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TEST PIAN: WIPP BIN-SCALE CH TRU WASTE TESTS

3.0 TEST PROGRAMMATIC INFORMATION
3.1 TEST TITLE: WIPP BIN-SCALE CH TRU WASTE TESTS
3.2 DOCUMENT DATE -~ January 1990

3.3 PRINCIPAL INVESTIGATOR

Martin A. Molecke
Sandia National Laboratories
 Nuclear Waste Technology
Disposal Room Systems, Division 6345
Albugquerque, NM 87185 (505) 844-0781
WIFP Site, Carlsbad, NM (505) 887-8422

3.4 PROGRAM AREA

Sandia National Laboratories, Disposal Room Systems Performance, WIPP in
Situ CH TRU Waste Tests, Sandia WIPP Task V, Case 0395.540.

3.5 FOREWORD

- This WIPP Bin-Scale CH TRU Waste Test program described herein will pro-
vide relevant composition and kinetic raté data on gas generation and consump-
tion resulting from TRU waste degradation, as impacted by synergistic interac-
tions due to multiple degradation modes, waste form preparation, long-term
repository envirommental effects, engineered barrier materials, and, possib-
ly, engineered modifications to be developed. Similar data on waste-brine
leachate compositions and potentially hazardous. volatile organic compounds
released by the wastes will also be provided. The quantitative data output
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from these tests and associated technical expertise are required by the WIPP |
Performance Assessment (PA) program studies, and for the scientific benefit
of the overall WIPP project. ‘

This Test Plan describes the necessary sclentific and technical aspects,
Justifications, and rationale for successfully initiating and conducting the
WIPP Bin-Scale CH TRU Waste Test program. This Test Plan is the controlling
scientific design definition and overall requirements document for this WIPP
in situ test, as defined by Sandia National Laboratories (SNL), scientific
advisor to the U.S. Department of Energy, WIPP Project Office (DOE/WFO).

Many site engineering, operational, and safety requirements are also de-
fined, as needed to support the conduct of this overall test program. There
will be other parallel and supporting engineering design requirements and
specifications, engineering work packages, standard operating procedures,
safety procedures, waste handling and retrieval plans, and other necessary
documentation, etc. Such services and documentation (not in this Test Plan)
will be provided by the Westinghouse Waste Isolation Division (WID), the WIPP
management and operating contractor. All of these documents and plans pro-.
vide necessary support to the successful conduct of the scientific program as
defined in this Test Plan. All such supporting commitments are summarized in
Sectiori 13.3. The program will be conducted as a joint cooperative and inter-
active effort between SNL and WID. The overall test program will be directed
by sardia National Laboratories. The Test Plan clearly lays out the respect-
ive areas of test responsibility for both SNL and WID. The entire test pro-
gram is being performed under the auspiées of, and for the DOE/WFO.

Considerable engineering detail and scientific background information is
included herein to provide an adequate, overall description of the complete
test program. An interested reader will not, therefore, have to search in
multiple documents for necessary, supplemental information. This Test Plan
is not, however, intended to be a treatise on the topics of waste degradation
and the overall impacts of resultant gas generation on the long-term perform—
ance and safety of the WIPP facility. Interpretations of test data not yet
obtained will not be attempted in this document. The data from this bin-scale
test program, and the subsequent interpretations thereof, are input informa-
tion to the WIPP PA studies. FEvaluations of test results and their potentiai
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impacts on the WIPP facility are specific objectives of the WIPP PA program.
This topic will addressed in more detail in Section 5.

This test program is specifically included and described briefly in the
US DOE Draft Final Plan for the Waste Isolation Pilot Plant Test Phase: Per-
formance Assessment, DOE/WIPP 89-011 [US DOE, 1989a]. This in situ test pro-
gram must be regarded as a separate entity from the operatidnal demonstra-
tions program previously defined ‘and planned at the WIPP [US DOE, 1989d].

