 150 
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Chemical 

Nitrate in mg/kg 

Sulfot< in mg/kg 

Fluoride in mg/kg 

Chloride in mg/kg 

Phosphate in mg/kg 

Bromide in mg/kg 

Nitrite in mg/kg 

TOC in mg/kg 

BeL, in pCi/g 

Sigma BeL, in pCi/g 

Lo-Alpha in pCi/g 

Sigma Lo-Alpha in pCi/g 

Chloroform in µg/kg 

Carbon h!trachloridc: in 
u Pfk 

T richlorcxthc:nc: in µglkg 

T c:trachloroelhc:nc: in 
u•lk• 

1, I, 1-Trichloroc:chanc: in 
uPfkP 

Bc:nunc: in µg/1.:g 

Toluene: in µg/kg 

1,2-Dicbloroethanc: in 
u,,ik • 

Etbylbenzene in µg/kg 

6.3(20.5) 9.3(30.5) 

8.6 7.1 

5.2 7.7 

< 1 < I 

< 1 < 1 

< 2 < 2 

< 1 < 1 

< 1 < I 

< 20 30 

16.6 29. 1 

3.28 4.65 

-1.52 2.80 

0.901 2.02 

< 2.3 < 3.5 

< 0.05 < 0.08 

< 0.7 < 1.1 

< 0.8 < 1.2 

< 1.4 < 2.1 

- -

< 5.4 < 8.3 

- -

- -

9 2 

Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 3 of 10) 

Well 299-W7-8 

Depth in Meter> (Feet) 

12.5(41) 14.6(48) 15.3(50) 16.8(55) 18.9(62) 23.8(78) 27.3(90) 33.6(110) 39.7(130) 45.8(150) 51.9(170) 58.0(190) 64.1(210) 70.2(230) 

14.3 25.4 16.7 29.9 11.7 5.4 3.8 < 1 < 1 < 1 < I < I < 1 < I 

41.6 27.6 32.2 24.8 9.3 1.4 5.1 4.8 3.8 5.1 12.5 9.2 6.9 4.9 

< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < I < 1 < 1 

3.2 25.3 < 9.6 19.7 5.8 < I < I < 1 < 1 2.5 1.6 1.8 1.8 1.9 

< 2 < 2 < 2 < 2 < 2 < 2 < 2 <2 < 2 <2 < 2 < 2 < 2 < 2 

< 1 < 1 < 1 < 1 < 1 < I < I < 1 < 1 < 1 < 1 < 1 < 1 < 1 

< I < I < I < I < I < I < I < I < 1 < I < 1 < 1 < I < I 

< 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 

14.6 . 19.9 14.2 17.9 19.0 19.9 15. 1 13.7 16.6 18.3 11.8 17.0 14.4 16.4 

3.03 3.69 3.02 3.41 3.55 3.62 3.10 2.96 3.27 3.47 2.75 3.32 3.04 3.27 

1.97 4.07 3.52 5.16 3.87 2.53 3.42 3. 16 5.61 1.73 1.86 4.17 4.07 2.73 

2.13 2. 14 2.36 2.75 2.02 2.00 2.23 2.45 2.55 1.82 1.98 2.63 2.16 2.45 

< 2.3 < 3.2 < 3.4 < 4.5 < 3.5 < 3.2 < 2.5 < 2.9 < 2.6 < 2.2 < 3.4 < 5.1 < 3.3 < 4.0 

< 0.05 < 0.07 0.09 0.09 0.07 <0.o7 < 0.06 < 0.06 < 0.06 < 0.05 < 0.07 < 0.11 0.30 0.36 

< 0.7 < 1.0 < 1.1 < 1.4 < I.I < 1.0 < 0.8 < 0.9 < 0.8 < 0.7 < 1.1 < 1.6 0.9 < 1.2 

< 0.8 < 1.1 < 1.2 < 1.6 < 1.2 < 1.1 < 0.9 < 1.0 < 0.9 < 0.8 < 1.2 < 1.8 < 1.2 < 1.4 

< 1.4 < 1.9 2.5 3.2 2.5 < 1.9 1.8 < 1.8 1.8 < 1.3 < 2.1 < 3.1 3.0 3.0 

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

< 5.5 < 7.6 165 212 169 < 7.6 126 < 7.1 123 < 5. 1 < 8.1 < 12 176 514 

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

- - - - - - - - - - - - - -
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Chemical 

