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1.0 Summary

The Radiological Performance Assessment for the Z-Area Saltstone Disposal Facility (Z-Area RPA) at
the Savannah River Site (SRS) was prepared and submitted to the Department of Energy (DOE) for
approval in December 1992 (Ref. 1). o '

A listing of formal reports issued between December 1992 and December 1997 that contain information
pertinent to the Z-Area Saltstone disposal facility are listed in Appendix A. These are public documents,
some of which are quite lengthy, that are already available to any interested party. Brief annotations
describing these reports are provided, rather than including these documents in this addendum.

As stated in a memorandum from DOE-HQ, the Z-Area RPA is conditionally accepted upon meeting five
specified conditions (Ref. 2). This addendum addresses the first two conditions specified in this
memorandum, namely:

“1. The site is to address the requirement for an as low as reasonably achievable analysis
in accordance with the latter part of DOE Order 5820.2A, Chapter I, 3.a.(2). The
detail of this analysis should be commensurate with the calculated doses.”

"2, An addendum to the performance assessment, or a revised performance assessment,
is to be issued by June 30, 1998. The addendum is to include the additional
information developed by the site in response 1o number one above and the
supplemental information provided subsequent to submittal of the performance
assessment (e.g., in response to requests from Headquarters and the PRP). The
addendum must be distributed to all known holders of the performance assessment.
The purpose of this condition is to ensure that the documentation that was the basis
for Headquarters’ acceptance is rcadily available to any party interested in the
performance assessment.” : 2

The requirement for an “as low as reasonably acheivable™ (ALARA) analysis {5 ¥ddressed in Seotionf of
this Addendum. Based on the combined calculated maximum dose of 1.8 mrem/yr estimated at the SRS
boundary for the composite analysis for the Z-Arca and E-Area low-level waste (LLW) disposal sites
(Ref. 3), a quantitative ALARA analysis for the Z Area saltstone LLW disposal site is neither necessary
nor financially justified, based on guidance provided by DOE (Ref. 4).

(2
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2.0 ALARA Analysis

As noted in the RPA for Z Area(Ref. 1), groundwater is the only significant pathway for the public to be exposed 1o
contaminants placed in Z Area. Gihdwater beneath Z Area is virtually isolated from all other potential sources of
radioactive contamination from other facilities at the SRS, by virtue of being on the highest topographical location
within the boundary of the SRS. A separate composite analysis specific to Z Area is deemed unnecessary, since
interaction with releases to groundwater from “upstream™ facilities within the SRS is not credible. However,
releases from Z-Area vaults could impact the dose to the public when combined with releases from other facilities
within the SRS, such as the E-Area LLW vaults or other facilities after they are decommissioned. Accordingly, a
combined composite analysis was completed for all facilities within the central part of the SRS, designated as the
General Separations Area (GSA). The GSA is located geographically between Upper Three Runs Creek and Four
Mile Branch, and includes Z Area, S Area, H Area, E Area and F Area (Ref. 3).

unda-lyinggrotmdwataaredirectedtoUppermrecRunsorMchmanch.asmaliu‘uibLnaryofUppumrcc
Runs (Ref. I). The mouth of Upper Three Runs at its juncture with the Savannah River is therefore the appropriate
point to assess the potential effect of radioactive releases from Z-Area.

In the composite analysis that includes all potential sources within the GSA (Ref. 3), the calculated maximum dose
is1.8nncmfyrtoahypod:cﬁcalmembcrofthcpubliclocamdatﬂlcmouﬂlofUpperThmRmm.mcpoimof
assessment that includes releases from the Z Area and E Area LLW vaults, Two closed LLW disposal facilities
wiﬂlindchSA.dchﬁxedWasteManagancmFaéilityandtthIdBmialGmunds.arethemajorsommofmc
mdioacdvcisompwmnnibuﬁngmdxecdaﬂawddmamcmoumsofUppaﬁreeRmsandFourMi]cBranch.
mostofwhichreachd:eSavannahijcrﬁnFom'lvﬁleanch.RelmfmmtheZAmandEAmaLLWdisposal
sitwconm'buteonlyamllﬁwﬁonofthepmjmdl;8nnunlyrteleaschpper'I'lueeRmsfmmd1eGSA,Thc
ca]culatedmaximumdoscofl.SmmﬂyrﬁomﬂmmuﬁdﬁnﬂwGSAMomﬂdimuwwidmmlcmfmm
ZArea is well below the DOE primary dose limit of 100 mrem/yr specified in DOE Order 5400.5. This maximum
doseisdsowcﬂwiﬂ:indwdosemahnofmmunfyrformyﬁnghm or pathway, as specified in
DOE guidance (Ref. 4). anﬁuﬁwALARAtmlyﬁsfunhumﬁwdisposdoﬁmisdmmgfor
mydu&du&awmmcsAu.usnsmmmmmUmmnmmwm
ofaqunﬁmﬁwAlARAmdysismhlycambejmﬁﬁedfaeﬂhameEMmlLWdisposdvaultsorthc
Z-Area saltstone disposal vaults.

Nmalsﬁlhiidlemd:odﬁpmducﬁonfmsdtstom.thcdﬁignﬁﬂndisposalVad!sandthcclosurcplanfo;mc R

Saltstone Disposal Facility incorporates ALARA principles throughout. Placing the waste within a surrounding
vault constructed of clean concrete provides shielding during active disposal operations, and weaste placement is
monitored by a remote ctosed-circuit television system, rather than direct visual observation. The final closure plan
for the disposal site, which includes placement of'y clean concrete cap provides an engincered barrier to mitigate

direct intrusion into the waste at some future date. %{f
¢ /2479
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3.0 References

1. Radiological Performance Assessment for the Z-Area Saltsione Disposal Facility, WSR-C~RP-92-I360. Rev. 0,
Woestinghouse Savannah River Company et al., Aiken, SC (December 1992).

2. DOE Memorandum, Mark W. Frei, DOE-HQ (EM-30) to Frank M. McCoy, Acting Deputy Manager,
DOE-SR, SUBJECT: Conditional Acceptance of the Saltstone Disposal Facility Performance
Assessment, February 18, 1998.

3. Composite Analysis, E-Area Vaults and Salistone Disposal Facilities, WSRC-RP-97-311, Rev. 0,
Westinghouse Savannah River Company (September 1997).

4. Guidance for Composite Analysis of the Impact of Interacting Source Terms on the Radiological
Protection of the Public from Department of Energy Low-Level Waste Disposal Facilities, U. 8.

Department of Energy (April 1996).

. R. Fowler, Editor
Sr. Fellow Scientist
Westinghouse Savannah River Company
High Level Waste Engineering R

Prepared by:
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APPENDIX A
OF THE

ADDENDUM TO THE
RADIOLOGICAL PERFORMANCE ASSESSMENT
FOR THE Z-AREA SALTSTONE DISPOSAL FACILITY
AT THE SAVANNAH RIVER SITE

Listing of Reports and Correspondence Issued between December 1992
and December 1997 Pertinent to the Z-Area Performance Assessment
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Appendix A.
Reports and Correspondence Issued between December 1992
and December 1997 Pertinent to the Z-Area Performance Assessment

An annotated listing of documents and correspondence pertinent to the Z-Area Radiological Performance
Assessment (RPA) is shown below. Copies of items Al. through AS5., some of which are quite lengthy,
are not included as a part of this addendum, since these reports are available to the public either in
reading rooms or as part of permit applications. Correspondence and supplemental information provided
to the Peer Review Panel and the Department of Energy in conjunction with review and approval of the
RPA are included (items A6. through A19.) and follow the listing below.

Al. Final Supplemental Environmental Impact Statement Defense Waste Processing Facility,
DOE/EIS-0082-S, U. S. Department of Eoergy, Savannah River Site, Aiken, SC (November
1994).

A supplement to the original EIS issued in 1982 for the Defense Waste Processing Facility used to vitrify
HLW and solidify and dispose of decontaminated salt solution. The supplement reflects the current vault
disposal of saltstone formulated with cement, fly ash and slag, as described in the RPA, as opposed to trench
disposal of a saltcrete waste form prepared using cement and fly ash that was the basis for the original EIS.
" These changes in waste form formulation and method of final disposal were made to further reduce the
potential impact to the environment from groundwater contamination, and are consistent with the ALARA
principal for disposal of LLW, as specified in DOE Order 5820.2A, Chapter IT1, 3.a.(2). '

A2. Addendum to the Permit Application for the Z-Area Saltstone Disposal Facility - Z-Area Closure

Plan, Savannah River Site, Aiken, South Carolina. General Engineering Laboratories Inc, 2040
Savage Road, Charleston, SC (August 1995).
A study validating the engineering feasability and projected functionality of the site closure plan described in
the Z-Arca RPA. mmwmepumnapthwmwaspmpamdmdsubmmedwmeSoumthna
Department of Health and Environmental Control (SCDHEC) to fulfill dunges and conditions of permit
requirements imposed by the state. e

A3. Savannah River Site Future Use Project Report - Stakeholder Recommendations for SRS Land and
Facilities, Savannah River Operauons Office, U. S. Department of Energy, Aiken, SC (January
1996).

A summary of stakeholder. recommendations for the long-term use of the Savannah River Site. If these

recommendations are enscted, the long-term risk from LLW disposal within the boundaries of the Savannzh

River Site is further reduced by virtue of minimizing or eliminating activities and use of the closed disposal sites
that could compromise the effectiveness of engineered barriers that are described in the RPA for both the E-Arca
and the Z-Area disposal facilities. These engineering barriers are designed to preveat intrusion within the waste
by bumans, plants, animals oc infiltrating water. This report recommends that the SRS be désignated as a
National Environmental Research Park, thus retsining Federal ownership in perpetuity. The report also
recommends that access by the general public to the General Separations Arca (GSA), within which these
disposal sites are located, be restricted and that the GSA itself be designated as suitable for industrial use only.

A-2
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A4.  Saltstone and EAV Composite Analysis Residual Radionuclide inventory Report, DCN: §112-013-.

AS.

AG.

A7,

FD-BFQV, CDM Federal Programs Corporation, 1359 Silver Bluff Rd., Suite G-20, Aiken, SC
(September 1996).

A compilation of the residual radionuclides projected for the various facilities located within the General
Separations Area (GSA) at the SRS, which includes two separations facilities (F Area and H Area canyons)
and waste management facilities (F Area HLW tank farm, H Area HLW tank farm, S Area HLW vitrification
canyon, E Area LLW disposal site, Z Area saltstone disposal site and other facilities projected to contain
minor quantities of residual radionuclides). Data in this report served as input data to establish potential
interactions of contaminant releases from other facilities within the GSA with projected releases from the

" LLW disposal sites located in Z Area and E Area,

Composite Analysis, E-Area Vaults and Saltstone Disposal Facilities, WSRC-RP-97-311, Rev. 0,
Westinghouse Savannah River Company (September 1997).

The calculated maximum dose to a hypothetical member of the public located at the confluence of Upper Three
Runs Creck with the Savannah River (the point of compliance for releases from the Z Area and E Area LLW
vaults) is 1.8 mrem/yr. The calculated maximum dose at Four Mile Branch is 14 mrem/yr. These doses are based
on projected releases from all poteatial sources within the GSA. Two closed LLW disposal facilities within the
GSA,ﬂchixedWasthana.gcmentFaciﬁtyandmeOIdBm'ialetmds.areﬂlc‘majorsmmofmc
radioactive isotopes contributing to the calculated dose at the mouth of Four Mile Branch, Releases from the 7,
AmaanddleEAreaI.LWdisposalsite%mpmventcdfmmrcachingan‘MileBranchbyagroundwmdividc
that lies between the facilities and Four Mile Branch. The calculated maximum dose from all sources within the
GSA is well below the DOE primary dose limit of 100 mrem/yr and also well within the dose constraint of 30
mrem/yr for any single source, practice or pathway. '

Letter, W. E. Kennedy, Jr., to Performance Assessment Peer Review Panel Members and
Advisors, Peer Review Panel Minutes - 3/23-24/93, April 28, 1993 (1 page with 3 attachments).
att.i. Meeting Minutes Performance Assessment Peer Review Panel, Kansas City, Kansas, March 23-24,

1993 (11 pages).
att. ii.  Letter (with comments attached), Stan Neuder to Bill Kennedy, Review Comments on the Savannah
' River Site Saltstone Facility, March 22, 1993 (6 pages). SRR

L
att. iii. Member List, Performance Assessment Peer Review Panel, April 8, 1993 (3 pages).
Atachments i. and ji. contain comments generated from the review of the draft RPA final report by the Peer

“Review Panel and Advisors, listed in Attachment iii.

Letter, James R. Cook and John R. Fowler to William E. Kennedy, Jr., Summary of Information

Developed for the Saltstone RPA (U), SRT-WED-93-203, Westinghouse Savannah River

Company, July 8, 1993 (10 pages with 4 attachments). — =

att.i.  Models used to Estimate Release from Fractures (1 pages). S

att. ii.  Seasitivity/Uncertainty of Z-Ares Radiological Performance Results with Respect to K o

art. jii. Errata for Radiological Performance Asscssmeat for the Z-Area saltstone Disposal Facility (U),
WSRC-RP-92-1360, Rev. 0, 12/18/92 (B pages with 6-page Attachment: Porflow-3 Input File Upper
Moisture Barrier Simulation). ~

att. iv. Response to Request of Peer Review Panel for Additional Information on the SRS Saltstone RPA,
5/17/93 (24 pages with a 14-page attachment: Project Summary of Physical Properties Measurement
Program, Core Laboratories Report DRES-92119, performed by Core Laboratorics, Carrollton,
Texas). -

This letter and attachments are a compilation of responses to comments and additional seppogting information

provided to the PRP and DOE-HQ in support of the review of the Z-Area RPA report.

A-3
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A8.

A9,

AlOQ.

All.

Al2,

Al3.

Letter, David W. Layton to William E. Kennedy, Jr., July 13, 1993 (with 5-page Enclosure:
Review of Exposure Scenarios, Pathways, and Associated Doses for the Performance Assessment
of the Z-Area Saltstone Disposal Facility dated July 1993).

The enclosure to this letter contains the final sct of comments on the Saltstone RPA from David W. Layton, a
member of the PRP.

Letter, D. B. Amerine, WSRC to Clyde W. Terrell, DOE-SR, Subject: Request DOE-HQ Request for
Paper on Saltstone Disposal at SRS (u), OPS-DTZ-94-0001, Westinghouse Savannah River
Company, February 18, 1994 (1 page with 11l-page attachment: Basis for Saltstone Disposal
Operations at the Savannah River Site).

At the request of EM-343, the technical, regulatory and cost basis for Saltstone disposal at the SRS is
summarized. Similarities and differences relative to grout disposal at Hanford are compared.

DOE Memorandum, Raymond P. Berube to Jill E. Lytle, Subject: SRS Saltstone Performance
Assessment and Implementing Order DOE 5820.2A at LLW Disposal Facilities, March 25, 1994 3
pages with 3-page enclosure: Review of PA for SRS Saltstone Disposal Facility).

The enclosure to this memorandum contains review comments on the Z-Arca RPA from the Office of
Environment, DOE-HQ (EH-20).

DOE Memorandum, Raymond F. Pelletier to Joseph A. Coleman, SRS Saitstone Performance
Assessment, September 20, 1994 (2 pages with 3 page attachment: Additional EH-23 Comments on
the Savannah River Site (SRS) Saltstone Performance Assessment (PA)).

The attachment to this memorandum contains additional review commeats on the Z-Area RPA from the Office of
Environmental Guidance, DOE-HQ (EH-23).

Letter, D. G. Thompson, WSRC, to M. S. Glenn, DOE-SR, Response to DOE-HQ Comments on
Z-Area Performance Assessment (u), OPS-DTZ-95-0001, Westinghouse Savannah River Company,
January 10, 1995. e

WSRC response to DOE-SR to the comments in attachmeats to items A10. and All. above.

DOE Memorandum, Charles E. Anderson to Director, High Level Waste Division, Office of Waste

Management, HQ, Headquarters Review of the “Radiological Performance Assessment (RPA) for the

Z-Area Saltstone Disposal Pacility,” and Request for Additional Information, August 30, 1996 (1

page with 3 attachments). '

att.i.  Response to Questions from EM-35 for DOE-SR (3 pages).

atLii. Support for Answer to Question 4 on “NORM™ (1 page)- -

att.iii. Letter, Robert L. Gill, SCDHEC, 1o Larry C. Haney, WSRC, RE: Modified SRS Z-Area Saltstone
Industrial Solid Waste Permit, # 025500-1603 (Formerly IWP-217), Aiken County (1 page with 8
page attachment: Industrial Solid Waste Permit # 025500-1603).

DOE-SR's response to questions from DOE-HQ on (1) the effect of the use of enhanced Naturally Occurring

Radioactive Materials (NORM) in flyash and slag that is used in the production of saitstone, and (2) whether

the groundwater standards includes or excludes existing radioactivity already preseat before contaminants

from the landfill site enter the groundwater. The current operating permit for saltstone disposal describing

groundwater monitoring requirements imposed by SCDHEC, which the site must follow as a condition of the

operating permit, is included as part of this response (Attachment iii.). -

A4
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Al4. Letter, Howard B. Gnann, DOE-SR, to Rodney M. Satterfield, WSRC, Saltstone Disposal Facility

AlS.
- Saltstone Radiological Performance Assessment (Your Letter dated 5/16/97), June 18, 1997

Al6.

All.

AlS8.

Al9.

Radiological Performance Assessment, June 6, 1997 (1 page with 2-page attachment: NORM
Screening Calculation)

Request from DOE-SR to WSRC for additional supporting information and/or calcilations from WSRC on
the cffect of enhanced NORM in Saltstone and its impact on long-term performance.

DOE Memorandum, Roy 1. Schepens to Mark W. Frei, Additional Analysis in Support of the
(1 page with 2 attachments).

Letter, R. M. Satterfield, WSRC, to H. B. Gnann, DOE-SR, Contribution of NORM to Projected
Dose from Saltstone (U), June 16, 1997.

Letter, J. R. Fowler to R. M. Satterfield, Screening of NORM Nuclides in Saltstone (U), OPS-
DTZ-97-0018, Westinghouse Savannah River Company, June 13, 1997 (8 pages).

DOE-SR response to a DOE-HQ request for additional analysis to establish if NORM in saltstone is
significant in the long-term performance and environmeatal impact for Z Area. Includes attachments provided
by WSRC to DOE-SR in responsc to item 8. Based on screening calculations, long-term doses are controlled
by radioactive contaminants in salt solution, not the dry materials. The contribution from NORM
radioisotopes in dry materials is negligible.

E-mail Message, Kirk Owens, SAIC, to John Fowler, WSRC, Saltstone Magic Reduction Factors,
September 30, 1997 (1 page).

Request for clarification on the source of factors used in screening calculations to establish that the
contribution of naturally occurring radium isotopes in NORM is negligible, as stated in Attachment ii. of 9.
above.

E-mail Message, John Fowler, WSRC, to Kirk Owens, SAIC, Re: Saltstone Magic Reduction
Factors, October 1, 1997 (2 pages). : . n\a&
Respouse to request for clarification of factors used in the calculations shown in J6. above.

A-5
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Pacific Northwest Laborataries
Battelle Boulevard

P.O. Box 999

Richland, Washington 99352
Telephone (509) 575'3849

April 28, 1993

To: Performance Assessment Peer Review Panel Members and Advisors

From: W. E. Kennedy, Jr., Acting Chairman

BEER REVIEW PANEL MINUTES - 3/23-24/93

Attached are the minutes of the thirteenth meeting of the U.S. Department of
Energy Performance Assessment (PA) Peer Review Panel. .

Thank you for your participation in another excellent meeting. I believe that

we conducted a thorough review of the final Savannah River Saltstone Facility

SA ang’that our decision to proceed with a timely final review is well
ustified.

I have sent our requests for additfonal information to Elmer Wilhite with a
copy to Joe Coleman, EM-35. The completion of our final review depends, in
part, on satisfactory responses to our requests; however, please keep working
on your final review so that we can bring this {ssue to a close.

As you know, we will meet in Savannah River to conduct a preliminary review of
the E-Area Vaults PA and discuss our progress toward completion of the final
Saltstone PA during the week of May 24, 1993,

Finally, I would 1ike to thank each of you again for your .contributions to the
review of the completeness of the final Saltstone PA and I look forward to
seeing you again in May.

Sincerely,

W. E. Kennedy, Jr., Technical Groug Leader .-
Occupational and Environmental Health Protection Section

HEALTH PHYSICS DEPARTMENT

WEK:caw

Attachment
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Meeting Minutes
Performance Assessment Peer Review Panel
Kansas City, Kansas -
March 23-24, 1993

This was the thirteenth meeting of the Department of Energy (DOE) Performance
Assessment Peer Review Panel (PRP). F. W. Ross, Nuclear Regulatory Commission
(NRC), J. M. Gruhlke, Environmental Protection Agency (EPA), 0. J. Barnes,
Environmental Restoration and Waste Management (EM), and J. A. Coleman, DOE
Headquarters (HQ) point of contact, were unable to attend. S. M. Neuder,
Battelle - DC Office, was also unable to attend. The attendees were:

W. E. Kennedy Pacific Northwest Laboratory, Acting PRP Chairman

R. U. Curl Radioactive Waste Technical Support Program, EG&G Idaho
R. L. Dodge Nevada Test Site

W. R. Hansen Los Alamos National Laboratory

0. W. Layton Lawrence Livermore Nationa?l Laboratory

D. W. Lee Oak Ridge National Laboratory

§. J. Maheras Idaho National Engineering Laboratory -

K. W. Owens Science Applications International Corporation (EM-351)
E. L. Wilhite Savannah River Site

0. E. Wood Chairman, Performance Assessment Task Team

Aléo 1n attendance were Jeff Perny,'OOE Idaho Field Office (ID), Jim Cook,
Savannah River Site (SRS), and Lisa McDowell-Boyer, Oak Ridge Grand Junction.

This meeting was held to conduct the completeness review of the final

Savannah River Site Z-Area (Saltstone) performance assessment (PA). Prior to
the meeting, Bi11 Kennedy, Jr. was elected acting PRP Chairman by the Panel
members. Elmer Wilhite and Steve Maheras were disqualified from participating
as Panel members due to their involvement in preparation of the Saltstone PA.
Jim Cook and Lisa McDowell-Boyer were present to assist Elmer Wilhite and
Steve Maheras in discussing the Saltstone PA and responding. to the Panel’s
questions. Jeff Perry was invited to abserve the meeting process in order to
assist ID in 1ts review of the Idaho National Engineeringdtaboratory final PA.
Panel members discussed the PA, fdentified areas where a ftional information
1s needed, and provided detailed coements pertaining to the document.
Following the completeness review, the Panel accepted the Saltstone PA for
degailegifinal_revieu with a request for SRS to provide specific additional
informat{on. R

Elmer Wilhite, Steve Maheras, and Lisa McDowell-Boyer remained out of the
meeting until the Panel had an opportunity to discuss its tnftial thoughts.
B{11 Kennedy, Jr. opened the neeting by defining the process for a
completeness review and asking the Panel their {nitfal reaction to the
Saltstone PA. The Panel felt there were no major flaws; however, there were a
number of areas requiring clarification and concerns about presentation.

-
—
-
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The Panel addressed Savannah River’s response (Appendix G) to their comment s
from the preliminary review of the Saltstone PA. Preliminary review Comment s
requiring SRS response started with comment No. 4.

4.

10.

The Panel’s review suffered from the lack of completeness of the
preliminary PA draft and the absence of "all pathway" resylts.

Response satisfactory

The preliminary PA draft lacks synthesis and integration of the
components into a fully-described and defendable PA.

Response satisfactory

The PRP recommends a better analysis of sefsmic events and the
potential impacts of stress cracking on waste form performance.

Response satisfactory

The PA model selection was not well defined and the use of complex
models was not justified.

Response not sat{sfactory - SRS does not Justify the use of more
compliex models. There fs no rationale given for jumping directly
into 30. Why does SRS need to use complex models and how does the
site data relate to them?

SRS should explore available data to ensure that the models that
grﬁ selected and developed are representative of the site
ehavior,

Response not satisfactory - Savannah River has expanded the text
to include additional data, but they did not provide a clear
evaluation of how the data was used or how it relates to the
Justification of the models selected. N

By separating barrier (f.e. cap) from vault simulations, there is
a potential difffculty of integration of the component results
that makes an analysis of the total system difficult. Artificial
and potentially contradictory boundary conditions seem to be

—-imposed.

Response not satisfactory - The coupling of the models to get
system results {s not well treated or justiffed. What happened to
atmospheric coupling? The response concentrates on the components -
of the system and not on an integral systea. :

Transtent;rainflll-driven events (storms) are not well accounted
for in the simulations. ' '

Response not satisfactory - There s no discussion of the effect
or importance of transient rainfall events. If the uncertainty

2
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12.

13.

14.

15.

16,

O] RC,~RP-99-0015(,
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associated with transient events is too great to deal with now,
Savannah River should slate these for constderation in future
revisions of the PA.

The scenarios and results must be put into context in an
interpretation section to ensure that proper risk management
decisions can be made.

Response satisfactory

The effect of the cover at site closure may elevate the water
table. The consequences of this potential rise in the water table
are appropriate to consider in the PA.

Response not satisfactory - Mounding at site closure will cause
the water table to raise. Although the facility does retard local
recharge, it does not have a retarding effect on the regional
water table. This is not well discussed and there ts no
Jus;{fication provided for Savannah River’s dismissal of the
problen..

The effect of the bamboo cover on evapotranspiration and
consequent desiccation of the cap or increased infiltration should
be evaluited. T

Response satisfactory - However, bamboo 1s not a native species
and may not be a climax species. Over time, it may go to a climax
forest of oak. Does the 40 cm/yr inf{ltration case bound the
analysi{s for a climax rafn forest cover? More discussion is
needed. -

A plan for long-term, near-field monitoring during the control
perfod, to confirm PA assumptions and data, should be presented.

: px
Response not satisfactory - Savannah River says they do not plan
to conduct long-term, near-field monitoring. This response does
not address the validation or verification of the models. While
there are programmatic considerations to place thé resources
elsewhere, there needs to be some baseline monitoring in place to

~monitor the near-field performance of the facility.

Cansideration of all disposal practices in the saltstone vaults,
facluding the existing materials in vaults 1 and 4-should be
tnctuded 1{n the PA. .

Response satisfactory

The PRP supports expanded efforts to reevaluate the waste
inventory in light of recent mission-related production changes at
the Savannah River Site.

Response satisfactory | . e
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The Panel began general discussion of the PA and identified 4 major issues to
be discussed with the PA Preparers. B{11 Kennedy reminded the Panel that this
review is to center on big {ssues and detailed comments should be reserveqd for
the detailed final review.

. The properties of the waste form and engineered system compbnents
seem to be unrealistic (Table 3.3.1)

. There is no program for long-term, near-field diibbéal facility
monitoring to verify and validate the mode]s.}

. The dose analysis was done as an upper bound with no base case
presented. This leads to confusion and could lead to the
conclusfon that the dose objectives have been exceeded.

. The response to the initfal comments were not all adequate.

The preparers were asked in at this point. B1i11 Kennedy expressed
appreciation for the completeness and thoroughness of the PA and the great
amount of work performed in a short time. There was considerable discussion
of the above 4 {ssues, which included discussion of the inadequate SRS ,
responses to the Panel’s comments on the preliminary Saltstone PA. This
discussion resulted in the Panel’s requesting Savannah River to provide five
items of additfonal information, which are presented later {n these minutes.

Elmer Wilhite discussed the Saltstone PA and noted several corrections to the
text. He also passed out supplemental information for the Panel’s
consideration. He noted that the uncertainty analysis for Kd was omitted and
will be included in a future revision.

Next, the Panel reviewed the PA section by section to identify issues or
concerns. The comments Stan Neuder provided before the meeting are attached.

. Executive Summary - There are a number of ?ene$§% wmodifiers that
-~ lead to ambiguity. The suzsmary 1s not well written.

. Introductfon - The neutralized aqueous recycle mentioned in Figure
1.2.1 is not mentioned fn the text.

1-8  The tnterpretation of the performance objective for protection of
g¥oundwater s in response to state, not DOE, requirements.

1-9 Théfe are three EPA standards cited that are not consistent.

2-1 Second paragraph, last sentence, “(chemical, radiochemical)"
should removed. It is confusing.

2-3  Sectfon 2.2.1 and the chart on page 2-5 do ‘not appear to be
consistent. Perhaps demography s ould be removed.

b 2]



2-40

2-52
2-66
2-78
3-7
3-9
3-10

3-15
3-16

3-18
3-19

3-20

3-29

3-33

3-35
3-43

Justification.

SRS~ P -88-00)5(,
5. 15 RV

The phrases "the 1978 reactor production forecast and the
projected production mix for the years 1988-1990" seem strange
since they have already occurred. Also, how were the uranium,
plutonium, and mixed fission product inventories developed.

There are a lot of subjective modifiers used that are not
quantifiable. This is a general concern.

There needs to be a date associated with Table 2.65é; What point
in time is the zero timeframe and to when is it projected?

The conductivity values used in Table 2.7-1 are not consistent
with section 3. This table should not be here.

The term “"slumping” in cover degradation is not realistic. Is the
soil erosion rate consistent with the SRS site?

The last paragraph should not be in the document. There will be
very 1ittie sulfate attack of the waste form.

How does the 10,000 year timeframe relate to calculations to peak
dose? There is no discussion of the timeframe used.

Justify the remark "saltstone degradation.”

Figures 3.1-6 and 3.1-7 have no tabel on the Z axts. Also, the
differences in shading are not meaningful.

The .005 cm cracks are micro. Are they significant and will they
grow over time?

There should be some discussion justifying the use 6f an immersion
leach rate.

AN ,
The discussion of TCLP testing is omitted here. “Table 3.1-1
concentration 1imits are derived and there should be a discussion

of what they are and what they mean.

Biofntrusion 1s not important for the intruder, but is it
important for the offsite all-pathways? There 1s no discussion or

"

Ihhrauis wmore current thinking on the Baes and Sharp-equation
presented in 1990 by Sheppard.

Rain splash s not considered. " Should it be, in this application?

Where 1s the wall? It 1s critical but not defined. The
degradation:of the facility and closure cap s not treated the
same {n the all-pathways and intruder scenarios. There should be
some discussion of what-the results mean and why the different
degradation scenarios were used. _ -



3-42

3-48

3-58
3-59

3-61

3-63

3-64

3-65

3-77

3-85

4-2
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More text is needed to explaining the agricylture scenarig
assumptions. SRS needs to justify the scenarios not 1ncluded.

Orillfng fs excluded from saltstone due to the hardness of the
drill bit, but the hardness of the concrete or saltstone is not
specified.

The assumption that escaping contaminants do not_escape upwarg
needs more justification, especially with a bamboo cover.

The statement that solubility considerations are not explicitly
addressed 1s highly conservative, especially for tin.

How does the fractured monolith get integrated with PORFLOW-3D?
The integration should be fully and completely discussed
(integration of fntact and degraded models).

The assumption, in section 3.3.2.1, that natural conditions
preclude the deeper migration of contaminants holds true if the
geology is regfonally extensive. There needs to be more
discussion of this point.

A number of assumptions are made in section_3.3.2.3 with no
;upport. Perhaps some of the Appendix A discussion should be
ere,

The three zones for the groundwater model are considered
homogeneous, when earlier the zones were considered heterogeneous.
How do you get from the heterogeneous to the homogeneous regime?

The statement that recharge under the facility s estimated to be
0.2 cm/year from near-field analysis should be removed since it is
discussed in detail later.

The longitudinal dispersivity given in Table 3'"3-3 needs to be set
it zero.

There is an apparent conflict between the last paragraphs of pages
3-77 and 3-63. A figure should be added and the two paragraphs in

‘Question should be more clearly written.

The teru~';nnual dose” s not consistent with "committed effective

dose™, The author ‘should define the term as “committed effective

gose equivalent for one year" and be consistent throughout the
ocument. :

The clay/gravel drain S{stem which overlies the vaults is assumed
to work forever. It will not. There needs to be a stron?
Justification 1f this assuu?tlon s retained. . There should also
be a’failure scenario calculated to determine the importance of
the drain system. Its continued function WAy or may hot be

T —

6

N,
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important. Sensitivity analysis says it is not important for the
intact case, but the degraded case 1s not addressed.

4-5 There is an error in the tritium values in Table 4,? 3. There are
a number of other errors throughout the document. ‘There needs to
be an errata sheet given to the Panel for final review.

The flux values for the two cases are very close but not the same.
They shouid be the same since, fn each case, 2 cm/year passes
through the saltstone.

4-33 There is a statement that "The reference run does not include the
clay/gravel drain over the vaults®, however; there is no
presentation of this run or the data from it.

4-34 The text in the third paragraph on page 4-33 does not agree with
Table 4.2-2 on page 3-34.

5-3 The third paragraph statement about “over design" may not be over
design 1f the drain field deteriorates.

A-61 There needs to be an explanation of why “weeks" was selected for
clearance class for Pu-238, Pu-239, and Am-241, in Table A.4-3.

Years appears more appropriate.

B-19 The use of the Picard method can be a weakness. Most modelers now

use the NEK method.

This completed the section by sectfon review. At this point the Panel excused
the Savannah River support personnel and deliberated on the path forward.
Elmer Wilhite and Steve Maheras remained as resources to the Panel, but were
precluded from exercising their.opinions or affecting the Panel’s decisions.

The Panel once again discussed the major issues and noted that there were no
fatal flaws in the PA. However, there are a number of minor comments that
need resolution. After considerable discussion, the Panel voted to accept the
PA for final detailed review with a request to Savannah River for additional
information. The requested additional lnfbrlation is:

. '.Jixplain the long-term viability of the clay/gravel dratnage layers
1ncorporate& into the closure cap. Specifically:

b¢~ Provide Justification that clay layers can beftonstructed
~.« wWith an in-place hydraulic conductivity of 10 cm/second.

2. Provide Justification for the 0.5 cm/second gravel layer.
3. Provide an analysis of how long the clay/gravel layers will

remain operative and what their conductivities will be after
they degrade.

v
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4. How much water infiltrates to the waste vaults when the
drainage layers degrade?

5. What is the sensitivity of the source term to the
increased/decreased water infiltration rate that 0CCurs when
the drainade layers degrade?

6. What effect does the degradation of the drainage 1ayer§ have
on the system performance? '

Expand the sensitivity analysis to include degradation of
saltstone and concrete hydraulic conductivities for long-term
conditions. This would apply to the fractured concrete and flow
through the bulk unfractured saltstone blocks. The suggested
increase in conductivity is several orders of magnitude.

Provide data to support the hydraulic properties of the clay,
concrete, and saltstone as identified in the PA, Provide a
description of and justification for the long-term behavior of
these properties and the effect they might have on the performance
of the disposal facility.

The chemical form of technetium affects its transport in the
environment and {ts bioavailability. These parameters, in turn,
directly affect potential human exposure and radfation doses. To
further analyze the dose assessment for Tc, the PRP requests that
additional analyses/information be provided on the following:

1. The likely chemical form of Tc, based on measurements and/or
geochemical modeling, and the associated solubilities in
:ater. along with any available soil-water partitioning

ata. ' '

2. A review of the plant-ugtake studies repq:ted in the
literlturenSincluding those published aftey the cited
reviews) and the chemical forms of Tc used in these studies.