Much of the prelimimary, introductory narrative (Section 5), objectives
(Section 4), and conceptual test design and sumary (Section 6) of this Test
Plan were originally contained elsewhere, in Appendix A, in the Plan for the
Disposal~System Characterization and Iong-Term Performance Evaluation of the
Waste Isolation Pilot Plant, SAND89-0178 [Bertram-Howery and Hunter, 1989].
This "Appendix A" was also included in DOE/WIPP 89-011 [US DOE, 1989a). The
Test Plan includes many technical and schédule ‘updates to the annotated des-
criptions in the DOE Plan. -

The procedures, designs, and materials used in this test are necessary to
provide the required data. They are not intended to set precedents for fu-
ture WIPP site operations without further detailed technical evaluations.

Specific details provided in this Test Plan are believed to be accurate
as of the date of publication. Authorized changes in experimentél details
and supporting engineering designs, as described herein, will occur as the
test program progresses and is installed and performed in situ. Changes in
technical detail are expected, and are based on: forthcoming scientific and
engineering test developments at the WIPP site and at waste generating facili-
ty sites; early test data and their interpretations; new knowledge and devel-
opments, plus associated or perceived programmatic impacts and needs; and,
any other problems that may arise and need resolution. Minor test detail
changes will be documented and incorporated ‘into the updatable Appendices of
this Test Plan, Section 18.0. Future major test changes, modifications, and
additions, such as Phase 3 of this program, to be briefly described in Sec-
tion 8.2, will be documented in a separate Test Plan Addendum. All future
changes to this Test Plan will attempt to incorporate new knowledge, in-
sights, and inputs of :all personnel and organizations involved.

.-.8_.



The success and schedule of these WIPP Bin-Scale CH TRU Waste Tests are
closeiy tied to the effective and cooperative interaction between the scien-
tific (Sandia National\ ‘I_aboratorieé) and engineering (Westinghouse WID) par-
ticipants in this program. Test and schedule success are also dependent on
‘other DOE/WPO efforts: TRUPACT-II licensing and scheduling; the WIPP Supple-
mental Ervirormental Impact Statement (SEIS); the WIPP Safety Analysis Re-
port (SAR);  WIPP land withdrawal legislation; i‘nterpretatiohs of Environ-
' mental Protection Agency (EPA) hazardous waste regulations -- and associated
impacts on WIPP operations, from 40 CFR 191, Subpart B, the Resource Conserva-
tion and Recovery Act, RCRA, 40 CFR 268, and the potential granting of a no-
migration variarice by the EPA to the WIPP. These concerns are addressed sep-
arately in both DOE/WPO [US DOE, 1989a] and SNL [Bertram-Howery and Hunter,
1989]‘ documentation; they are not addressed specifically in this Test Plan.

Tentative schedules in this Test Plan, Section 13, are based on current
but evolving DOE/WPO schedules and related informstion, as impacted by first
waste receipt schedules and the DOE/WPO efforts described above, as well as
by other parallel concerns, documentation, or complicating factors. The sched-
ules are based on the assumption that CH TRU wastes will be available for
shipment to the WIPP for test emplacement in FY90. Schedules are also depend-
ent on the completion of certain commitments by test participants, as listed
in Section 13.3. Schedules may, by necessity, be modified at a later date.

3.6 TEST PLAN REVIEW
3.6.1 Formal Peer Review

As required by WIPP quality-assurance procedures, a formal peer .. ’lew of
the Test Plan: WIPP Bin-Scale CH TRU Waste Tests (Rough Draft, dated May
1989) was conducted. Written comments were received and a review meeting
held on August 23-24, 1989, at the WIPP site. The comments, suggestions, cri-
ticisms, etc., were documented and commented on separately, and can be found
in the SNL-WIPP quality assurance files for this test program. Most of the
peer .wiew comments, as well as those comments received from all other re-
viewers, have been‘ incorporated into this latest and final edition of the
Test Plan. |



The formal peer review panel members are listed below.

James Butler, Harvard University
James K. Channell, Envirormental Evaluation Group )
’Ihomas L. Clements (& K. Guay), Idaho National Engineering Laboratory
Eric D’Amico, Rocky Flats Plant | ‘
Martha A. Ebra (& N, Bibler), Savannah River Site
A. J. Francis, Brookhaven National Laboratory
~ Anthony F. Gallegos, Ernvirormental Evaluation Group
Stanley Kosiewicz, Los Alamos National Iaboratory |

(Plus other personnel at the above named sites who may have assisted the
panel members.)