1, 1-Dichloroetbene in 
ue/h 

trans- I , 2-DichlorOl!thene 
in µg/kg 

cis-1 ,2-DichlorOt"tbene in ... ,... 
Chlo rob,nztn< in µg/kg 

m- and p-Xyl<n< in µ g/kg 

o-Xyl<ne in µg/kg 

TrichloroOuoromd hane 

in µg/~g 

6.3(20.S) 9.3(30.S) 

- -

- -

- -

- -

< 6.1 < 9.4 

< 3.8 < 5.9 

- -
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Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 4 of 10) 

Well 299-W7-8 

Depth in Meten (Feet) 

12.5(41) 14.6(48) 15.3(50) 16.8(55) 18.9(62) 23.8(78) 27.3(90) 33.6(110) 39.7(130) 45.8(150) 51.9(170) 58.0(190) 64.1(210)' 70.2(230) 

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

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

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

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

< 6.2 < 8.6 < 9.3 < 12 < 9.4 < 8.6 < 6.8 < 7.9 < 7.0 < 5.7 < 9.2 < 14 26 < 11 

< 3.9 < 5.4 < 5.8 < 7.7 < 5.9 < 5.4 < 4.3 < 5.0 < 4.4 < 3.6 < 5.8 < 8.6 6.7 < 6.8 

- - - - - 210 - - - - - - 100 -
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Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 5 of 10) 

Well 299,Wl8-26 

Depth in Meters (Feet) 

Chemical 12.2 ( 40•) 40.7 (130) 54.9 ( 180· · ) 67.1 (220) 

Nitrate in mg/kg 2.2 2.1 11.7 < 1 

Sul fate in mg/kg 7.0 3.7 8.2 24.3 

Fluoride in mg/kg < 1 < 1 < 1 < 1 

Chloride in mg/kg 4.9 < 1 1.2 4.9 

Phosphate in mg/kg < 2 < 2 < 2 < 2 

Bromide in mg/kg < 1 < 1 < 1 < 1 

Nitrite in mg/kg < 1 < 1 < 1 < 1 

TOC in mg/kg < 20 < 20 < 20 < 20 

Beta in pCi/g 14.8 21.7 24.9 18.7 

Sigma Beta in pCi/g 3.06 3.84 4.20 3.53 

Lo-Alpha in pCi/g 3.25 6.24 3.32 2.06 

Sigma Lo-Alpha in pCi/g 2.52 2.56 2.26 2.24 

Chloroform in µg/kg - < 1.8 91 7.9 

Carbon Tetrachloride in µg/kg - 0.12 2.3 2.6 

Trichloroethene in µg/kg - < 0.90 3.3 < 0.2 

Tetrachloroethene in µg/kg - < 2.3 - -

I , I , I -Trichloroethane in µg/kg - - 4.8 < 0.4 

Benzene in µg/kg - - - 125 < 0.7 

Toluene in µg/kg - - 161 23 

1,2-Dichloroethane in µg/kg - - - 31 -

73.2 (240) 

< 1 

7.6 

< 1 

2.8 

<2 

< I 

< 1 

< 20 

14.4 

3.02 

5.16 

2.77 

71 

4.3 

< 2.3 

-

5.7 

88 

3.9 

-
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Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 6 of 10) 

Well 299-WlB-26 

Depth in Meters (Feet) 

Chemical 12.2 (40·) 40.7 (130) 54.9 ( 180 .. ) 67.1 (220) 73.2 (240) 

Ethylbenzene in µg/kg - - - - -

1,1-Dichloroethene in µg/kg - - - 21 - - 55 

trans-1 ,2-Dichloroethene in µg/kg . 
- 24 - - - -

cis-1 ,2-Dichloroethene in µg/kg - - - 34 - -

Chlorobenzene in µg/kg - - - - -

m- and p-Xylene in µg/kg - - - - -
o-Xylene in µg/kg - - - - -

Trichlorofluoromethane in µg/kg - - - - -
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Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 7 of 10) 

Well 299-Wl5-19 

Depth in Meters (Feet) 

Chemical 12.2 (40) 24.4 (80) 36.6 (120) 67.1 (220) 