3. An analysis of the basis of the dose conversion factor for
Tc, with particular reference to the technical basis for the
gut uptake factor used to determine the dose conversion
B factor:: : If the uptake factor fs based on a soluble form of i
Tc, please determine whether data are available in the ‘
> literature that could be used to estimate or infer the gut
*  uptake factor for insoluble species and, 1f such data are
available, derive an estimate for insoluble TC. :

-

4, An estinafe of the amount of Tc¢ on crops derived from rain
splash, using avatlable studies.
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. In the area of validation and verification of model results, the
Panel requests: :

l. Supplemental information that outlines and describes current
efforts to compare modeling assumptions or resylts with
field data

2. A description of near-field monitoring programs or

validation exercises that may provide data to confirm PA
assumptions and results (TOR probes and suction lysimeters).

The requested informatfon is to be provided to the Panel for inclusion in
their final review. However, the detailed review will be undertaken without
awaiting the data. B{11 Kennedy, Jr. assigned each Panel member areas of
responsibility for conducting the detailed review, as follows:

. Bob Dodge Behavior of closure cap and engineered systems
. Wayne Hansen Scenarios, pathways, dose, and inventory and
source term )
. Bill Kennedy, Jr. Scenarios, pathways, dose, and concrete
. Dave Layton Scenarios, pathways, and dose
Oon Lee
. Don Lee - Groundwater
. Stan Neuder General integration
. All General review and comment

8111 Kennedy will prepare a letter to Elmer Wilhite (cc: to Joe Coleman and
Greg Duggan) identifying the request for additional information and that the
Panel is proceeding with the final review. -

8111 asked the Panel 1f they wished to meet for a day during the SRS E-Area
Vault PA preliminary review to status their progress with the Saltstone
detatled review and the SRS response to the information request. The Panel
agreed that it would be a:good 1dea. The next meeting will be May 25-27,

1993, 1n Augusta, Georgla. May 25 will be devoted to the Saltstome status . S

review.

The Panel held 1ts business meeting Tuesday evening, May 23, 1993. Elmer

Wilhite opened the meeting by passing out the current PA review schedule (this

is the same schedule that was attached to the Nevada Test Site Area-5 PA

minutes). He asked the Panel’s opinfon about having representatives from

g}he{ sit$s in attendance. The Panel felt it {s acceptable, but not for the
nal review,

-
-

-
-
-
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Prior to the meeting, Greg Ouggan asked Elmer Wilhite to mention the peaq for
FY 1993 funding additions and budget projections for Fys 1994 and 1995 The
Panel felt the 1993 funding is adequate. Since the Panel will be doing more
final reviews and more time and matrix resources will be required, the Fy 1994
and 199§- budget should be 20% over 1993, -

Elmer mentioned that Greg Duggan also asked if the PRP should consider the
Nevada Test Site Greater Confinement Disposal (GCD) PA.. The GCD performance
assessment is being done to Justify near-surface disposal of Greater-Thap-
Class C like waste (TRU over 100 nci/g).

The Panel believed they could do the review, but 0OE-HQ needs to provide
direction to the Panel to perform the review as an exception to its charter
under DOE Order 5820.2A. If the Panel were to review the PA, they would
require the same level of analysis as for low-level PAs. Elmer felt that
before giving a response to Greg Duggan, he needs more information about what
DOE expects.

The next PA s the preliminary PA for the SRS E-Area Vaults. The PA will be
sent to the Panel on April 12, 1993. The review is scheduled for May 26-27,
1993, 1in Augusta, Georgia.

Elmer noted that DOE-HQ 1s in the process of requesting comments on the
Performance Assessment Task Team’s (PATT) closed issues as reported in the
September 1992 PATT progress report. Elmer asked the Panel to review the
document and provide all comments to him. He will merge the comments, send
them back to the Panel for review, and transmit them to Greg Duggan.

Elmer asked the Panel its feelings about conducting a Fall workshop, The
Panel felt there is no time or energy for one at the present time. However,
there could be a session in the DOE Low-Level Waste Conference devoted to PA
lessons learned from Panel reviews. There could also be a Joint PRP/PATT
meeting to discuss comments on the PATT closed issues and the 5820.2A reviston
progress. .

L N ]

e

The Panel would sti11 1{ke to have all 1ts review comments consolidated and
grouped by category. Robert Curl will took tnto having this done.

Summary of Action Items

* --Panel members will inftiate the detailed Final review of the SRS -
Z:Area (Saltstone) PA, concentrating on the areas assigned them.

. 8411 Kennedy, Jr. will prepare a Tetter to Elmer Wilhite (cc: to
Joe Coleman and Greg Ouggan) identifying the Panel’s request for
additional information and that the Panel is proceeding with the
final review. - '

. Panel members are to review the closed {ssues contained fn the
September 1993 PATT Progress Report, DOE/LLYW-157, and provide
comments to Elmer Wilhite. '

e )

10
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. Elmer Wilhite will consolidate the Panel’s comments on the PATT
closed issues and transmit them to Greg Duggan, EM-351.

. Elmer Wilhite will send Panel members a copy of the SRS E-Area
Vault PA by April 12, 1993.

. Robert Curl will laok into having the Panel’s comments from prior
PA reviews consolidated into one document. -

Post Meeting Notices
. None
Attachments:
Comments from Stan Neuder

Peer Review Panel member list

11
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SUBJECT:
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B111 Kennedy, Acting Chairman
Peer Review Panel

Stan Neudsr, Raviewer
Peer Review Panel

Review Commaents on the Savannah River Site
s;itstone Facility

s
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{3 Batlelle

Pacific Northwest Laboratories
P.Q. Box 899

Richtand, Washington U5 ., 99352
Telephone (509)

MAR ZI "33 96: |IPM BRTTELLE E<TERMA. RELATICAS

gi11-

I have found no major flaws with the SRS Saltstone PA document.
review comments are of a nmature that would require relatively afnor
fix-ups. The documentation {s wall-written and fairly completa in al)
citegories. My recommendation {s for the preparers to move into the

draft final stages.

LR}
e
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Pg. xxii
Pg. 1-9

Pg. 2-4

Pg. 2-9

Pg. 2-13

Pg. 2-13

Pg- 2'27

Pg. 2'32

&

JUSEC-£p-03-0015¢
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Neuder pg. |

Indicate the pariod of time over which the radionuclide |
concentrations and nitrate concentrations are calculated.

Cite EPA reference for proposed revisions of the drinking water
standards for radionuclidas.

.The E-Area and the Hazardous Waste/Mixed Wasts Disposal Facility

should be shown on the facilitias map of the SRS. Are th
sufficiently far apart to ba cemidl:od separate facmti:{? o

The potential impacts of an MMI of VII at the Z-Area, with a
recurrence interval of sbout 1,000 years, {s not fully discussed
{n paragriph 2.1.4.3. The historic high water table at Z-Area is §
feat so thet the Yiquifaction potential may not be low. Dismissing

these potential impacts requires further Justification.

Zones 2 and 3 and Zonas § and 6 ars {dentified as the important
sources of water. (Pg 2-13).. Pg 2-30 states that groundwater in
zones 5 through 8 are not pumped from Z-Area. Section A.2.1.2.
(Pg. A-39) {dentifies zones &,7,8, and 5/6 as the units included in
the groundwater conceptual model. Appendix E discusses the
hydrology of Z-Arsa {in great detatl. 1t {s not clear which
hydrolegic units, and those units, are most {mportant for dose
considarations. Ooses would 1ikely dapend on which aquifer {s
supplying the water. Clarify which aquifers are used for which
scenarios and whather radionuclide concantrations differ in the
different zones. Also discuss whether doses are calculated at the
tines of peak radionuclide concentrations in the various hydralogic

aones.
e
s

Discuss the long-tarm behavior and ultimate df position of Par
Pond, and the potential fmpact, if any, on z-ma.- :

There are sevaral conflicting statsments in the text ngmling the
distance to the water table ia Zone 8, Taxt states that under I-

 Areg, the siaimum to the watsr table from the ground surface

is estimated to be . "This sinimum depth...corresponds to. ..~
the historic high water e." Text (P. 2-9) states that “At-7- '
Area, the watsr table occurs at no less than meters...” Text

i-.u) states that "Tha bottom of the saltstone monoliths will
at Teast above the historic high water table...* Fig.
2.7-1 (P. 272 {cates from the vault to the historic
high watar table. Oiscuss the gombﬁity for the water table to
reach the vaults and the potential impact of such an event.

As with a previous question regarding clarification on the use of

vari{ous {fers in the pathway analysis and their peak
conccntr:?ilom at urioug times, prozlda s similar claggification
for the surface waters of nearby cresks. . -
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Pg. 2-32

Chpt- 2'4

Pg. 2-82

P’o 2-“
Pg. 2-66

Pgo 2'71
Pg. 2-71

o

Pg. 2-72

Pg. 3-3

Pg. $-6
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Kjgb ”;lfs 914‘ﬁ26)

Neuder Pyg. 2

Explain the fluctustions of radiological constituents in
roundwater walls, and how these fluctuations are factored into the
ose calculations. L

Although there iz some discussion of temperature controls (thermal
1imit of 90 degrees celsius), the issue of roper ¢uring and
stabil{ty of saltstone when radfosctive heat production is present
should be clearly addressed.

Sevara] statements tn the text such as *...leaching of chromfum and

technetium was reduced” (p. 2-62) and, "...{insoluble
species that from the saltstone...®
{p. 2-88), and “Thase less sclubie forn ,tt:s:ix:lx_:ix thase

oras
contaminants...® (P. 2-58) would benefit from some degres of
quantification,

Justify the choice of a radionuclide inventory cut-off of 10-i°
?:‘%ﬁ: Relate this: number to.dose or drinking water concentration

The repatition of specific numbers {n Table 2.6-2 seems to indicate
an estimation and round-off procedure used to ?UIﬂtify the
radionuctide faventory. For eximple, 1n the Ci/L column, the
ausbars 8.9 and 2.7 agpcar in about 20% of the antries. Explain.
Also, discuss uncertainties.

Dfscuss the origin of perched water above the vaults.

Bescribe the assumed 1{facycle of tha revegetative bamboo and
whather the basboo remaing in place during tha'post-closure and
{nstitutional control perfod. (According to Pg. $-7, all bamboo 13
cleared after 100 years?) 1f damboo cleared, discuss the impact of
increased infiltration. .

According to the diagram, the gravel drafnsge ditches are not

~-1{ned and -s0:would allow a considerable amount of water to seep

'ough the sides and bottom areas and infiltrate the backfill sofl;
_around the. vaults. _

The refarencs to "Seact. 1.2, in the fourth paragr;;h. should be .
changed to Sect. 1.3. ' : ‘

Aliulihg tquaiien 3.1 to be a vector equation, the vactor notatien
appears faulty.
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Pgo 3‘7

Pg. 3-7
Pg. 3-1%

Pgo 3'1&

Pg. 3-25

Pg. 3-25

Pg. 3-27

Pgo 3'30

Pg. 3-36

P4 .3

Neuder pg. 3

Justify the statement (paraghrasad hcra% that the net flux through
the degraded cover area would apgroach he limiting value of 40
co/yr. [t seems that the backfilled media would be more porous
than the surrounding undisturbed soils so that infiltration would

excaad 40 cn/yr.
Change reference to "Sact. 2.1.7" to Sect. 2.1.8.

Justify the statement that *The bulk of the saltstone {s expected
to last...in excess of 10,000 years.*®

The one bullet that appears not to be conservative {s that “the
crack spacing is 3m.* Perhaps obsarvations of the saltstone vault

no. 4 can confirm this assumption.

Pathway 14 description is unclear as to whather wind erosion is or
is not the cause of the resuspansion.

The pathway--resuspension of contaminated soil from {rrigation--
does not appear to be included in the 11st of pathways. The sixth
bullet on pg. 3-31 does describe this pathway. Perhaps some of the
descriptions {n 14st of 47 tha pathway are {incomplata.

The pathway, blosintrusion -resusupension- {nhalation, does
not seem to ba included. {(perhaps in pathway 432

The significance of pathway no. 14 (p. 3-25) doesn’t seem to be
addressed in the discussions of section 3.2.2.2. It is not
fncluded in the four pathways of consaquence. (P. 3-30)

‘.'5

The ‘Kd values 1istad on P. 3-35 are described as "do not
nscessarily spply to the SRS but are expected to be ressanabl
represented.® is statement does not provide the reader with much
confort {n the selected values. Justify/quantify the

- "peasonableness® of these numbers.

Explain thi difference between this equation and the equation on . &

P. A-2l. Provide a reference for these equations. -
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Battelle-Pacific Northwest Laboratories
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Richland, WA 99352

Dear Mr. Kennedy:

SUMMARY OF INFORMATION DEVELOPED FOR THE SALTSTONE RRA (U)

During the Peer Review Panel (PRP) meeting on May 25, 1993,
you requested that SRS prepare a summary that integrates and
interprets the additional information that SRS has developed
for the Saltstone Radiological performance Assessment (RPA)
with the information contained in the RPA. The requested
summary follows; it indicates that the summarized
documentation provides reasonable assurance that the
Saltstone Disposal Facility will comply with the performance
objectives of DOE Order 5820.2A.

We acknowledge the efforts of Laura McDowell-Boyer and Elmer
Wilhite in preparing the summary.

If you have questions, or {f we can help further, please

call. s
W
Sincerel .
(.2 [ 4d
. gmes..R: Cook . .: ' R. Fowler
Principal Geologist Fellow Scientist o
803-725-5802 803-557-2293 7 g
Att. ' -

CC: Peer Review Panel Members and Advisors :
D. E. Wood, WHC M. S. Glenn, 704-8S

J. A. Coleman, EM-35 - J. F. Ortaldo, 704-S

G. J. Duggan, EM-35 W. L. Tamosaitils, 773-A
D. W. Nobles, Jr., EM-32 W. T. Goldston, 704-S
L. E. Stevens, EM-33 H. Bull; III, 704-2
D. W. Huizenga,-EM-30 D. G. Thompson, 704-2
K. W. Owens, SAIC W. E. Stevens, 713~A
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R. R, Seitz, INEL A. D. Yu, 773-A

D. C. Kocher, ORNL E. L. Wilhite, 773-A
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Introduction

The Peer Review Panel (PRP), in its meeting on May 25, 1993,
requested SRS to provide a summary that ‘integrates and
interprets the results presented 1in the -.Saltstone
Radiological Performance Assessment (WSRC-RP-92-1360, Rev. 0,
12/18/92) and those presented in subsequent information
developed to aid the PRP's review. The subsequent
information is:

1. Models Used to Estimate Release from Fractures.

An expanded discussion of the methodology used to analyze
releases from fractures in the RPA.

2. Sensitivity/Uncertainty of 2-Area Radiological
Performance Results with Respect to K4.

An analysis of the sensitivity and uncertainty of the RPA
rasults as a function of Kg4; this analysis was not done for
the RPA. :

3. Errata for Radiological Performance Assessment for
the Z-Area Saltstone Disposal Facility (U}, WSRC-RP-

A listing of typographical and other errors, and their
corraections, in the RPA.

4, Response to Request of Peer Review Panel for
Additional Information on the SRS Saltstone PA,
5/17/93. : ST %N

Information developed in response to questions from the PRP at
thelir 3/23/9) meeting.

We have attached each of these items. Items 1 and 2 were
distributed to.the PRP during their meeting on March 23, .
1993. Items 3 and 4 were distributed to the Panel on May 17, o
1993. : -

Summary

Results of the Saltstone Radiological Performance Assessment
(RPA), revised in accordance with the information presented
in items 1 through 4, are shown in Table 1. The results for
the {ntact saltstone/vault scenarios in Table 1 are the same
as those in the RPA (Table 5.1-1 on page $-2). Reaplts for
the degraded saltstone/vault scendrios have been revised
based on information presented in item 4. The revision to
the inadvertent intruder dose reflects a different plant-to-
soil concentration ratio for Tc-99 (part 4 of item 4); the
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revision of the dose from groundwater reflects an increase in
the hydraulic conductivity of clay overlying the vaults (from
7.6x10"9 em/s to 10~7 em/s), and in hydraulic conductivity of
saltstone and concrete (part 1 of item 4}.

The results in Table 1 are clearly in compliance with the
performance objectives of DOE Order 5$820.2A. We believe that
these results, and sensitivity studies discussed Dbelow,
provide reasonable assurance that the Saltstone Disposal
Facility (SDF) at the Savannah River Site will meet the
performance objectives of DOE Order 5820.2A, for
radionuclides.

For nitrate, the results for the degraded saltstone/vault
analysis in the RPA indicate a peak groundwater concentration
of 53 mg/L, when corrected according to the errata (item 3),
compared to a performance objective of 45 mg/L. This value
does not reflect an increase in the clay conductivity over
that used in the RPA. Increasing the conductivity of clay
overlying - the wvaults increases the peak groundwater
concentration of radionuclides by a factor of about 13 (Table
2 of item 4). A similar increase is expected for nitrate.
This increase can be attributed to the increased flow through
the fractures predicted by the fracture flow analysis (Table
1 of item 4). Therefore, improvements in the closure concept
to reduce the amount of water available for infiltration
through fractures, and improvements in the overly
conservative method of predicting flow through fractures, are
warranted and are expected to reduce the calculated
concentrations of contaminants in groundwater (RPA, PP. 2-69,
2-61, and 3-61). .y

Performance assessment for nitrate, or other chemicals, is

not required under DOE Order $820.2A. However, the Saltstone
Disposal Facility is permitted as an industrial solid waste
landfill with the State of South Carolina. Under this
permit, . potential nitrate concentrations in groundwater are

of concern. Thus, continued development of the performance -
assessment will be necessary to show compliance for nitrate. . . .

DISCUSSION s

In the Saltstone Disposal Facility Radiological Performance
Assessment, doses resulting from activities of inadvertent
intruders and chronic ingestion of contaminated groundwater
were estimated. The purpose of the following discussion is -
to: 1) .discuss .the REF1 results in terms of additional
information obtained since the RPA was presented to the Peer
Review Panel, and in doing -so, clarify exposure and
degradation scenarios developed in the RPA; 2) disguss the
implications of these updated results in terms of compliance
with performance cbjectives; and 3) briefly discuss needs for
further research and data collection to continue the RPA
process. :
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In the RPA, exposure analyses for inadvertent intruders and
consumption of contaminated groundwater considered both
intact and degraded engineered barriers (moisture barriers
and saltstone/vaults). Degradation of barriers is treated
differently for the inadvertent intruder and the. groundwater
analyses. '

Degradation of the upper moisture barrier in the groundwater
analysis in the RPA was simulated by using the normal
infiltration rate of 40 cm/yr. (i.e., by assuming the barrier
was not present). Degradation of the lower moisture barrier
was not considered in the RPA; degradation of this barrier
was assessed in part 1 of item 4 by assigning the hydraulic
properties of backfill soil to the barrier (i.e., by assuming
the barrier was not present). For the intruder analysis, the
moisture barriers were not considered. In the intact
saltstone/vault case, this provides a conservative upper
bound. In the degraded saltstone/vault case, because of the
very long time required for degradation of the concrete
vaults and saltstone, it was judged reasonable to assume that
erosion would have removed the moisture barriers.

In the groundwater analysis in the RPA, degradation of
saltstone and vaults considered fracturing of the concrete
materials, as this was considered the most 1likely and
earliest form of degradation to potentially take place, and
the groundwater analysis was very sensitive to the presence
of cracks or fractures. In part 2 of item 4, a different
form of degradation was simulated by increasing the hydraulic
and diffusive properties of concrete and saltstone. Fofr the
intruder analysis, the presence of cracks or fractures in the
saltstone/vaults would have little, if any,’.impact on the
ability of the saltstone/vaults to deter an intruder.
Therefore, the degraded case for inadvertent intruders
considered the loss of physical integrity of the vaults and
saltstone, which 1is estimated to occur very long after
fracturing initially occurs.

.

1. Inadvertent Intruders

In considering doses to an inadvertent intruder, two cases
were analyzed. 1In the intact case, the concrete vaults are
assumed to serve as viable barriers to intrusion. 1In the
degraded case, after several thousands of years, the concrete
vauits and saltstone .are assumed to have become largely
indistinguishable from soil; thus, intrusion into the waste
is possible. Each case is discussed below. ‘
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1.1 Intact Case

For the inadvertent intruder, the massive presence of the
saltstone/vault, with properties very different from soil, is
assumed to effectively deter intrusion into the waste. This
assumption is based on the fact that excavation and well-
drilling techniques employed in the SRS vicinity presume that
sandy-clay soil will be encountered, rather than some harder
material (RPA, pp. 3-41, 3-48 and A-58). Thus, encountering
harder material would result in the activity (well drilling
or basement excavation) being relocated. However,
contaminants will migrate from saltstone to the surrounding
soil, where they could be contacted by an intruder. In this
‘case, two scenarios were agsessed; an alternative
agricultural scenario involving excavation of contaminated
soil above the saltstone vaults (RPA, Pp. 4-19 to 4-21) and a
residential scenario where the intruder is assumed to reside
in a home located immediately on top of the concrete roof of
an intact vault (RPA, p. 4-21). In both of these scenarios,
the dose calculation was done assuming only 100 years of
decay. Therefore, no credit was taken for the presence of
the upper moisture barrier to deter intrusion. These
scenarios are intended to be "worst case" scenarios to
jliustrate the very low doses expected. 1In the RPA, the dose
from the agriculture scenario is about 10-5 mrem/year (RPA, p.
4~21), while that from the resident gscenario is 0.6 mrem/year
(RPA, p. 4-24). None of the {nformation developed in items 1
through 4 has impacted the results from the analysis of this
scenario. Thus, the result of 0.6 mrem/year presented in
Table 1 is unchanged from that presented in th¢.RPA in Table
S.1-1 on page S~-2 and Table 4.1-13 on page 4-24.

1.2 Degraded Case

Resident and agriculture scenarios were also analyzed for the
degraded case, where it is assumed that the ‘concrete and
saltstone have become largely indistinguishable .from soil.
In these scenarios, because of the considerable time required
for degradation of the concrete and saltstone, it is assumed
that the moisture barriers have eroded to expose the vaults.
The dose from the resident scenario is not affected by the
information developed in items 1 - 4; thus, the dose from
this scenario is 10 - 70 mrem/year (RPA, Table 4.1-15, p. 4-
27). However, the dose from the agriculture scenario depends
significantly on the dose from Tc-99; -and, as indicated in
the response to the PRP'S question 4 (item 4, p. 18), the
analysis of technetium uptake by plants in. the RPA{RPA, PP
4-47 and A-69) 4is now belleved to be unnecessarily
conservative. ‘' Using the more reasonable value of the plant-

Lo
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to-soil concentration ratio for technetium from saltstone,
the dose from technetium in the degraded case for the
agriculture scenario becomes 5 mrem/year instead of 40 (RPA,
Table 4.1-11 on p. 4-20}. Thus, the dose from all
radionuclides in the agrlculture scenario becomes 16 to 76
mrem/year, and this value is presented in Table 1. The dose
range computed in these scenarios results from the
uncertainty in the amount of shielding that should be
considered in estimating the dose from 126Sn. The larger
values presented above reflect the assumption of no shielding
(an upper bound); the smaller values reflect the assumption
of 30 cm of soil as shielding (a more reasonable estimate).

2. Groundwater

Scenarios for both intact and degraded engineered barriers
were analyzed in the RPA (RPA, p. 3-19) to assess their
effect on groundwater contamination. As discussed in the RPA
(RPA, p. 3-38), the performance objective of 4 mrem/year for
drinking water is more restrictive than the 25 mrem/year all
pathways performance objective. Thus, only doses from direct
consumption of 2 liters of groundwater per day are discussed
further.

2.1 Moisture Barrier Degradation

Degradation of the upper wmoisture barrier (cover) was
represented in the RPA by analyzing two infidcration rates

for both intact and degraded saltstone and vaults; an
infiltration rate representing an intact upper barrier (2
cm/yr.), and an infiltration rate representing a completely
degraded upper moisture barrier (40 cm/yr.). However,
degradation of the lower clay/gravel drain’'was not analyzed

in the RPA (RPA, p. 3-7). In response to a PRP request, e
additional information was developed addressing the impact e
of: 1) a higher hydraulic conductivity for the clay layer in

both moisture barriers; and 2) degradation of the lower
clay/gravel. drain (part 1 of item 4).

The effect of assigning a value of 1x10-7 cm/sec to the
hydraulic conductivity of clay in the upper moisture barrier,
rather than the value of 7.6x109 cm/sec that was used in the
RPA, . is to increase the average infiltration through the
upper barrier by a factor of 2 (from 2 cm/year to 4 cm/year,
‘see item 4, p. 3). This 4{rcrease in infiltration is
insignificant in the analysis of both intact and—degraded
saltstone and vault scenarios and is bounded by the analysis
of a totally degraded upper moisture barrier that results in
an infiltration rate of 40 cm/year.
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The effect of assigning a value of 1x10°7 cm/sec to the
hydraulic conductivity of clay in the lower clay/gravel
drain, rather than the value of 7.6x1079 cm/sec that was used
in the RPA, is insignificant for the intact scenario (item 4,
p. 4). However, as discussed below, it is significant for
the degraded (fractured) scenario. Similarly, degradation of
the lower clay/gravel drain (simulated by assigning a value
of 1x10-5 cm/sec to the hydraulic conductivity) does not
affect the intact scenario, but does affect the degraded
(fractured) scenario. -

2.2 Intact Saltstone/Vault Scenario

In the intact case presented in the RPA, the hydraulic
conductivities of the concrete vault and saltstone were
assigned values of 1x10-10 cm/sec and 1x10-11 cm/sec,
respectively (RPA, Table 3.3-1, p. 3-60). These values are
supported by recent data obtained from Core LlLaboratories
(item 4, p. 13). The source term from the intact
saltstone/vault scenario is insensitive to infiltration rate
because the low hydraulic conductivities of the concrete
vault and saltstone limit water flux through the vault to
much less than the infiltration rate (item 4, P. 4). Thus,
the dose from the intact scenario presented in Table 1 is the
same as that presented in the RPA (RPA, Table 5.1-1 on page
5-2). :

2.3 Degraded Saltstone/Vault Scenario v

In the RPA, degradation of the concrete vault and saltstone
was assessed (RPA, pp. 3-7 to 3-19); it was concluded that
the most 1likely, and earliest, degradation mode is
development of cracks. Thus, degradation of the vault and
saltstone in the RPA was treated by analyzing flow of water
from overlying material into cracks, and migration of
contaminants through saltstone to the cracks (RPA, pp. 3-59
to 3-61, and item 1). o ERTEE

.-h"'«

The analysis of release from fractured saltstone and vaults
is very conservative. Each of the vaults is assumed to
develop cracks simultaneously at closure. Cracks in every
vault are assumed to be spaced only three meters apart. All
cracks are assumed to fully penetrate the vault and
saltstone. Self-healing mechanisms such as carbonation or
infiltration of soil fines are not considered (RPA, ¢~ 3-18).
Additionally, as pointed out in the RPA (RPA, pp. 3-59 to 3-
61, p. 4-40, p. 5-4, and p. A-26), the methodology available
at this time to analyze the performance of fractured
saltstone/vaults incorporates multiple conservatisms; thus,
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when improved methodology is available, it is expected to
show lower concentrations of contaminants in groundwater from
fractured saltstone/vaults.

The effect of the hydraulic conductivity of clay in -the lower
clay/gravel drain on the fractured saltstone/vault scenario
was investigated in item 4. Using a more realistic value of
1x10~7 cm/sec rather than the RPA value of 7.6x10"% cm/sec
results in a peak dose of 0.6 mrem/year (item 4, p. 8,
assuming that the doses from 79Se and 1291 are additive,
because they are calculated to occur at similar times)
compared to the RPA value of 0.03 mrem/year (RPA, p. 5-2).
Thus, the result for the degraded saltstone/vault scenario in
Table 1 is 0.6 mrem/year.

The sensitivity of the fracture scenario to the hydraulic
conductivity of clay in the lower clay/gravel drain was
tested by assigning a value of 1x10-3 cm/sec (typical of
backfill soil) to simulate the total failure of the drain
(item 4, page 8). The resultant dose from this sensitivity
run was 80 mrem/year. Rather than indicating non-compliance,
this run illustrates the necessity of designing the closure
to mitigate migration from cracks. As discussed below,
development of a detailed closure design is required.

2.4 Sensitivity of Results to Hydraulic Conductivities of
Saltstone and Vaults

In part 2 of item 4, the sensitivity of the ‘jppact scenario

to .changes in concrete and saltstone hydraulic conductivity

and effective diffusivity was assessed. The results (item 4,
p.-<12) show that with the. hydraulic conductivity of the
concrete and saltstone assigned a value of 1x10-8 cm/sec” and

the effective diffusivity assigned a value of 1x10-7 cm?/sec,

the maximum dose ‘is 0.1 mrem/year compared to 0.001 mrem/year B
in the intact scenario. This result demonstrates that the . .
hydraulic and diffusion properties of concrete and saltstone
are less important 4in assessing performance- than is
consideration of fractures, according to the presently very
conservative fractured saltstone/vaults scenario and
conservative fracture analysis methodolegy.
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3. Comparison of Updated Resillts to Performance
Objectives

The results from the SDF RPA were <ompared to performance
objectives in Sect. 5.1 of the Submitted report, The
comparison indicated, we believe, that the results provide
reasonable assurance that the SDF cOmplies with all of the
performance objectives in DOE Order 95820.2A. The information
provided in the attached items doces not change that
conclusion, but strengthens it by more clearly defining the
sensitive parameters in the supporting analyses

Table 1 provides a comparison of the results incorporating
the additional information provided in items 1 through 4 to
the relevant performance objectives. The revised dose
estimates incorporate a higher hydraulic conductivity of
clay, degraded concrete and saltstone properties, and a lower
plant-to-soil concentration ratio for Tc-99. The additional
sensitivity analyses that were conducted (parts 1 and 2 of
item 4) on the degradation of the engineered features of the
SDF indicate that fractures are a potential concern for the
facility performance, but that control of water flow to and
through fractures will alleviate the concern.

4. Data and Research Needs

In our view, the .data developed in the RPA aiid in items 1
through 4 provide reasonable assurance that the Saltstone
Disposal Facility will meet the performance cbjectives of DOE
Order 5820.2A; however, additional work on the RPA is needed.

As stated in the RPA (RPA, PP. 5-3 to 5-5), development of a
detailed closure design must be completed to provide
assurance that the closure assessed in the RPA can be .
constructed. Also, improvement in the methodology used to
assess the fractured vault/saltstone scenario is needed to
reduce conservatism in the RPA and to provide reasonable
assurance of compliance for nitrate. : .

Wi |

In item 4 (item 4, p. 24), it is ackiowledged that technology
for near-field measurements must be developed 8o that
environmental monitoring at the Sa:.tstone Disposal Facility
will provide data for validating the models used in the RPA.

L
-
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Table 1. Summary of Revised RPA Results Compared with
Performance Objectives

e

Tnadvertent Intruder (chronic .xposﬁfﬂ)
Performance Objective: 100 mrem/yr.

'Dose, Time of Dose, Time of
mrem/yr.* Qccurrence, yr, mrem/yr.P Qccurrence, yr.,
0.6 > 100 16 to 76 > 1,000
Groundwater

Performance Objective: 4 mrem/yr.
Intact Saltstone/Vault | DRegraded Saltstone/vVault

Time of
Qccurrence, VI,

> 2.5x10% 15,000

a."Dose resulting- from resident scenario 1nvg&ving home on

. ~.top of intact concrete roof above disposal unit (RPA, Pp.

. 334=-24) . Dose is calculated at 100 years after disposal, to
represent an upper bound for this scenario.

b. Dose resulting from agriculture scenaric involving direct
.intrusion into disposal units [RPA, p. 4-20, adjusted by = -
using.a more reasonable plant-to-soil concentration ratio -
for Tc-99 (part 4 of item 4)]. The dose calculation does
not consider the effect of radicactive decay and migration
from the disposal facility. ' :

c. Dose resulting from groundwater ingestion at the time of
maximum predicted groundwater concentration (RPA, p. 4-
12). .. _ _ : .

d. Dose resulting from groundwater ingestion at the time of
maximum predicted groundwater concentration (RPA, p. 4-
12); dose reflects increased hydraulic condudtlivity of
clay overlying the vaults (to 10°7 cm/s, see part 1 of
item 4) and increased hydraulic conductivity and effective
diffusivity of concrete and saltstone (see part 2 of item
4) .
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Models Used to Estimate Release from Fractures

Qverall Approach

The approach adopted to estimate the release rate of radionuclides from fractures relied on
two separate analyses: onc by Yates (1988), to approximate the flow of water into each fracture: and
one by Rasmuson and Neretnicks, to estimate the concentration resulting from diffusion of
contaminants from saltstone into the fracture through which the water is flowing. The analysis
adapted from Yates considered two-dimensional flow into the fracture from the clay above the vaults.
The results of this analysis provided the ratio of the flow through the clay above the fractured vaults
to the flow through the clay as if there were not vault below, but another soil layer. The hydraulic
conductivity of the clay is considered when the results of the non-dimensionalized flow analysis is
multiplied by the flow through the clay alone. The flow into the fractures, assumed to be saturated,
is used in the Rasmuson and Neretnicks analysis of mass transport from the unfractured saltstone to
the fracture.

apti t ti

The “Yates (1988) solution” is an analytica! solution to a system of two-dimensional equations
describing steady-state flow through a stratified saturated aquifer (Fig. 1.). Three stratified regions
were considered in Yates’ solution: 1) a middle aquifer region; and 2) two aquitard regions on either
side. Adaptions were made to allow this solution (Fig. 2) to be used to estimate flow into a fracture
from clay above by: 1) rotating Yates' model 90°,2) assuming the column of clay directly above the
fracture (that is, the .00S cm wide column of clay) is Yates' aquifer, and that clay on either side of
this thin column takes the place of Yates' aquitards; 3) assuming that the problem is symmetric
around the fracture; and 4) non-dimensionalizing the results by dividing the flow through the column
of clay above the fracture by the flow through clay without a fracture beneath. The resulting non-
dimensional value represents the reduction in flow through the clay due to the presence of the
fracrured concrete. Theasstmpdonismadethatthehydnulicbnda the top of the clay
overlying the fractured vault is constant laterally, due to the overlying gravel layer above.

The equation from the Yates® solution describing hydrautic head as a function of distance in
the aquifer (eqn. 29 in Yates 1988) was applied to the problem domain shown in Fig. 2. This

equation is reproduced here as Eq. 1.