Half of these formal reviewers were selected based on their knowledge of
nuclear waste preparations, handling, and testir'.g “activities at U.S. DOE
waste generating facilities. The other half were specifically selected be-~
cause they were not associated with waste generating facilities. These later
individuals all have specific expertise in the areas of ‘microbiolugy, ernviron-
mental sciences, radiological safety, etc., that are applicable to the topic
of safe nuclear waste management.

Note: During the course of the peer review meeting, and at the sugges-
tion and encouragement of Sandia management, the members of the external peer
review panel, or their designated representatives, ‘agreed tentatively to meet
on a periodic basis, about every 6 months, to help review new developments
relative to (all of) the WIPP CH TRU waste tests. They will also help con-
tribﬁte their expertise to assist in the evaluation and interpretation of
test data and results from the WIPP tests, as available.

Details, WIPP programmatic impacts, and schedules of the bin-scale test
program have also been presented to other review groups over the period of
June to December 1989. These review and other associated organizations in--
cluded the WIPP Panel of the National Academy of Sciences, the Environmental
Evaluation Group based in New Mexico, the U.S. Environmental Protection Agen-
cy, and various U.S. DOE offices and review panels. The purposes of these
mltiple presentations have been to disseminate up to date test concepts and
objectives, to receive technical and other inputs, to maximize the planned
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informational output to organizations that will use the test data, and to
minimize any ‘potential‘ negafive impacts on the overall WIPP program. Feed-
back comments, suggestions, and criticisms from these review meetings have
also been incorporated into Lhis 'I‘est Plan as appropriate.

3.6.2 Informal and In-House Peer Review and Contributors
‘Recognition is given to the following WIPP project pexjsoxnwel for review-
ing and providing constructive comments and additions to the ROUGH DRAFT Test
Plan: WIPP Bin-Scale CH TRU Waste Tests, dated May 8, 1989.
' Sandia National Laboratories: L. H. Brush, P. A. Cahill, P. L. Jones, J. L.
Krumhansl, J. T. McIlmoyle, S. Y. Pickering, G. E. 'I‘ucker, M M. Warrant, and

W. D. Weart.

Westinghouse WID: M. Bali, R. 'F. Cook, W. D. Greenlee, M. J. Leroch, and D.
J. Moak. ‘

IT Corporation: D. Deal and P. Drez.
Tech Reps, Inc.: R. L. Jones

Acknowledgments must also be ¢given to all other, unnamed participants
(sandia National laboratories, Westinghouse WID, DOE, and others) who helped

in the preliminary formulation, scientific and engineering design, and other
aspects of this test program.

- 11 -



4.0 TEST OVERVIEW

4.1 EXECUTIVE SUMMARY

This WIPP Bin-Scale CH TRU Waste Test is a multi-phase experimentai plan
intended to provide relevant composition and kinetic rate data on gas gmnera-
‘tion and consumption resulting from TRU waste degradation under WIPP reposi-
tory relevant conditions. Actual CH TRU wastes being tested include both rad-
ioactive and hazardous-mixed wastes representative of the current (and plan~
ned 'near~future) output of various U.S. DOE waste generating facilities.
Waste degfadation and consequent gas production will be impacted by, and test-
ed as a function of many" variables: synergistic interactions due to multiple
degradation modes { waste form types and processing procedures; long-fem
repository enmvironmental effects; intrusion of different types and guanti-
ties of brines; different repository pericds‘ from the operational phase to
the lorger-term, post-closure period; erngineered barrier materials in contact
with the wastes such as salt, backfill and getter materials, perhaps grouts;
and, possibly, engineered modifications or fixes (to be developed) that can
reduce the quantities of gases to be generated or released. Gas samples will
be obtained pe.riodically from each test bin and quantitatively analyzed for
gases genexaéed by multiple waste degradation mechanisms and released as a
function of time. Gases to be quantified also include potentially hazardous
volatile organic compounds ‘released by the wastes, of environmental safety
and EPA RCRA (hazardous waste) concerns. |

Test samples of waste-brine leachate solutions will also be pericdically
obtained from the bins and analyzed for radionuclide source-term concentra-
tions, hazardous organic components and toxic metal concentrations, and for
any impacts on migration due to organic or inorganic complexing agents. mixed
with the wastes. Solution data, as well as the gas data and results will be
nputted directly to the WIPP PA modeling studies and also evaluated for EPA
RCRA (hazardous waste) characterization impacts and concerns. |