Nitrate in mg/kg 1.2 < 1 2.1 < 1 

Sulfate in mg/kg 2.8 22.3 10.8 7.7 

Fluoride in mg/kg < 1 < 1 < 1 < 1 

Chloride in mg/kg 1.2 1.6 2.3 1.4 

Phosphate in mg/kg <2 <2 < 2 <2 

Bromide in mg/kg < 1 < I < 1 < I 

Nitrite in mg/kg < 1 < I < I < 1 

TDC in mg/kg < 20 < 20 < 20 < 20 

Beta in pCi/g 16.2 22.7 17.9 16.9 

Sigma Beta in pCi/g 3.22 3.95 3.41 3.30 

Lo-Alpha in pCi/g 1.20 6.67 3.48 2.30 

Sigma Lo-Alpha in pCi/g 1.67 2.67 2.61 2.13 

Chloroform in µg/kg 2.6 4.1 2.8 16 

Carbon Tetrachloride in µg/kg 0.55 1.4 0.56 5.8 

Trichloroethene in µg/kg 3.0 4.4 1.7 < 0.14 

Tetrachloroethene in µg/kg 2. 1 3.4 1.3 < 0.39 

1,1,1 -Trichloroethane in µg/kg - - - -

Benzene in µg/kg - - - -

Toluene in µg/kg - - - -

1,2-Dichloroethane in µg/kg - - - -

73.2 (240) 

< 1 

44.5 

1.2 

22 

<2 

< I 

< 1 

< 20 

27.7 

4.49 

5.12 

2.69 

168 

8.1 

0.37 

< 0.21 

-

-

-

-
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Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 8 of 10) 

Well 299-WlS-19 

Depth in Meters (Feet) 

Chemical 12.2 (40) 24.4 (80) 36.6 (120) 67.1 (220) 

Ethylbenzene in µg/kg - - - -

1,1 -Dichloroethene in µg/kg - - - -

trans-1,2-Dichloroethene in µg/kg - - - -

cis-1,2-Dichloroethene in µg/kg - - - -

Chlorobenzene in µg/kg - - - -

m- and p-Xylene in µg/kg - - - -

o-Xylene in µg/kg - - - -

Trichlorofluoromethane in µg/kg - - - -

73.2 (240) 

-

-

-

-

-

-

-

-
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Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 9 of 10) 

Well 299-Wl5-20 

Depth in Meters (Feet) 

Chemicals 6.1 (20) 24.4 (80) 54.9 (180) 67.1 (220) 

Nitrate in mg/kg < 1 < 1 < I < 1 

Sulfate in mg/kg 2.7 25.7 12.1 16.3 

Fluoride in mg/kg < 1 < 1 1.4 3.2 

Chloride in mg/kg < 1 13.2 1.6 2.4 

Phosphate in mg/kg < 2 <2 < 2 <2 

Bromide in mg/kg < 1 < I < I < 1 

Nitrite in mg/kg < I < I < I < I 

TOC in mg/kg < 20 < 20 < 20 < 20 

Beta in pCi/g 13.1 25.1 15.6 13.5 

Sigma Beta in pCi/g 2.89 4.24 3.19 2.92 

Lo-Alpha in pCi/g 8.36 12.5 12.0 10.4 

Sigma Lo-Alpha in pCi/g 2.94 3.58 3.81 3.45 

Chloroform in µg/kg < 10 < 0.9 187 13 . 
Carbon Tetrachloride in µg/kg < 0.4 3.2 9.5 0.3 

Trichloroethene in µg/kg < 3.0 < 0.3 7.6 < 0.3 

Tetrachloroethene in µg/kg - - 1.6 -

1,1,1-Trichloroethane in µg/kg < 6.4 < 0.6 18 < 0.5 

Benzene in µg/kg < 13 < 1.2 - 380 14 

Toluene in µg/kg < 29 < 2.6 123 < 2.3 

1,2-Dichloroethane in µg/kg - - - 36 -

73.2 (240) 

< 1 

7.0 

< 1 

1.2 

<2 

< I 

< 1 

< 20 

18.7 

3.56 

15.4 

4.33 

7.5 

< 0.5 

< 0.3 

-

< 0.5 

< 1.1 

< 2.4 

-
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Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 10 of 10) 

Well 299-Wl5-20 

Depth in Meters (Feet) 