Hyx2) = B, - ¢ XK, - qUQKy) .
+ Ky, - 2K )d6) - (oK) - "
<Y cas()LV, coshlkz/ay) .

nel

+ W, sinh(kz/a)], (cm)
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where

Bo = Ho * (a'.JK’L')E Vn'
n=l

V., W, =fQ.PkF.a.0)
A, = f(08,q.LFK),
o = f (P,

P, = f (KX, ¥.a)),

and H, = H,(0,0). This equation is modified in the following manner. First, the x-direction of Yates’
corresponds to the height of the clay zone above the fracture, and L/2 is assumed equal to the height
of this zone, Z,. The z-direction from Yates' is now the horizontal direction across the top of the
vaults in the fracture application. Second, the q, term, corresponding to recharge at the upper
boundary of Region I (Fig. 1), in the above equation is equal to zero in the fracture application. This
is because this boundary is now the half-distance between cracks, or'the "flowdivide” between cracks.
Eq. 1 from Yates' now simplifies to

B =, » @RITY, - 4K,

- @
- (R)T cosEV cosblilay) -
. + Wainh(ke/a)).  (cm)

_ Since xisassumed to be L/2,and k = nx/L,the summation term becomes zero because Zcos(nrL/2L)
is zero. Therefore, H,(Z,, 0), where Z, is the thickness of the clay layer and X, is the haif-spacing
between fractures, is simplified to: ' '

"

- €}
H:(Z..O) =H, « (aJKh)E; vV, - q.ZJK,‘ (cm). )

Since &, = (Ko /K,,)'2, and K, isassumed equal to K,,, then a; is equal to unity. Therefore, the final
simplification t0 Yates' equation results in

Kty -H) <XV, - af,, (ntm @
ael
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or
(H’:{") = )fl:—:: -q,, (emyr) ©)
or
E{-'%Q = qré% - (emfyr) ©

The last equation describes the darcy flow in the clay zone above a crack as a function 'of hydraulic
conductivity of the clay (K;), thickness of the clay zone (Z,), and flow velocity in the crack (q,)-
Solving for q,, the flow through the clay into the crack:

K@, -H) K, -E)

q, = - < v (cmfyr) D
-5 (-5
Averaging this flow into the crack across the distance between cracks, 2X,, q,,, becomes:
29 K@, - )  nn ®

zo-E—‘ C i

asl q‘ e

qﬂt'zx'[ -

where 2 is the crack aperture. To obtain a dimensionless flow rate, q,,, is divided by the flow across
the clay with the same head loss gradient, assuming soil, not a fractured vault, underlies the clay.
flow through the clay without the underlying vault, according to Darcy’s law, is: .

LA | ®

To fully nondimensionalize the problem, the height of the clay and half-distance between cracks is -
divided by one-half the crack aperture, ¥: o R

-

N

X

-

iy
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The dimensionless flow rate, {,, becomes:
q Z,
(3 = -8 = ~ .
Detay v. (10)

5, - X o)

nel

The q, in the denominator of the summation expression cancels out because the expression for V
. . a
contains a q, in the numerator.

Equation 10 isthe final adaptation of Yates' (1988) solution that was used to determine the flow rate
in the fracture. Because ¢, represents the ratio of darcy flow into the fracture from the overlying
clay, averaged over the distance between fractures, to the darcy flow in the clay as if there were not
underlying fractured vault, the ratio must be muitiplied by this latter value to obtain the actual flow
into the fracture. The darcy flow in the overlying clay material, assuming no underlying fractured
vault, or q,,,. may be calculated knowing the head loss gradient across the clay and the saturated
hydraulic conductivity of the clay: 7

x

Qetey = —&Z—E . (cmiyn) _ (11)

: [
The head loss gradient across the clay is the ratio of the height of perched water, Z,, to the thickness
of the clay layer, Z,. This is true if the perched water overlying the clay zone experiences essentially
no resistance to flow relative to the resistance in the clay layer. The value of q,,, is computed from:

(12)
Qg = (3 x q*, ’

and is used in the mass transport simulations.

L e
e

The "Rasmuson and Neretnieks (1981) solution® adapted for this analysis is a solution of a one-

- dimensional convection/diffusion equation describing tramsport of potentially-sorbing radionuclides

. -through fissures in bedrock.. This solution describes the concentration in the fissures, or fractures,

resulting from the introduction of water containing radionuclides at the top of the fissures, accounting

for accumulation of radionuclides in the rock by applying Fick's law of diffusion for radial movement

of a solute from the fissures to microfissures. The semi-analytical solution was modified to consider

the inverse problem of diffusion from microfissures in bedrock to fissures as a result of input of
uncontaminated water at the top of the fissure. The microfissures in this application- are assumed to
be the pores of saltstone, and the fissures are represented by the 3 m-spaced fractures.

b,

The solution from Rasmuson and Neretnieks which is modified for the fractured saltstone analysis
is represented by Eq. 31 in their anticle, and is reproduced below.

-
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[ exp(-8H )sin(08A - éHz)d—:, (13)

& |-

where

C, = fracture concentration, mol/m?,

-

C, = inlet concentration of the fracture, molym?,
$§=yz/mU,
y=3D,K/zt, s,

D, = apparent diffusivity for microfissutes, m%/s,
K = volume equilibrium constant, m*/m’,
r, = effective radius of fissure, m,
z = distance along flow direction, m,
m = ¢f(1 - &),
e, = porosity of fissures,
H, = (seeEq.13),
H, = (secEq.14),
0=2D,/ 2, 87],
0 =t - (U
A = variable of integration.

The H, and H, in this equation are represented by:

H. = sinh 24 + sin 24 -1 (14)
! -cosh 2A - cos 2A '
and '1-"'
H mzx-n] (15
1 cosh 2% - cos 24)

fracture at the top, as.a function of time, assuming 0o dispersion in the fissure, a semi-infinite media, j
and no radicactive decay. To consider radiosctive decay, the value of C/C, should be multiplied by — .
exp(-10). It was necessary to look at the reverse of this problem, "and solutions o heat conduction
problems were consulted because of the similarity between heat conduction equations and diffusion

equations.

According to Carslaw and Jacger (1959), the solution of the problem describing hest conduction to
2 semi-infinite solid of initial temperature zero from a boundary at a constant temperature, V, is:
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vix,d) _ erf X
4 /(=)

(16)

where v{x.t) is the temperature at distance x from the boundary at time t. This problem is similar 1o
the diffusion problem addressed by Rasmuson and Neretnicks. The solution ‘to the problem
describing heat conduction from a semi-infinite solid at 2 constant temperature, V., to a boundary at
initial temperature zero is simply the complement of Eq. 16, or:

vix, 1) X
— = l - & }f 1
v 2@ o

Therefore, by analogy, the solution describing diffusion from saltstone to fractures can be expressed
as the complement of the equation describing diffusion from fractures into microfissures (Eq. 13) or:

C
¢E£ a1 - Y [exp(-B)] . (18)

L -

where

dl

2 1
Y= ud p(-H 0A° - SH)—
- fcx 1)a:m(o:: D

L,
2

and C, = total concentration in the waste form, @ = volumetric distribution coefficient (=K inEq.
13), and B = Ap. Equation 18 is the analytical solution applied to estimate fracture concentration
asa funcuon of time in the Z Area RPA. R

Example Calculation

‘To demonstrate..umplementation of the fracture flow and mass transport amalysis described above,
* the method is applied to ari example problem. Determinstion of the flow rate into the fracture,
applying the adapted Yates' anilysis, and calculation of the release rate fram fractured saltstone -+

according to the adagpted Rasmuson and Neretnicks analysis are considered below. The enmple
problem is identical to that addressed in the Z-Area RPA for nitrate.

For the analysis of flow into & fracture from the overlying clay layer, a FORTRAN ¢ode was written
solving Eq. 10, above, for {;. Required input for this code consists of the nondimensionalized height
of the clay layer over the fractured vaults, or Z,/'F, and the nondimensionalized half-spacing between
cracks, or X,/¥. The parameter ¥ represents that crack half-width, or .0025 cm in the Z-Area RPA.
The thickness of the clay layer is 50 cm, and the crack spacing (2X,) is 300 cm in the Z-Area RPA.
Therefore, for the example problem,

—

z, - Z/¥ =50cm/.0025cm = 1.0x 10 and
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X, = X/¥ =150cm/.0025cm = 6.0x 10* .
The input file is named “finput”, and the two input values are simply separated by commas. After
running the FORTRAN code with this input, the output appears in a file named “foutput”. This
output file contains three values: the value of z,. X,. and {,. The value of {, is 4.637389 x 10 for
these input values.

The next step in the analysis is to convert this {, value t0 2 darcy velocity, in the appropriate format
for use in the analysis of mass transport from the saltstone to. and through, the fractures. The mass
transport analysis requires input of the darcy velocity through a fracture, averaged across the distance
between fractures, or q,,,. This darcy velocity is the product of {3 and the darcy velocity through the
clay, q,y,. in the absence of underlying fracrured concrete (Eq. 12 above). The value of q,,, isa
function of the hydraulic conductivity of the clay (K;) and the head gradient across the clay (Z/Z,).
where Z, is the height of perched water on top of the vault. The value of q,, is obtained from Eq.
11 above:

: xZ, 02 61
4&,=K’Z_ 2 a 4""'/7"‘ = 02928 cmiyr .

Therefore, the value of q,,, is:
Qg = 3 % Qoey = 4.697389x10"% x 0.2928cmfyr = 1.37x10 emfyr

In rder the implement the semi-analytical mass transport solution based on the Rasmuson and
Neretnieks analysis, the following parameters must be given values:

DARV = the average darcy velocity in the vaults, or Qg (C1V/YT),
CRACK = fracture porosity, or ¥/X,,
Z = thickness of the vault, or length of fractures, (cm),,
SPACE = fracture spacing, or 2X,, (cm), L
~ ALPHA = volumetric distribution coefficient, equal to saltstone  porosity x (1. +Ky,
and RLDEC = radicactive decay constant, yr'. o

Values of these parameters are placed in an input file named “minput”, for use with 4 FORTRAN
_-code implementing the analysis. In this example, the following values are input: .

DARV = 1.37x 10? cmiyr,

CRACK = .0025/150,1.67 x 105,
yA = 730 ¢,

SPACE = 300 cm,

ALPHA = 046K, = 0),and

RLDEC = Q.



SDEBUG
C Analytical solution to the flow through cracks probelm by S. R. vares

C Soil Sci Soc, Am J., $2:356-363, 1988.

c

Cc

IMPLICIT REAL*8 (A-H,0-2)
PARAMETER (PI = 3.141592654)
OPEN (6, FILE='FOUTPUT')
QPEN(S,FILE='FINPUT'}
WRITE(*,*) ‘INPUT X, Z0'
READ(S,*) X, 20
IF{Z0.LT.100) THEN

NSUM = 200
ELSE

NSUM = 2.*Z0
END IF
SUM = 0.0

C BOOKKEEPING FOR FASTER SPEED

C

aOn Nno

Y0

AN 0

IF (NSUM.LE.2000) THEN
N1 = 2000
N2 = Q
N3 = 0

ELSE IF({(NSUM.LE.10000) .AND. (NSUM.GT.2000))

N1 = 2000

N2 = NSUM

N3 = 0
ELSE

N1 = 2000

N2 = 10000

N3 = NSUM
END . IF

WRITE(*,*) ‘N1,N2,N3 = ', N1, N2, N3

FIRST 2000 INTERATIONS - BY ONES

DO 100 N =1, N1

J = (2*N)-~1
RK = DFLOAT(J) *PI/(2.%20)

RK = DFLOAT(2*N-1)+PI/(2.+*Z0)

RLAM =.2+%(1-(-1)**{2*N-1))/ (2*Z0*RK*RK}
RLAM = 2./{Z0*RK*RK)

. TST = RK*(X-1.)
IF {TST.GT.10000.) TST = 10000.
Pl = DTANH(TST)
P3 = P1
P2 = DTANH(RK)'

ZETA = (Pl+PB)*(1.+P2**2)+2.*P2*(PI*P3+1.)

WSEC-PP-43-00156
P - 4q @0

THEN

LT .

V = RLAM®* (P1+P3+2.+*P1+P2+*P3)/ (DCOSH{RK) *ZETA)

SUM « SUM + V

WRITE (+*,*) N,SUM
100 CONTINUE

NEXT 8000 INTERATIONS - BY TENS

DO 200 N « 2005, N2, 10
RK =« DFLOAT(2+*N-1)+P1/(2.*20)

RLAM = 2#(1-{-1)#*#*(2¢N-1))/(2420*RK*RK)

TST = RK*(X-1.)
IF (TST.GT.10000.) TST = 10000.
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Pl = DTANHI(TST)
WRITE (*,*) Pl
P3 = PL
P2 = DTANH(RK)
ZETA = (P1+P3)*(1.+92'*2)+2.*P2*(P1*P3+l.)

Z WRITE(+,) N, V, SUM

V = RLAM*(P1+PB+2.*P1'PZ*P3)/(DCOSH(RK)*ZETA)
SUM = SUM + V * 10.

2G0 CONTINUE

[N

ALL THE REST - BY HUNLCRELS

DO 300 N = 10100, N3, 200
RK = DFLOAT(2*N-1)*PI/(2.*290)
RLAM = 2*(1-(-1)}**(2*N-1))/(2*20*RK*RK)
TST = RK*(X-1.)
IF (TST.GT.10000.) TST = 10000.

P1 = DTANH(TST)
Pl = P1
P2 = DTANH(RK)

ZETA = (PL+P3)*(1.+4P2+%2)+2 #P2#(PLl*P3+1.)
V = RLAMY* (P1+P3+2.%*P1+P2+*P3)/(DCOSH (RK) *ZETA)

C WRITE(*,*) N, V, SUM

300

-Joo

SUM = SUM + V * 200.
CONTINUE
RH2 = SUM - 20
ZETA3 = (-2./RH2)*20/(2.*X)
WRITE(6,1000) X, 20, ZETA3
FORMAT (1X,3 (1PE12.6, 5X))
STOP
END

(W 2

Y. 50 Ko
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Sensitivity/Uncertainty of Z-Area Radiological Performance Results with
Respect to K '

The groundwater concentrations predicted in the Z-Area Radiological Performance Assessment
(RPA) (Radiological Performance Assessment for the Z-Area Saltstone Disposal Faciliry, 1992) are a
function of the values assumed for the distribution coefficient, K,, in the various materials present
in the facility and subsurface environment. The purpose of this report is to investigate the
relationship of predicted groundwater concentrations 10 K., to consider the sensitivity of the results
to K,. and to address the uncerainty in the Kd's used in the RPA by providing some bounding-type
calculations.

The distribution coefficient is used in the assessment of groundwater concentrations in the Z-Area

&
R O

RPA in two ways: 1) it is used to estimate the initial pore concentration in saltstone, which is input

into the contaminant transport code PORFLOW-3D; and 2) it is used to evaluate retardation due
to sorption in saltstone, concrete, and soil in the contaminant transport equations inherent in
PORFLOW-3D. Initial pore concentrations are calculated for the RPA according to the equation
found on p. A-21 of Rev. 0 of the RPA. This equation is reproduced below:

Cove = Cua | ® + 9KL1-8) ®

where
Cpore = pore fluid concentration (Ci/L), -
C,oa ™ concentration of the salistone block (Ci/L),
6 = porosity of the saltstone (0.46),
. Pa = matrix density (2.07 g/cc), and SRR
K, - = nuclide distribution coefficient in saltstone (cc/g). b

Equation 1 indicates ‘that the initial pore solution concentration is inversely relsted to the saltstone
K,; for K;’s much larger than the porosity of saltstone, or 0.46, the relatfonship is approximately
__linear. The flux to the water table, predicted in the near-field analysis of the Z-Area RPA, isa
function of the initlal pore solution concentration, and the transit time of contaminants through the

saltstone, the concrete vauits, and the surrounding soil. The transit time is important in determining

the time of arrival at the water table of contaminants leaving the vaults, and in determining  how'
much decay may occur before contaminants reach the water table. Sorption, accounted for with the

distribution coefficient, in effect retards the movement of contaminants through the various materials.

The transit time of a particular contaminant, t is related to the transit time of water, t, by:
. | )
‘c"-(l "sle_'ez.p-xd)o - @

Asthemﬂ:hﬁmeofmé eommlmm increases, or as K in saltstone, concrete, s soil increases.,
the flux to the water table may decrease due to decay during transit. ,



W&Le- BP-93-00130

(4. 5a

Therefore. the flux to the water table decreases as saltstone K, increases. due to decreased initial
pore fluid concentration and possibly due ta the additional time for decay during transit out of (he
vaults and through the soil. As the saltstone K, decreases, the flux to the water table increases due
to the higher initial pore fluid concentration predicted, and due to the shorter transit times through
the vaults. For shorter-lived radionuclides, the retardation phenomenon has a more profound effect
on the flux to the water table. For radionuclides with half-lives very long relative to even the
retarded transit time. retardation has liude effect on the ultimate flux. other than to delay arrival at
the water table.

The relationship between the flux to the water table and the value of K, used for saltstone and other
materials is not readily expressed analytically. However, it is apparent that the flux to the water table
is very sensitive to K, because a lower salistone K, will not only. increase the initial pore solution
concentrations, but also decrease the transit time from the vault, such that less radioactive decay
occurs before release. Flux to the water table is less sensitive to soil K, than saltstone K since the
soil Kd only affects the transit time, but soil K, may be important for shorter-lived radionuclides such
as H-3, Cs-137, or Sr-90.

The problem can be bounded on the upper end by considering the results for a non-sorbing and non-
decaying species such as nitrate. The results of the RPA indicate that the peak fractional flux for
nitrate in the intact case occurs at the water table at 7500 years, and is on the order of 4.2 x 10° (Fig.
C.4-11). This peak release is defined as the fraction of the original inventory in saltstone released
to the water table in one year. For nitrite, it can also be interpreted to be the fraction of the initial
pore solution released in one year, because all of the nitrate in saltstone is assumed to be in the pore
solution (i.c.,the K, is zero). Uf retardation and decay are neglected for the radionuclides, the peak

RO

fractional flux of radionuclides to the water table can likewise be expected to be on the order of 4.2

x 10%, if the fractional release is interpreted to be the fraction of the amount in the initial pore
solution that is released in one year. The maximum pore solution concentration of the radionuclides
is the initial pore fluid concentration, as application of Eq. 1 assumes equilibrium partitioning of the
radionuclides between the pore fluid and the solid surfaces. Making this comparison to nitrate flux,
it is possible to determine a conservative peak fractional flux as a function of saltstone K, for each
" radionuclide. ' N '
e

In Table 1, peak fluxes are given for a minimum and maximum K, for each radionuclide not screened
from consideration in the Z-Area RPA. The ranges in saltstone K/'s selected were obtained from
ranges of experimentatly-obtained values noted in Allard: (1985), and represent somewhat broader
ranges than are considered “probable” ranges by the author for a standard cement environment. The
‘peak fluxes Wwere determined -assuming no retardation or decty, as described in the above paragraph,
according to:

3)
Flux(pCifyr) = 42x10~¢ x C,,, x 5.29x10*
where
5.29x 10* = total volume of pore solution in the facility, L,
4.x10°¢ . = fractional flux to the water table, and
Coore = injtial pore solution concentration.

The initial pore fiuid concentration, cﬁowu determined according to Eq. 1. It is important (0
remember that these are fluxes which ignore retardation and radioactive decay-~Which has & large
impact on the fluxes estimated for the RPA. The transit times out of the saltstone are extremely
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long. and thus considerable decay occurs within the vaults for many of the radionuclides.

The implications of the fluxes supplied in Table 1 can be best understood in terms of the impact on
groundwater concentrations at the compliance point for groundwater protection.  Because this
concentration is directly proportional to the flux at the water table, an increase in the K, in saltstone
will result in an decrease in the groundwater concentration. For a given K, in the three hydrologic
units considered in the RPA. the resulting compliance point concentration is linearly proportionual
to the flux at the water table. For nitrate, the K, in soil is zero, represenfing no sorption.
Comparing the peak flux of nitrate to the water table in Table 4.1-3 of the Z-Area RPA to the peak
groundwater concentration at the compliance point for nitrate (Table 4.1-5), a multiplier can be
derived that allows estimation of the peak compliance point groundwater concentration as a function
of peak flux to the water table. This multiplier, when based on the nitrate values, is pertinent to a
non-sorbing, non-decaying species, and thus would add another dimension of conservatism when
coupled with the bounding flux values in Table 1 for the radionuclides of concern.

The multiplier obtained is:

Multiplier = 5.2mg/L + 5.5x10mglyr (4)
= Q.SxIO” yriL .

Using this multiplier and the bounding peak fluxes in Table 1 for the radionuclides of interest in the
Z-Area RPA, bounding groundwater concentrations can be estimated for the minimum saltstone K,'s
assumed. These are presented in Table 2, along with the allowable groundwater concentration for
compliance, for comparison. It is readily apparent that even under these unreasonable assumptions,
only Cs-137 threatens the groundwater protection standard. Given the short half-life of Cs-137 30
yr) with respect to transit times through the vauit and soil, this radionuclide is not a problem in the
final analysis documented in the Z-Area RPA.

.."'

%a":a

Aliard, B. 1985. Radionuclide Sorption on Concrete, NAGRA-NTB-85-21, November, 1985.

adiological Performance Assessment for the Z-Area Saltstone Disposal Facility, 1992. WSRC-RP-92-
1360, Westinghouse Savannah River Company, Savannah River Site, Aiken, SC, December 18, 1992.
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Table 1. Estimated upper-bound peak fluxes to the water table, neglecting decay during transit oy
of the saltstone vaults and through the unsaturated soil zone. _

Radionuclide Saltstone Kd Calculatgd Coore Upper Bound Flux
(cc/g) (pCi/L) to Water Table ©
(pCityr)
H-3 Max =2 1L.2x10° . | 2.6x10°
Min =0 6.8x10° 1.5 x 10"
C-14 Max = 15000 0.33 74x 107
Min = 1500 33 7.4x10°
o Se-79 Max = 50 50x10° Lix10’
Min =0 6.1x10° 1.4x10°
Sr-90 Max = 200 1.3x10° 2.9x 108
Min =1 1.8x10° 40x10
Te-99 Max = 1500 3.3x 10 7.3x 10’
, Min = 100 5.0x10° 1.1x10°
Sn-126 Max = 1000 9.8x 10" - 2.2x10°
: Min = 10 9.5x 10° 2.1x10°,
129 - Max = 200 7.6x 10 1.7x 10°
| Min = 4 3.4x10° 7.6x 10°
 Cs-137 Max = 1000 7.6x 10° 1.7x 10
Min = 1 54x10° 1.2x 10"
Pu-238 Max = 15000 2.0 44x10°
i Min = 1000 3.0x 10 _ 6.7 x 10*
Am-241 Max = 50000 1.9 42x10
-Min = 2500 3.8x1¢ - 8.4x 10

' Eq. 1, assuming 30 years of decay of inventory -

® Eq. 3

W

-
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Table 2. Bounding groundwater concentrations based on minimum salistone K,'s and assuming no
decay in transit from the waste form and through the environment 1o the compliance point

Radicnuclide Upper-bound groundwater Concentration necessary for
concentrations at compliance | compliance with groundwater
point (pCi/L) protection standards (pCi/L)
H-3 140 - 90.000
C-14 7.0x 10? | 3.000
Se-79 13 - 700
Sr-90 38 40
Tc-99 10 4,000
i Sn-126 0.2 300
|| I-129 7.2x10? 20
| Cs-137 110 100
| Pu-238 6.4% 10* 1
E Am-241 . 8.0x10¢ 1
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Errata for
Radiological Performance Assessment for the Z-Area
saltstone Disposal Facility (o,
WSRC-RP-92-1360, Rev. 0, 12/18/92

On page v, for Sections 4.1.3 and 4.1.4, "Doses" should be "Dose".
On page vii, for Appendix F, insert "QA" after "SOFTWARE®.

On page x, for C.2-4, close the pafenthesis at the end of the second
line.

on page xvii, for D.3-1, replace "formation” with "formulation®.

On page xx, insert the following after "SSHT Salt Solution Hold
Tank": "TDS Total Dissolved Solids".

Oon page xxii, in the eleventh line, replace "complies with" with
nexceeds"; in the thirteenth line, .replace "38 mg/L" with "53 mg/L";
in the fou;teenth line, replace "approaches” with "exceeds”.

On page 1-8, in the first paragraph after the performance
objectives, in the second line, delete wysually” and insert "at SRS"
after "has been interpreted”.

On page 1-9, in the next-to-the-last paragraph, in the third and
seventh lines, replace "effective dose equivalent” with "effective
dose".

On page 2-1, in the second paragraph, in the eighth line, omit
" (chemical and radiochemical) ™.

. Oon page 2-7, in Section 2.1.4.1, in the seco Q’paragraph, in the
fifth line, insert a comma before “the Pen Bran fault".

on page 2-9, in Section 2.1.4.2, in the second paragraph, in the
second line, "200 year" should be "200 years".

- On page "2-13, in Section 2.1.6, in the last sentence of the last

paragraph, replace "with an average velocity of‘approximately Iim sfﬁu
corresponding to a flow of 1200 m g-1" with "with an average flowipf
approximately 160 m3 s—1n, -

On page 2-17, in Section 2.1.10, in the first line of the. -second
paragraph, replace number® with "member”. . :

On page 2-30, 4in Section 2.2.4, in the firat line of the first
paragraph, replace vare" with "is". '

On page 2-33, in Table 2.2-3, the seventh Parameter 1isted should be
“Suspended Solids*® rather than “Suspended soi;o'. - _

On page’2-37, in Section 2.3.1.1, in the second pd}agraph, in the
fifth line, replace "TBP® with "TPB". .
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On page 2-41, insert an asterisk after the Table title. At the
bottom of the page, insert the following before the 1list of
footnotes: "* Density of solutions is 1.25 g/mL".

On page 2-53, in Figure 2.4-1, in the legend for the two upper
curves, "Ref" should be "non-slag”

On page 2-54, in Figure 2.4-2, the legend for the solid circle
symbol should be "No Cap non-slag Saltstone Lysimeter" rather than
"No Cap Reference Saltstone Lysimeter”, In the title for the
figure, replace "Slag- and Cement-Based" with "Slag and non-slag".

On page 2-60, in the fourth paragraph, in the seventh line, replace
"composition of these steams” with "compositions of these streams".

On page 2;64, in Section 2.6.4.1, in the sixth line, replace "1984"
with "1983".

On page 2-67, in Table 2.6-2, add the following to footnote b: "ITP
waste was assumed to be aged 15 years".

Oon pagé 2-70, in Table 2.6-4, the entry for Total alpha for Cell A
should be "1.6 x 10-3" rather than "2.5 x 10~5",

On page 2-71, 4in Section 2.7.1, in the first paragraph, in thL.
eleventh line, replace "sysem"” with "system".

On page 2-75, in Table 2.7-1, the hydraulic conductivity of Backfill
should be 1 x 10-¢ cm/s.

On page 3-3, in the third paragraph, in the third line, " (Sect.
1.2)" should be " (Sect. 1.3)".

On page 3-S5, in the second paragraph, in the fiféﬁ line, change "is"
to "are".

Oon pige 3-9, under Sulfate attack, in the second paragraph, in the
second and third lines, replace “groundwater" with "soil water”.

On pages 3-16 and 3-17 in Figures 3.1-6 and 3. 1-1, the label forf*
the vertical axis should be *"Percent Rebar Remaining". : '
On page 3-20, in the title for Table 3.1-1, Eeplace "Langton
(1989b)" with "(Langton 1989b)". In the heading for the .second
column insert "in salt solution” after "Concentration limit".

On page 3-22, in the second paragraph, in the third line, change
"indivi-dual“ to "individual®.

On paqe 3-56, 4in Section 3.3.1, in the second paragraph, in ¢
second line, inaert "was" after. “analysis™. e

On page 3-58. in the first paragraph, in the fourth 1line, insert
"out"” after “car;ied'.
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«+ On page 3-59, in the second paragraph, in the last sentence, replace
"assumed” with "used”.

« On page 3-60, in Table 3.3-1, in the title, replace "assumed" with
mused”. In the heading of the second column from the left, insert
wSaturated Hydraulic Conductivity" above Kg. In the fifth column

from the left, the reference to footnote a should follow @ rather
than (cm~l). Footnote ¢ should be deleted.

« On page 3-61, in the second paragraph, in the eighth line, insert
nvault™ before “fractures"; in the tenth line, insert "saltstone"
before "pours"©.

« On page 3-64, 1in the last sentences of the first and last
paragraphs, replace "agsumed” with "used”.

« On page 3-65, in the heading for the second column, change "Assumed
property value" to "Property value used”.

+« On page 3-86, in Section 3.4.4, in the fifth line, replace "DOE
Order 5820.2a" with "DOE Order 5820.2A".

« On page 4-2, in the last line of the last paragraph, delete *Table".

+ On page 4-5, in Table 4.1-3, the time of peak flux for tritium when
infiltration is 2 cm/year should be "9.1x101" rather than "9,1x10"1".

« On page 4-6, in Table 4.1-4, the peak flux for nitrate should be
"4.9 x 109" rather than "3.4 x 1097,

+ On page 4-9, in Table 4.1-6, the peak concentration for nitrate should
be *5.3 x 101* rather than "3.6 x 101", -he peak‘concentration for C-
14 should be "6.0 x 10-5" rather than "6.0 X 10~6".

+ On page 4-26, in Section 4.1.4.3, in the fourth paragraph, in the
third line, change "Sect. 4.1.4.2" to "Sect. 4.1.4.1". _

< on pagé?4f35, in Section 4.2.1.2, in the second paragraph, in the
seventh line, insert "and technetium” after “"nitrate®. ,__”3F=

« On page 4-43, in the éecond paragraph, in thé fdurteenth line,
delete "from"; in the fifteenth line, delete the first oqcurreq;g'of
"and the®. : -

« On page 4-50, in Section 4.3.1, in the last sentence, change " (38
mg/L at 1400 years)® to » (53 mg/L at_ 1400 years)®; change "is close
to" to “exceeds”. : . ' :

« On page 4~55, in Section 4.3.3, in the fourth line, change "are B4%
of" to "exceeds™. ' : >
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* On page 5-2, in Table 5.1-1, for the Degraded Saltstone/vVauilce
Scenarios, the maximum predicted concentration for nitrate should be
53 mg/L rather than 38 mg/L. The column headings "Maximum Predicted
dose or concentration" under Intact Saltstone/Vault Scenarios and
Degraded Saltstone/Vault Scenarios should be deleted. Insert new
headings as follows: Insert "Best estimate dose™ just above the
dose results of "0.6 mrem per year" and "50 - 110 mrem per year" for
the inadvertent {intruder; Insert "Maximum predicted dose or
concentratjon” just above the results for the groundwater pathway.

* On page 7-1, in the first reference, in the first line, replace
"Date" with "Data". In the sixth reference, in the first line,
replace "Celisum”™ with "Cesium".

* On page 7-2, in the seventh reference, in the first line, delete
"24“. .

* On page 7-3, in the fifth reference, in the first line, change "S.
T." to "S. J.".

* On page 7-4, in the ninth reference, in the second line, insert "DP-
1493" after "Ground.".

* On page 7-8, in the sixth‘reference, in the second line, delete "2/
before "Savannah River Site".

+ On page 7-9, in the sixth reference, in the second line, change
"DOE/E15/0082" to DOE/EI1S/0082".

*« On page 7-10, in the eighth reference, in the second line, insert
"DPST-85-417" after "Saltstone."™.

« On page 7-11, in the first reference, in the fourth line, replace
"Chase T. Main®" with *“Chas. T. Main®". B AN .

«+ On pagé A-9, 4in Figure A.1-4, the legend for the fourth set of
values, denoted by triangles, should be %"Coarse Sand"™ rather than
"Course Sand". -

-« 'On pageé A-12, in--the first paragraph, in the fifth 1line, insert
"for" after "empirically”. In the second paragraph, in the fourth
line, change "assume® to "assumes®, )

« On page A-13, in Table A.1-2, in the Title, replace "assumed"” with
"used”; the entries for Nitrate under Clay and Gravel should be
“0.".

« On page A-16, in the last sentence of the top paragraph, it 1is
stated that a copy of the input file for the PORFLOW simulations of
the upper moisture barrier is in Appendix C.2. This input file was
inadvertently omitted from Appendix C.2. A copy is attached to tI :
errata. -

« On page A-19, in the fifth line of the top paragraph, change "all
to" to "all of”.
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- On page A-22, in Table A.1-3, the initial pore concentration of
Nitrate should be "2.3 x 109" rather than "1.6 x 109",

. oOn page A-29, in the definition of terms for the first equation, the
last two terms Zo and Xo should be upper case to refer to the.
numerators in the first two equations after "where". In the

definition of lj, the "zo" term should be lower case.

« On page A-33, in the second equation {(which defines H2 (A)), in the

numerator, the sign between the hyperbolic sine and the sine terms
should be minus instead of plus. In other words, the egquation
should be:

o (A) A ésinhzl - gin2A
2 cosh2A - cos2A

In the egquation above rwhere the solution depends upon these
dimensionless variables that follow:", the “aCf" in the numerator -

should be "QCe¢".

« On page A-35, in Table A.1-5, the value used for ¢f, the fracture
porosity, should be 1.7 x 10-5" rather than "1.0°%. '

. oOn page A-39, in Section A.2.1.2, in the fourth line replace "zZone
Sb (the Congaree Formation)™ with "Zone S5a (the Congaree
Formation)”.

+ On page A-40, in Table A.2-1, the values for vertical hydraulic
conductivity for Zones 6/7/8 and Sb should be "4 x 106" and "2 x
10-9".In Section A.2.1.4, in the last paragraph,.in the first line,

the units for the effective diffusion coefficient should be “em2/s"
‘rather than "“cm/s".

. oOn page A-43, in Section A.2.2.2, in the first paragraph, in the
. . geventh--line, delete “of". In the second paragraph, in the last
line, change “are" to "is". .

«+ On page A-45, in the second paragraph, in the fourth line, ‘delefe
wwere cbtajined”; in the sixth line, change "setting™ "to "gsettings".

+ On page A-47, in Sectlon A.3.1, in the fourth line, insert "/cm3"
after "g". In Section A.3.1.1, in the second line, the reference
should be to "Subpart Q", rather than to "Subpart O". ‘

« On page A-48, equation A.3.1 should be written as follows:

Ja = 104np3‘\lx03 r.anh[‘\,al—a (xs) } -
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* On page A-49, in Section A.3.1.3, in the second line, the 222Rp ¢),,
value should be 0.1 pCi m~2 s~1 rather than 7.3 x 10-1.

*+ On page A-51, in Section A.3.2.3, in the first line, the reference
should be to equation A.3.5, rather than to equation A.3.12. 1In the
third line, the reference should be to equation A.3.6 rather than to
equation A.3.13. ..

*+ On page A-5%2, In Section A.3.2.4, equation A.3.7 should be rewritten
- as follows:

R = Jj*Ap

Where
Qss = steady-state room concentration (pCi m-3)
R = radionuclide input rate (pCi s=1)
Ky = radionuclide decay constant (s~
Kv = room ventilation rate constant (s~1)
vy = volume of room (m3)
J{ = radionuclide flux (pCi cm~2 sec 1)
Ap = floor area of the room (cmz)

In equation A.3.8 and in the following definition of terms, "Q"
should be "Qgs".

+ On page A-60, in Table A.4-2, under the line containing ©"Sb-126",
the following line should be inserted (this line should be indented
just as the line for Sb-126).

Sb—125m 0.1 7.3 x 10™3

« On pages C-2 through C-S, in Table C.1~-1, each nuclide which is
. ‘followed by "+ d". should have a reference to footnote d added. For

example, "Ru-106 + d" should be "Ru-106 + dd=, | .

+ On page C-5, the "Total Activity" entry should refereace footnote e;
i.e., the edtry should be "Total Activity®". :

The value for Total Activity of the Nominal Blend should be 2. 90 X
10-4 Ci/liter rather than 2.81 x 1074,



bOSZO;éRg A3-001S L

Errata to WSRC-RP-92-1360 7 5/17/93 Pg' bz‘

« At the bottom of page C-5, in footnote c, the word "ration" should
be "ratio".