The WIPP bin-scale test program as currently defined involves the testing
of about 600 drum-volumes of actual CH TRU wastes contained within about 124
separate test bins. A test bin is a specifically designed metal container to
hold the wastes safely and allow for the periodic sampling of released gases
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and waste leachant liquids. It is not intended to be a transportation or
waste disposal container. The test program also specifically includes an ex-
pansion capability (Phase 3) so that more bins can be added as required and
‘tested in the next several years. This expansion capability is needed to ac-
comor’ate (1) additional waste types (more than those currently shippable to
the WIPP), (2) future processed waste types, engineered barriers or modtflca-
tions than can significantly reduce the amount of. gas to be generated, (3) ,
tests that can mcorporate and help resolve further desired characterizations
for EPA RCRA or other regulatory and/or prdgranmatic concerns, and (4) addi-
tional tests to reduce any unacceptably large, experlmental uncertainties po-
| tentially Ldlcated by initial results.

Bin-scale test data will be linked by geochemical modeling and prédictive
calculations with related data from the parallel laboratory and WIPP in .situ
alcove CH TRU waste test programs. The combined data from all three related
test programs, laboratory, bin-scale, and in situ alcove tésts, are required
by the WIPP PA study. Fﬁll test details on waste types and engineered and
other components to be used in this bin-scile test program are described in
this document . '

The quantitative data, results, and interpretations from these tests are
" required by the WIPP PA program, The performance of this bin-scale test pro-
gram has been planned solely to obtain necessary data on radiocactive and haz-
ardous gas and leachate components potentially released, and their impacts on
both the short-term and long-term safe operation and contairment capability
of the WIPP facility.

._13 -



4.2 TEST 'OBJECTIVES

The overall bbjectives of this WIPP bin-scale CH TRU waste test program

are to:

Quantify with a high degree of control gas generation- and depletion-
rates, and compositions from actual TRU wastes, as a function of waste
_type, time, and interactions with brines and other repository natural and
engineered barrier materials. Experimental COnditions will represent,
primarily, the longer-term, post-operational phase of the repository as
well as the operational-phase. With the exception of VOCs, these tests
will not quantify total gas generation pcteitials (quantities).

Provide a larger-scale evaluation and extension of the laboratory-scale
test results, using actual TRU wastes under repository irelevant, expected ‘
conditions. The use of accelerative, overtest conditidns could bias inter-
pretations and will not be permitted. |

Evaluate the synergistic impacts of microbial action, varying degrees of
brine saturation, waste compaction, degradation-product contamination,
etc., on the gas-generation capacity and geochemical enviromment of TRU
waste,

Incorporate representative long-term impacts of room closure and waste
compaction on gas generation by including supercompacted wastes.

Evaluate effectiveness for minimizing overall gas generation by incorpo-
rating getter materials, waste form modifications, and/or engineered fix-
es into the CH TRU waste test system.

Measure solution-leachate, source-term radiochemistry and hazardous-con-
stituent (i.e., organics, toxic metals) chemistry of brine-saturated TRU
wastes, as a function of many credible environmental variables.

Determine the amount of volatile organic compounds and other hazardous

gases released from the TRU wastes under realistic repository conditions,
to quantify how EPA hazardous waste regulations will impact the WIPP.

- 14 -



10.

11.

Conduct detailed pretest and posttest waste characterizations of all
wastes used in this program to qua}ltify radicactive species, hazardous
waste constituents, and overall waste matrix components. These characteri-
zations are necessary to demonsfrate both to what extent test wastes are
representative of the behavmr of all CH TRU wastes and to provide infor-

. mation needed in test data interpretations. Po<'ttest waste characteriza-
tions will spec1flca11y quantify the total VOC source-term available ;m

the tested waste materials.

Specifically determine to what extent the test wastes are "representa-
tive" of, and/or bracket, the RCRA constituent concentrations of the CH
TRU wastes in storage at DOE waste generator sites that are to be isolat~

‘ed at WIPP. Wastes to be considered for WIPP emplacement and tested in

this program must meet specifications of both the WIPP waste acceptance
criteria and applicable transportation requirements.