Chemicals 6.1 (20) 24.4 (80) 54.9 (180) 67.1 (220) 73.2 (240) 

Ethylbenzene in µg/kg - - - - -

1,1-Dichloroethene in µg/kg - - - 457 - 47 -

trans-1 ,2-Dichloroethene in µg/kg - - - 440 - 47 -

cis-1,2-Dichloroethene in µg/kg - - - 78 - -
Chlorobenzene in µg/kg - - - 10 -2 -

m· and p-Xylene in µg/kg - - - - -

a-Xylene in µg/kg - - - - -

Trichloronuoromethane in µg/kg - - - - -

Methanol evaporated or leaked from container during transpon to analytical laboratory (voltaile organics analyses). 
•• Volatile organic analysis values compromised, low volume of methanol caused by evaporation or absorption into large amount of soil gas . 

Data Source: Goodwin and Bjornstad 1990 
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 1 of 12) 

21-Z-8 Settling Tank No monitoring wells. 

241-Z-361 Settling Tank No monitoring wells. 

241-Z Treatment Tank No monitoring wells. 

216-Z-lA Tile Field 299-Wl8-6 West of tile field. Natural gamma response. t:1 
0 

299-Wl8-7 East of tile field. Natural gamma response. t:1 tE! 
~ ~ 299-Wl8-56 Northwest portion of tile Elevated gamma response between depths of 10 and 22 m. I 

t:d '° field. ....... 
I 

Vl 
299-W18-57 Northeast portion of tile Elevated gamma response between depths of 5 and 19 m. 00 

field. 

299-Wl8-58 Southwest portion of tile Elevated gamma response between depths of 12 and 25 m. 
field. 

299-Wt8-59 Southeast portion of tile Natural gamma response. 
field. 

299-WIB-66 South portion of tile field. Elevated gamma response between depths of 5 and 29 m. 

299-Wl8-76 North portion of tile field. Natural gamma response. 

299-W!8-77 North portion of tile field. Not logged. 

299-W!8-78 North portion of tile field. Natural gamma response. 

299-WI8-79 North portion of tile field. Not logged. 
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 2 of 12) 

Waste Management Unit Well Number Relative Location Remarks 

299-W18-80 North portion of tile field. Not logged. 

299-W18-81 North portion of tile field. Elevated gamma response. 

299-W18-85 Southwest of tile field. Natural gamma response. 

299-W18-86 Southwest of tile field. Natural gamma response. 

299-W18-87 South of tile field. Natural gamma response. 

299-W18-89 West of tile field. Natural gamma response. 

299-W18-149 Northern portion of tile Not logged. 
field. 

299-W18-150 Southern portion of tile Elevated gamma response between depths of 2 and 24 m. 
field. 

299-W18-158 Northwestern portion of tile Elevated gamma response between depths of 15 and 18 m. 
field. 

299-W18-159 Central portion of tile field. Elevated gamma response between depths of 2 and 20 m. 

299-W18-163 Northeast portion of tile Elevated gamma response between depths of 12 and 14 m. 
field. 

299-W18-164 South central part of tile Elevated gamma response between depths of 23 and 30 m. 
field. 

299-W18-165 Southwest portion of tile Elevated gamma response between depths of 28 and 29 m. 
field. 

299-Wl8-166 Southwest portion of tile Elevated gamma response between depths of 25 and 30 m. 
field. 

299-Wl8-167 Eastern portion of tile field. Elevated gamma response between depths of 15 and 18 m. 

299-Wl8-168 Southeast edge of tile field. Elevated gamma response between depths of 13 and 19 m. 
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 3 of 12) 

Waste Management Unit Well Number Relative Location Remarks 

299-Wl8-169 Southeast portion of tile Natural gamma response. 
field. 

299-Wl8-170 South central portion of tile Elevated gamma response between depths of 0 and 8 m. 
field. 

299-Wl8-171 South of tile field. Natural gamma response. 

299-Wl8-173 Northern portion of tile Elevated gamma response between depths of 2 and 5 m, and 8 
field. and 11 m. 

299-Wl8-l 74 Northern portion of tile Elevated gamma response between depths of 2 and 7 m, and 9 
field. and 12 m. 

299-WlB-175 Southern portion of tile Elevated gamma response between depths of 1 and 20 m, and at 
field. depths of 23 and 29 m. 