At the bottom of page C-5, the following two footnotes should bpe
added:

d =~ . .+ d" indicates there are daughters in equilibrium.
Activity reported is that of the parent. '

® rotal activity includes the activity of radloactive daughters
in secular equilibrium with the parent (indicated by "...+ d").

+ On page C-17, at the bottom of the page, in the second line of the
caption, the parentheses should be closed at the end of the
sentence.

« On page C-65, in the table at the bottom of the figure, the maximum
concentration of 4.4 pCi/l, as a result of fractures, occurs at 1.5

x 104 years rather than 1.4 x 104 years.

« On page D-2, in Section D.1.2, in the first paragraph, in the last
sentence, insert "the runs showed” after "Further,".

+ On page D-5, in the Title for Table D.3-1, in the second line,
change ®"formation" to *formulation™. The second compound listed
should be "Al203" rather than "A1203"; the eleventh compound listed
should be "S03" rather than "So3".

« On page D-10, in the top paragraph, in the fourth line, “cement ore
£luids® should be "cement pore fluids"®.

. On page D-13, in the title of Table D.4-1, "interstitual® should be
"interstitial®. e

« On page D-14, in Table D.4-2, in the left column, the first entry
for Na species should be wNat* rather than "Na®"; the first entry for
K species should be wx+" rather than "K"; the third entry for S042-

" species” should be: %KSO4~" rather than "KSO4"; the first entry for
NHq4 species should be "NH4*" rather than "NH4"; the entry fo;;ﬁggf"
species should be *NO2™" rather than "NO2". In the right column,
the first entry for NO3j species should be "NO3™" rather than "NO3";
the first entry for CO3~ species should be "NaHCO3,aq" rather than
"NaHCO3,aq”"; the first entry for Fet3 species should be "Fe(OR)4™"

rather than “FeOH4™", the second entry should be "Fe(OH)2%" rather
than "FeOH2", the third entry should be "Fe(OH)3" rather than
"FeOH3".

+ On page E-1, in Section E.1.1, in the third paragraph, in the sixth
line, "south-eastern® should be wgoutheastern”. =
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On page E-9, in Section E.2.3, in the second line of the second
paragraph, "are based™ should be "is based”. In the last 1line,
delete the comma after "groundwater flow™.

On page E-13, in the top paragraph, 1ln the second sentence, insert
"adjacent" before "to Z-Area".

On page E-16, in the top paragraph, 1n the fourth line, delete "Fig.
E.2-4" just before "Zone &".

On page E-25, in Figure E.2-10, the x-axis Jlabel should say
"molsture”, rather than "moiture".

On page F-2, under PORFLOW-3D, in the second line, replace "of"
with "and". Under SOFTWARE VALIDATION, in the first line, replace
*"resting” with "testing”.

On page F-6, in Section 6.2.2, éhange the last line to read:
"uniquely identifies each data set and corresponding simulation
results.”

On page F-7, in Section 8.0, in the fourth line, réplace "such and
Idaho™ with "such as Idaho".

Oon page F-B; in the last reference, in the second line, repla
"Mustifluid"” with Multifluid®”.

On page F-9, in the upper righthand corner of the page, replace
"EGG-EELS-003" with "EGG-EELS-10666"; in the center of the page,
replace "1992" with "March, 1993".

On page H-2, in the caption for Figure H.1-2, replace "Fractionan”
with "Fractional®, and replace "of a function™ with "as a function”.

A )
On page H-3, in the titles for the first, third and fourth graphs,
delete the first occurrence of "to".

On page H-20, the last sentence of the footnote to Table H.2-1
should read: "To the right of the near-field uncertainty run number
‘are thirteen numbers, representing the thirteen nitrate fractional
fluxes at thirteen points in time, used for the saturated flgg-
runs." : ‘

- .-

-
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Input File

Upper Moisture Barrier
Simulation




WL AP-8-0015.L
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TITLE Two Moisture Barrier for Savannah River Site with two percent grade.
USER CS C.Smith
!
GRID 22 by 63
/
READ the 1 st record from “start’
!
SCREen on
COORdinate X:
/
! non cover (1 - 1O}
f
250 250 100.0 200.0 300.0 400.0 450.0 475.0 487.5 4950
/ .
{ cover ( 11 - 22)
!
$0$.0 5150 S30.0 555.0 580.0 6300 7280 8250 925.0 9700
990.0 1010.0
!
COORdinate Y:

/
{ backfill (1 - 23)
/
1S 15 70 140 230 340 480 650 860 113.0
143.0 180.0 2200 257.0 287.0 314.0 31350 352.0 366.0 3770
386.0 3930 3980
f
fclay (24 - 38)
/
402.0 410.0 417.0 4240 431.0 4380 445.0

452.0 4590 4650 470.0 4730 476.0 4780 479.5
/
{ gravel ( 39 - 49)
!

) 7 480.5 4820 : R
4840 487.0 491.0 4950 499.0 503.0 506.0 508.0 509.5
!
1 backfill ( 50 - 63)
!

510.5

$12.0 S14.0 °S17.0 5210 529.0 $41.¢ 5550 563.0 5730 5820
5910 5970 603.0 ' .
! e
{ Geometry of system o -
! =
ZONE 1isfrom ( 1. 1) to (22, 63) $ BACKFILL soil layer

!

ZONE 2 is from ( 11, 39) w0 ( 22, 49) $ GRAVEL soil layer
!

ZONE 3 is from ( 11, 24) to ( 22, 38) § CLAY soil layer

/

DATUm = 0.0.

GRAka components are: 0.02,.1.

DBNSkyofnu:discommandequﬂtol(umlwbv:mr -

Fon'me 1 $BACKFILL
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ROCK bulk den 1.60 gm/cc, neff=.439 nor=0.439 . ndif=0.439
HYDRaulic prop. ss = 1.e-3. Kx=332.6Ky=332.6cm/yr
MULTiphase flow: abular aption, 79 points
/ saturation matric potential incm

0.22 3183312

0.23 366.3198

0.24 3545856

0.25 343.125

0.26 331.9344

0.27 3210102

0.28 310.3488

0.29 299.9466

0.3 289.8

0.31 279.9054

032 270.2592

033 1260.8578

0.34 251.6976

0.35 242775

0.36 134.0864

0.37 225.6282

0.38 217.3968

0.39 209.3886

04 201.6

0.4t 1940274

0.42 186.6672

0.43 179.5158

0.44 172.5696

0.45  165.825

0.46 159.2784

0.47 1529262

0.48 146.7648

0.49 140.7906

0.5 135

0.5]1 129.38%4

0.52 123.9852

0.53 118.6938

0.54  113.6016 - S

0.55  108.675

0.56 103.9104

0.57  99.3042

058 94.8528

0.59  90.5526

0.6 - 864

0.61 823914 —
0.62 78.5232 : &
0.63 74.7918 .
0.64  71.1936

0.65  67.725

0.66  64.3824

067 61.1622

0.68  58.0608

0.69  55.0746

0.7 522

0.71  49.4334

0.72 467712

0.73 442098 .
0.74  41.7456 -
075 39378

0.76 37.0944
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0.77 349002
0.78  12.7888
0.79  30.7566
0.8 8.8
0.81 269154
082 25099
0.83 233478
0.84 216576
0.85 20.025
0.86 18.4464
0.87 169182
0.88 154368
0.89 13.9986
0.9 12.6
0.91 11.2374
0.92 9.9072
0.93 8.6058
0.94 7.3296
0.95 6.075
0.96 4.8384
097 31.6162
0.98 2.4048
0.99 1.2006
1 0.0000

MULTiphase flow: COND tabular option, 79 points
/ samcation relative conductivity .

0.22 0.0000E+00

0.23 2.7016E-08

0.24 4.3226E07

0.25 2.1833E-06

0.26 6.9161E-06

0.27 1.6B8SE-05

0.28 3.5013E-05

0.29 6.4B65E-05

0.3 1.1066E-04

0.31 L.7723E-04

0.32 2.7016E-04 : A

0.33 3.9554E-04 ‘

0.34 5.6020E-04

0.35 7.7T160E-04

0.36 1.0378E-03

0.37 1.3677E-03

0.38 1.T70SE-03

0.39 2.2564E-03

0.4 2.8360E-03

0.41 3.5208E03

0.42 4.3226E-03 -

0.43 5.2541E-03 ‘

0.44 6.3287E-03

0.45 7.5602E-03

0.46 8.9633E-03

0.47 1.0553E-02

0.48 1.2346E-02

0.49 L.435TEQ2

0.5 1.6606E-02

051 1.5108B-02

0.52 2.1883E-02 -

0.53 1.4950B-02 -

0.54 2.8328B-02

"
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0.55 3.2039E-02

0.56 31.6102E-02

0.57 4.0541E-02

0.58 4.5377E-02

0.59 5.0632E-02

0.6 5.6332E-02

0.61 6.2500E-02

0.62 6.9161E02

0.63 7.6341E-02

0.64 8.4066E-02

0.65 9.2362E-02

0.66 1.0126E-01

0.67 1.1078E-01

0.68 1.2096E-01

0.69 1.3183E0]

0.7 1.4341E01

0.71 L.5574E0!

0.72 1.6885E-01

0.73 1.8277E-0!

0.74 1.9753E0!

0.75 2.1317E-01

0.76 2.2972E-0!

0.77 2.4721E-01

0.78 2.6569E-01

0.79 2.8518E-0!

0.8 3.0573E-0!

0.81 3.2736E-0!

0.82 3.5013E-01

0.83 3.7406E-01

0.84 1.9920E-0!

0.85 4.2558E-0t

0.86 4.5325E-01

0.87 4.8225E-01

0.88 5.1262E-01

0.89 5.4440E-01

0.9 5.7764E-01

0.91 $.1238E-01 AR

0.92 6.4865E-01 ’

0.93 6.8652E-01

0.94 7.2602E-01

0.95 7.6721E01

0.96 8.1012E-01

0.97 8.5480E-01

0.98 9.01E-01 ' -

0.99 9.4970E-01 _ . 3

1 1.0000E+00

y : N
FOR zone 2 SGRAVEL
ROCK buik den 2.60e6 gm/cub/me, neff=_380 . ntot=0.380 , ndif=0.380
HYDRaulic prop. ss = 0.01 Kx* =1 STTE+7Ky®*=1.57T7TE+7 cm/yr Kz* =1.577E +7 cmiyr
MULTiphase flow: VAN, n = 3.70,0.0819 /cm, Swr = 0.0263
/

FOR zone 3 SCLAY ‘

ROCK bulk den 2.60e6 gm/cub me, neff=. 3186, ntot=0.386, ndif =0.386
HYDRaulic prop. s3 = 6.E-<4, Kx* =2 4E-1 Ky*=2.4E-] cm/fyr Kz*=1.4E-| cm/yr
MULTiphase flow: VAN, n = 1.33,8.18E-4 /om, Swr = 0.2974

{

/ assign initial conditions based upon unit gradient calculation with 38.1 cm/yr
fINIT P -51.0 zome L 3%0 (0.,1)
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ANTT P 0.0 zone 23%0 (O.1)

/ANIT P 0.0 zome 3 3°0 (O.1)

/

BOUN P -1 (§) FLUX= 0.

BOUN P 1 (N} FLUX= 0

BOUN P -2(E) INTE= 0.

BOUN P +2(T) FLUX= -40.0 ciyr

{

/ set code to determine tlux for subsequent runs with saltstone

!

FLUX BALA for P ( 1. 63) ta ( 22, 63) every 500 steps

FLUX BALA for ® (1. 50) to { 22. 50) every 500 steps

FLUX BALA for P (1, 49) 10 ( 22, 49) every 500 steps

FLUX BALA for P ( 1, 43) to ( 22, 43) every 300 steps

FLUX BALA for P ( L, 39) to ( 22, 39) every 500 steps

FLUX BALA for P ( 1, 38) 10 { 22, 38) every 500 steps

FLUX BALA for P (11, 24) to ( 22. 24) every 500 steps

FLUX BALA for P (15. 24) to ( 22. 24) every 500 steps

FLUX BALA for P (1. 1) to (22, 1) every S00 sieps

f

/ OPERATIONAL CONTROL

!

PROPerty for P is HARM mean

MATRIX in X and Y directions for P in 4 sweeps using ADI
CONVergence for P; LOCAl mode; value = 1.0e-05. max of 25 iterations
f R

WINDow from (2, 2) w0 (2.2)

DIAGnostic node at (30. 40) every | steps

OUTPut every 100000 steps

/RELAx for P 0.SSE 0.5 KR 0.550.5

{RELAx for P 0.5

{

SOLVE for 5.e-3 yr in steps of 1.¢-3 increase by 1.0 max 100 min le-10
SAVE U, V, P, S NOW in 'end’

!

/SOLVE for 2.¢-1 yr in steps of 2.e-3 increase by 1.0 max 100 min le-i0 )
/SAVE U, V, P, § NOW R
!

/SOLVE for 2.e-1 yr in steps of 3.c-3 increase by 1.0 max 100 min le-10
{SAVE U, V, P, S NOW

!

/SOLVE for S.e-1 yr in steps of $.¢-3 increase by 1.0 max 100 min le-10
ISAVE U, V, P, § NOW

! - o

/SOLVE for 1.e-0 yr in steps of 7.¢-3 increase by 1.0 max 100 min le-10
ISAVE U, V, P, S NOW i ‘end2’

{

/SOLVE for 3.e-0 yr in steps of 9.¢-3 increase by 1.0 max 100 min le-10
ISAVE U, V. P, § NOW ‘

!

/SOLVE for 5.c-0 yr in steps of 1.1e-2 increase by 1.0 max 100 min {e-10
ISAVE U, V. P, S NOW

)
SOLVE for 10.0 yr in steps of 1.3.¢-2 increase by 1.0 max 100 min le-10
/SAVE U, V. P, S NOW

/ .

/SOLVE for 30.0 yr in steps of 1.5¢-2 increase by 1.0 max 100 min le-10 -
. ISAVE U, V. P, S NOW in ‘endd’ -

/

K.0

%
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ISOLVE for 50.0 yr in steps of 2.¢-2 increase by 1.0 max 100 min le-10

ISAVE 1, V. P. S NOW

i

iSOLVE for 100.0 yr in steps of 2.5¢-2 factor 1.0 max 100 min le-10 1.1 100000
ISAVE U. V. P. S NOW

/

/SOLVE for 200.0 yr by 3.e-2 factor .0 max 100 min le-10 .1 100000

ISAVE U, V. P 3§

/

END

-
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RESPONSE TO REQUEST OF PEER REVIEW PANEL FOR ADDITIONAL (P@ -
INFORMATION ON THE SRS SALTSTONE PA
5/17/93 @ Q)

Panel's question number 1

1. Explain the long-term viability of the <clay/gravel
drainage layers incorporated into the closure cap.
Specifically:

a. Provide Jjustification that clay 'layersv can be
constructed with an in place hydraulic conductivity of
10-9 cm/sec.

b. Provide justification for the 0.5 cm/sec gravel layer.

c. Provide an analysis of how long the clay/gravel
drainage layers will remain operative and what their
conductivities will be after they degrade.

d. How much water infiltrates into the waste vaults when
the drainage layers degrade?

e. What is the sensitivity of the source term to the
increased/decreased water infiltration rate that
occurs when the drainage layers degrade?

£. What effect does the degradation of the drainage
layers have on the system performance?

Response
Summary

Although the value for clay conductivity used-4n the RPA of
7.6x10-9 cm/s is arguable, using a value of 107 cm/s
increases infiltration through the upper moisture barrier to
4 om/yr, which is only a factor of two greater than that
analyzed in the RPA. The value for hydraulic conductivity of
gravel -used in the RPA is only a factor of two greater than
that recently measured. The rates of change of the hydraulic
conductivities of clay and gravel as they degrade over time . .
have not been determined; however, it is reasonable to expect
that the limit of either of these conductivitles is the
conductivity of the native soil or backfill. Complete
degradation of the. drainage layers will make 40 cm/yr of
infiltration available at the top of the vaults. The source
term for intact vaults/saltstone is 1insensitive to
infiltration rate; the sourcé term for fractured
vaults/saltstone is very sensitive to infiltration rate. For
‘{intact vaults/saltstone, system performance is not impacted
by degradation of the drainage layers. However, for
fractured vaults/saltstone, system performance ig-greatly
affected. =

i
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a.

The saturated hydraulic conductivity assumed in the z-
Area Radiological Performance Assessment (see p. A-7) was
derived from laboratory data indicating a value of
7.6x10°9 cm/s (Wilhite and Wolf, 1986). This value is
also supported by the recent laboratory data obtained by
Core Laboratories (see response to question 3, and
Attachment 1) on cores of two different clays being
considered for use,.

We acknowledge, however, that the value of 7.6x10°% cm/s
is arguable. Field values for constructed clay layers
.near Z-Area indicate saturated hydraulic conductivities

.on the order of 1.6x10"7 cm/s to 3.2x10°8 cm/s (Phifer,

1991). Daniel (1987) reviewed reported measurements of
in-situ hydraulic conductivities of compacted clay liners
ranging from 4x10-% cm/s to 2x10"% cm/s. Laboratory-
measured values may differ from field-measured values as
a result of difficulties encountered in constructing a
fully-wetted and undisturbed layer of clay over a large
area and difficulties in accurately measuring the field
hydraulic conductivity for low-permeability materials.
On the other hand, Gordon et al. (1989) report that field
hydraulic conductivities of 10°7 cm/s or less can be
achieved with thick clay liners which are constructed
with standard compaction equipment in thin lifts. Given
this information, a value of 10-7 cm/s would perhaps be
more defensible for the conductivity of clay in the
proposed moisture barriers.

To partially address the possibility that the in-place
hydraulic conductivity of clay used in the Z-Area

—.Saltstone Disposal Facility simulations is ot adequately

" uconservative, the infiltration analysis was repeated with
-~ +:a ‘hydraulic conductivity of 10-7 cm/s for the clay in the

iTjpper moisture barrier, rather than 7.6x10-% cm/s.

Simulations with a higher value are not warranted as the
Z-Area RPA already addresses the case where the clay has
completely. degraded, and the conductivity is on the order
of that .of the surrounding backfill or 10°5 cm/s. A
complete analysis of the effect of changing the clay
conductivity also requires considering the clay/gravel
drain. immediately above the vaults, in addition to the
upper moisture .barrier. The sensitivity of model results
to changes in the conductivity of this lower clay layer
is considered in Parts e and f below.

&.0
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Wwith a clay conductivity of 7.6x10"? cm/s, the average
{nfiltration through the clay was calculated by PORFLOW-
3D to be 0.5 cm/yr. A value of 2 cm/yr was used in the
Z-Area RPA. This higher value was used because the
infiltration under the clay is not uniform across the
domain, with infiltration rates higher than 0.5 occurring
near the edges of the clay, and rates lower than 0.5
occurring near the center of the clay. The value of 2
cm/yr used was conservative, however, because this value
was used as the average over the whole of the moisture
barrier (see pages 4-2 and A-3 of the RPA).

With a clay conductivity of '10-7 cm/s, the average
infiltration through the clay is calculated by PORFLOW-3D
to be approximately 4 cm/yr, which is only a factor of
two greater than the value used in the RPA.

The saturated hydraulic conductivity of gravel used in
the Z-Area RPA (0.5 cm/s, see p. A-7) was based on an
analysis of coarse sand, glacial outwash, and stony soil
by individuals at the University of Texas. The value
obtained in recent laboratory experiments using gravel
cores (0.15 to 0.16 cm/s) is somewhat lower than the
value used in the RPA. Freeze and Cherry (1989) give a
range of hydraulic conductivity for gravel of 0.1 to 100
cm/s. The evidence indicates that the hydraulic
conductivity of gravel is not likely to be significantly
less than 0.5 em/s. If the field value were higher, the
gravel drain would allow more drainage, and less water
would flow through the facility. Therefore, it is likely
that the value of 0.5 cm/s is fairly conservative.

The longevity of the clay and gravel layerguis not known,
especially over the long-term. Factors that affect the
longevity of the clay (i.e., erosion, desiccation,
biointrusion, settling, etc.) were noted on p. 3=7 of the
Z-Area RPA. Likewise, the gravel layer may experience a
decrease in ~conductivity over time as a result of
plugging by soil particles entering the layer. The clay

layer immediately above the vaults is supported by the. .

vaults and monoliths, as is the perched wateér on the
vaults. It is also lower in elevation than-the upper

barrier. Therefore, the rate of degradation of the lower

drain system by the identified mechanisms is probably
lower than for the upper moisture barrier.

. Degradation will likely be a gradual process, with
.conductivity of the gravel decreasing and conductivity of

the clay increasing over time. It  is reasonable to
expect that the limit of either of these .conductivities

-is the conductivity of the native soll or querlying

backfill.
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d.

- e

when both clay/gravel layers degrade, the amount of water
infiltrating to the waste vaults 1is controlled by the
amount of infiltration below the root zone of rthe
overlying soll. An infiltration analysis provided in
Appendix A.1.1 of the RPA indicates that 40 cm/yr js a
reasonable value to assume for areas of the SRS that are
very hearly level, i.e., where lateral runoff 'is minimal.
Therefore, complete degradation of both clay/gravel drain
systems will likely result in the availability of 40
cem/yr infiltration to the top of the vaults.

The sensitivity of the source term, or rate of release of
radionuclides from the wasteform, is addressed in the
following manner.

First, the impact of a fully-degraded clay/gravel
drainage layer on intact vaults and saltstone is
considered. In the case where saltstone has a hydraulic
conductivity of 1011 cm/s, the flux of radionuclides from
the saltstone is shown by numerical simulation to be due
approximately equally to diffusive and advective
mechanisms. Diffusive flux, which is driven by the
concentration gradient, 1is not expected to be
significantly impacted if the overlying clay/gravel drain
degrades. The advective component of flux would increase
if the movement of water through the wasteform were to
increase as a result of the degradation of the
clay/gravel drain system. However, in the case of intact
vaults and saltstone, the movement of water through the
vaults 1is not expected to significantly increase
according to the following reasoning. The saturated
nydraulic conductivities of intact saltstone (10-11 cm/s)

- .and the concrete vaults (10-19 cm/s) used‘}p the RPA are

considerably lower than that of the overlying material,

"whether it be clay (10-7 cm/s) or backfill (105 cm/s).

".‘Because the overlying material remains saturated in the

‘simulations (i.e., perching occurs with and without the
clay/gravel drain), the rate of movement of water through
the saltstone is controlled by the less permeable
material, or . saltstone. In other words, the rate at
which water is delivered to the top of the vaults is
fairly immaterial, as the saltstone can only transmit the
water at a rate proportional to 1its hydraulic
conductivity. The hydraulic gradient across the
saltstone is also a factor in water movement, but in the
case of a degraded clay/gravel drain, that gradient is
expected to:--decrease due to the additional water in the
system. By allowing more water into the system, the soil
under the vaults becomes less dry, and thus the capillary
pressures  decrease (i.e.,  pressure becomes less
negative) . Some early simulations conducted ig_the z-
Area RPA indicated that the clay/gravel drain overlying
the vaults was not a significant factor in determining
the source term for intact saltstone, which lends support
to the above discussion.

0
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second, the impact of a fully-degraded clay/gravel drain
on the rate of radionuclide release from degraded vaults
and saltstone is considered. Unlike the intact analysis,
the fracture (degraded) analysis is very sensitive to the
hydraulic conductivity of the material overlying cthe
vaults. This sensitivity 1s due in part to the
assumption that there is no resistance to flow in the
fractures. The fracture analysis assumes that any water
that makes it to the top of the vaults will be
transmitted through the fractures. Computations were
done using the semi-analytical approach for estimating
release from fractures documented in the Z-Area RPA (see
Section A.1.3). The range of hydraulic conductivity of
material overlying the fractured vaults considered was
10-5 to 7.6x10°% cm/s. For the case with "no
clay/gravel®, it was assumed that the gravel was not
effective in limiting perched water, and the upper limit
on perching was determined by the average infiltration
rate of 40 cm/yr for the system. The amount of perching
in the cases where clay was present was assumed to remain
at 61 cm, as documented in the Z-Area RPA. Computations
were carried out for four radionuclides, 79se, 99Tc, 126sn
and 1291, which were identified as the significant
contributors to dose from groundwater ingestion in the 2-
Area RPA. The results of this sensitivity analysis are
reported in Table 1. These results indicate that the
estimated radionuclide release from fractures is very
sensitive to the hydraulic conductivity of the clay
overlying the vaults.

The effect of degradation of the lower clay/gravel drain
on system performance was not addressed in the Z-Area
RPA, and is addressed here. In part e above, it was
noted that the source term for intact saltstone is very
jnsensitive to the range of hydraulic conductivities
associated with either intact or degraded clay. However,
a degraded clay/gravel layer will allow more water into
the system. Thus the water table would not be depressed
under the facility, as occurs with an intact clay/gravel
drain system. Earlier work on the RPA indicated,

however, that this slight depression did not .

significantly affect the groundwater concentrations at
the compliance point for groundwater protection. . The
regional flow system {in effect "buffers" any minor
depressions caused by the facility, and plume transport
is not greatly affected by the presence or absence of
moisture barriers.

.0

W



-

2

-yado s@In3oelF VYI UIYM YOOTQq PIINRIF Y3 wWwol3 xn13 9243l uo paseq 7 ¥edd o
-s3Tnea 9yl Uf saanloeay ybnoayl so0b . I930M mcﬂumuuaﬂurﬂ JO TTU soumssV¥ q

-K37100T@a Adaep IA/u0 Qp Uyl aeybyy e soaTD puyyoisd
89I0W ‘'pawnsse 9q ued eyl AITATIONPUOD [TIINOBG STYI e a93em payoxad JO Junowe wnuwyxeu 9yl ST STUL w

(01 X §°€ vio® 9-01 X L'V 3 . g-0U X 0°1 "0V Lgz1
60l X 9°5 Ylo- e 0l X S' L O Ol X L'V "o¥ YS9zt
g-0T X 571 vio° (=01 ¥ 0°Z 8T’ =0T X SV ‘Ov 13
9-01T X ¥°1 yio- c-0T ¥ 8°1 8T’ =01 = o'y . “oF 9S6e
(X7} 5 gq21av3 {345 /ud} TR ETCCHE [E2.YA) o ‘qPld¥3 (3A/u0) SuOILITVe .-mﬂuq.o ._A.o..nnqu (3K /e0) §PuUcITITES
I97UM O XNTJ peiniseil ybnoayy | Ieemn 03 XnIj peanjowaz ybnoaygy] I93eA 03 X1} peoaniowi] ybnoxyl
TeUOTIORIT YURd Aitoorea Ao1wg {TWUOTIONIF YUed Kayootea Aozeq .n.cco«uoquu.daom hu*uoaoa Kazeq FIaNUOTPE
193em poyoaed wo 19 ‘AeTd wo 0§ 193en poyozed wo 19 ‘Aero WO 0§ , 1L poyozed wo 0ST
S/Wd 0T X 9°( = Retoy s/w> ,_0T = AvToy S/ ¢ 0T = Koty
1eae3/ARTD 1oavIn/ke1d 1oaez9/ieTd OH

P

*§3[NeA mc«mduwbo Tejaolew jo A37AF300pUOD
aTTneaIpAy 3JO uOT3IOUNyY B SEB SUOIEITES Uy s9Inljoexy wolj wmqmaou pojewtise 3O A31yAayagsuas "1 91q®

£661 ‘L1 AenW yz Jo 9 @abed . 1sanbay dyd 03 asuods3

> 9L % - |
SS100-¢h -0 -025 )



w3 ee- QP*%’-OOE(,O

- P4.1N0

Response to PRP Request page 7 of 24 May 17, 1993

For fractured saltstone, however, the System performance
is affected greatly by the absence of the moisture
barriers, due to the sensitivity of the release-from-
fracture analysis to the hydraulic conductivity of the
material overlying the vault. To evaluate these effects,
computations were carried out for 79se, 99%Tc, 126g, and
1251, The maximum doses for each radionuclide, along with
the point in time at which they are predicted to occur,
are shown in Table 2. Due to the different sorption
coefficients and half-lives, the pPeak occurrences dg not
overlap, and thus the peak values in Table 2 are not
strictly additive. These results show that the peak
groundwater concentrations are of shorter duration when
the releases are high, due to depletion of the source.

References for Response 1

Daniel, D. E., 1987, Earthen Liners for Land Disposal
Facilities, in Geotechanical Practice for Wasta
Disposal, ASCE Specialty Conference, University of
Michigan, Ann Arbor, Michigan, June 15-17, 1987.

Freeze, R. A. and J. A. Cherry, 1979, Groundwater, Prentice-
Hall, Inc., Englewood Cliffs, New Jersey.

Gordon, M. E., P. M. Huebner, and T. J. Miazga, 1989,
Hydraulic Conductivity of Three Landfill Clay Liners,
J. Geotechnical Eng., .115(8), pp. 1148-1159.

P qb .
Phifer, M. A., 1991, Closure of a Mixed Waste Landfill -

Lessons Learned, in Waste Management'91, Vol. 1, pp.
517-525.
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Panel's quaestion number 2

2. Expand the sensitivity analysis to include degradation of
saltstone and concrete hydraulic conductivities for long-
term conditions. This would apply to the fractured
concrete and flow through the bulk unfractured saltstone
blocks. The suggested increase in conductivity |is
several orders of magnitude.

Rasponse
Summary

Degradation of saltstone and concrete, simulated by
increasing hydraulic conductivity by three and two orders of
magnitude, respectively, for non-fractured vaults/saltstone,
resulted in decreased system performance. However, the-
resulting annual effective dose equivalent 1is less than 1
mrem/year.

Discussion

In the Saltstone Disposdl Facility RPA, degradation of
saltstone moncliths and concrete vaults was addressed by
considering release from fractures in the concrete
materials. What happens between fractures over time is a
question that was not addressed, and it was assumed that
the intact portions between fractures could be
characterized by the initial hydtaulic properties
assigned to saltstone and concrete. In response to this
question, a sensitivity analysis which focused on the
potential effects of degradation of ltstone and
concrete properties over time was con ucted.. This
analysis addressed the potential effects of degradation
of hydraulic and diffusive properties of these materials.

To conduct this sensitivity analysis, PORFLOW-3D runs
wére made. to.-evaluate the advective and diffusive flux of
radionuclides from saltstone. Because we were
considering degraded materials, these runs were done
assuming that both of the overlying clay/gravel drains
had become nonfunctional, and were characterized by the
hydraulic conductivity of backfill. Therefore,
infiltration into the source region was assumed to be 40
cm/yr, or the average infiltration rate for the region.

Two additional simulations were carried out for four
radionuclides: 19ge, 99Tc, 126Sn and 1291,  These
radionuclides were identified in the RPA as the
significant contributors to dose from groundwater
ingestion. The first simulation (Run 1) assumed that the
concrete and saltstone were characterized by a hydraulic
conductivity of 10-8 cm/s, which is two to three orders of

Wi
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magnitude higher than that assumed for the RpaA
simulations. Due to the difficulty in defining and
simulating the time sequence of change in material
properties, the hydraulic conductivity was simply assumed
to be higher initially, and remain higher throughout the
simulation. -

The second simulation (Run 2) assumed a hydraulic
conductivity of 10-% em/s for the concrete materials and
also assumed that the effective diffusion coefficient had
increased to 10-7 cm?/s from 5x10°? cm?/s (see p. 2-56 of
the RPA).

The results of these simulations are reported in Table 3
in terms of peak groundwater concentrations and time of
occurrence of peak concentrations. Along with these
results are the peak groundwater concentrations
attributed to fractures and intact saltstone in the 2-
Area RPA, for comparison. It is apparent from this
sensitivity analysis that degradation of saltstone and
concrete between fractures would significantly increase
the release of radionuclides over that reported in the Z-
Area RPA for intact saltstone and concrete, and would
result in an earlier peak. Furthermore, consideration of
the degraded saltstone conductivity would increase the
predicted peak groundwater concentration over that
attributed to fractures by up to a factor of forty. It
should be noted, however, that the groundwater
concentrations attributed to fractures in Table 3 are
from the RPA; they do not consider degradation of the
overlying clay layer, and thus are not strictly
comparable to Runs 1 or 2 in Table 3. It should also be
noted that the results appear to be insengitive to the
.effective diffusion coefficient, since the Yesults of Run
"1 and 2 are essentially the same. This indicates that at
- sthese higher hydraulic conductivities (that is, greater
than 10-11 cm/s) the flux from the saltstone is advection-
dominated.

Annual effective dose equivalents corresponding to the

peak groundwater concentratioris from Runs 1 and 2 were it
computed, and are listed in Table 4. For comparison, the
results from the Z-Area RPA for the intact and degraded
(i.e., fractured) vaults and saltstone are also shown.

This table indicates that while there is a significant
increase in predicted dose attributable to a higher
conductivity of saltstone and concrete, the annual
effective dose equivalent remains less than 1 mrem/yr.
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Response to PRP Request page 13 of 24 May 17, 1993
Panel's question number 3

3. Pprovide data to support the hydraulic properties of clay,
concrete, and saltstone as identified in the PA., Provide
a description and justification for the long-~term
behavior of these properties and the effect they might
have on the performance of the disposal facility.

Response
Summary

Recent laboratory measurements support the values used in the
RPA for hydraulic conductivity of saltstone and concrete.
However, the value for clay conductivity used in the RPA may
not be supported., Recent sensitivity analyses indicate that
degradation of the drainage layers has a greater impact on
system performance due to release from fractures than
degradation of the hydraulic conductivities of concrete and
saltstone. '

Discussiop

To address the first part of this question, the Project
Summary from the report on the recent laboratory analyses
performed at Core Laboratories in Carrollton, Texas is
attached. The complete report is not being provided
because of its length (~ 1,000 pages). Coples of the
complete report can be made available, if desired. These
analyses were conducted on clay, concrete, and saltstone
materials representative of those that have been and will
be used in the Saltstone Disposal Facilidy (SDF). We
recognize that extrapolating from laboratory studies to
the field is not wholly defensible, but believe that the
laboratory results indicate the values used for the
properties in the RPA are not without basis. From the
table entitled wmmwﬂm
in the Project Summary, the hydraulic

conductivity of saltstone 1s suggested to be on the order.
of 10-12 cm/s, while that for concrete from _saltstone’
vaults is on the order of 10-9 to 10-10 em/s. The
corresponding values used in the RPA were 10-11 em/s and
10-10 cm/s, respectively. The two different clay cores
that were tested indicated conductivities on the order of
7x10-% cm/s, while a value of 7.6x10-9 cm/s was used in
the RPA. As discussed in the response to question 1, it
i{s recognized that this clay value may not Dbe
representative of a field-achieved value, due to the
difficulty in compacting clay over a large area to the
degree achievable in the laboratory.. -

X
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Because flux rates of radionuclides from saltstone are
very small, and thus source depletion is very slow, it is
reasonable to expect that degradation of the clay,
saltstone and concrete will impact the source term at
some time in the future. Various mechanisms of
degradation were discussed in the RPA (Sect. 3,1.3).
These mechanistic descriptions did not, however,
specifically address the impact of degradation on
hydraulic properties. In the responses to the previous
two questions from the PRP, this latter concern has been
addressed through the sensitivity analyses that were
performed. Degradation of clay, resulting in increased
hydraulic conductivity of the material overlying the
vaults, is a potentially significant factor in increasing
‘release from fractures (Table 1). Degradation of
saltstone and concrete between fractures, resulting in
increased hydraulic conductivity, also has a potentially
significant impact on the estimated groundwater
concentration attributable to releases from the porous
materials (Table 3}. In terms of compliance, a
comparison of estimated doses resulting from degradation
of hydraulic properties of clay and saltstone (Table 3)
suggests that degradation of clay has a more serious
impact on the facility performance than does degradation
of saltstone or concrete. This conclusion may be a
function of the perhaps overly-conservative assumption
that all of the water infiltrating into the system flows
through fractures.