Provide necessary gas-generation and -depletion data and source-term in-
formation in direct support of WIPP PA analyses, predictive modeling, and
related evaluations, as well as for related EPA RCRA characterizations.

Help establish an acceptable level of confidence in the WIPP PA calcula-

tions. Help evaluate the validity of pertinent assumptions used in model-
ing. Help eliminate most "what if" questions and concerns.

- 15 -



5.0 INTRODUCTION

This' Test Plan has been prepared at this time because of the special int-
erest of the U.S. Department of Energy (DOE), National Academy of Sciences
(NAS) , “the U.S. Envirormental Protection Agency (EPA), and the Fnvironmental
Evaluation Group (EEG) based in New Mexico in those components of the planned
WIPP Test ‘Phase: Performance Assessment/5-Year Plan‘ (US DOE, 1989a; Bertram-
chéry and Hunter, 1989) experjment.é that will use actual, radiocactive CH TRU
wastes at the WIPP or at a DOE waste-generating or storage facility before
they are shipped to the WIPP site. The interpreted test results will reduce
 uncertainties in the performance assessment by evaluating predictions of gas
generation and of possible interactions of hazardous components of WIPP waste
with other elements of the WIPP repository.

The Test Plan details why and | how the experimental program measuremems
will be conducted and provides the technical justifications. It describes
necessary procedures, techniques, and operations for the acquisition of data
on TRU waste gas gquantitiss, compositions, generation and consumption rates,
and waste material-brine-leachate radiochemical measurements. Extensive vari-
ations are expected resulting from various modes of waste degradation, includ-
ing brine and other engineered barrier interactions or modifications with the
wastes.

Repository relevant data will be acquired from individual test bins, spec-
ific to respective waste types, as affected by combinations of various envi-
rormental variables and/or materials. The overall test design and test bin
replication will allow the effects of almost all variables on gas production
to be unfolded from that of other specific variables. These data are neces-
sary for supporting the needs of performance assessment modeling- and predict-
ive~calculations, specifically the WIPP PA repository room model dealing with
gas generation [Bertram-Howery and Hunter, 1989].

Test data are also necessary and will be acquired for quantifying hazard-
ous constituents potentially released from the actual TRU wastes during condi-~
tions of repository storage. These hazardous constituents include primarily
volatile organic component gases, VOCs, such as carbon tetrachloride, other
halogenated hydrocarbons, and similar organic solvents; they also include
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toxic (heavy) metals, e.g., lead, cadmium, mercury, etc., that could be leach—
ed from the waste materials in the long~term. The haZardous component. VOC
gases and toxic metals will be quantified 'in this test program and interpret-
ed in relation to U.S. Environmental Protection Agency (EPA) hazardous waste
regulations, i.e., 40 CFR 2‘68, as applicable to the WIPP and the wastes per-
mitted within. The test maracterization process includes both pretest and
posttest quantification of vOC ‘conoentrations in the test bin wastes.

- 5.1 BACKGROUND

Containers of transuranic wastes to be disposed of at the WIPP are a mix—
ture of standard 210-liter (55-gallon) drums and a lesser number of TRU Stand-
ard Waste Boxes (SWB).. These containers are filled with wastes from chemical
and engineering research, deveiopment, and production facilities for the U.S.
defense programs. The wastes are composed of: (1) laboratory hardware such
as glassware, ring stands, piping, and other metal structures; (2) cellulos-
ic materials such as towels, tissues, and wiping cloths; (3) protective
gloves and clothing; (4) chemicals and inorganic process sludges, many of
which are stabilized with cement; (5) various plaétics, rubbers, and resins;
(6) residual organic solve.nts,‘ resulting in possible releases of VOCs; and,
(7) worn out or contaminated engineering equipment and tools.