216-Z-l Crib 299-Wl8-64 - Southwest corner of crib. Elevated gamma response. 

299-Wl8-65 Southeast corner of crib. Elevated gamma response between depths of 7 and 20 m. 

216-Z-2 Crib 299-Wl8-60 Northwest corner of crib. Natural gamma response?<•> 

299-Wl8-61 Northeast corner of crib. Elevated gamma response between depths of 7 and 21 m. 

299-WlB-62 Southwest corner of crib. Natural gamma response. 

299-W18-63 Southeast corner of crib. Elevated gamma response between depths of 7 and 17 m. 

299-W 18-172 North of crib. Natural gamma response. 

216-Z-3 Crib 299-W18-67 Northeast part of crib. Not logged. 

299-W18-68 Central part of crib. Not logged. 

299-W18-88 Southeast of crib. Natural gamma response. 
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 4 of 12) 

Waste Management Unit Well Number Relative Location Remarks 

216-Z-5 Crib 299-WlS-l East edge of crib. Elevated gamma response between depths of 30 and 40 m 
(above the water table), and from 50 to 63 m (below the 
water table). 

299-WlS-52 East of crib. Not logged. 

299-Wl5-53 South of crib. Not logged. 

299-Wl5-54 West of crib. Not logged. 

299-WlS-55 South side of crib. Not logged. 

299-W15-56 Southwest side of crib. Not logged. 

299-W15-57 Southern portion of crib. Not logged. 

299-Wl5-58 West of crib. Not logged. 

299-Wl5-212 100 m north of crib. Elevated gamma response between depths of 8 and 23 m. 

216-Z-6 Crib no monitoring wells 

216-Z-7 Crib 299-W15-7 Southwest corner of crib. Elevated gamma response between depths of 7 and 40 m (above 
the water table), and from 45 to 100 m (below the water table). 

299-WlS-62 North of crib. Elevated gamma response between depths of 30 and 46 m. 

299-WlS-63 North of center of crib. Elevated gamma response between depths of 26 and 43 m. 

299-Wl5-76 Southwest of crib. Elevated gamma response between depths of 13 and 23 m. 

299-WlS-77 South of crib. Elevated gamma response between depths of 12 and 21 m. 

299-WlS-78 South of center of crib. Elevated gamma response between depths of 12 and 21 m. 
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 5 of 12) 

Waste Management Unit Well Number Relative Location Remarks 

216-Z-8 French Drain 299-W15-202 <5 m southeast of french Not logged 
drain. 

299-W15-213 <5 m northeast of french Not logged 
drain. 

299-W15-214 <5 m northwest of french Not logged 
drain. 

299-W15-215 <5 m southwest of french Not logged 
drain. 

216-Z-12 Crib 299-W18-2 Southwest of crib. Natural gamma response. 

299-W18-4 40 m west of crib. Natural gamma response. 

299-W18-5 North end of west side of Elevated gamma response between depths of 5 and 10 m. 
crib. 

299-W18-8 Northwest part of crib. Elevated gamma response between depths of 5 and 10 m. 

299-WIS-13 Northwest side of crib. Not logged. 

299-W18-14 North central part of crib. Not logged. 

299-W18-24 8 m south of crib. Natural gamma response. 

299-W18-69 North central side of crib. Elevated gamma response between depths of 5 and 10 m. 

299-WIS-70 Northwest part of crib. Not logged. 

299-W18-71 North central part of crib. E leva ted gamma response between depths of 5 and 10 m. 

299-W18-72 North central part of crib. Elevated gamma response at depth of 6 m. 

299-W18-73 South central part of crib. Natural gamma response. 

299-W18-74 South central part of crib. Natural gamma response. 

299-W18-75 Northern part of crib. E levated gamma response between depths of 5 and 9 m. 
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 6 of 12) 

Waste Management Unit Well Number Relative Location Remarks 

299-W18-151 North of crib. Natural gamma response. 

299-W18-152 Northern end of west side Elevated gamma response between depths of 6 and 9 m. 
of crib. 

299-W18-153 Northern end of east side Elevated gamma response between depths of 6 and 8 m. 
of crib. 

299-W18-154 North of crib. Elevated gamma response between depths of 4 and 6 m. 

299-W18-155 North of crib. Natural gamma response. 

299-W18-156 North of crib. Not logged. 