-'e

k’a
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Table 5. Comparison of peak annual effective dose'equivalents
for degraded clay and degraded saltstone and concrete.

m

Peak annual dose equivalents
(mrem/yr)

Intact

Radionuclide Fractures (degraded saltstone

(degraded clay) and concrete)
795e 80 0.1
L $9Tc 30 0.1

126gn + d 0.09 0.001
1291 40 0.003

b,
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Panel's question number 4

4. The chemical form of technetium affects its transport in

the environment and 1its biocavailability. These
parameters, in turn, directly affect potential human
exposure and radiation doses. To further analyze the

dose assessment for Tc, the PRP requests that additional
analyses/information be provided on the follpwing:

a. The likely chemical form of Tc, based on measurements
and/or geochemical modeling, and the associated
solubllities in water, along with any available soil-
water partitioning data.

b. A review of the plant-uptake studies reported in the
literature (including those published after the cited
reviews) and the chemical forms of Tc used in these
studies.

€. An analysis of the basis of the dose conversion factor
for Tc, with particular reference to the technical
basis for the gut uptake factor used to determine the
dose conversion factor. If the uptake factor is based
on a soluble form of Tc, please determine whether data
are available in the literature that could be used to
estimate or infer the gut uptake factor for insoluble
species and, if such data are available, derive an
estimate for insoluble Tc.

d. An estimate of the amount of Tc on crops derived from
rain splash, using available studies.

Response _ %
Summary
SRS laboratory tests and geochemical modeling support the

assumption that technetium in saltstone is in an inscluble
form. A review of plant-uptake studies indicates that the

radiological performance assessment (RPA) used a conservative .-

basis to estimate the uptake of technetium from saltstone.
The dose conversion factor for technetium that “was used in

the RPA is appropriate. Rain splash, which was not assessed -

in the RPA, will contribute less than 10% of the dose from
technetium. In summary, the analysis presented in the RPA is
unduly conservative, As the RPA is maintained, the
information provided below will be incorporated in the next
revisgion.
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a. The salt solution waste that will be made into saltstone
contains high concentrations of hydroxide, nitrate and
nitrite (RPA, page 2.41, Table 2.3-2). This oxidizing
environment results in chromium and technetium being
present in the waste in oxidized forms. Chromium is
present as chromate (Cro¢~) . Technetium is present as

pertechnetate (TcOq7) . The distribution of technetium in

the waste 1s discussed in the RPA on page 2-42.

This

discussion references the work of Fowler and Cook, 1984a.
This study assessed the results of waste analyses and
concluded that soluble technetium in SRS waste is in the

pertechnetate form.

As the saltstone program evolved, several different
wasteform compositions were considered (RPA, pages 2-46
to 2-55). The current saltstone composition, and that
which is analyzed in the RPA, contains blast-furnace slag
and is called "slag saltstone". An earlier composition
that does not contain slag is called "non-slag

saltstone®.

Blast furnace slag contains ferrous iron and sulfur (RPA,
page 2-52). As discussed in the RPA (pages D-7 to D-11l),
geochemical modeling results predict that technetium in
slag saltstone is precipitated as the sulfide. This is
also discussed in the RPA in Section 2.4.3.2 on pages 2-

56 and 2-58.

Leaching tests at savannah River, including the use of
EPA tests to determine waste toxicity (EP- .and TCLP
tests), show that nitrate, technetium andgchromium have
similar leachabilities in non-slag saltstone. .However,

in slag saltstone, jeachabilities of chromium

and

technetium are reduced compared to nitrate. - These
observations support the results of geochemical modeling
that the technetium in slag saltstone is in a much less
.soluble form than in the salt solution. The pertinent

Ssavannah River reports are listed and abstracted below.

b. We agree that further consideration of the glaht-uptaké

factor (By) for technetium 1s warranted. As stated in the
RPA (page 5-4), experiments should be done to assess the -

uptake of technetium to plants from slag saltstone.

In the RPA, the generic value for By of 5, which was
adopted by Ng (RPA, page 4-47 and A~69) was used as a
pasis to estimate root uptake of technetium. This value
was reduced by a factor of 0.012 to represent the lower

availability of technetium from slag saltstone. -
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This analysis 1is conservative by about an order of
magnitude. The value of 5 (wet weight) for food crops
was assumed by Ng based on the soil to plant
concentration ratio for forage. (i.e., grasses) and, thus,
would generally apply only to the vegetative parts of
food crops and feed plants, such as leaves and stems.,
The concentration ratio for nonvegetative (reproductive)
parts of the plant is usually much lower than that for
vegetative parts. The study by Murphy cited in the RPA
(WSRC-RP-90-421) found the technetium concentration ratio
to be a factor of 200 to 500 less for nonvegetative plant
parts than for vegetative. Also, only a small percentage
of food crops consumed are vegetative parts (leafy
vegetables). A survey by Hamby (1992) found that, in the
vicinity of the Savannah River Site, only about 11% of
all food crops consumed are leafy vegetables.

Baes et al. (1984) cite a value of 9.5 (dry weight) for
the technetium soil to plant ratio for forage and a value
of 1.5 (dry weight) for food crops. If the value of 1.5
is put on a wet welght basis using a wet to dry weight
conversion factor of 0.43 (Baes, et al, Section 2.1), By
becomes 0.64. If this value had been used as the basis
for By in the RPA, calculated doses from technetium-99
would be reduced correspondingly by a factor of about 8.
The dose from technetium-99 presented in the RPA on page
4-20 in Table 4.1-11 would be reduced from 40 to about 5
mrem/year. The sum of doses presented in this table to
the inadvertent intruder from the agriculture scenario
would be reduced from S0 - 110 mrem/year to 16 - 76
mrem/year.

The dose conversion factor used in the RPA is taken from
DOE/EH-0071 "Internal Dose Conversiony Factors for
Calculation of Dose to the Public"; the gut uptake
factor, fi, used for technetium is 8E-1 (page 2.180 of
DOE/EH-0071). These values are based on the
recommendation in Publication 30 of the International
Commission on Radiological Protection (ICRP). The value

“f; = 0.8 adopted by the ICRP was based on (1) measurements

in humans administered technetium in pertechnetate form,
which gave a value of about 0.35, and (2) measurements 1in
rats administered technetium chloride, which gave a value
of about 0.5. The assimilation of technetium in soluble
form is not straightforward. A study by Hays (1973},
which was noted by the ICRP, showed that the GI-tract
absorption fraction could vary by an order of magnitude
or more in the same patient when administration of
technetium in the soluble pertechnetate form was
repeated.

In the RPA, credit for the insoluble form of gechnetium
in saltstone is taken by reducing the plant uptake factor
(RPA, page A-69). Technetium taken up by plants must be
in soluble form in order to be assimilated by the plant.
Therefore, use of a relatively large f1 in the dose
f e —me1~m fam+t~r {q warranted.
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d. Rain splash can contaminate food crops with soil, thus
resulting in a greater concentration of radicactivity in
the plant than that arising from assimilation through the
plant roots. Rain splash was not considered in the RPA.
Thus, the analysis of dose in .the RPA from the
consumption of vegetation is potentially non-
conservative. However, the following considerations
indicate that rain splash is not significant in this RPA.

pinder et al. (19%0) studied the relative importance of
resuspension and root uptake for plutonium in corn and
other grains in field experiments at the Savannah River
Site. This study found that resuspension (presumably
including rain splash) transferred about 10 times more
plutonium from surface soil to plants than did root
uptake. The study noted that transfer of plutonium to
plants by root uptake only (tests were conducted in a
manner t¢ prevent resuspension and rain splash) resulted:
in an uptake factor of about 3 x 10-4¢. Thus, resuspension
and rain splash would result in an uptake factor of about
0.003. Although this factor was determined for
plutonium, it should be independent of radionuclide. As
noted above, the plant uptake factor for technetium used
in the RPA was 0.06. Also, as noted above, a more
reasonable value is 0.008. Both of these values are
greater than the estimated uptake caused by resuspension
and rain splash, thus indicating that rain splash is
relatively unimportant for technetium, even in an
insoluble form.

_Vegetables are usually washed before being consumed.
Washing would tend to reduce contamination on the plants
resulting from rain splash. Also, in ‘yhe scenarios
involving consumption of contaminated plants that were
analyzed in the RPA, ‘any technetium present in the plants
as a result of rain splash would be.in. the insoluble
form. If this technetium was not removed from the plants
by washing, it would likely not be as readily assimilated
in the human gut as the technetium taken up by the plant
through its roots. This consideration would also tend to -
mitigate the effect of rain splash. .

-
-
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References for Response 4

Baes et al., 1984, A Review and Analysis of Parameters for
Assessing Transport of Environmentally Released
Radionuclides through Agriculture, ORNL-5786, Oak
Ridge National Laboratory, Oak Ridge, Tennessee.

Hamby, D. M, 1992, Site-Specific Parameter Values for the
: Nuclear Regulatory Commission's Food Pathway Dose
Model, Health Physics, Vol. 62, p. 136.

Hays, M. T., 1973, 9%9mTc-pPertechnetate transport in man:
absorption after subcutaneous and oral administration:
secretion Into saliva and gastric juice, J. Hucl. Mad.
vol. 14, p. 331.

Pinder, J. E., K. W, McLeod, and D. C. Adriano, Atmospheric
Deposition, Resuspension, and Root Uptake of Pu in
Corn and other Grain-Producing Agroecosystems near a
Nuclear Facility, Health Physics, Vol. 59,.p. 853.

SRS Reports suppaorting ﬁhg insoluble form of Tc in Saltstone

Oblath, S. B. 1984, Relative Release Rates of Nitrate, Tc,

Cs, and Sr from Saltstone, DPST-84-620, Savannah River

Laboratory, E. I. du Pont de Nemours & Co., Inc.

Samples of non-slag saltstone were leached in distilled
water according to a modified ANS 16.1 procedure.
Results show equal leachability for nitrate and
technetium. Cesium<137 is leached at 70% and strontium-

90 at 4% of the nitrate leach rate. AN

‘Oblath, S. B. and C. A. Langton 1985, Comparison of Leach
"Results from Field and Laboratory Prepared Samples,
DPST-85-261, Savannah River Laboratory, E. I. du Pont

.. de Nemours & Co., Inc. :

Samples of non-slag saltstone were prepared in the
laboratory and in the field. Fileld prepared samples
were obtained from batches of non-slag.-saltstone
produced for the large-scale saltstone lysimeters.

These samples were made from actual decontaminated salt

solution. The laboratory prepared samples used the same
formulation, but were made with simulated salt solution.
Leach rates for nitrate for the field and laboratory
prepared samples were the same. The leach rate of
cesium was about 70% less than that for nitrate in both
gsets of samples. In the fileld prepared samples, the
leach rate of antimony-125 was about an ogrder of
magnitude less than that of cesium-137. The Yeach rate
of ruthenium-106 was estimated to be at least an order
of magnitude less than that of cesium-137.

b,
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Oblath, S. B. 1986, Leach Test of 107 Liter Saltstone Blocks
at Brookhaven National Laboratory, DPST-86-442,
Savannah River Laboratory, E. I. du Pont de Nemours &
Co., Inc. '

samples of non-slag and slag saltstone, prepared in the
field (as described in Oblath and Langton, 19853} were
formed in 107 liter (28-gallon) containers. These
samples were leached according to the ANS 16.1 procedure
at Brookhaven National Laboratory. Observed leach rates
are the same as smaller-scale samples reported in Oblath
and lLangton, 1985. For non-slag saltstone, leach rates
of nitrate, chromium and technetium were the same.
Leach rates from slag saltstone for chromium and
technetium were at least an order of magnitude lower
than for nitrate.

Langton, C. A. 1986a, Reduced Technetium Leaching in Slag -

. Class F Fly Ash Saltstone Formulations, DPST-86-551,
savannah River Laboratory. E. I. du Pont de Nemours &
Co., Inc.

Samples of non-slag and slag saltstone made from
simulated salt solution spiked with technet ium=-99 were
leached in distilled water according to a modified ANS
16.1 procedure. Nitrate and technetium leach rates were
determined. For the non-slag saltstone, nitrate and
technetium leach rates were similar. For the slag
saltstone, technetium leach rates were an order of
magnitude less than those for nitrate. '

Langton, C. A. 1986b, Reduced Chromium Leaching in Slag-Based
Saltstone Formulations, DPST-86-863, Savannah River
Laboratory, E. I. du Pont de Nemours'&.€p., Inc.

i -

Samples of non-slag and slag saltstone made from
simulated salt solution spiked with chromium as CrO4¢”
were leached in distilled water according to a modified
ANS 16.1 procedure. Nitrate and chromium leach rates
were determined. The chromium leach rate was at least
an order of magnitude lower than the nitrate leach rate
in the slag saltstone while in the non-slag saltstone,. . -
the leach rates were similar. - ‘
Langton, C. A. 1987, EP Toxicity and TCLP Results for Cr-
Doped Slag-Based Saltstone, DPST-87-467, Savannah
' River Laboratory, E. I. du Pont de Nemours & Co., Inc.

W;

Samples of non-slag and slag saltstone made from
simulated salt solution containing chromium as Cr04~
were tested according to the EP~Toxicity and TCLP tests.
Results show that up to 5000 ppm chromium in salt
solution can be tolerated in slag saltstong~-without
exceeding the non-hazardous criterion of the tests. For
non-slag saltstone, only about 680 ppm chromium can be
tolerated. These regults were presented in the RPA on
page 2-53 in Figure 2.4-1.
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Clark, S. B. and E. L. Wilhite 1991, Low-Level Liquid Waste
Disposal at the Savannah River Site: A Large Scale
Demonstration of Saltstone. Waste Management'91. Vol.
II, edited by R. G. Post, University of Arizona, -
Tucson, Arizona, pp. 603-609.

Results of field lysimeter experiments were analyzed.
One experiment contains three 30-ton monoliths of non-
slag saltstone. The other contains a $5-gallon sized
monolith of slag saltstone. Ratios of nitrate and
technetium in the sump water of the lysimeters varied as
a function of the type of saltstone. For non-slag
saltstone, nitrate and technetium concentrations were
strongly correlated. For slag saltstone, technetium
concentrations in sump water were always much lower than
the nitrate concentration. Samples of soll moisture,
collected just below the monoliths, showed the same
trend.

These results are presented in the RPA on page 2-54 in
Figure 2.4-2. They are also discussed in the RPA on
page A-69.
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Panel's question number 5

S. In the area of validation and verification of model .
results, the Panel requests:

a. Supplemental information that outlines and. describes
efforts to date to compare modeling assumptions or
results with field data.

b. A description of near-field monitoring programs or
validation exercises that may provide data to confirm
PA assumptions and results (TDR probes and suction
lysimeters were previously suggested) .

Rasponse

Summary

The flow and transport code used in the RPA has been
validated by comparison with field data at the Las Cruces
Trench in New Mexico,. and at Z-Area. SRS 1is seeking
appropriate near-fleld monitoring technology to validate
models and assumptions used in the RPA and will implement
such technology as it becomes avalilable.

Riscussion

a. The PORFLOW-3D computer code has been minimally validated
in an application at Las Cruces, NM (Rockhold and
Wurstner, 1991). This application involved a two-
dimensional simulation of unsaturated flow and transport.
The results of the comparison of model sim ation results
to field data indicated reasonably good agreement with
respect to water content changes in response to input of
water to the system. Only fair (i.e., qualitative)
agreement was obtained between simulated and observed
solute concentrations. The investigators believed that
although they attempted to create a two-dimensional flow .

regime in the field experiment, three-dimensional flow . &

and edge effects were significant factors in- impacting
the validation results. )

Field measurements of base flow in the three streams in
the vicinity of Z-Area were made in the course of
completing the Radiological Performance Assessment., The
purpose of these measurements was to test the validity of
the discharge rates predicted Dby saturated flow
application of the PORFLOW=-3D code. The data collected
are provided in Appendix C.3 of the RPA. 1In Sect.
3.4.2.1, the comparison of the stream flow>data to
predicted discharge rates to streams is discussed. The
conclusions of this water balance exercise were that the
flow model reasonably simulated the amount of discharge
occurring to these streams from groundwater.
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b. We agree that near-field monitoring is necessary to
validate the predicted performance of the SDF. However,
technology for accomplishing near-field monitoring,
especially in terms of in-situ monitering of non-volatile
contaminants, is in a developmental stage. SRS will
continue to seek appropriate near-field monitoring
technology for the SDF and implement such technology as
it becomes available. Suction lysimeters and time-domain
resistometer (TDR) probes will be considered for use in
monitoring the region immediately adjacent to, or
underneath, vaults. The longevity of these in-place
monitoring techniques must be evaluated before a decision
as to their potential efficacy can be made. Such in-
place procedures have the potential for providing
information on moisture profiles and plume movement, or
lack thereof, that can be used to provide validation of
predictions provided in the Z-Area RPA.

Meanwhile, SRS will continue to collect data from the
saltstone lysimeters located in the low-level waste
burial grounds at SRS (E-Area). The lysimeter program
will be continued for one or two more years until closure
of the burial grounds takes place.

Reference for Response 5

Rockhold, M, L. and S. K. Wurstner, 1991. Simulation of
Unsaturated Flow and Solute Transport at the Las
Cruces Trench Site Using the PORFLO-3 Computer Code,:
PNL-~7562, Pacific Northwest Laboratory., Richland,
Washington, March, 1991.

W,
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PROJECT SUMMARY

Background

The testing program was designed to measure the fiuid flow and mechanical
properties of various materials utilized in the construction of waste fiuid confinement
vauits. All testing was performed at the minimum confining stress possible to model
the field conditions. The ten supplied materials were as follows:

Unconsolidated Materiala

Top Soil

Gravel

Dixie Clay

Grace Clay

Sand

Burma Road Backfill
Turner Road Backfill

Consolidatad Materials

Codcrate from the Saitstone Vault'
Concrete from the E-Area Vault
Saitstone

The first seven materials, which are unconsolidated, were provided to Core
Laboratories in labeled one gallon metal containers. The Concrets from the E-Area
vault material was 8 11t x 11t x 11t block, the Concrete from the Saltstone Vauit was
a 3 ft x 1 ft cylinder, and the Saltstone was contained in seversi one gallon plastic

jugs. Test samples of each material were prepared as described in the test protocols -

for each type of measurement.

" gpecific Permeability 1o Liquid and Effective Porosity

Specific permeabliity to liquid and effective porasity were determined for two samples
of each unconsolidated material and three for each of the consolidated materials using

the procedures described in Section 2. “The tests were performed with no copfining
pressure to model the fleld conditions of the materials as closaly as possible. The
unconsolidated materials were tightly packed in stainless steel tubes with screens on
each end. The consolidated materials were mounted in sn epoxy coating. A test
concrete sample, whose specific permaabllity to liquid had been previously determined
at minimal confining stress In a coreholder, was mounted in epoxy and permeability
‘remeasured, as 8 quality control check of the epoxy sesl. The pre- and post=mounting
permeability to liquid for this gample were equivalent, confirming the sealing of the
epoxy to the sample. .



(BSKC- P8R -00)5L

Specific parmeability to liquid and effective porosity test results are presented in
summary form on Pages 1 and 2, and in detailed format in Section 2. The duplicate
measurements were in excellent agreament for all materials. The calculated hydraulic
conductivity was in the expected range for samples of this type.

Unsteady-State Gas-Water Water-Gas Ralative Permaability

Unsteady-state tests were performed to determine the gas-water and water-gas
relative permeability relationships on one sample of each material following the
specific permaeability to brine determinations using the procedures described in Section
3. The unsteady-state mathod was utilized due to the nature of the samples and the
low permeability values of the consolidated samples.

The displacements were generally piston-like in both directions, resulting in end-point
determinations only for the majority of the tests (gas-water curves were determined
for only the Top Soil, Sand, Burma Road Backfill, and Turner Road Backfill samples).
Gas-Water Water-Gas relative permeability test results are presented in summary form
on Pages 3 and 4, and in graphical and tabular formats in Section 3. Where
incremental twg-phase data was not available, curves were extrapolated from the end-
points.

The Top Soil, Gravel, and Sand samples demonstrated gas-water relative permeability
characteristics typical of clean water-wet unconsolidated materials. ‘The Dixie Clay,
Grace Clay, Burma Road Backfill, and Turner Road Backfill samples showed evidence
of drying during the gas injection, which apparently caused cracking or shrinkage of
the clay materials in these samples. The effective permeabilities to gas at residual
water saturation and to water at trapped gas saturation were higher for each of these
five samples than the corresponding specific permeabliity to brigq, '

The Concrete samples demonstrated expected behavior, however, the throughputs on

[y 4

these samples were less than a pore volume due to their low permeabliity. The
Saltstons sample exhibited an effective permeabiiity to gas at résidual water

. saturation 32400 times higher than the specific permeability to brine and an effactive

permeability to water at trapped gas saturation 157 times higher. These datacanbe
explained by drying of the Saltstone during the gas injection, or the presence ofa =
trapped gas saturation in the original preparation of the material.-- The observed
increase in permesabliity is not due to bypassing around the epoxy seal as the absolute .
parmeability messurements are low (effective permeabliity to gas at residual water
saturstion> 1,.26-01 md, effective permeability to water at trapped gas saturation -
5.86-04 md). : . ' '

PR .



LoSC- RP-08-00156
%99 Qo

Air-Brine Caplllary Pressure

Air-brine drainage capillary pressure curves wearae determined on two samples of each
of tha uncansolidated materials using the procedures described in Section 4. The
water saturation at a capillary pressure of 35 psi for the Top Soil, Sand and Gravel,
ranged from 8.4 to 21.8 percent pore space. These values are in the expected range
for samples of this type. The clay containing samples (Dixie Clay. Grace Clay, Burma
Road Backfill, and Turner Road Backfill) ranged from 71.2 to 94.1 percent pore space
water saturation at 35 psi capillary pressure. '

Air-brine imbibition capillary pressure curves were determined on one sample of each
of the consolidated materials using the procedures described in Section 4. The
samples were first desaturated with air at 35 psi capillary pressure, then allowed to
imbibe water at pressures up to 35 psi. These tests indicated that lass than while ten
percent pore space water will be removed by air at 35 psi capillary pressure, the
displaced fluid will re-imbibe to rasaturate the pore space. ' :

The end-point saturations for all materials are in good agreement with those
determined in the gas-water relative permeability tests. The duplicate measurements
were in good agreement for all materials. Alr-Brine Capillary Pressure test rasults are
presented in summary form on Pages 5 and 6, and in graphical and tabular format in
Section 4.

Acoustic Velocity

Dynamic Moduli and Poisson’s Ratio were determined on two samples of each
material by measuring acoustic velocity as outlined in Section 8. Gravel, Burma Road
- Backfill, and Turner Road Backfill were retested for quality _conyol purposes. An
Ottows Sand sample was prepared and tested as a check plug in addition to the
normal aluminum standard. These samples were tested at three overburden pressures
in 500 psi increments beginning with 300 psl. Net stress was held constant by
increasing the overburden and pore pressures on the samples at the same rate.
- Overburden.pressure veristion wes used to determine it improper transducer seating

was occurring at low pressures causing inaccurate travel times. A saltstone vault
concrete sample (2-8), was also re-tasted for confirmation of the data.

%;;_

The data demonstrate thet measured travel time increases gradually with increasing
overburden pressure. The lack of erratic or excessive changes in travel times indicates
that transducer seating at low pressures is effective. Retested backfill sampies are
in close agreemant to the original data as is the ssitstone vault concrete sample.

The gravel samples, however, show a significantly higher shear velocity over the
_original test data. In order to verify this finding, another set of gravel samples was
prepared and tested with similar results. The original data files were rgylowed in an
attempt determine a reason for the variance. Original data acquisition work sheots
indicate that first srrival times for the shear waves were very difficult to determine
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which resulted in a reported shear velocCity which was too low. The cause of this
weak shear signal in the original test was probably due to locose screens on the
samples. The original data has bean revised for the final presentation.

Acaustic velocity test rasuits are presented in summary form on Pages 7 and 8, and
in graphical and tabular format in Section 5.

Pore Volume Compressiblility

Pore Volume Compressibility was measured on two samples of each material using
the procedures described in Section 6. The pore volume reduction at 200 psi applied
strass far the unconsolidated materials ranged from 23.95 to 38.53 percent. The
consolidated materials demonstrated much lower reductions in pore volume, ranging
from 0.98 to 5.21 percent. These test results are as expected for these materials.
The duplicate measurements were in good agreement for all samples. Pore Volume
Compressibility test results are presented in summary form on Page 9, and in graphical
and tabular format in Section 6.

Quality Controi

All equipment was calibrated and standards evaluated as described in the individual
test protocols. Copies of all records of pertinent information regarding the
performance of each type of test are included at the end of each Section. The main
tool for assessing the quality of the data set was duplicate measurements. In ail
cases, the duplicate measurements were in good agreement. In general, the data was
within the expected ranges for the types of materials tested.
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File: QORES-92119

- PR
Drainage Test
Sampla .
I  Pressure: 1 2 4 A § 15 35
Top Soil
TS-1 39.7 32.8 29.8 25.7 24.1 20.4
TS-2 4.1 29.4 26.6 23.9 23.0 20.8
Gravel
GL-1 39.7 30.9 27.0 23.2 19.4 '16.9
GL-2 36.9 26.8 19.1 14.0 11.3 8.4
Dixie Clay
0-1 100.0 100.0 100.0 97.3 94.3 92.0
D-2 100.0 100.0 98.7 97.7 96.1 95.1
Grace Clay :
GE-1 100.0 100.0 99.3 97.3 95.1 93.5
GE-2 100.0 100.0 98.8 97.7 95.8 94.1
Sand
S-1 35.8 29.7 25.8 21.9 19.9 19.2
-2 41.3 33.1 29.1 25.6 24.6 21.8
Burma Road Soil
BRS-1 97.7 97.2 96.6 91.5% 87.8 85.3
BRS-2 96.2 95.2 92.3 88.9, 85.6 g82.7

* Turner Road soil

TRS~-1 96.5 9.4 84.1 78.4 74.1 71.8
TRS-2 96.5 93.8 83.3 78.3 74.5 71.2
Inftial Condition: 100 percent water saturated E 5
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File: DRES-92119

- A ARY PR R
Imbibition Test

Sample
D Prassure: ) 2 4 -] 15 35

E Area Concrete
1E 97.8 98.7 99.0 99.2 99.4 99.8

Inftial Conditions: 94.3 percent water saturated

Saltstons Concrete
38 92.6 93.0 94.0 94.9 96.9 99.3

Initial Conditions: 91.0 percent water saturated

Saltstone Concrete .
1 96.7 97.3 97.8 98.2 98.6 99.7

[nitial Condition: 88.0 percent water saturated

Y e
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Porosity Versus Net Stress

Constant Pore Pressure - Changing Confining Pressure

WESTINGHOUSE SAMPLE 1D: COMPOSITE
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HEALTH AND ECOLOGICAL
ASSESSMENT DIVISION

July 13, 1993
William E. Kennedy, ]1:.
Battelle-Pacific Northwest Lab

P.O. Box 999
Richland, WA 99352

Dear Bill,

I regret that I will not be able to attend the next meeting of the Peer-Review
Panel. Endlosed you will find my final set of comments on the Saltstone PA.

Sincerely,
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David W. Layl:onw -
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Review of Exposure Scenarios, Pathways, and Associated Doses
for the Performance Assessment of the Z-Area Saltstone Disposal Facility

David W. Layton

Health and Ecological Assessment Division
Lawrence Livermore National Labora tory
Livermore, CA 94550

July 1993

Comment #1

The performance assessment (PA) evaluated the potential doses to members of
the public who do not intrude onto the saltstone disposal facility and to potential
intruders who occupy the site at some time after institutional controls are assumed lost.
To ensure that potentially important exposure pathways were not omitted in the dose
assessment for off-site individuals, a conceptual model was developed outlining 47
different exposure mechanisms. An analysis of those pathways showed that only the
ground-water-based pathways are important. A more detailed analysis of those
pathways showed that the direct consumption of well water dominates the doses via

water-based pathway (other exposures were associated with the consumption of -

crops/animal products supported with well water and contacts with contaminated
garden soil). Additional screening-level analyses were performed to identify the
radionuclides that may contribute the most to doses via consumption of well water and
ten radionuclides were selected for further analysis.

Similar screening-level analyses were performed for chronic and acute exposures

for potential intruders at the site. Chronic exposures were assumed to result from
agricultural and residential landuses directly on top of the disposal units. Acute
exposures were assumed to occur as a result of onsite construction, attempts to dig a
foundation, and the installation of a well. However, it was shown that the chronic

exposure scenarios will always produce the highest doses to individuals, and so the

acute-exposure scenarios were not considered in the dose assessment. A subsequent

screening-level analysis was then conducted to identify the radionuclides that should
be included in the more detailed dose assessments. I did not identify any other
exposure mechanism or radionuclides that should have been considered for more
-detailed analyses.

I was impressed with the approach that was taken to identify the important
exposure scenarios and radionudides. The principal benefit of this approach was the

1
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elimination of unproductive analyses of minor exposure mechamsrns and
radionuclides.

Comment #2

In order to predict the doses to offsite residents, as well as resident farmers and
occupants of houses without gardens at the site, a series of dose—conversion factors
were developed in Appendix A that translated radionuclide concentrations in
environmental media to'effective dose equivalents for relevant exposure pathways. A
single dose—conversion factor could then be computed for each radionudlide associated
with a given scenario (see, for example, Table 4.1-9). The development of scenario— and
radionuclide-specific dose conversion factors simplifies the dose assessment and assists
in the early identification of key radionuclides. I did not find any exposure-related
parameters that could be considered unreasonable for the purposes of the present dose
assessment. The 50-y committed effective dose equivalents per unit activity inhaled or
ingested that were used to determine the dose—conversion factors were derived from an

existing DOE compendium.
Comment #3

. The results of the dose assessment for offsite residents (given in Table 4.1-8)
indicate that the doses from the drinkingwater pathway will be far below the 4 mrem/y
limit. However, the result of the dose assessments for on-site intruders showed that
external exposure to gamma radiation from 1263n in contaminatéd soil or saltstone
could be as high as 390 mrem/y, while the ingestion of crops contaminated with 9Tc
could reach 57 mrem/y. ‘I‘heseesﬁmam,tlmugh.werenotadjustedtoaccmmtforthe
fadthatthereisnotmlnﬂﬂtehoﬁmnﬁlsourceofumlﬁddedsaltsmnemnmhﬂng
1265n. Also, there was no-adjustment to account for the possibility that a house would .
be completed into the uncontaminated areas between the saltstone units at the disposal =~ -*
facility. Once adjustments were made for these factors, the total doses decreased to
about the 100 mrem/y level

Because the adjusted doses are still relatively close to the 100 mrem/y limit, it
would have been useful to do a more realistic analysis of the external radiation doses to
resident intruders. For example, it was never really clear what geometry was used to
determine the external doses. Specifically, was the basement situated on top of the
saltstone units or completed into the degraded units? According to Apgendix A,
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external exposures were based on radionuclides that are uniformly distributed in a slap
of infinite thickness that is made up of soil-equivalent material. A shielding factor of
0.7 is used to reduce exposures because of the protection afforded by floors and walls.
Exposures are determined for an individual that is 1 m from the source region. But
does that mean an individual living in a basement? Figure 1 depicts two types of
basement completions that are possible. The first one (Fig. 1a) has the basement on top
of the saltstone, with the barrier gone or degraded. In this case little on no
contaminated material has been excavated and mixed with surface soils. In the second
case, though, excavated materials are likely to contaminate surface soils. But, as was
noted in the text, the saltstone could not support vegetation so clean soils would have to
be brought in? Yet would the contaminated materials from the excavation of the
foundation be mixed with the imported topsoil? Note that the garden scenario assumes
that contaminated soil/saltstone is mixed with uncontaminated topsoil in a ratio of 1:5.
Thus, the garden scenario is implicitly tied to some sort of saltstone excavation.

Figure 2 depicts the placement of houses with concrete slabs onto the saltstone
units. It would appear that these types of houses come closer to matching the source-
receptor geometry that is being zssessed in the PA. However, a lot less soil /saltstone is
removed with the excavation associated with a concrete slab. For example, the average
house in the U.S. has about 150 m? of floor space, and thus with a 3 m basement, 450 m3
of material would be excavated. By comparison, the excavation for a house on a slab
might only remove 0.3 m of soil, producing only a tenth as much material. This means
that there would be substantially less material to contaminate a home garden or
imported topsoil. Asa matter of fact, the most prevalent foundaﬁqps in the South are
concrete slabs and perimeter foundations (crawl space). Only about 20% of the houses
have full or partial basements (see Fig. 3). Thus, a more realistic assessment would
focus on'the external radiation exposures for indviduals living in houses that are more
representative of those build in the South.

&
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February 18, 1994

Mr. Clyde W. Terrell

Defense Waste Processing Division
Savannah River Field Office

U. S. Department of Energy

Aiken, SC 29802
Dear Mr. Terrell:
ject: DOE-H uest for Paper on Saltstone Disposal at SRS

Ref. 1. Telefax from Ha Vu, Department of Energy, Germantown, MD (EM-343) to Jim
Lockridge, SWEC, Savannah River Site, dated 27-Oct-1993.

2, Verbal Requests from M. S. Glenn to W. T. Goldston and J. R. Fowler, 11-Nov-1993
and 10-Jan-1994, .

3. Telefax from Ha Vu, op cit., dated 18-Dec-1993 (comments on draft from EM-343).

In response to a request from EM-343 for a paper describing the technical, regulatory and cost
basis for Saltstone disposal at SRS, Sam Glean of your staff requested assistance in preparing a
suitable response. Dr. J. R. Fowler of our technical staff provided a draft in early December for
revicw and comment. As requested in January, he has now incorporated comments from EM-343,
resulting in the attached document. We believe this shoutld fulfill the request from EM-343.

. ) ‘b
Any questions you may have should be directed to W. T. Goldston or Dr. Fowler of our staff.
Sincerely,

[original signed by D. B.
Amerine]

D. B. Amerine, Manager o i
Defense Waste Processing Facility
Attachment (1)
it
CC: M.S. Glean, DOE-SR, 704-S
R. M. Satterfield, 7194A - -
I.F. Ortaldo, 7048 '
J. R. Fowler, 704-Z -~

D. G. Thompson, 704-Z
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BASIS FOR SALTSTONE DISPOSAL
OPERATIONS AT THE SAVANNAH RIVER SITE

SUMMARY

Recently, the Richland Operations Office (DOE-RL), with DOE-HQ participation, selected vitrification
technology instead of grout to immobilize the low-activity aqueous fraction that will be generated from
pretreatment operations on Hanford's high-level aqueous waste (HLW). This decision was reached during the
renenogiation of the Tri-Party Agreement among DOE-RL, the Environmental Protection Agency (EPA) and the
Washington State Department of Ecology (WSDE). Contributing factors to this decision were the requests by
ccrtain scgments of the public in the Pacific Northwest to immobilize this waste in a form that would produce less
waste volume and could be placed in storage for possible retrieval at some future date.