‘Generally, as soon as waste materials are placed in drums and boxes, they
will begin to release gases. In the short~-term, these gases are generated
predoininantly from radiolytic degradation of the wastes, and include hydro-
gen, ox}rgen (rapidly depleted in most cases), carbon oxides, and low-molecu-
lar-weight organic compounds [Zerwekh, 1979; Kosiewicz, 1979, 1981; Molecke‘,
1979]. Radiolysis of water and potentially intruding brines could also gener-
ate appreciable quantities of hydrogen (and oxygen) in the post-operational
and long-term time periods, particularly from high-moisture conterit process
sludges ([Clements and Kudera, 1985]. Microbial degradation mechanisms are
~expected to be of potential major concern in both the short- and long-term
~ time periods [Caldwell et al., 1987; Molecke, 1979]. Microbially generated
gases include carbon dioxide or methane, [Caldwell et al., 1987; Molecke,
1979] potentially nitrogen from denitrification of nitrates (i.e., from the
nitrates contained in inorganic process sludges), and hydrogen sulfide from
sulfate-reducing bacteria [Brush and Andexson‘, 1988a]. Anaerobic (anoxic)
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metal corrosion in the post-operational and long-term periods could also gen-
erate significant quantities of hydrogen [Brush and Anderson, 1988a; Molecke,
1979]. No radioactive gases are generated, with the possible exception of
radon from the decay of transuranic isotopes in the wastes. Note: Since
hydrogen gas can be generated by several mechanisms, its source (mechanism)
will not be readily apparent from the bin gas analyses. Bin data comparisons
‘with laboratory test [Brush, 1989] results will be necessary to decouple ef-
fects and obtain a more thorough mechanistic interpretation.

Current, available data on gas generation rates from TRU-contaminated
waste materials and simulants are summarized in Taﬁle 5.1, and are based on
previoﬁs, WIPP-specific laboratory testing [Molecke, 1979; Caldwell, et al.,
1987]. These measured values are presented for background, comparative infor-
mation only. They were obtained in many cases from highly accelerated over-
tests, conducted over relatively short time periods, i.e., 6 months or 1ess;
and have relatively large estimated uncertainties. As such, these laboratory
data are not considered entirely appropriate for WIPP PA analyses; the data-
base must be increased in size and the uncertainties greatly reduced. Furth~
er details and information concerning these laboratory results are found else-
where [Molecke, 1979]. The gas generation data to be obtained in this WIPP
bin-scale test program will be for realistic, repository-relevant envirorment-
al conditions, and will be obtained over periods of 5 years or more.

These intermediate- or bin-scale tests will use actual CH TRU wastes.from
various waste generator facilities that have been specially prepared, modifi-
ed, and repackaged into special metal boxes or '"bins" that have been special-
ly designed for testing and gas and brine leachate sampling purposes. The
specially prepared wastes contain additives to study the synergistic interac-
tions between individual waste types, backfill and getter materials, metal
corrodants, injected brines, and, as developed, modified waste forms and
engineered fixes to minimize gas generation. These tests, to be conducted
under closely controlled experimental conditions, will provide both reposi-
tory relevant gas and brine-leachate radiochemical data. The bin-scale res-
ults will be both compared with and used to extend similar past [Zerwekh,
1979; Kosiewicz, 1979, 1¢80, 1981; Caldwell et al., 1987; Molecke, 1979] and
current laboratory-scale [Brush, 1989] measurements (made on simulated waste
materials), thereby reducing uncertainties in the data base, simplifying both
analyses and interpretations of the data.
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Table 5.1 Sinulated TRU Waste Comparative Gés Generation Rates
[data from Molecke, 1979 and #~Caldwell, et al., 1987)

Mechanism Waste Material/Matrix Gag Production Limits
: (moles gas/year/drum)
MICROBIAL:! Organic Composite, aerobic 0-(0.9-5,5) =12*%*
: Organic Composite, anaerobic 0-(1.2-4.2)=-32
Plywood Box,* aerobic 0~-(0.44-2.2)-3.0
Plywood Box,* anaercbic © o 0=(1.1-3.7)-4.1
(Plywood Box, aerobic, 3.2 m?) 0-(2.8-14)-19
(Plywood Box, anaercbic, 3.2 m3) 0-(6.8-23) =26
Asphalt, aerobic 0-(0.1-2.6)~8.4
Asphalt, anaerobic - 0-(0-1.9)-4.8
#Composite, aerobic, 1% water, ° 1.3
1.6

25
#Composite, aerobic,;91% water, 25°
#Composite, aerobic, 91% brine, 25

40

.~ #Composite, aerobic, 91% brine, 40° 5.2
#Composite, anaercblc, 1% water, 25°C 2.4
#Composite, anaerobic, 91% water, 25°C 4.2
#Composite, anaerobic, 91% brine, 25°C 3.2