299-W18-157 South of crib. Natural gamma response. 

299-W18-162 North central part of crib. Not logged. 

299-W18-179 North side of of crib. Not logged. 

299-W18-180 Northeast part of crib. Not logged. 

299-WJ8-181 North central part of crib. Not logged. 

299-W18-182 Central part of crib. Not logged. 

299-W18-183 Southern part of crib. Not logged. 

299-W18-184 Northern part of crib. Not logged. 

299-W18-182 Northern part of crib. Not logged. 

299-W18-I85 Northern part of crib. Nol logged. 

299-W18-242 Central part of crib. Not logged. 

299-W18-243 West central part of crib. Not logged. 

299-W18-244 East central part of crib. Not logged. 

299-W18-245 West central part of crib. Not logged. 
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 7 of 12) 

Waste Management Unit Well Number Relative Location Remarks 

216-Z-13 French Drain No monitoring wells. 

216-Z-14 French Drain No monitoring wells 

216-Z-15 French Drain No monitoring wells 

216-Z-16 Crib 299-Wl5-10 South of crib. Natural gamma response. 

299-WlS-ll North of crib. Natural gamma response. 

216-Z-18 Crib 299-WJS-9 Northern part of crib. Elevated gamma response between depths of 6 and 18 m. 

299-WJ S-10 Northeast side of crib. Elevated gamma response between depths of 8 and 17 m. 

299-W18-11 Southwest part of crib. Natural gamma response. 

299-W18-12 Northwest part of crib. Natural gamma response. 

299-WIS-82 South of crib. Natural gamma response. 

299-WJS-83 Natural gamma response. 

299-WlS-93 Southeast part of crib. Elevated gamma response between depths of 7 and 17 m. 

299-WlS-94 South of crib. Elevated gamma response between depths of 9 and 12 m. 

299-WlS-95 Sou th of crib. Natural gamma response. 

299-WIS-96 Western part of crib. Elevated gamma response between depths of 8 and 11 m. 

299-WlS-97 East of crib. Natural gamma response. 

299-WIS-98 North of crib. Natural gamma response. 

299-W!S-99 Northeast of crib. Natural gamma response. 
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 8 of 12) 

216-Z-10 Reverse Well 299-WI5-5I 5 m southeast of reverse Not logged. 
well. 

299-Wl5-59 7 m east of reverse well. Not logged . . 

299-Wl5-60 10 m southeast of reverse Not logged. 
well. 

299-WI5-61 <5 m southwest of reverse Not logged. 
well. 

.. ·.,· ·. . ·>. :-:•>··· ..... . . 

Pqnds, Oitcq~s, and Tre~ches • 
. ·.··· 

tj 
216-Z-4 Trench no monitoring wells 0 

• S? ~ >-3 216-Z-9 Trench 299-WIS-6 20 m northeast of trench. Elevated gamma response between depths of I and 9 m. ~~ I 
\0 

I ::::r 
t:o \0 299-W15-8 Approximately 15 m south Elevated gamma response between depths of 15 and 38 m. ...... 

I 

of trench. VI 
00 

299-W15-9 North of trench. Natural gamma response. 

299-WIS-82 East of trench. Natural gamma response. 

299-W15-84 West of trench . Natural gamma response. 

299-W15-85 North of trench. Natural gamma response. 

299-WlS-86 Southwest of trench. Elevated gamma response between depths of 15 and 38 m. 

299-WlS-94 North of trench. Natural gamma response. 

299-WIS-95 North of trench. Natural gamma response. 

299-WlS-101 Northeast of trench. Natural gamma response. 

216-Z-17 Trench 299-W15-204 West of trench. Not logged. 
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 9 of 12) 

Waste Management Unit Well Number Relative Location Remarks 
,:_._. ... · .... •·• .·. ·•· •:/ ... •·•·•·•·• ·••.• ···-:. /:. •· .. ······•-• _._ .... r··-·-·-· •·.···· · . ·•··· <. ... ·•·· · ..... ? .. -.• . ···:··'.:-. ----:--::r:\/:\_:,:-: 

.:., .... Septic Tanks 
·•·•· ····•·• ·.· •·• ·•·• ••·•····· •·:.... ·•.-...-:.. •·· .. · :_: ..•... ·••·· ·····•···· / .. · 