The principal differences between the design and disposal costs for SRS Saltstone and Hanford grout are
dictated by the different regulatory interpretations imposed by the State of Washington and the State of South
Carolina to establish if waste is deemed hazardous. The South Carolina Department of Health and Environmental
Control (SCDHEC) pcrmitsadisposalﬁmbasedonmcpmpcrﬁsofthewmthmisacmallyplacedmasim ‘The
WSDE classifies solid waste based on-the waste characteristics at the point of its generation, rather than the final
waste form that is placed in a disposal site.

SaltstoncpmdwﬁonanddisposulinbAmauthmnahRiverSitc(SRS)issimilarinconocptto
grout production and disposal at Hanford. The technical, regulatory and economic justification to retain treatment
and disposal of the low-activity soluble waste generated at the Savannah River Site (SRS) as Saltstone is
summarized in this report. At the SRS, production and disposal of LLW saltstone is preferred over LLW
vitrification and storage for these reasons:

(1)  final disposal of LLW waste, consistent with environmental regulations and minimum risk to the
public, is preferred over long-term storage;

(2)  Saltstone production and disposal is well within safety and regulatory requirements imposed by
the EPA, SCDHEC, and DOE Orders for treatment and near-gurface disposal of LLW:

(3)  production and disposal of Saltstonc mmst continue if aqueous HLW is to'be converted o glass
-+ ‘and thus eliminate the storage of HLW in older waste tanks at SRS in a timely manner,
(4) - Saltstone production and disposal facilitics are not included in the compliance and waste removal
. schedule for the Federal Facility Agreement for SRS, since it is an operating facility that
SCDHEC:MEP_Ad_eqntobeincompﬁanoewithnppﬁcablemgulaﬁons(achangeinthc .
treatment and disposal method for the aqueous waste would adversely impact the proposed .
schedule that is a part of the FFA);

(5)  Saltstone is classified as non-hazardous waste by SCDHEC, eliminating the stringent RCRA
requirements imposed by the WSDE for treatment and disposal of grout at Hanford; :

(6)  asa result of pretreatment of salt wasts in the In-Tank Precipitation process, Saltstone meets the
definition of Class A radioactive wasts, as defined by NRC;

(") South Carolina and the SCDHEC have extensive experience in regulating a LLW disposal
faciﬁtyatBamwcllandhavehighaedibimyvdththegmalwbuc‘inSC{ .

-
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DISCUSSION

1.0 Alternatives Considered for Aqueous HLW and LLW at the SRS

In the Final Environmental Impact Statement (FEIS) for the Defense Waste Processing Facility (DWPF),
several alternatives to immobilize aqueous HLW presently stored at the SRS are summarized (Ref. 1). As part of
the Record of Decision for the DWPF that is based on the FEIS, decontamination of the salt and disposal as a
cement-bascd LLW solid in an engineered landfill was selected. This decision was based on the demonstrated
technology, regulatory requirements, and regulatory guidance at the time af the decision. The evolution of both the
production of the Saltstone waste form and the landfill design is described in the Radiological Performance
Assessment (RPA) for disposal of Saltstone in Z-Area (Ref. 2). Interactions with the EPA, SCDHEC and the
public show continued acceptance of the product and disposal site.

2.0 Overview of the HL.W Treatment and Disposal System at SRS

Saltstone production and disposal is one part of an integrated storage, treatment and disposal system being
putmplaceatthcSavannathverSm(SR.S)toconvenaqueousHLWmtosohdHLWandLLWwastcfoms
suitable for final disposal. The integrated HLW treatment and disposal system is designed to remove the HLW
from storage tanks, pretreat the HLW to minimize the volume and mass of HLW gilass that must be produced,
vitrify the high-activity fraction of HLW after pretreatment, store the HLW glass that is produced, and treat and
dispose of the low-activity aqueous fraction that is generated from other treatment operations. A flow diagram of
the integrated agueous HLW system is shown in Figure 1.

Canisters of HLW waste glass and LLW Saltstone are the final solid waste forms generated by this system.
The canisters of glass will be stored in the DWPF located in S-Arca until they can be shipped to the Federal

Repository. - Saltstommpmdnmdmbmandphcedmla:gecomvmﬂuforﬁmld:smml The disposal

vaults are also located in Z-Area.
PnnapaloomponentsofthcmtegmedHLWumemandd@mlsystemare

1) uwTankFarmshmdmmeSepamMmArm(F-AmandH-Am)whereaqmm.Wm
generated and stored; Cs

-

(2) HLW pretreatment (also done within the Tank Farms) that uses HLW evaporators, the In-Tank
Precipitation Process (ITP) equipment, and Extended Slndgc Processing (ESP) equipmcm to
pmﬁedsﬁrommumm -

Q) . mmmnmrmmmma-mmmmmngwyw
mmdmmmmmmmmmmhemmme ‘

environment;

4 theDWPFVmﬁcaﬁonFadhtylocmde—AmthathLWdumsfmmmandESP
pretreatment operations in the Tank Farms into HLW waste glass; and .

)] ‘MDWWMMDMFWWMLAMMMW-
mmMmmmmmmmmmdwsmmMum
-locamdinZ-Am. : . 3 R

mummmumdmmwhmmm reaﬂdnginthewpanﬂonof
aulaﬂvdymﬂvdmleLmedpﬂnedmmdﬂnpwlmdbwmmdgo The HLW
precipitate slurry from ITP and sludge slurry from ESP will be sent to S-Area for vitrificatien, while the salt
solution from ITP will be transferred to Z-Area for treatment and on-site disposal as Saltstone. Pretreatment in

P-Q3-0015¢
MR
v

"
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ITP significantly reduces the radiological hazards associated with this waste during subsequent treatmen,
operations in Z-Area. Hanford does not currently pretreat the salt solution to reduce the concentration of Cs-137 or
$r-90 in their grout containing salt waste.

The ETF, onc waste tank (Tank 50H), a waste transfer line to Z-Area, the Saltstone Production Facility
{SPF) and the Saltstone Disposal Facility (SDF) comprise a treatment and disposal sub-system that treats the large
volume of aqueous low-activity waste that is (or will be) generated from treatment operations (see Figure 1). The
ETF treats aqueous streams containing very low concentrations of contaminants (usually less than 1 wt% of the
total waste stream) to purify the water and release it to a permitted outfall on the site. Soluble contaminants
removed from the water ane combined and concentrated into an aqueous solution that is also transferred to Z-Area
(via Tank $S0H) for treatment and disposal as Saltstone. Disposal of the concentrated aqueous waste from ETF as
Saltstone is an integral part of the continued operation of the ETF process.

" “Pretreatment of the existing HLW inventory presently stored in the Tank Farm at the SRS will generate
about 750,000 cubic meters of LLW Saltstone contained in 110-120 vault cells.

3.0 Saltstone Production and Disposal

TthDF.lommdinaGS0,000-squamnxtermdmeSRSdesignawdasZ-Ama. is a near-surface
mmmmmmmmemmmmmmmmMMamm-
based waste form called Saltstone, Important characteristics of Z-Area that led to its selection as the site for the
SDF include a considerable depth to the water table under the site (7-18 meters) and its proximity to the waste
generation site (H-Area). An underlying aquitard and nearby streams that almost entirely surround Z-Area
virtually isolate groundwater under the site, further supporting this choice of location. .

Saltstonegmnispmchmdinz-mbymhdnganaqtmsLLWMWstrcamcontainingcopious'
amounts of sodium salts with a dry blend of furnace slag, fly ash and cement. The LLW Saltstone grout is pumped
into concrete vaults where it hardens and cures into a monolithic solid waste form with low water conductance
propertics and high retention properties for radicactive waste constituents of concern. Extensive leach tests have
bwmandmnﬁnmwbqpafomedonswstommadenmmmmeabﬂnydmewasmfommmmm
contaminants within the solid waste form. The Saltstone monoliths are resistant to degradation, and thus are
expected to stabilize the LLW for thousands of years. -

-

DOE-HQ. ammmmmcmumakmm.wmummmm. Results
from the RPA and a description of Z-Area facilities are briefly summarized below. For a complete description of
the process, product and disposal site, see the SAR and RPA. (Ref. 2, 3) T -

- ™

3.1 Long-Term Performance Assessment

BasdonmnwandamodamdumminﬁespmwdmmcRPAfmZ-Ama(Rdiz),msonable
mmummmmmdsmmmmmmmwmmﬁedforuw
disposal in DOE Order 5820.2A, Bven if the facility degrades at some time in the future, calculated doses from
mimawdmﬂonudidemmmbmhﬁemﬁwaamnmmordmofmgﬂmwowmedmm
+ pet year limit for the maximally exposed individual for groundwater resource protection established in the Order.
- In five exposure sceziarios considered for inadvertent intruders, estimated doces are all fess than 100 mrem per

year; also specified in the Order. ; : -
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3.2 Saltstone Production Facility (SPF)

The Saltstone Production Facility (SPF) is permitted by the SCDHEC as a totally enclosed wastewater
treatment plant that treats hazardous aqueous waste and converts it to a non-hazardous solid. The facility is
exempted from RCRA Part A and Part B permitting under the exemption section for totally enclosed treatment
plants (no liquid effluents are released directly to the environment). Operation of the Saltstone Production Facility
(SPF) is described in detail in the draft Z-Area SAR. The low concentrations of radioactive contaminants enable
contact operation and maintenance in Z-Area. Accident analyses in the SAR clearly show that Z-Area operations
are low hazard, with minimal impact either on or off the SRS site.

The SPF began radioactive operations in 1990. Approximalr.lgit million liters (over 1 million gal) of
aqueous waste have been treated to produce and dispose of about 7000 m~ of Saltstone in a Z-Area Vault. A flow
diagram of the SPF process is shown in Figure 2. In the SPF, fly ash (41.5 wt %), slag (41.5 wt %), and cement
(17 wt%) are blended to prepare a mixture of dry materials called premix. When Saltstone is being produced, this
dry mixture is fed to a mixer normally at a rate of 35 metric tons per hour to a mixer where it is combined with
aqueous LLW/MW salt solution (23,000 liters per hr) to produce LLW Saltstone grout at a rate of about 38-39
cubic meters per hour (10,200 gal/hr). The generation rate of aqueous waste in other treatment operations will
normally only require Saltstone production during a single shift each day (6-10 hrs), resulting in a daily production
rate of about 350 cubic meters per day.

Saltstone grout, which has the consistency of latex paint, is pumped directly to a cell in a vault where it
self-levels to fill the area of the cell. The Saltstone grout sets and hardens into a solid monolithic layer in the cell
with a compressive strength of at least 300 psi (generally in excess of 1000 psi). Subsequent production is simply
pumped onto previous production until the height of the waste monolith reaches 7.3 meters (24 feet). After a cell
is filled, production shifts to another cell in the vault. After a vault is completely filled, interim closure of the vault
is completed, and production moves to another vault.

As part of interim vault ¢closure operation, 15 to 30 centimeters (6 to 12 inches) of clean (non-radioactive)
grout is poured on top of the Saltstone monolith contained in a cell to completely fill the vault and eliminate any
voids in the vault between the waste and a reinforced concrete roof that is installed on the vault The clean grout
layer also serves to further isolate the waste from the general environment until interim vault closure is completed
" by sealing openings in the roaf that enabled placement of the waste.

3.3 Saltstone Disposal Facility

The Saltstone Disposal Facility (SDF) is permitted as a landfill for the disposal of solid industrial waste by
the SCDHEC. The facility is designed as a “controlled-releasc” landfill. Since Saltstone is classified as non-
hazardous industrial waste by SCDBEC, the SDF is not required to meet RCRA land disposal requirements. This
is a significant factor in the overall cost of vault construction and disposal costs, especially when compared to the
grout facility at Hanford. S .

-

Wi

As presently planned, the SDF will contain up to 15 large concrete vaults divided igto cells. Fourteen of
these vaults will each have dimensions of approximately 60 m wide by 180 m long by 7.6 m high (200 feet wide by
600 feet long by 25 feet high). The other vault (Vault 1) is about 30 m wide by 180 m long by 7.6 m wide. Each'of
the larger vaults will be divided into 12 cells that are approximately 30 m long by 30 m wide by 7.6 m high (100
feet by 100 foet by 28 feet). Vault 1 is divided into 6 cells with the same physical dimensions as the larger vaults.
The disposal capacity of a vault cell in the SDF is comparsble to the capacity of an eatire vault used to dispose of
Hanford grout. This sceming disparity in vault design is due to the different regulatory requirements imposed by
the State of Washington because Hanford grout is classified as "Dangerous Waste" by the state regulatory agency.
Hanford vaults were therefore required to meet RCRA requirements for the disposal of hazardous waste.

Approximately 3 to 4.5 meters of overburden have been removed at the SDF 0 prepacs”and level the site
for vault construction. All vaults will be built at or slightly below the grade level that exists after the overburden
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and leveling operations are complete. The bottom of the Saltstone monoliths (LLW solid waste) will be at least 8
meters above the historic high water table beneath the Z-Area site, thus avoiding disposal of waste in a zone of
water table fluctuation. Runoff and runon controls have been installed to minimize site crosion during the
operational period.

When all the vaults are filled, individual vaults will be covered with a clay cap and a gravel drainage layer
to reduce infiltration through the SDF. Additional fill will be placed over this drainage layer prior to installing a
second clay/gravel drainage layer over the disposal site. Fill will then be placed over the second drainage layer, the
site will be graded and drainage ditches will be installed to control runoff and minimize erosion after site closure.
Topsoil will be added, and bamboo will be planted on the site. Bamboo is a shallow-rooted terminal vegetation
that has been selected for the closure to minimize intrusion of deeper-rooted vegetation such as pine trees. This
closure design is expected to reduce infiltration through the SDF to less than 1 cm/year.

Based on projected operations of the integrated HLW treatment and disposal system at the SRS, about 450
million liters (120 million gallons) of aqueous LLW/MW salt solution will be generated for disposal in Z-Area.
Treatment of this waste will require 110-120 cells in the SDF, corresponding to about 725,000 cubic meters of
LLW Saltstone contained in concrete vaults. This volume corresponds to about 1.2 million metric tons of
Saltstone. If the entire permitted capacity of Z-Area (174 cells) is filled with Saltstone of comparable composition
to that projected from the existing inventory, a total of 732 million liters (192 million gal) of waste could be treated
to yield 1.14 million cubic meters of LLW Saltstone (about 2 million metric tons),

&
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3.4 Estimated Cost for 30-Year Life of the Z-Area Project

At the request of DOE-HQ, a rough estimate of the total cost for Saltstone production and disposal of
LLW/MW generated from the existing HLW inventory has been made. Cost figures shown below are based on
1993 dollars, and arc meant to provide an estimate that is only an approximate order of magnitude for the life-cycle
cost of the project. These numbers are suitable for planning purposes to compare against other disposal options,
but they are not suitable for detailed budget calculations, nor should they be used for long-term forecasts.

SPF + Vault 1 and 4 (18 cells) o $47TM
Cost of Future Vaults (8 @ $17 M ea) $136 M
Process Raw Materials (@ $50/ton for 114 cells) $35M
Operating Costs (20 yrs @ $7 Myr) $140M
Total for Site Closure (3-5 yrs) $75M
Regulatory and Order Compliance (25 yrs @ $2M/yr) : $S0M
Long-Term Surveillance (100 yr @ $100 K/yr) $10M

Basedontbesecostesﬁmatm,ﬂwﬁfecjdeooﬁfortth—AmSaltstoncpmducﬁonSiwiSpmjectedmbc
-between $500 million to $600 million (1993 dollars). This projection assumes loss of administrative control and/or
responsibility after 100 years, leaving the facility in a "walk-away” condition.

"

-
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4.0 Similarities and Differences between Saltstone and Hanford Grout

Both the Hanford grout and the SRS Saltstone disposal systems are designed to meet federal and the
respective state regulations for protection of the environment. The ultimate goal of both systems is to protect
groundwater resources to assure primary drinking water standards are not exceeded.

Chemically, the cement-based waste forms at Hanford and the SRS are very similar. The wastes at each
site are mixed with dry blends composed of slag, flyash and cement. Hanford also includes limestone in their dry
blend to reduce the heat generated during setting and curing of the grout and a pottery clay to reduce leaching of
Cs-137 and Sr-90. Waste forms at both sites were developed to meet the same criteria ~ produce a solid that is
resistant to leaching and has sufficient compressive strength to be sclf-supporting (at least 60 psi is required, but

* higher strengths are specified at both sites).

"As noted above, Hanford does not pretreat salt solution to reduce the level of radioactive contaminants
prior to disposal. The concentration of various componeats in salt sofutions to be treated for disposal in Z-Area at
the SRS and in the grout facility at Hanford are tabulated below for comparison. The presence of radioactive
contaminants, chromium(VI) and the high pH due to hydroxide require these solutions to be classified as aqueous
mixed waste (MW). Both SRS and Hanford convert the aquecus waste to a solid for final disposal, in accordance
with the requirements of DOE Order 5820.2A.

A MPARISON OF OUS MW FEEDS AT S HANFORD
Component SRS concentration Hanford Concentration
Sodium 117gL 100 gL
Nitrate 103 g/L 78 gL
Nitrite 30 gL 34 gL
Hydroxide 20 g/l 27gL
Chromium 02gL 0.3 gL
Sr-9¢ 0.5 nCi/ml e 6600 nCi/ml
Te99 65 nCi/ml - 77 nCi/mi
Cs137_ 12 aCi/mi 310,000 nCi/ml
Total Agpha 1.1 nCi/ml ' 1.5 nCi/m!
Total Activity 200 aCi/ml 320,000 nCl/ml

T
4.1 Regulatory -

Although grout and Saltstone are similar in form and composition, regulatory requirements imposed by
the SCDHEC and the WSDE differ. Although the Nuclear Regulatory Commission (NRC) has no regulatory
authority at the SRS, Saltstone would be classified as Class A LLW by the NRC. Based on projected compositions,
Hanford's grout would be classified as Class C LLW by the NRC.

4.1.1 South Carolina Regulations
Waste disposal regulations for the State of South Carolina are esseatially ideatical to EPA regulations.

The SCDHEC regulates waste disposal based on the properties of a final waste form to assurd”that groundwater
quality and the general environment are not compromised as a result of waste disposal. Saltstone is well within the
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requirements for non-hazardous industrial waste, as defined by SCDHEC, and is suited for disposal in a near-
surface industrial waste landfill. Unset Saltstone grout is also considered to be non-hazardous by SCDHEC. The
ratio of dry material to water is carcfully controlled during the production of Saltstone to assure that no significant
quantities of frec liquids that would be considered hazardous waste are sent to a disposal vault. The SDF is thus
designed as a "controlled release” industrial waste disposal site that prevents rapid release of waste contaminants to
the general environment.

4.1.2 Washington Regulations

The State of Washington Department of Ecology (SWDE) classifies salt solution used to produce
Hanford's grout as Dangerous Waste, since the salt solution used to produce the waste is hazardous due to its high
pH. Because the characteristics of the waste used to produce grout is classified as Dangerous Waste, the grout is
also classified as dangerous waste.

The SWDE imposes similar requirements for the treatment, storage and disposal of Dangerous Waste that
are imposed by the EPA on Hazardous Waste. Such waste requires disposal in an enginecred facility with double
containment and leachate collection systems, as specified by RCRA and implementing EPA regulations. Stringent
requirements on releases from hazardous waste sites are also imposed by SWDE and EPA, and generally are

required to be “no-release” facilitics for the life of a permit (30-ycars under RCRA). Any leachate that collects -

must also be handled as Dangerous Waste until tests confirm that the leachate has no hazardous characteristics.
Neither the EPA nor the SWDE have addressed action to be taken at the end of & 30-year permit period for a
permitted hazardous waste storage or disposal site.

" A significant quantity of excess contaminated water with a high pH is also placed in the Hanford vault
during grout production. Because of the excess water, the grout vaults at Hanford must also function (and be

permitted) as a surface impoundment for Dangerous Waste until the grout sets. Aﬁerthegrmnsets,thcexeess_

water is removed and returmed to a waste tank,

4.2 Climate, Geology, Hydrology

Climate, geology and hydrology are key factors that control bath the concentration of contaminants in the
soil pore water and velocity at which they are transported to the groundwater after they are released from a vault.
Annual rainfall st Hanford averages sbout 16 cm/yt, of which about 1 ciw/yr infiltrates through the soil to the water
table. Annual rainfall at SRS averages about 110 cr/yr. About 38 cm/yr infiltrates through the soil to the water
table. Thus the downward velocity of contaminants would be expected to be somewhat higher due to increased
infiltration at the SRS. However, the higher infiltration rate also reduces the concentration of any released
contaminants, since not all of the infiltrating water contacts the waste.. As- noted above, barriers to divert
infiltration from the vicinity of the vaults will be installed in Z-Area to reduce the infiltration through the waste to
_-less than 1 cm/yr st the SDF, :

-

4.3 Loug-Term Radiological Impacts -

Based on analysis presented in the RPAs for the individual sites, both the Hanford grout disposal site and

the Saltstone disposal site at SRS will meet the long-term radiological goals specified in DOE Order 5820.2A for
LLW disposal sites. As noted carlier, the Peer Review Panel (PRP) has recommended that DOE-HQ formally issue
the Z-Area RPA. IteﬁnalRPAfoerﬁordgtmdisposalisupmdegouﬁcwin 1994 by the PRP.

mmmmmmmwnmm«m«mswmm
Hanford grout facility are compared in the following table. .Ranges are provided because of the. uncertainty
associamdwiﬂnﬁmneopuaﬁomubothdws -

O

‘-\;i
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Radicnuclide SDF at SRS, Ci Hanford Grout, Cj

1 DR |
Total activity 100,000 - 200,000 13,000,000 - 21,000,000
Cs-137 5,000 - 10,000 12,000,000 - 13,000,000
Sr-90 200 - 1,000 1,000,000 - 10,000,000
Tc-99 30,000 - 40,000 15,000 - 30,000
1-129 ‘ 20- 30 30- 40
total alpha 500 - 1,000 500 - 1,000

The lower activity in the SRS waste has a significant impact on facility safety, design and operating costs.
Saltstonesis produced in a radiologically controlled area (RCA) which permits contact maintenance, while Hanford
grout is produced remotely in a shiclded facility that requires remote maintenance, Based on the level of
radicactive contaminants projected for treated salt solution at SRS, Saltstone would be classified as "Class A*
mbychudmRemuaoqummission(NRQifSalmmmmbjeamNRCmgmﬁom. SCDHEC
ﬁmmmmuMmmuWmemwmnmscmmmmm
the 1960's and is licensed by the NRC and SCDHEC for the disposal of commercial muclear LLW. The use of
vaults instead of clay-lined trenches for disposal is generally viewed by both SCDHEC and the public in South
Carolina as a proactive approach to improved disposal practices for LLW.

Hanford grout has significantly higher concentrations of Cs-137 and Sr-90, and the grout waste would be
classified as “Class C* LLW by the NRC, if the Hanford grout facility were subject to NRC regulations. Although
vault disposal at SRS and Hanford is consistent with the requirements of the NRC for Class C LLW disposal,
disposal of waste in Z-Area that is consistently above Class A limits would likely jeopardize continued disposal
operations at Z-Area.  Accordingly, the goal for SDF disposal is to maintain the overall average composition of the
waste at or below Class A limits,

5.0 Yitrification of LLW a1 sn Alternstive to Saltstone

.The Minimum Additive Waste Stebilization (MAWS) technology has been ‘proposed as an alternative
treatment process for LLW/MW to replace cement-based solidification processes at DOB sites. The technology
appears to be especially promising if a significant quantity of contaminated soil must be treated at a site (Ref, 3).
The use-af-this technology at Femald to minimize the waste volume generated from basin closures appears to be
especially promising, compared to solidifying contaminated soil in & cement-based waste form. Issues and possible
- impacts of LLW vitrification as an slternative to production and disposal of Saltstone are discussed below.

5.1 Issues Related to Vitrification of SRS Salt Waste rs

The high sodium, nitratc and nitrite content of the low-activity aqueous waste that is presently being sent
toZ-AmfordismsalasSahmommldprmupednlchaﬂengesforthcpmdmﬁonofsoﬁduwmqg-a-
vitrification process. Leach-resistant glasses are generally limited to a total sodium oxide content of about 20 wt%,
as noted in the present information available on MAWS. (Ref. 4) - . )

Enviroumental impacts would shift from long term concerns sabout potential contamination of
groundwater to near term issues related to on-site and off-site atmospheric releases, if a vitrification process were :
adopted at the SRS to replace’disposal'as Saltstone. *Specidl sttention in off-gas treatment for a vitrification process :

would be required to minimize emissions of oxides of nitrogen. '

| -
-
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The potential volatility of various radionuclides at high temperature is also of concern. For example, the
volatility of technetium from the oxidizing environment of a melter processing high nitrate waste may require
pretreatment to reduce the concentration of Tc-99 in the waste, and would generate a secondary waste stream that
must be stored or further treated for disposal. Alternatively, the off-gas and condensate from the melter must be
treated prior to release to the general environment  Although its concentration in the SRS waste is low, any
carbon-14 contained in the waste would eventually be evolved as carbon dioxide. Saltstone has been shown to
effectively immobilize technetium-99 as an insoluble sulfide and carbon-14 as an insoluble carbonate within the
Saltstone matrix, eliminating the need for further pretreatment prior to processing into Saltstone for disposal.

A silica source would be needed for a vitrification process, preferably soils that have been contaminated
and are also considered to be a waste. Secpage basins are targeted as a primary source of such wastes at other sites.
However, large volumes of contaminated soil are not available at the SRS because the seepage basins that
contained significant concentrations of radioactive and/or hazardous contaminants have already been remediated at
the SRS. The cost advantage of using a waste stream as a raw material for the vitrification process, especially with
the high volume of salt waste that must be processed, is precluded. Unlike other DOE sites, closure and
remediation of basins is not presently an issue at SRS.

- Energy requirements for a vitrification process would be higher than a process that produces a cement-
based waste form such as Saltstone. Just on the basis of the water content (60-80 wt %), significantly more encrgy
would be needed to vitrify the waste compared to simply mixing the aqueous waste with dry materials.
Maintenance and process safety, compared to the Saltstone process, would also be compromised if a vitrification
process were adopted due to the high-temperature nature of the process. The cost of conversion to a vitrification
pmmmﬂdmbemmdu&mdu&ngaﬂﬁcwgulmqmdnfuqumm&&ﬂmbemdom@&
RPA, EIS, FFA,etc)

52 Compariion of Estimated Waste Volumes - Saltstone vs, Glass

As noted above, the projected capacity of the SDF (174 cells) could contain about 2 million metric tons of
Saltstone with a volume of about 1.14 million cubic meters. Based on the projected salt composition (Ref. 2), the
sodium content of the waste would determine the quantity of glass that would be produced, since a vitrification
Process wmmammmwmnMMWMmm Upto12 x

10" moles of sodium could be sent to Z-Area for treatment and disposal in the low-activity aqueous waste. Using
mupxqmdqmdmmmmmnﬂﬁmdmm%Mmmddemmwmjemd mass of
glass generated by thig waste can be calculated:

(1.2 x 10'° mol Na)X(1 mol NayO/2 mol Na) = 6.0 x 10° mol NayO

(6.0 x 10° mol NagO)0.062 kg NagO/mol NayO) = 3.7 x 10* kg NasO

;

(3.7 x 10° kg NajOX1 kg glass/0.20 kg Na0) = l.9x10’kgglass
(l9x10’kgglass)(lmettonllo’kg)=l9x10‘m ton glass

Thcmsofglassmﬁcummiﬁanﬂydﬂuemmmcmcf&lmthawddbe ted
from the same waste inventory, The density of glass (2600 kg/m )xshlghcrthanSalmne(l'lOOkgIm
volumcphydcanyoempiedbyaglassi:bw :

(1. 9:10’kgglass)l(2600kglm’)-730000m N

This physical volume of glass is only about 64 % of the physical volume of Saltstong-that would be
produced. However, prodtmghrgemommhamhumnbeéoncmthsmmmhmpom'bleforglnss
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pmdmdlnahighucmpu‘amﬂpm,sothcreducﬁoninwastevolumewillbeoﬂ'setbyvoidsinseoondary

containers used to hold the glass waste. In HLW glass waste forms, glass occupics only 85-90 % of the internal
volume of the canisters. The container would also occupy physical space. Thus, carefial design of packaging is
required to avoid eliminating the seeming advantage of lower waste volume offered by a glass waste form.

5.4 Regulatory Impact of Shifting from Saltstone

A change in the treatment and disposal method for the low-activity waste stream sent to Z-Area would
adversely impact the proposed compliance schedule for other facilities that are addressed in the Federal Facility
Agreement (FFA) for SRS. Neither Z-Area nor the ETF are considered in the FFA schedule, since these are
operating facilities that other regulatory agencies deem to be in compliance with applicable regulations. Continued
opemﬁonofbothfaciliﬁesisneededtompportthcrI'PandBSPoperaﬁonsthatwillprww stored HLW before it
can be transferred to S-Area for vitrification. '

“Several permits would be needed to build and operate a vitrification facility for the treatment of
LLW/MW. However, if a vitrification process for the salt waste presently stored in the HLW waste tanks could be
developed, disposal at the SRS may be precluded. The lower volume of waste (about 64 % of the Saltstone volume
asawasteform)wouldlikelyyieldaﬁnalwmfonndmmeedsaassAwasﬁe,asdcﬁnedbytthRC(Ci!wbic
meter specifications). This higher activity could lead SCDHEC to require the waste to be shipped elsewhere
(outside SC) for final disposal. The cost of containers and handling before and after filling must also be
considered. Oonninasmmvepamdhmspomﬁmmgmaﬁmforoﬁ-ﬁwshipmmﬂch
requirements are also imposed at SRS for on-site shipments.

Final disposal may either require qualification of the container for simple trench burial or the construction
of a vault to provide secondary containment. Shifting from vault disposal to trench disposal may not be possible,
since vault disposal has been reviewed and generally accepted as the desirable method of disposal by the NRC,
various state regulatory agencies and DOE sites.

A shift to LLW/MW vitrification technology for salt solution waste at the SRS would require extensive
documentation, experimentation and demonstration before it could be adopted. The preparation of an EIS, SAR,
permit applications and other supporting documents would be required, since this method of treatment and
disposal of the LLW/MW stream has not been included in prior studies. © s

L 2
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1. Final Eavironmental Impact Statement, Defense Waste Processing Facility, Savannah River Plant, Aiken,
S. C,, DOE/EIS-0082, U..S'. Department of Energy, February 1982.

2. Radiological Performance Assessment for the Z-Area Saitstone Disposal Facility, WSRC-RP-92-1360 (rev.
0), Westinghouse Savannah River Comparty, Aiken, S. C., December 18, 1992. .-

3. Safety Analysis Report - Z-Area, Savannsh River Site, Saltstone Facility, WSRC-SA-3 (DOE Review

Draft), Westinghouse Savannah River Company, September 1992.

4. Telefax from Ha Vi, Department of Encrgy, Germantown, Md (EM343) to Jim Lockridg, SWEC, Savannsh
River Site, dated 27-Oct-1993. (Contained charts and report discussing development of "Minimum Additive
Waste Stabilization (MAWS)" at Femnald | g Car e .
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United States Government Depatment of Energ,

memorandum

oAte: March 25, 1994
REPLY TO
‘TIMO" office of Environment:Berube:X65680

SUBKCT SRS Saltstone Performance Assessment and Implementing Order DOE
5820.2A at LLW Disposal Facilities

™ 7411 E. Lytle
Assoclate Director
Office of Waste Operations .

By January 14, 1994 memorandum, your office requested our review
of the Savannah River Site (SRS) radiological performance
asseasment (PA) for its saltstone disposal facility. . Although
we found the PA to be a technically sound document, we have
enclosed comments on the document that primarily addrasa
questions of compliance with Order DOE 5820.2A.

Our review concentrated on the radiclogical aspects of Section
III.3.a, Performance Ohjectives. Although additional work must
be done to address uncertainties {(see below), we believe that
the saltstone facility will likely perform in compliance with
these performance objectives. Nonetheless, clarification is
needed regarding Section IIX.3.a.4 of the Order which requires
protection of ground water resources "consistent with Federzl,

State and local requirements."”

For this performance objective the critical determination
appears to be compliance with those groundwater protection
requirements that have been promulgated by the State of South
Carolina. (In effect, the Order incorporates the State ~
requirenents by reference,) Because the State -grpundwater
standards are imprecise, SRS should,.among other things, provide
some assurance that the State agrees with SRS‘s lnterpretatlon
of the State requirements. R

In addition, information should be provided-nbout how 8RS

. proposes- to "maintain releases...as low as reasonably _
achievdble™ in compliance with paragraph III.3.a.2 of the Order,  _-
SRS could accomplish this requirement by describing, and RS
implementing, a structured progran of PA maintenance.that is
integrated intc the site waste management plan. -This PA
maintenance Trogram should include continued experimental and .
computational work, as well as near-field monitoring in .
compliance with paragraph 111.3.b.3. The PA acknowledges the
uncertainties in predicting disposal facility performance, -and.
points out that should moisture barriers fail, and should the
saltstone degrade extensively, then the facility amight not be in
compliance with the Order. : There iz a related question about .
the long-term release of nitrates. -
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We believe that PAs for DOE disposal facilities must truly be
"living documents,” and that PA maintenance programs should be
considered a necessary operational requirement in the same way
that an environmental monitoring program is a necessary
operacional requirement. Besides directing preparation of
design and waste acceptance criteria for low-level waste (LLW)
disposal facilities, PAs should be used o direct research meant
to validate assumptions and values for critical modeling
parameters. Research and PA development should continue in an
iterative manner over the life of the disposal facility.

But without an uncompromising mandate from DOE headquarters,
such research and verification activities might be discontinued
a8 economy measures. Such economy would be shortsighted,
however. There are a number of uncertainties associated with
predicting the long-term behavior of LLW disposal facilities,
and ‘many of the experimental programs that have been conducted
to obtain parameter values for models are of a short-term
nature. Continued research and PA maintenance are needed to
ensure the credibility of DOE's LLW management efforts. In any
case, we expect that technical questions will continue to arise, .
and it would certainly seem more efficient and timely to respond
to these questions using ongoing research programs rather than
proceeding by fits and starts. Cost savings would result {f
research and verification activities were coordinated among DOE
siltes and disposal facflities.

We also continue to have a general concern about the process by
which DOE ensures that the requirements of DOE 5820.2A are net.
Although a PA may provide e promise of action, it doesn’t by
itself cause the action to happen. In my April 14, 1952,
memorandum, we suggested establishment of a formal, regqulatory-
type review and authorization mechanism that functions in an
analogous manner to a commercial licensing programt. We again
urge~<such a program, including issuance of & “design’ and -
operating plan" against which facility design and operation can

be inspected.

For operating facilities such as SRS Saltstone, one could
.consider a phased approach, wher the design and cperating .
~ plan would initially focus on cempliance with those design and i
operating features important to the 'PA, including the PA-

maintenance program. The plan would prohibit operators from
changing, without approval, facility design and operations {n
ways ‘that are inimical to the PA conclusions. Thereafter, other
pravisions of the Order could be considerad for inaolusion in the
dosign and ‘operating plan, such as facility closure plans. For
new facilities, where construction and operation should be
contingent on EN approval, one could prepare a more initially
complete design and operating plan based on a* facility
“application” as suggested {n my April 14, 1992, memorandum.

-
-
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operation. The schedules for preparation of the PAs have shown
4 propensity for slippage. We belleve that additional efforts
should be made to encourage the sites to complete these PAs. To
do this, we recommend prompt issuance of an EM policy that
first, would require approval of a PA before construction and
operation of any new LLW disposal facilit « and sacond, would
require, as a condition of continued operation, complation of
FAs for all existing disposal facilities by a specified date.

Finally, we cee a need to develop a firmer policy for managing
LIW disposed before September 26, 1988, the effective date of
DOE 3820.2A, and addressing the long-term impacts that may be
assoclated with this LLW. As a first step, we suggest a program
to characterize former waste disposals and alaembge data, such
as groundwater monitoring data, that can be used to help assess
alternative policies. We suggest such a program in any case,
for both former and existing LLW disposal facilitiaes, to allow
tinmely consideration of possible difficulties with complying
with future standards for LLW disposal issued by the
Environmental Protaction Agency (EPA).

in & Fadergl Reglster notice dated December 20, 1993, EPA
promulgated a general eavironmental standard, 40 CFR Part 191,
for disposal of high-level waste, transuranic waste, and -spent
nuclear fuel (56 FR 66398). Among other things this notice
indicates that EPA plans to issue a general environmental
standard for disposal of LILW.

We can neither predict nor prejudge the content of EPA’'s planned
LLW standard, although we expect that EPA may consider, as an
alternative, a groundwater protection requirement similar to
that promulgated for 40 CFR Part 191. This groundwater
protection requirement is linked to drinking water.concentzation
limits, and background levels of radionuclides must be included
when determining compliance with the standard. ' '

We would appreciate receiving your thoughts sbout these .

suggestions, particularly those concerning the completion of PAs

for new and existing disposal facilities. The staff points of ,
contact in the Office of Environmental Guidance are G. Roles R
(586-0289) and E. Regnier (586-%027). ' S :

/

ol -
:;]yuond P. Berube

. Deputy Assistant Secretary
' for Environment

Enclosure ﬂ' - : o
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One of the paerformance objectives in Order DOE 5820.2A
indicates that groundwater resources are tc be protected,
"consistent with Federal, State and local reqQuirementa"
(Section III.3.d.4). We are unaware of any Federal
requirements for protection of groundwater at LLW disposal
facilities, although 40 CFR Part 193, under development by
EPA, may contain such requirements when eventually
promulgated. We are also unaware of any local groundwater
protection requirementa. However, groundwater protection
requirements have been promulgated by the State of South
Carolina. The PA does not spscify these requirements but
doas indicate, on page 1-8, that "compliance...usually has
been interpreted as meaning that concentrations of chemical
and radioactive contaminants at any poiants of compliance
should not exceed standards for public drinking water
supplies established by the EPA," and that "such a -
requirement is included in the SCDHEC rogulations and
permits for the I-Area digposal facility." Later on page 1-
8, the PA indicates that the point of compliance assumed for
the PA i{s "consistent with the SCDHEC regulations and '
permits.”

The .PA should clarify the actual State requirement, and
aszsess the possible release of radionuclides from the
saltstone facility against this requirement. We understand
that the State standard, among other things, addresses “man-
made® radicnuclides, that are "not to exceed concentrations
or amounts such as to interfere with use, actual or
intended, as determined by the Department (of Health and
Environmental Control].” Because this standard is
imprecise, SRE should provide asome assurance that the State
agrees with SRS's interpretation of the State_rgﬁuirements.

neh . .
gection III.3.b vequires that PAs ehould not only be

maintained, but that "monitoring should be used to validate
or>modify. the models used in performance assegsnents.”

Clear plans and schedules should be provided for doing. so,

in coopdination with other studies and work conducted as’

part 6f the PA maintenance program. (See commonts 3 and 4.) :
We note that on page 24 of the 5/17/93 response to a request -
for {nformation from the PRP, the preparers of the PA’ -
addressed posaible monitoring programs. This respense,

however, is Ilnsufficient.

The PA properly identifiaes uncertainties in the performance
of the saltstone facility over the long term. The primary
uncertainties appear.to relete to the question of the long-
tern performance of moisture barriers and drains, and the
extent to which the.saltstone may degrade. Additional plans
and schedules should be provided for the follow-up work
proposed to address these and other major uncertaint;gg as
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they are identified. In addition, we note that releases
from the saltstone facility have been projected from
relatively short-term lysimeter and laboratory studies. As
part of the PA maintenance program, these studies ghould be
continued to provide greater assurance that the performance
objectives will be met over the long-term. (Also sgee:
comment 4.) :

2

In compliance with paragraph II11.3.4.2 of the Order, the FA
should more clearly indicate how SRE proposes to "maintain
releases of radicactivity in effluents to the general
environment as low as reasonably achievable.® We suggest
that SRS could accomplish this requirement by describing,
and implementing, a structured program of PA maintenance
leading to final development and implementation of a
facility closure plan. -The PA maintenance program would be
integrated into the site waste management plan discussed in
Chapter VI of the Order and in proposed 10 CFR Part 834.

We draw an analogy to the as low as reasonably achievable
(ALARA) programs implemented by DOE sites for compliance
with DOE 5400-series orders. By March 14, 1991, memorandum,
EH issued guidance for implementation of ALARA programs
established to control exposures to the public from normal
operations and in development of authorized limits for the
reloase of DOE property (lands, bulldings, equipment, and so
forth) containing residual radioactive materisl. As used in
this guidance, ALARA is an approach to radiation protection
to manage and control exposures (both individual and
collective) to the work force and to the ganeral public, and
releases of radicactive material to the environment, at
lavels as low as practicable, taking into account social,
technical, economic, practical, and public policy
considerations. ALARA is not a dose limit, but rather a
process.

Although the guidance was not specifically prepared with the

intent of addressing the question of possible releases of

radicactive materials from LLW over thousands of years, we

believe that the guidance contains a number of principles B

that would be applicable. One would develop and implement & - ;
am that sets forth a structured approach to_ '

decisionmaking. One would identify those aspacts cf the

site dasign and waste characteristics that are significant

for minimizing long-term releases, and consider '

alternatives. One would estimate the performance of the

different alternatives and select the preferred alternative

from those considered. One would then implement the

alternative, maintaining an audit trail.

In the case of the saltstone facility, the PA would ocutline
an i{terative process to optimize facllity design amd waste
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acceptance criteria over the life of the faclility. It would
be used to provide structure to the PA maintentence program,
with the intent of resclving major uncertainties, and
working toward developing and implementing & facility
clogsure plan. The PA maintenance program would be addressed
in the site waste management plan and would identify
activities intended to resolve these uncertainties, where
the activities could include expaerimental efforts {(e.q.,
infiltration experiments, lysimeter gtudies) and model
improvement. The PA maintenance program would also become
more rafined based on feedback from these efforts.
Experimental data, model refinement, and analyses of
alternatives would provide a basis for identifying any
needed changes in facility design and operation, or waste
acceptance criteria, to reduce porsible environmental
releases to levels as low as reasonably achievable, and to
provide support for developing and implementing an approved
facility closure plan.

#
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United States Government | Department of Energy

-memorandum
o, SEP 20 1984

REPLY TOQ
arvor. Office of Environmental Guidancei1¥allo:1X645996

evwecr; SRS Saltstone Performance Assessnent

o Joseph A. Coleman, Director
oftfice of Eastern Waste
Management Operations
Environnental Wanagement

By March 25, 1994, memorandum, we provided comments on the
savennah River Site (SRS) radioclogical performance assessment
(PA) for its saltstone disposal facility, and also raised
concerns about related issues including DOE's process for
ensuring compliance with DOE 5820.2A. We subsequently received
your June 30 memorandum that provided the SRE response to our
saltstone comments. We then met with EM-30 and SRS staff on
August 16. .

Based on this August 16 meeting, we belleve that there is an
improved understanding of EH expoctations for operation of the
saltstone disposal facility. We are satisfied with the June 30
response regarding protaction of groundwater consistent with
State requirements. Howaver, we are not satisfied with the

June 30 response to our other comments. As we indicated in the
August 16 meeting, SRS needs to set forth and implement specific
programg to resolve major PA uncertainties, to validate PA°
models, and to maintain the PA according to & schedula. GRS
staft a?reed to provide additional plans to conduct these
activities, and to clarify plans for closure and operation of
old and new lysimeter systems. SRS staff also greed to provide
documentation that addresses compliance with Section 111.3.a.2
of DOE 5820.3A with respect to reducing release of affluents to
the environment to levels as low as reasonably achievable.

Purthermora, we presented SRS staff with additional comments on

the PA, Vo expect that SRS will provide us with a written

resporigce that will be subsequently incorporated into the next N
revision to the PA. (We expect that PA revisions will ocour . . -
periodically throughout facility operation.) These comments -

were provided at the mesting in a draft form; we have finished

them and have attached them to this memorandum.

some of the comments will require guidance from EM for
resolution. We noted similar concerns as part aof our review of
the PA for the E-Area Vault disposal facility, where clearex
policy needs tc be provided for {gsues such as assumptions about
future ownership of DOE LLW disposal facilities and the purpose
of analyses for protection of an inadvertent intruder.

-
-
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We also discussed the expected Environmental Protection Agency
(EPA) standard for low-level waaste disposal, 40 CFR Part 193,
Although EPA staff have not provided us with the detaile of thisg
standard, they have communicated its major themes. For example,
EPA staff plan to include a groundwater protection requiremant
that would be linked to drinking water maximum concentration
limits (MCLs), where background levels of radionuclides would be
included when determining compliance. We plan to provide EM
with an outline of these major themes, and will reguest that EX°
help us to begin a process of working with Field Offices to
cbtain their assessments of the likely costs, benefits, and
impacte (program changes or disruptions) of the standard on
their activities. We will use the responses to continue to work
with EPA staff as they develop the standard.

In the case of the galtstonae facility, although limited data is
presented in the PA, it does indicate that background levels of
radium-226 may occasionally approach or exceed drinking water
MCLs. This may cause problens for operation of the saltstone
facllity in compliance with the expected standard. Limited
quantities of waste containing Ra-226 precursors have been
disposed in the saltstone facility. In addition, the saltstone
formulation includes coal combustion slag which should contain
enhanced concentrations of Ra-226 as well as other naturally
occurring radionuclides.

We look forward to resolving these issues. The staff points of
contact in the Office of Environmental Guidance are G. Roles
(586-0289) and E. Regnier (586-5027).

i m :
~ ut

Raymond F. Pelletier
Director L
Qffice of Envirconmental Guidanqe

Attacﬁment

ceC. Rq Bemb.' EH'ZO ' -
J. Lytle, EN-30

-3
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1. Order DOE 6430.1A, General Design Criteria.

SRS needs to address the applicability of and compliance
with Order DOE 6430.1A, General Design Criteria,
particulerly in reference to Sections 1324-5 and 1324-6.
This order was issued on 6 April 1589.

2. Future land use for Saltstone Site.

The PA discusses the Saltstone facility as if SRS expects
that after the end of institutional control, access to the
site will be completaly unrestricted. Although we aren't
sure of SRS plans for future site use, we believe that the
PA needs to clarify this issue. Completely unrestricted
release strongly implies an end to site ownership and other
pasaive instituticnal controls. We believe that the intent,
rather, i€ to retain ownership of the disposal site after
the active institutional control pericd, and. to apply
passive institutional controls.! -

Provided that an assumption is made of disposal facility
land ownership, then after the 100-year active institutional
control period, SRS could characterize future land use asg
being under the control of relatively strong passive
institutional control measures. It is possible that
nonintrusive surface use of disposal facility land might be
allowed (e.g., for grazing or for a park). 1In this case,
inadvertent intrusion into the waste can be envisicned as an
“accident,” a hypothetical event. An inadvertent intruder
is then an abstract entity, a mechanism applied to guard
against the potantial for humans to receive very large
radiation doses in the event of “catastrophy;" recoinizing
"that it is impossible to reliably predict human actions and
the radiation doses that might occur.

But if the intent is to release the land for completely
unrestricted use, then by definition, no passive

institutional :controles are imposed. Intrusion into the - -
waste looks less like an accident and more like a probable - - - 3
event, and an inadvertent intruder locks less like an '
abstract ‘entity and more like a rsal parson. In” any case,

one may be compelled to consider docommiusionlng.critoria‘

‘Passive institutional controls can include measures such as
land ownership, covenants in deeds, markers, and so forth, and
can last long after active imstitutional control measuras (fences
.and guards, monitor and maintenance activities,“ett.) are
‘Presumad to be effective. The 100-year limit on institutional
controls should only apply to active institutional contgols.
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rather than LIW digposal criteria. More restrictive dose
limits or calculational assumptions may be applicable.

We believe that a clearer statement of DOE policy i& needed
on land ownership of LLW disposal facilities. The policy
should be such that preparere of LLW PAs may assume that DOE
ownership of LLW disposal facility land {(and other passive
institutional control measures) will continue indefinitely
beyond the active institutional control periced.

Biointrusion.

On page 3-29 of the PA, a discussion is provided about the
potential for bilointrusion, which can result in surface
contamination of the disposal facility. Doses are
calculated to an inadvertent intruder. Howaver, parsons
receiving radiation doses might not be intruders depending
on assumptions about future ownership and use of disposal
facility land. If the intent after the active institutional
control period is to authorize the surface use of the site
by individuals, then persons potentially exposed would not
be intruders. A more restrictive annual dose limit than 100
millirems would be appropriate.

Intrudah well-water calculations.

In the PA, an argument is made that because annual dosaes
from release to groundwater are considerably less than 100
millirems, it ia not necessary to consider doses from well
water to an inadvertent intruder. This is illogical,
because the dogses projected to meet the all-pathways and
groundwater protection performance objectives are calculated

under the agsumption of undisturbed paerformgnce of the
saltstone facility by humans. But the in er, by

definition, intrudes into the disposal facility and
therefore, in theory, changes ite performance (e.q.,
disrupts barriers to infiltration of water into wasto).

There ic a need for clearer guidance from DOE on the purpose
-of the inadvertent intruder analyses., If the intent of the

‘analyses is to protect a real person, then intruder doses’ &

associated with use of wall water must logically be
performed under the assumption that the disposdl facility is.
disrupted by the intruder. The results of such calculations
would be difficult to justify, however, because they would
be artifacts of assumptions about intruder actions. But if
the intent is to treat inadvertant intrusion as a :
hypothocical event, as a méchanism to help determine waste
accéptance .and design and operating criteria, then a case

_ can bé made that doses from use of woll water need not be

considered for purposes of {ntruder protection. Protection
‘of tha environment and human health and safety fwem possaible
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release of contamination to groundwater is already ensured
through compliance with other performance objectives.

40 CFR Part 141.

As a minor point, the PA occasionally references 40 CFR Part
141 as if it {s in terms of effective doseg equivalent (EDE).
This is incorrect. The current version of 40 CFR Part 141
uses oldar dosimetry models, although the revised Part 141
rule proposed by EPA on 18 July 1991 (and not yet
promulgated) is in terms of EDE.
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To: M. S. Glenn
DOE-SR, 704-§

From: D.G. Thompson
Manager, Saltstone Facility

RE N -H MME N ZARE F N
References:

l.  USDOE Memorandum, R. P. Berube 0 J. E. Lyde, "SRS Saltstone Performance Assessment and
[mplemeating Order DOE 5§820.2A at LLW Disposal Facilities,” March 25, 1994.

2, USDOE Memorandum, R. F. Pelletier to J. A. Coleman, *SRS Saltstone Performance Assessment,*
September 23, 1994,

3. Letter, H. F. Daugherty to V. W. Sauls, “Response to DOE-HQ on EAV Radiologicsl Performance
Assessment Comments, " SWE-SWD-94-0247, September 30, 1994,

Dr. J. R. Fowler of our staff has the primary technical respoasibility for the Z-Area Radiological Performance
Assessment (RPA). As you requested, he has prepared responses to the commeats from DOE-HQ (Ref. 1, 2) to assist
you in the preparation of responses to EM-323.

Reference 3 provides information on programs funded at SRS relative to the E-Area vaults (EAV). Some of these
programs are purposely designed to apply to any disposal or remediation site at the SRS (c.g.. infiltration studies).
Note that any committments by Saltstone Operatioas, relative to maintenance of the Radivlogical Performance
Assessment for Z-Area, presumes adequate funding will be provided by the Department of Energy to support this
activity.

A.RespometoCommentsfmmR.P.Buube(Rdml)

interpretation of State requirements.

AmmentwillbeaddedinthemmmuyoflheRPAlhunotuSCD}[EChaisaw&-openﬁngpqmithf
thedisposdsitemdthuumthuz-ArudispouldwcompﬁawithmmuiremtswhentheRPA':s'
revised to incorporats the errata provided to the Peer Review Panel.

1. Compliarice with Section IIL3.x.(4): Comment oa providing assurance that state agrees with SRS's

2. Comgpliance with Section ITL3.b. [ NOTE: Only paragraphs (1) and (3) of this section apply to & PA for a
specific dispoesl site, such as Z-Area. Ihisneeﬁourequimﬁeldorgmintionsuithdisposdsiwstom
and maintain & site specific PA for disposal of wasto and to mogitor.and/or test, a3 required, to evaluats
lmlﬂwummwm«mﬁfymthMBﬂﬁudephm
-Mﬁdﬂh&ﬁdﬂdhhﬂu&q&tﬁwmumdﬁqmﬁhuglz

The requirements specified in this saction of the Order are first addressed.
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4. Compliance with [11.3.a.2: "Clearly indicate how SRS proposes to maintain reieases to the environment to be
ALARA." ’

ALARA analysis was suggested for the site waste management system plan or system PA, rather than ig a
facility specific PA. A facility-specific PA simply provides technical support for the waste managerment plan

and system PA. These principles should be applied even if waste disposal is not a part of a site’s overall
mission.

Preseat guidance for 5820.2A does not require an ALARA snalysis for a PA covering a specific disposal site
such as ZArea. This type of analysis and comparison is more appropriately done in conjunction with
Environmeatal Assessments or Environmeatat Impact Statemeats as a part of selecting the preferred method
of treatment and final disposal.

Please note, however, that ALARA has been used as a guiding principle throughout the evolution of the SRS
HLW waste treatment, storage and dispbsal system, of which Z-Area is oaly one component. The decision to
remove cesium and stroatium from soluble waste gt the SRS was included as a part of HLW treatment and
disposal to adhere to the ALARA principle. Likewise, the historical evolution from saltcrete in trenches to
saltstone in vaults was a direct result of applying the ALARA principle. The DWPF vitrification facilities,
the saltstone facilities, in-tank treatment operations, the glass and saltstone waste forms, and the selected
method of saltstone disposal are designed, controlied and operated with the ALARA principle as a guide. We
agree that ALARA is a process and we have applied it at the SRS.

B. Response to Comments from R. F. Pelletier (Reference 2)
1. Order DOE 6430.1A, General Design Criteria: This comment requested that SRS address the applicability and ™
compliance with 6430.14, particularly sections 1324-5 and 1324-6.

ZArea facilities are low-hazard (category III) nuclear facilities. The design and construction of existing Z-
Area facilities were completed prior to the issuance of 6430.1A. Since 6430.1A did not exist, ZArea
facilities were designed and constructed to meet or exceed the specifications of 6430.1 for a low hazard
facility. - '

Conformance with DOE requiremeants, including 6430. 1A, is specifically addressed in the SAR for ZArea
(WSRC-SA-3). Any future significant additions or modifications (i.c.. future vadits) will comply with
6430.1A. '

When 6430.1A was issued, WSRCoonmdud(hUnitedEngineenandConsm:ctom(UE&C)wperfoml
compliance review of the design data for ZArea facilities against the requiremeats of 6430. 1A to confirm

that non-compliances, ifmy.wmddnotimpwtnfayortheenvhmmlhorqviewwuscompletodin
September 1990 (WSRC Report No. 864962). ZArea facilities meet or exceed the requirements for a low- )
bazard (category III) nuclear facility. One non-compliance with ANSI standard C21981 requirement for -
electrical pancls was ideatified, but was determined not to be considered & deficiency for ZArea, since the

design and installation of these panels were consistent with stendard industrial practice, and the deviation did

not impact safety or the environmeat. ' )

Z-Ares storage and treatment facilities comply with or exceed the requirements in 1324-5 and 13246 that
are applicable to preseat operations. Storage tanks, transfer lines into the facility, and saltstone production
equipmeat are doubly contained; as required by this section. Criticality is not'credible in Z-Area, due to the
low concentration of fissile materials in solutions processed and the saltstone produced. In the eveat of
DBE, complete failure of all containment facilities would have local consequences only, coasisteat with the
requiremonts for a category I facility. . . - -

hmofmﬁu&tqm,tﬂemoﬁﬁculmwmfompmﬁdupﬁmrqunhmmu the
thmwwmm_mmtmﬁlnhwofmdimeﬁvemhinmiled
10 provide permanent socondary containment during active disposal openations in Vault 1. Vault 4 will be
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retrofitted with a permanent roof structure and future vauits will be constructed with permaneant roof
structures prior to filling with saltstone to provide secondary containment. The change to a permaneat roof
prior to filling has beea made to simplify interim vault closure operstions and will significantly reduce the
volume of job-coatrol waste generated from continuing operations (ALARA), based on operating experience
related 1o disposal operations in Vault 1. This change in vault construction and operations has been reviewed
against the RPA, and does not require a revision of the RPA.

Final closure {clay layer, backfill, etc.) will provide the tertiary containmeat specified for disposal sites. The
closure concept preseated in the Z-Area RPA complies with applicable specifications in 1324-5.3 and all of
13246, including the specification of ongoing site maintenance.

2. Future {and use for Saltstone site.

Minimal assumptions were made in the RPA for both Z-Area and EAV regarding future land use. Active
wnstitutional control of 100 yrs is specified in the Order. In these RPAs, we assumed the most conservative
case ~ release of the site for general public use. This is not meant to imply that the facility will actually be
released for general, unrestricted use. Passive coatrol (i.e., continued ownership and occasional inspection
by the U.S. governmeant) is more likely to be the case. This is a DOE policy issue that we cannot address in
the coatext of the RPA, beyond calculating the potential impact to an intruder, as if he had free access to the
site.

If guidance from DOE Headquarters changes to include application of the public performance objective to
persoas conducting activities within the disposal facility, the RPA can be revised accordingly.

3. Biointrusion.
See response to B2,
4. Intruder well water calculations.

We concur with the comment. Better guidance is needed on the intruder analyses to be done. If passive
administrative controls are maintained in perpetuity, then the aeed for these calculations are eliminated.
However, the calculations do show that even if this activity is assumed, the dose to the resident intruder is
still quito smail. The principal concern in Z-Area, if a well were drilled that compromised the closure cap,
would be an increase in nitrate coacentration in the underlying groundwater. ioactive species would not
increase significantly, evea if the cap integrity or the vault integrity is compromised.

If guidance from DOE Headquarters changes to include application of the public performance objective to
persons conducting activities within the disposal facility, the RPA will be revised accordingly.

40 CFR Part 141. o : s
We agree with the observation. On page 1-9.and 1-10 of the Z-Area RPA, the more-modern method of dose
calculation was described, and the proposed regulation was used &3 the basis for calculation. As noted in the
discussion, using a single dose limit for all radionuclides provides a consistent and transpareat regulatory
approach.

DGT/jef 0‘/

L1}
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Distribution for OPS-DTZ-95-0001:

J. W. Wilson, 210-§

J. R, Fowler, WSRC, 704-Z
R. M. Satterfield, 719-4A

J. F. Ortaldo, 704-S

R. Schwamberger, 704-Z

D. G. Thompson, 704-2

E. L. Wilhite, WSRC, 773-A
1. R. Cook, WSRC, 773-A
A. Yu, WSRC, 773-A
Records
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OOEF 1XLIR{Rare 111291}

United States Government Department of Energy (DOE)

memorandum Savannah River Operations Office (SR)

DATE A 30 19%

REPLY TO

arwoe  PD (Hannah/803-208-1541)
smrect  Headquarters Review of the “Radiological Performance Assessment (RPA) for the Z-Area
Saltstone Disposal Facility”, and Request for Additional Information
1o Director, High Level Waste Division, Office of Waste Management, ﬁQ

Attached is SR’s response to your request for additional information regarding the
groundwater protection section of the subject RPA. The responses were discussed with Virgil
Lowery of your staff, and an attempt was made to sddress his concems and incorporate
comments.

Any questions may be directed to me or Ray Hannah at 803-208-!541.

7p Charles E. Anderson, Director .
PD:ALT:ech " Programs Division

PB-96-0174

Aftachiments _
Response to Questions ~
from EM-35

cc w/attch:
P. Bubar, EM-323, HQ .
M. Letourneau, EM-22, HQ .

W
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RESPONSE TO QUESTIONS FROM EM-35 FOR DOE-SR:
{. (a) How are MCLs applied by the State of South Carolina?

The state of South Carolina uses MCLs as the basis for regulation of public water supplies and as
the standard for the quality of both surface and groundwater. They also apply MCLs to releases

to surface waters and to groundwater monitoring analyses for proposed (i.c., baseline results before
disposal begins) and active disposal sites. In both E-Area and Z-Area, the shallow aquifer beneath
these disposal facilities are neither suitable nor adequate for drinking water supply due to its shallow
depth and insufficient water supply capability. However, South Carolina Regulation 61-68 requires
mmdnnldngwnersmndmdsbcappﬁedmaﬂgroundwaxamgardlmoﬁmmtmdeduse.Asnoted
in a previous response relative to the conditional approval of the E-Area RPA, documented
telephone discussions with the State Drinking Water Section and the Bureau of Solid and Hazardous
Waste reaffirmed the applicability of the MCLs as the appropriate groundwater standard for
disposal sites (Ref. 1).

(b} Are MCLs to be applied as an increment over what is already in the groundwater, or is it to
be the total load in the groundwater from background, other contamination and the contribution
of the disposal facility?

Thctmdloadofmnmmmamsmthcgrwndwmmmmrhmmpared-agaimthc
MCLsmmbﬁshmtcrqualﬁy.MC[samthnsusedasthcsmndard_formpaﬁsmof
monitoringmults.Forgroundwaterﬂﬁ:cmﬂdbehnpacwdbyapmposeddisposalsitc,ﬂwexisﬁng
water quality beneath a site is first established through groundwater monitoring upgradient, within
and downgradient of a proposed site as a part of the background site characterization. After active
disposal operations begin, continuing monitoring results from upgradient and downgradient wells are
usedtowtahlishifoontaminamfuundhmoﬂtoﬁngwellsareaﬁributabletothcdisposalactiviﬁw,
toa&ilmofﬂ:cdisposalsystnnusedatthesitc,ortoconmninaﬁonﬁ-omanothcrsaurcéupstm
of the disposal site. If MCLs are found to be _

exceeded in background characterization for a particular contaminant, then the facility waste
fomordisposdunhdwignmasmthﬂthc&dﬁtymmkemsmﬁsﬁmﬂysigniﬁmg
incremental contribution of the contaminant that exceeds MCL in the backgrigund wells. For
a@hﬁ&h@mm@dwwMM&fmwhhm
watet, then cither the disposal of leachable copper in the facility would either be excluded or the
m&blofrdmwmsuﬁsﬁcaﬂyhﬁgniﬁmbvdsmmghdﬂmwamfomﬁgnmdim
design would be required before an operating permit is issued. . C

2. Ifthe MCLs are applied to the total, how does the state view results of prospective analyses like
the Saltstone PA relative to complying with the requirement of groundwater Protection? =

RmﬁﬁhtthPA_mnﬁomﬁdcmdhpamﬁﬁngbyﬂwm‘mwpemhsdisposalsm
basodmawﬁcwof&cpmposeddwignandmmr&nggmmdwwdammmbdom.duﬁng
and after waste disposal. SincethcprimrypmposcoftthPAistoasmsﬂwlong-tumimpact
ofmdioacﬁwmmnam,mcmﬁmthkmdyupanofﬂwmgumwmlhnposed

by DOE in accordance with DOE’s authority to regulate radicactive contarminants to assure that
disposalwtivitimatDOEsitwdonotposeanylmduelisktopublichealﬂ:orsafety,ortoﬂ:e .
wﬁmﬂesﬂumﬁsmmndwmnmhoﬁng,asspedﬁedin&dmywmhs,w
dcwmimifam-pmniud&dmyispmmmm“m,hmrdamgm
smmguhﬁqnsandopcnﬁngpamhs.mmmoﬁngphnformesmfpwiﬁw
Mmhamofmubythcmm.Spedﬁcmhorhgmqukunaqurachdisposd&dﬁwfor
wm&mcmmwaudwﬁtymlpedﬁedhopaaﬁngpmmﬁormchﬁdmy.wmistmt
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with the matenials placed in the disposal facility. For facilities such as Z-Area, the operating permit
specifies potential contaminants that must be tested for in upgradient and downgradient groundwater
samples. The current Z-Area permit requires monitoring groundwater for pH, Specific Conductance,
arsenic, antimony, barium, cadmium, chromium, lead, mercury, nitrate, nitrite, selenium, silver,
benzene, toluene, the sum of Ra-226 and Ra-228, gross alpha particle activity, beta particle activity
and proton (tritium) activity in upgradient and ,

downgradient wells. Results are required to be reported to the state. (See permit for actions required,
if a contaminant is found that exceeds MCLs.) Actual groundwater monitoring results during active
disposal and for at least 30 years after closure serve as the basis to establish if a site is in compliance
with state regulations.

- f the MCLs are applied to the total, and if there is intent that a prospective analysis will
demonstrate compliance at some future date, how does SR interpret the groundwater data, i. e.,
what is the background to which Saltstone will be adding activity?

MCLs are applied to the total, but the intent of the Z-Area radiological performance assessment is
to provide reasonable assurance that the incremental impact of radicactive releases from the
Z-Area Saltstone Disposal Facility do not exceed the radiological performance goals specified in
DOE Order 5820.2A, with respect to protecting the health and safety of the public from a potential
radiological dose, due to the disposal of saltstone at the Z-Area site located within the SRS. The
projected peak releases and pathways are analyzed in the Z-Area RPA and the dose estimated for
comparison to the goal. As noted in the Z-Area RPA (pp. 1-9, 1-10; cf. 4-50), using a single dose
limit provides a consistent and transparent regulatory approach to all radionuclides that may or
may not have MCLs specified in current regulations, and is actually more restrictive than the
EPA'’s proposed (at the time the RPA was issued in 1992) revisions of the drinking water standard
for radionuclides. Compliance with the conditions and groundwater monitoring requirements
specified in the Z-Area operating permit issued by the SCDHEC meets the Order requirement to
comply with applicable state and local regulations. Groundwater monitoring data is used and
interpreted in accordance with the protocol specified in the permit issued by SCDHEC. (Ref. 2)

. What is the contribution to the dose or concentration in groundwater of technologically enhanced
naturally occurring radioactive materials (NORM) in the saltstone admix? Higher than normal

NORM may exist in the flyash and slag used in making vaults and saltstone due to the

concentration of NORM that can occur in the burning of coal or the processing of metal ores.

These quantities may require consideration from the standpoint of impact to groundwater in
confunction with the radioactive isotopes in the Hquid waste.

NORM in the dry materials were not considered as part of the analysis in the RPA. The NORM -
from dry materials used in the saltstone and vaults is estimated to be about a factor of 5 greater than i
the 2 to 10 pCi/g found in the SRS soil from which the vaults and waste displace. [J, Th and “K are

the NORM in both the s0il and these materials. The total activity in the saltstone waste is dominated

by radicactive contaminants in the salt solution. The coatribution of NORM in the dry materials to

the total activity in saltstone is estimated to be less than 0.05 nCi/g, corresponding to about 0.06%

of the projected average radioactivity in saltstone at the time of disposal (about 80-100 nCi/g total

activity from salt solution), less than 0.1 % of total activity in saltstone at the time of closure, and

less than 0.2 % of the 30 nCi/g of activity estimated 1100 years after disposal. Use of slag and fly

ash to prepare saltstonc converts these materials, normally considered a waste from other processes,

places these materials in an environmentally better form for disposal.

-
-
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REFERENCES

1. Letter, H. F. Daugherty to V. W. Sauls, D EAV Radiological Performance
Assessment Comments (u), SWE-SWD-94-0247, September 30, 1994,

2. Z Area Permit (copy attached).

Alex Gabbard, Coal Combugtion: Nuclear Resource or Danger.

i

by
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SUPPORT FOR ANSWER TO QUESTION 4 ON “NORM”™ - S l
A. SRS Soils

A study was completed on SRS soils to establish a baseline value for background radiation from SRS
soils prior to startup of Plant Vogtle, a nuclear power plant operated by Georgia Power and Light
directly across the Savannah River from SRS. Measured background radiation levels attributed to YK
ranges from 0.5 to 10 pCi/g. For the Uranium decay series, background radiation ranges from 0.5 to
4.2 pCi/g. For the Thorium decay series, background radiation ranges from 0.4 to 2.1 pCi/g. Thus
background radiation due to Normally Occurring Radioactive Materials in naturai soils at the SRS

~ would be expected to range from about 1.5 pCi/g to 16.2 pCi/g, the sum of the minimum and
maximum values observed for these principal sources of background radiation.

B. Typical Construction Materials

Cement

In NCRP 94 (National Council on Radiation Protection, dated 1987) , typicai cement is described as
containing 6.4 pCi/g of “K , 1.2 pCi/g of U, and 0.57 pCi/g Thorium, corresponding to a total
background activity of 8.2 pCi/g.

Ely Ash

* Fly ash used in vault construction and in the Saltstone waste form is generated as a waste material
from coal-fired power plants. Radioactivity has not been measured in flyash used at Saltstone. The
NCRP estimates 4270 nCi/ton of coal, while the EPA (AP-42, as amended, October 1986) estimates
80 Ibs. of ash is produced from the burning of 1 ton of coal. Based on these data, fly ash would
contain no greater than 31 pCi/g.

Slag

In.a typicai blast furnace operation, about 500 lbs. of slag is produced from one ton of iron ore.
Thus NORM in the ore would be about a factor of 4 higher than its concentration in the ore and flux
materials. Assuming concentrations comparable to coal for NORM in the ores and flux materials,
siag would be expected to contain 5-10 pCi/g of Norm from K, U, and Th impurities in the ores.

Concrete *
[n the same study done for the uitra-low level counting facility, the background radiation of nonmal
structural concrete was as follows: “K = 15 pCi/g; Uranium decay series = 0.55 pCi/g; Thorium decay

series = 1.5 pCi/g; Actinium decay series < 0.32 pCi/g. Total “backgroul;d" radiation for normal
concrete is about 17 pCi/g. . .

.
To support the construction of the ultra-low level counting facility located at SRTC, background
radiation in several possible materials of construction were measured. “Crush and Run,” a gravel -
mixture that is used throughout the region near the SRS for gravel roads and concrete construction,
has been and will likely continue to be used within the Saltstone Disposal Facility and at the SRS as an
ingredient in concrete, to construct gravel roads, and to linc drainage ditches to minimize erosion.
Background radiation levels in this material was measured: “K = 21 pCi/g; Uranium decay series = 1.4
pCi/g; Thorium decay series = 2 pCi/g; and Actinium decay series < 0.5 pCi/g. Thus the total
“background” activity for this commonly used material is about 25 pCi/g.