2607-Z Septic Tank no monitoring wells 

2607-Z-1 Septic Tank no monitoring wells 

2607-WA Septic Tank no monitoring wells 

2607-WB Septic Tank no monitoring wells 

2607-W-8 Septic Tank no monitoring wells 
•·•··· .•· •·•··•·•· 

Transfer Facilities, D iversion Boxes, and Pipelines ·:::.::-. . ·•,:· 

.. 
241-Z Diversion Box No. 1 no monitoring wells 

241-Z Diversion Box No. 2 299-W-18-156 Southwest of diversion box. Not logged 

23 1-Z-151 Sump no monitoring wells 
·-· .•.·. . ,•. ... ••· t5•··· ·· . ...: .·· 

Basins 
.. 

207-Z Retention Basin No monitoring wells. 

216-Z-21 Seepage Basin 299-W-15-208 Center of basin. Not logged. 
. ........ 

Burial Si tes .•··. 

218-W- l Burial Ground No monitoring wells. 

218-W-2 Burial Ground No monitoring wells. 

218-W-2A Burial Ground No monitoring wells. 

218-W-3 Burial Ground No monitoring wells 
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 10 of 12) 

Waste Management Unit Well Number Relative Location Remarks 

218-W-3A Burial Ground 299-W7-2 Northern border of burial Natural gamma response. 
ground. 

299-W7-3 Northern border of burial Natural gamma response. 
ground. 

299-W 10-179 Not logged 

218-W-3AE Burial Ground 299-W6-2 Southeast of burial ground. Natural gamma response. 

299-W7-4 Southwest of burial ground. Natural gamma response. 

299-W7-5 Northern border of burial Natural gamma response. 
ground. 

299-W7-6 Northern border of burial Natural gamma response. 
ground. 

299-W7-7 Northern border of burial Natural gamma response. 
ground. 

299-W7-8 Northern border of burial Natural gamma response. 
ground. 

299-W7-10 Southeast corner of burial Natural gamma response. 
ground. 

218-W-4A Burial Ground No monitoring wells. 

218-W-4B Burial Ground 299-Wl5-19 North side of burial Natural gamma response. 
ground. 

299-W!S-20 Northwest corner of burial Natural gamma response. 
ground. 

299-Wl5-23 West side of burial ground. Natural gamma response. 
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 11 of 12) 

Waste Management Unit Well Number Relative Location Remarks 

218-W-4C Burial Ground 299-Wl5-14 Northwest portion of burial Not logged 
ground. 

299-Wl5-15 Northwest corner of burial Natural gamma response. 
ground. 

299-Wl5-16 East side of northern Natural gamma response. 
portion of burial ground. 

299-Wl5-17 East side of northern Natural gamma response. 
portion of burial ground. 

299-Wl5-18 West of northern portion of Possibly elevated gamma response between depths of 55 and 58 
burial ground. m. 

299-Wl5-21 West side of burial ground. Natural gamma response. 

299-Wl5-24 Northwest portion of burial Natural gamma response. 
ground. 

299-Wl8-3 North central portion of Natural gamma response. 
burial ground. 

299-Wl8-21 Southwest corner of burial Natural gamma response. 
ground. 

299-W18-22 Southwest corner of burial Natural gamma response. 
ground. 

299-WJB-23 West side of burial ground. Natural gamma response. 

299-W18-26 West side of burial ground. Natural gamma response. 

299-W18-84 Natural gamma response. 

218-W-5 Burial Ground 299-W7-l North side of burial Natural gamma response. 
ground. 

299-W7-9 North side of burial Natural gamma response. 
ground. 



Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 12 of 12) 

Waste Management Unit Well Number Relative Location Remarks 

299-WB-1 North side of burial Natural gamma response. 
ground. 

299-W9-1 West side of burial ground. Natural gamma response. 

299-WI0-13 South side of burial ground. Natural gamma response. 

299-WI0-14 South side of burial ground. Natural gamma response. 

218-W-6 Burial Ground 299-W6-1 Central portion of burial Probably natural 
ground. 

218-W-11 Burial Ground 299-WIS-2 Northwest side of burial Probably natural gamma response. 
ground. 

Z Plant Burn Pit No monitoring wells. 

Source: Fecht et al. 1977, Chamness et al. 1991. 
(1) Well reportedly contaminated with alpha-emitting particles. 