-
e
-
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April 16, 1996 - g '

Mr. Larry C. Hanay

Westinghouse Savannah River Co.
P.Q. Box 616, Building 742-A
Aiken, SC 29802

RE: Modified SRS Z-Area Saltstone Industrial Solid Waste Permit, # 025500-1603
{Formerly IWP-217)
" Aiken County

Dear Mr Haney:

Enciosed is a modified industrial solid waste permit for the SRS Z-Area Landfill. The
Department has agreed to alt the changes racommaended in your letter of comment, dated
February 22, 1996 {see attached).

Many changes are anticipated in State landfill requirements and at such time as the
Department accomplishes the necessary regulatory changes, the Permittee will be required
to comply with any applicable portions of such revisions.

The issuance of this permit marks the conclusion of regular activity with the Facility-
Engineering (Permitting) Section. However, should you have questions about the permit itself,
please contact John Schnabel, P.E., (803) 896-4216. General Questions should be referred
to Lower Savannah District consultant, Kurt 2ollinger, (803) 641-7670.

Sincer

Robertd. Gill, P.€., Manager

Facility €ngineering Section

Division of Solid Waste Management :

. Bureau of Salid and Hazardous Waste Management

RLG/44S/pej

cc:  Kurt Zollinger, Lower Savannah District, EQC
John Schnabel, 8SHWM
- Eric Cathcart, BSHWM

O Tt Saper
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OFFICE OF ENVIRONMENTAL QUALITY CONTROL _
BUREAU OF SOLID AND HAZARDOUS WASTE MANAGEMENT
INDUSTRIAL SOLID WASTE PERMIT
# 025500-1603

Date of Original Issuance:_ May 19, 1986
Date of Modification: April 16, 1996
Effective Date of Modification:_May 6, 1996

Permission is heraby granted to:

Name of Facility: vann iver Pt . ne Di | Facili
Permittee: LS, OQE/Savannah River Site
Mailing Address: Post Office Box A
Aiken, SC 29802
Contact Person: A B Gouid
Telephone: (803) 725-3969

for the operation of a industrial waste disposal facility located in Z-Area at the U.S.
OQE/Savannah River Site, Aiken County.

This permit is modified pursuant to $.C. Code Ann. Sections 44-96-10 ot seg. (Supp. 1995),
Section 48-1-10 gt, seq, (1987), and.25 $.C. Code Regs. 61-70 (1989). The authority
granted below is subject to the requiremants of the previously mentioned law and ragulations

and the attached conditions. Z é :Z-
’/Q/JT Wg-ﬁlé‘\- pd

Patrick T. Walker, Director Robert L. Gill, P.E., Manager
Facility Engineering Section

Division of Mining and Solid Waste Permitting
Bureau of Solid and Hazardous Waste Managemegt

If the permit is appealed, the effective date of the permit will be revised as necessary. Any
request for raview or appeal of this permit must be served in'person or by mail within fifteen
{15) days of the date of modification, on:

The Board of Health and Environmental Control
- Office of the Commissioner Tt
2600 Bull Street -
Columbia, South Carolina 29201
(803) 734-4880

omm
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SAVANNAH RIVER PLANT Z-AREA SALTSTONE DISPOSAL FACILITY
. # 025500-1603

SPECIAL CONDITIONS

1. Site shall be constructed and operated in accordance with the permit application dated
May 19, 1986, with revisions dated July 30, 1986 and December 12, 19985, uniess
permit conditions state otherwise.

2. The site is restricted to the disposal of saltstone generated by the Z-Area Industrial
Wastewater Treatment Facility (Construction Permit #12,683) and saltstone failed
equipment. It is the Permittee’'s responsibility to ensure that no other material is
disposed at the site.

3. “No hazardous waste as defined by the South Carolina Hazardous Waste managemant
‘Regulations shall be disposed at this facility at any time. if it is detarmined that 2
hazardous waste has been disposed into this facility, all disposal activities shouid be
stopped and this office notified immediately. :

4. This offica should be notified if the radioactive composition of the Z-Area Saitstone
varies significantly from that identified in the application and subsequent parmit
maodification applications.

GENERAL CONDITIONS

1. Itis the Permittee‘s responsibility to adhere to ail Federal, State and tocal zoning, land.

use ang other applicable focal ordinances and ensure all other necessary permits and/or

- approvals have been obtained prior to the receipt of any waste at the referenced
facility.

2. Itis the Parmittee’s responsibility to ensure that no other waste is disposed at this site.
If the Parmittee determines the need to dispose of any waste qther than that listed in
permit condition A.2, prior written approval must be obtained from the Bureau of Solid

«8nd Hazardous Waste Management. Each request shall be made in writing to the

‘N‘;

wdttantion:
Director of Mining and Solid Waste Parmitting
Bureau of Solid and Hazardous Waste Managemant
SC Department of Health and Environmental Control
2600 Buil Street .
Columbia, South Carolina 29201

April 16, 1996

Page 1 of &

# 025500-1403
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3. A minimum buffer zone of two (2) feet must be maintained between the seasonal high /55
water table and/or bedrock and the iowest elevation of the disposal area. No matenai
may be disposad into an area of standing water. If a disposal area should become
inundated with water, steps must be taken to remove this water before continuing
disposal of wasta.

4. This parmit will be subject to an environmental compliance review at least once gvery
S years.

C. ENVIRONMENTAL MONITORING CONDITIONS
1) GROUNDOWATER DETECTION MONITORING SYSTEM

The Permittee shall maintain a groundwater detection monitoring system consisting ot
a sufficient numbar of walls, installed at appropriate locations and depths to yield
reprasentative groundwater samples from the hydrologic units underlying the site.

a} Monitoring wells shall be installed hydraulically upgradient from the waste
management area with numbers, locations, and depths sufficient to yield
groundwater sampies that are reprasentative of background groundwater
quality in the uppermost aquifer, and not affected by the facility. '

b) Monitoring wells shall be instailed hydraulically downgradient from the waste
management area with numbers, locations, and depths sufficient to promptiy
detect any statistically significant degradation of groundwater quality in the
uppermost aquifer. .

c) The monitoring system shall be continuously maintained in such a manner as
to vield samptes representative of the quality of groundwater immediately
upgradient and downgradient of the waste management area.

d) The Permittee shall construct monitoring wells and maintain monitoring wetl
integrity in accordance with R.61-71 and the well construction spacifications
in the permit application. In addition, each monitoring well shall be properly
labeled with a permanent identification plate constructed of a-durable material
secured to the waell casing or surface pad where.it is.readily visible.

e) The Permittee shall maintain groundwater monitoring waells designated ZBG-1,
"ZBG-1A and ZBG-2. If the Permittee determines or is notified by the Depart-
ment that the groundwater monitoring systam no longer satisfies the minimum
raquiremants for the number, location, construction, or mjaqmy of walls,
pursuant to groundwater permit condition 1, (e.g., structurally damaged waells,
dry wells, wells no longer upgradient or downgradient, etc.) the Permittee shall:

April 16, 1996
Page 2 of 8
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1) Notify the Department in writing within seven (7) days of
evaluating data, but no later than sixty 60 days after collecting

groundwater monitoring data, that the monitoring system no
longer satisfies permit conditions;

ii) Submit to the Department in writing a complete proposal to
upgrade the monitoring well natwork within thirty (30) days of
notification from the Daepartmant, but no later than ninety (90)
days after collecting groundwater monitoring data; and .

iti) Complete installation of additional wall(s) n'ei:éssary 10 achieve
compliance with permit conditions within 60 days of recaiving
approval from the Department.

2) ‘ROUTINE GROUNDWATER MONITORING

The Permittee shall perform routine monitaring of groundwater quality and elevation
conditions to determine if waste disposal activities are affecting groundwater quality -
at the waste management area. .

a} The Permittee shall perform groundwater monitoring &ccording to the
constituents in Attachment | for all wells that are determined to be components
of the groundwatet network and any other well(s) deemed necessary by the
facility or the Department to uphold the intent of this permit. The paermittee
shall ensure that groundwater monitoring is conducted semi-annually in
accordance with the schedule presentad in section 6a of these permit
conditions. . :

b The Permittee shall perform groundwater monitoring according to the approved
Groundwater Monitoring Plan dated February 15, 1995, and any subsequent
modifications required by the Department.

¢} The Permittes must determine during each sampling qvent the elevation of the
groundwater surface in each well. Elevations must be determined on the same
day that samples are collected.

d) The Permittae shall submit a revised Sampling and Analysis Plan. The revised
plan should be submitted to the Department within sixty (60) days following
reissuance of the permit.

3) DATA EVALUATION .

The Permittee shall evaluate all groundwater quality and water level elevation data to
determine if the waste management area is impacting groundwater.

April 14, 1996
Page 3 of 8
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a) The Permittee must ensure that a plan for statistically evaluating groundwater /S?
quality data is maintained.

b) The Parmittee should ensure that tha groundwater flow rate and direction are -
avaiuated by a qualified professional each time the samples are collected. This
avdluation should be used to determine whether the groundwater monitoring
requiremants under permit condition 1 continue to be met. A summation of the
rasults of this semi-annual evaluation must be supplied in the annual report
specified in parmit condition 6b.

4) ASSESSMENT OF GROUNDWATER IMPACT

a) if statistical evaluation of the monitoring data indicates that a statistically
significant change in groundwater quality has occurred, and said significant
change has not been or currently is not being addressed through a condition of
this permit, the Permittee shail,

i) Notify the Department within seven (7) days of making the initial
determination that a significant trend or significant difference
over background exists.

ii) Submit to the Department within thirty (30) days of notification,
a preliminary report which addrasses the potential for detrimental
impact to human heaith and the environment as a result of the
statistically significant change. The report should indicate
whether additional assessment and\or corrective actions are
warranted. '

b} If routine monitoring indicates that a constituent exceeds the standards
established in R.61-68 (Water Classifications and Standards System), or an
attachmaent | parameter with no standard is measured above the detection limit,
and said exceedance is not currently being addressed through 8 condition of
this permit, the Permittee shall, - T

i Notify the Department in writing within seven (7) days of making
that determination.

iy Irhrnediataly resample the monitoring wéll(sl in question o
detarmine the validity of the data, and submit resuits no later b
than sixty (60) days after the date of the resampling event.

c) If a statistically significant change indicates that further assessment is
warranted., as outlined in saction a) of this permit condition, or. an exceedance

April 16, 1996
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of a standard or the detectian of an attachment | paramater with no standarg
is confirmed, as outlined in saction b} of this permit condition, the Permittge
shall,

i) Submit to the Department within ninety (90} days of verification

of possible groundwater impact. a plan prepared by a quaiified

: registerad professional geologist or geotechnical angineer, to

conduct a groundwater quality assassment. This initial

assessment plan should. at a minimum, provide for the

resampling of the wall(s) in question for -all attachment |i
constituents. .

i) Within ninety {90) days of approval of the assessment plan,
initiate the first phase of the plan; submit a preliminary report
identifying the source, migration rate, axtent, and saverity of the
contaminant plume; and submit a plan for any additional
assessment work required.

i) Upon completion of the approved groundwater quality
assessment, submit a report which details the findings of the
groundwater quality assessment and makes recommandations
toward further assessment and\or corrective action.

5) CORRECTIVE ACTION

Upon completion of the groundwater quality assessment and verification of
groundwater contamination, the Permittes must submit s corrective action plan to
address groundwater quality.

a) The Permittee must submit a plan for corrective action based on the findings
of the groundwater quality assessment.

b) The Permittes must implement the corrective action plan within 90 days of
approval by the Department. Additionally, the Permittees must establish and
implement a groundwater monitoring program to demonsirate the effectivenass
of the corractive action program.

c) The Permittes must continue corrective action measures to the extent
necessary to ensure that the groundwater standards are not exceeded for a
7 period of at least three consacutive years.

b,

d} - The Permittes must submit semi-annually to the Oepartment a report which
discusses the effectivenass of:-the corrective action program.

Q) It the Permittee or the SCOHEC determines that the cofractive action program
no longer satisfies the requirements of groundwater parmit condition 5, the

April 16, 1994
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Parmittee shall within 90 days of that determination subm:t a Proposal to make
appropriate changes to the program.

REPORTING

a) The Permittee shall analyze groundwater samples for the constituents in
Attachment ! and submit these groundwater data on a semi-annual basis in
accordance with the following schedule:

2amoling Period Submitta| Que Date
July-Oecember annuat report J_anuary 15

with groundwater data
January-June groundwater data July 15

b) The Permittee shall submit an annual report signed by a qualified groundwater
professional summarizing the semi-annual determinations of groundwater flow
direction and rate as required by permit condition 3b. The annual report shall
be submitted in accordance with the submittal schedule presentad in Parmit
condition 6a. The annual report shall also include the groundwater monitoring
data from both semi-annual maonitoring events from the previous year and the
semi-annual statistical analysis that has been performed on these data. In
addition, the report shall make a detarmination as to whether the monitoring
waell network continues to meet the requirements of Permit Condition 1.

d) The established background values and the data collected by the
implementation of the groundwater monitoring program as specifiad by this
Permit shall be submitted to the SCOHEC. Bureau of Soiid and Hazardous

Waste Management, Division of Hydrogeology. Solid Waste Section and to the

Regional Hydrogeologist in the Lower Savannah District Environmental Quality
Control Office in Aikan, South Carolina.

CLOSURE/POST CLOSURE CARE CONDITIONS

1

%
The Permittes is responsible for submitting a closure plan within ninety (90) days of
issuance of this permit, which outlines the activities necessary to close the landfiil in

a4 manner that minimizes the release of contaminants.

Post Closure Care shall be conducted for a period of thirty (30) years unless a variance

2.
is applied for and obtained by the Permittee. The Permittae is responsibie for
submitting & detailed Post Closure Care Plan, within ninety (90) days of the effective
date of this permit, which outlines the activities to maintain a properly closed out
landfill and includes, but is not nacessarily limited to the following:

April 18, 1996
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a. The Permittee is responsible for inspecting and mMaintaining an adequate
cap and drainage system for the Post Closure Care Perigd. This plan
shall provide a schedule indicating when the cap and drainage system
will be inspected, a discussion about how each will ba inspected, and
a contingency plan that discusses what corrective action will be taken
if failure occurs at any portion of the landfill. |

NG 65%(1)0 QX';%QIS(O

b. The Permittee is rasponsibia for inspecting and maintaining an adequate
groundwater monitoring systam for the Post Closure Care Period. This
plan needs to describe in detail the activities to be partormed to ensure
that an adequate groundwatar maonitoring system is.in place at the time
of closure tor post-ciosure monitoring of the waste management araa.
This plan shall spacify the walls to be monitored, and the paramaters to
be monitored.

.Eﬁ};

April 16, 1996
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ATTACHMENT |
6]

GROUNDWATER DETECTION MONITORING REQUIREMENT

OETECTION MONITQRING PARAMETERS

pH (fieid & lab)

Specific Conductance (fisld)

Water lavel in M.S.L. (tenth/feet)

Arsanic

Antimony

Barium

Cadmium

Chromium

Lead

Mercury

Nitrate (as Nitrogen)

Nitrite (as Nitrogen)

Selenium

Silver

Banzene and Toluene

Radionuclides
-Radium 226 and 228 (sum)
-Gross aipha particle activity
-Beta particle and proton radioactivity

Analyses of the metals should be performed on unfilterad groundwater samples.

April 16, 1996
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United States Govermment Department of Energy (DOE)
memorandum Savannah River Operations Office (SR)

oare. JUN 18 1997

REPLY TO

atwor  PD (Hannah/803-208-1541)

susmcr:  Additional Analysis in Support of the Saltstone Radiological Perforrance Assessment (Your
Letter dated 5/16/97)

0. Mark W. Frei, Acting Deputy Assistant Secretary for Waste Management (EM-30), HQ

Savannah River Operations Office was asked to provide the Office of Planning and Analysis
(EM-35) technically-sound Naturally Occurring Radioactive Material (NORM) . screening
calculations, including documentation of key assumptions. Attached are the NORM
screening calculations with assumptions for your review. This analysis concludes that the
dose contribution of NORM radionuclides are insignificant with respect to the groundwater
pathway for the Saltstone Disposal Facility.

Equations which your office provided in your memorandum plus additional screening criteria
were used to accomplish this analysis. Appropriate values have been applied to equation
variables for calculations. These values are based on site specific research and literature
search conducted by the Westinghouse Savannah River Company technical staff.

The attached information is provided for your review and comments. Your efforts in the
Saltstone Disposal Facility Performance Assessment process are appreciated.

Any questions may be directed to me or Ray Hannah at (803) 208-1541.

PD:GRH:eeh r High Level Waste
PB-97-0102

Attachment
NORM Calculations with
Assumptions

cc w/attach:

e, Hannah, PDy 704-8..7 =
H.Gnann.P%—S ' - -

W. Smith, SWD,; 703-A
R. Satterfield, WSRC,7194A
S. Ayers, EM-32, HQ
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JUN 16 1997 putsessment
Retention: Pmmg offer to
NARA when file s
inactive
Disposal Auth:  DOE 14-2.4
. Track 4: 174
Mr, Howard B. Gnann, Acting Directar
Programs Division, High Level Waste
U. 8. Departmment of Enerpy
Savannzh River Operations Office
P.O.Baxa
Aiken, SC 29802
Dear Mr. Gnann-

ONTRIB OF NORM TO PROJECTED OM SA i)

Ref.  Letter, Gnann 1o Satterfield, “Saltstone Disposal Facility Radiological Perfarmance
Assessment” dated June 6, 1997

Inrcspmsemtherefcrencedlemt,lmprovidingyoumassmnanofﬁeeﬁ'ectofNumally
Oceurring Radioactive Material (NORM) on the projected ground water dose from the
Saltstone Facility, 'Asdocummtedindxemchedreport, the presence of NORM in Saltstone
hmwimwmhmmbamﬂWmdemﬁqtidpmmydnse.

If you have any questions, please contact me (725-4651) or John Fowder (208-6929).

-

Sincerely,

RM. Satterfield .

Manager, Regulatory Programs ' L
High Level Waste Manageshent Division | -
RMS:cks : )

Antachment

CC: See attached distribution

O 354 Baw 3-1547) -
Boan Mol S008.10 =
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WESTINGHOUSE SAVANNAH RIVER COMPANY OPS-DTZ-97-0018

INTER-OFFICE MEMORANDUM

Retention: 10 years
Disposal Authority: 14-|.a.
Tracking #: 212

Key Words: Slag, Fly Ash,
Groundwater, Z Area,

Waste Disposal, Performance
Assessment

June 13, 1997

To: R. M. Satterfield, 719-4A
High Level Waste Engineering /M
From J. R. Fowler, 704-Z '
High Level Waste Engineering
Screening of NORM Nuclides in Saltstone (U)

SUMMARY

In response to a recent request from DOE-SR (Ref. 6), additional calculations have been completed to
bound the impact of “technologically enhanced™ Naturally Occurring Radioactive Materials (NORM) that
are preseat in dry materials used to produce saltstone. Based on the conservative assumptions used for
these screening cakculations, Ra, U and Th in the NORM in salistone dry materials will not adversely
impact the long-term performance of the Saltstone Disposal Facility. Conservative screening calculations
show that all radioactive isotopes of these elements will be at least a factor of 25 below their concentration
limits based on & 4 mrem/yr dose from the groundwater pathway.

BASES AND ASSUMPTIONS

For purposes of these screening calculation, the eatire NORM radioactivity is anributd to U isotopes, Ra
isotopes oc to “*Th. This approach assures NORM concentrations for these loag-lived muclides in dry
materials are bounded, since all of these combine to:yield the total alpha concentration in NORM. The
approach used for screcning in Ref. 7, is generally followed. However, the sssumptions used were too
conservative for known properties of cement waste forms in general, and for sakistone in particular. In fact,
the initial screening used in the Z-Area Radiological Performance Assessment uses the bulk density of soil
rather than the higher density of the cement matrix of saltstone, so it is also conservative relative to the
known properties of saltstone. (Ref. 6, 7, 8) To be consistent with subsequent information provided to the
Poer Review Panel (Ref. 2), appropriate distribution coefficients (K,'s) for these materials ina reducing
cementitious environment and the higher matrix density consistent with saltstone properties have been used
in these screening calculations. Key bases and assumptions for screening of NORM are summarized below:
¢  Principal long-lived NORM nuclides inshgandﬁyashmum:ﬂunniumimopes(”‘u.“’u,mm.
Phhorium and their radiumn decay daughters (2°Ra, 2*Ra) . (Ref. 1) ,

.1-
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¢ NORM alpha concentration in saltstone is 2 x 10° Ci/m® (2 x 10* pCi/L) (Ref. 1)
* Concentration of NORM U in saltstone is assumed to be 2 x 10 Ci/m’.
* Concentrations of U isotopes are calculated using natural isotopic abundances (Ref. 5)

* U distribution coefficient (Kq) between the solid matrix and the pore solution in saltstone is 5000 celg
(5 m*/kg); slag provides reducing environment in the matrix. (Ref. 3) :

* Concentrations of “*Ra and *Ra are calculated based on relative abundance to')}iéld the molecular
weight of 226.0254 ( 98.73% “Ra, 1.27% 2Ra) (Ref. 5) '

+  Concentration of NORM Ra is assumed to be 2 x 10° Ci/m’.

* Radistribution coefficient (K4) between the solid matrix and the pore solution in saltstone is 50 cc/g
(0.05:m*kg) (Ref. 3)

«  Concentration of NORM ™ Tt is assumed to be 2 x 10° Ci/m® (Ref. 1)

*  Thorium distribution coefficient (K4) between the solid matrix and the pore solution in saltstone is 5000
cc/g (5 m*/kg) (Ref. 3)

¢ Saltstone porosity is 0.46. (Ref. 2)

» Cementitious matrix density (p,) in saltstone is 2.07 g/cc. (Ref. 2)

¢ Dose Conversion Factors are based on DOE guidance. (Ref. 9)

. Fiveyeartavciﬁmeisassumedtoﬁccomplianccwclllocated 100 meters from the point of entry into
aquifer.

RESULTS
A. Radioactivity in Saltstone from NORM Radionuclides

The principal long-lived sources of radioactivity in nature are Ra, U and Th. For saltstone, NORM
radioactivity from naturally occurring ?Ra, **Ra, 2*Th, 2‘U, ®*U, and 2*U is introduced from the usc of
fly ash and slag to convert salt solution to a stable solid. For purposes of screening calculations with
respect 10 NORM in saltstone, total alpha activity of 34 pCi/g (3.4E-8 Cifkp) for fly ash and 15 pCi/g
(1.5E-8'Ci/kg) for slag was used. Based on saltstoné composition, these concentrations yield a total NORM
alpha activity in saltstone of 2.0 x 10° Ci/m’ (2.0x 10* pCi/L). (Ref. 1)

B. Groundwater Limits for Nuclides in NORM e

Groundwater limits calculated for naturally occurring “*Ra, **Ra, 2°Th, U, ®*U, ard ®*U are based on
an assumed dose limit of 4 mrem/yr from the groundwater pathway and an assumed consumption of 730 L
of water per year. This is identical to the approach used in the Z-Area RPA and the screening calculation
performed by DOE-HQ. (Ref. 6, 7, 8) The equation used for these calculations and results are shown in
Table 1. a
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C. Boundmg NORM Concentrations in Pore Solution of Saltstone

NORM ra.dlonuchde concentrations in the pore solution of saltstone are calculated to compare to the limits
shown in Table 1. In these calculations, all NORM activity is assumed to be from the specific element
being screened, and thus is conservative by at least a factor of 5. Except for radium, contributions to the
alpha activity from other shorter-lived decay daughters is neglected, since these would be low in
concentration and would decay before reaching the compliance well. Results are summarized in Table 2.
Limits from Table 1 are also included for comparison to the projected maximum pore solution
concentration. For all U isotopes and B3Th, the concentration in the pore solution is below the groundwater
concentration limit, and further calculations are unnecessary. The pore solution concentration for “*U is
about a factor of 25 below its limit; the rest are at least a factor of 3000 below their limits. Thus these
radioactive species would not exceed the groundwater standard even if they were injected into the
groundwater at their peak concentration in the pore solution. Dispersion and some dilution would occur as
the solution migrates from the vault through the vadose zone, further reducing the actual concentration at
the water table. Further screening calculations to reflect decay during transport are unnecessary for these
four isotopes, since they do not exceed their respective groundwater limits in the pore solution in saltstone.

Based on the conservative concentration assumed for Ra in saltstone, the concentration of 2°Ra exceeds the
groundwater concentration limit in the pore solution by about a factor of 8, while “*Ra exceeds its limit by
about a factor of 30. Accordingly, additional calculations are needed for Ra to reflect radioactive decay and
interaction of the pore solution with underlying soil. The equation used for these calculations and results
are shown in Table 3. Because of its short half-life, 2*Ra from NORM in saltstone would decay before
reaching the compliance well. Concentration of the longer-lived “Ra would decay to a concentration that is
no greater than a factor of about 25 below the concentration limit at the compliance well.
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Attachment to Reference 6, NORM Screening Calculation.
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Table 1. Calculation of Limits for Long-lived NORM Radionuclides in Saltstone (a)

NORM Alpha Activity = 2.00E-05 Ci/m’
or 2.00E+04 pCi/L
Bases for Limit in Groundwater at Compliance Well:

Cuime = (4 mremyr) / [730 Ly)(DCF)]

Calculated Concentration Limits for Natural U Isotopes, Ra-226 and Th-232

:' DCF (b), | Groundwater
Nuclide | mrem/pCi | Clumit s
: : pCi'L
Natural U: | :
. |
U234 | LIE06 | 4981
| I
U-235 | 21E06 | 2609
| 1
U238 | 23E-04 | 24
Natural Ra; | i
________ _'_.....___.._{__-.......—_.___
Ra-226 | 1.1E-03 | 5
___-_'___._’_ _______ ———— e ——
Ra-228 | 12E-03 , 5 *.
Th-232 ' 83E-07 | 6602

- (a) Based on information and datain Ref. 1,6, 7, 8.

(b) Ref. 9, (DOE/EH-0071); also shown in Appendix C of WSRC-RP-34-218. (Ref. 10)
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Table 2. Calculation of Bounding NORM Concentrations in Saltstone Pore Solution (a)

Coore = Cesaltstone) / (€ + Kap)

Where @ = saltstone porosity = 0.46
K, = distribution coefficient between the solid matrix and pore solution (cc/g)

p = Saltstone matrix density = 2.07 g/cc

[ T T 1 | L 1 1 1
: ! : | | NORM | | Pore |
. Massof ! Specific | | Fraction | Cagin | Saltstone | Solution |
Nuclide 1Nuclide pert Activity, v Ci/g | of Total iSaltstone, t Ky(b), ! Caaey, ' Cotan,
i gU | Cig ; of U i Activity ; pCilL E /g 1 pCiL | pCiL
{ 1 1
T T 1 | | 1 1 ]
Natural U | 1.0E+00 ' 1.03E-06 | 1.0E+00 | 2.0E+04 | ! :
——————— Rt e St s e T
U234 | 5.7E-05 | 62E-03 | 3.6E-07 | 5.1E-01 | 1L.OE+04 ; 5000 |, 097 | 4981
——————— e R S e S
U-235 | 72E-03 | 2.1E06 | 15E-08 | 2.2E-02 | 4.4E+02 ; 5000 | 004 | 2609
- ——— —+—————- F————— p—————- e b—————— - o Fom————
U-238 | 99E-01 | 34E-07 | 33E07 | 47E-01 , 95E+03 ; 5000 , 092 , 24
1 1 Ll I 1 1 | t
Natural Ra ! 3.3E-07 ! | 1.5E-06 | 1.0E+00 | 2.0E+04 | : !
——————— e L At e ] ntie ettt el it
Ra-226 (d); ' 98E-01 | 32E07 | 22E01 , 44E+03 , S0 | 42 | S
——————— R R e e i e B R St
Ra-228 (d)} | 27E+02 | 12BE06 | 7.8E01 | 16E+04 | 50 | 150 | 5
L | 1 ] | 1 ] ]
Th-232 ' : ! 1LOE+00 | 20E+04 | 5000 | 19 | 6602
(2) SRT-WED-93-203, &

(b) After Bradbury and Sarott, 1995. (Ref. 3) -
{c) After Janes, 1954; mmdmum ratio of Ra to U in nature is oo greater than 1 to 3,000,000, (Ref. 4)
(d) Isotopic ratios celculated based on a mol. wt. of 226.0254 (98.73% Ra-226, 1.27% Ra-228) (Ref. 5)
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Table 3. Calculation of NORM Radium Concentrations at the Compliance Well (a)

Cuett = Cpore €TI0

Where
Cwen = concentration in groundwater at the compliance point
Cpore = NORM concentration in saltstone pore solution
Lambda = decay constant for specific nuclide
Rf =source reduction factor for travel through soil

t = aquifer travel time from beneath waste to compliance point (100 m)

! Saltstone | Lambda , : :
Nuclide | Cpn, | (L/year) | Rf | Ceay | Cumns
! pCi/L ! : : pCi/L ! pCi/L
) L T i 1
Ra-226 | 42E+01 | 427E-04, 2501 , 02 |, S
------- +--———f-———-—t————gr et
Ra-228 | 15E+02 | 121E<01; 2501 | o00 | 5
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J.R. Cook, 773-A

R. K. Cauthen, 704-15S
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To: John Fowler at SRCCH02
Subject: Saltstone Magic Reduction Factors
Author: kirk_owens@ccmail gmt.saic.com at Mailhub

Date: 9/30/97 3:18 PM

John,

Headquarters is attempting to closeout the review on the Saltstone PA. The most recent action on
the PA was SRS submitting an analysis to support screening the NORM nuclides. In this analysis
the U and Th were screened out based on their concentration in the Saltstone porewater being
sufficiently low as to not cause doses in excess of 4 mrem/y 2t a consumption rate of 2 L/d. The
screening analyses were well supported with a list of assumptions.

The analysis went on to use a more involved screening to justify Ra from consideration in the
detailed analysis. In so doing, the scenario relies on travel time to the assumed point of -
compliance, and it appears it also relies on hold-up in the soil. In the Ra screening calculation
there is a parameter RF that is a source reduction factor for travel through soil. However, no
further information is provided for this factor. Can you explain what it is, how it is derived, and
the justification for its selection?

Also, as a point of clarification, the factor t is the travel time to the well. Is this the travel time
from the bottom of the Saltstone, through the vadose zone, through the saturated zone, to the well?
Or is it the travel time from a point in the saturated zoné beneath the Saltstone to the well?

Thank you for any assistance you can provide in answering these question.

Kirk out.



LUSEC-£0-98-0015,
Ro 9162
- /7%

To: kirk_owens@ccmail gmt.saic.com at Maﬂhub
Subject: Re: Saltstone Magic Reduction Factors
Author: John Fowler at SRCCH02

Date: 10/1/97 11:43 AM

The Ryisn't really magic, but reflects a standard (and relatively simple) technique used in
hydrogeologic modeling to account for Kd and soil porosity for a waste disposal site. This
technique was used to screen radionuclides for E-Area Vaults, as well. I've inserted my response
[in red on my machine] to your specific questions into the text of your message below.

(Editor’s note: In his reply, John Fowler inserted his responses to specific questions into the
original e-mail request from Kirk Owens. These responses are italicized in the text
that follows to distinguish them from the text of the original e-mail message ]

Reply Separator
To: John Fowler at SRCCHO2 ‘ |
Subject: Saltstone Magic Reduction Factors

Author: kirk_owens@ccmail.gmt saic.com at Maithub

Date:  9/30/97 3:18 PM

John,

HadquartcrsisattunpﬁngtocloseoutthcrcvicwonﬁxeSa’ltstonePA.’[‘hcmstrecentactionon
the PA was SRS submitting an analysis to support scrocning the NORM nuclides. In this analysis
the U and Th were screened out based on their concentration in the Saltstone porewater being
sufﬁcienﬂylowastonoteanscdosahxcxoessof4mremlyataeonsmpﬁoqra:eof2Ud. The
screcninganalymwercwellsuppoﬂedwithalistofasmpﬁons.

Thcanaly.f}iswentontouse-dmominvolvedscremingmjusﬁfyRaﬁmnoonsidemﬁoninthc |
detailed analysis. In so doing, the scenario relies on travel time to the assumed point of &
compliance, and it appears it also relies on hold-up in the soil. In the Ra screening calculation
thcmisaparamstchFﬂntisasoumcmducﬁonﬁctorforuavdthmughsoﬂ. However, no

further information is provided for this factor. Can you explain what it is, how it is derived, and

the justification for its selection?

Additional screening calculations for Ra isotopes in NORM for the groundwater pathway
followed the methodology used in the E Area RPA (WSRC-RP-94-218, rev. 0; section 3.2.3.4 (pp.
3-36 10 3-39), using the Rf of 2501 (shown in Appendix C, Te able C.1-3 of WSRC-RP-94-218, rev.
0). In this screening, no credit Is taken for the engineered barrter (vault), and the saltstone pore
solution concentration shown in Table 2 of OBS-DTZ-97-0018 is used as the source+érm
concentration in pore solution released from the waste.
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If there is no distribution of isotopes between soil and infiltrating water or contaminated pore
solution, then Rf is equal to 1 to avoid a "zero” term in the exponent for the decay calculation
due to travel time from the point of entry into the aquifer to the compliance point, To establish
the reduction factor for any species, the soil particle specific gravity (SGsoil) is divided b y the
soil Porosity (Psoil) to reflect the retardation of diffusion and flow through the porous media due
to the presence of nonporous particles. This ratio is then multiplied by the Kd and added to [ 1o
obtain the Rf. This is a standard approach used in modeling for waste disposal (see for example
“The PATHRAE-RAD Performance Assessment Code for the Land Disposal of Radioactive
Waste"). Thus the source reduction factor for any contaminant that absorbs on the soil is
determined as follows:

Rf =1 + {Kd(soil) x SGsoil/Psoil]

For soils at the SRS (mixtures of sands and clays), a soil particle specific gravity of 2.5 is used
and the porosity is assumed to be 0.5. For Ra, Kd(soil) = 500 [Baes et al., ORNL-5786, "4
Review and analysis of Parameters for assessing Transport of Environmentally Released
Radionuclides through Agriculture” (1984)]. Thus the Rf for Ra is:

Rf(Ra) = 1 + [500 x (2.5/0.5)] = 2501

Note that the Rf simply does a “physical/chemical" adjustment to account for soil adsorption and
restriction of diffusion and flow due to the presence of solid particles. Travel time and
corresponding radioactive decay through the vadose zone is ignored in this screening
calculation (conservative).

Also,asapointofclariﬁcation,tbefactortis;hcu'ave!timcmthcwell. Is this the travel time
from the bottom of the Saltstone, through the vadose zone, through the saturated zone, to the well?
Orisitthctraveltimcﬁ'omapointinthcsammdzombenaththeSaltstonetothewell?

As noted in Table 3 of OPS-DTZ-97-0018, the "t" used in the equation on the table is the aquifer
travel time from beneath the waste to the compliance point. Time to release and travel time
through the vadose zone is ignored, as noted above. Note also that this approach takes no credit
JSor Kd within the soil layer containing the aquifer, which may or may not further retard
transport with the water in the aguifer.

Thank you for any assistance you can provide in answering these question.

Spock here. Beam me up, Scottie. Spock out. -