RADIOLYSIS: Cellulosics (0.039 Ci%#x) - 0.002-(0,005-0,011)-0.012

Polyethylene (0.039 Ci) 0.003-(0.007)-0,008
mC (0.039 ci) 0.01-(0,03-0.042)~0.08
Process Sludges (7.7 Ci) 0.76
Organic Composite (0.035 Ci) 0.002-(0,005) -0, 006
Asphalt (7.7 Ci) 0.1-(0.15-0.76)=1.0

Concrete~TRU Ash (poured, 15 Ci) 0.03-(0.045-0.93)~1.0
Concrete~TRU Ash (heated, 15 Ci) 0.0002~(0.0005-0.035) -0, 05
Alpha Decay, He generation (15 Ci) 0.000015

CORROSION: Mild Steel Drum*, anaerobic 0-2.0
‘ Mild Steel Drum*, aerobic 0
THERMAL Organic Composite (25°C) 0
Organic Composite (40°C) ‘ 0-(0.02-0.2)-0.4
Paper (70°C) 0.5~(1.3)=2
OVERAILL,
AVERAGE: Existing INEL TRU Wastes, Ae obic  0.0005-(0.3-1.4)-2.8

*  drum volume = 0.21 m° ‘

*% lower limit - (most probable range) - upper limit,
with estimated uncertainties

*%% 0,039 Ci = 0.5 g "Ipu, 15.4 ci = 200 g "IPu (max./drum)
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If the WIPP is approved for permanent waste disposal after the planned
DOE 5-year test phase program [US DOE, 1989a), the standard WIPP operation
will include several steps. Waste containers shipped to the WIPP will be
placed in one of seven rooms in one of eight panels, and the rooms will be
backfilled with appropriate materials. After all seven rooms in a panel are
filled with druns or boxes of waste and backfilled, the panel will be sealed
off from the rest of the repository with a fluid- and gas-tight seal. Any
Igas generated by the waste after a panel is sealed must be considered in the
assessment of repository performance over the period of time required by the
standards governing the disposal of radiocactive waste.. If test results war-
rant, consideration could be given to the venting of generated gases until
final sealing of the repository, or to the use of other engineered fixes or
modifications. The overall performance of the repository includes not only
the room responses, but also the individual and coupled responses of panel
seals, mine drifts, shaft seals, disturbed rock (fractured) zones around the
shaft seals, and potential radionuclide 'transport through the upper aquifers
to the accessible enviroment.

5.2 JUSTIFICATION

A major concern raised by gas released from the TRU wastes stored in the
WIPP is the possible pressurization of the disposal room during room closure
and terminal isolation of the waste. The total quantity of gases to be gener-
ated, and thelr rates of generation must be quantified, not assumed from pos-
sibly inappropriate data. WIPP PA must be able to adequately predict or eval-
uate the following concerns, including:

(1) Will the gas pressure be high enough to retard repository room closure?

(2) Will the gas pressure be sufficiently high to fracture the Salado
formation?

(3) wWill intexnai gas pressurization affect repository seal performance?

(4) Is there a realistic potential for interactions betweer released VOCs and
either backfill material or the seal system?

(5) Will sufficient gas be generated to provide a pressurized envirorment
that could release radiocactivity during potential rebository post~closure
intrusion?

- 20 -



The gases released by stored radicactive wastes and their rates of genera-
tion as a function of repository time may significantly affect the assessment
of radicactivity releases from the repository by human' intrusion. For the
confident evaluation of the effect ‘ofy the gases on potential release scenar-
ios, a relevant database that defines the appropriate chemical and microbial
reactions and the amounts, compositions, and rates of gases generated is re-
quired. Similarly, data are also needed on hazardous components (gasecus
Vocs, dissolved toxic metals) released from the wastes under repository condi-
- tions, in order to quantify impacts of EPA’s hazardous waste (RCRA) regula-
tions, 40 CFR 268, on the WIPP.

The present form of the EPA Standard for radicactive waste dispoéal, 40
CFR 191, requires that repository‘performance be predicted for 1,000 years
for individual protection and for 10,000 years for containment. For these
‘very long times, experimental testing in real time cannot be used to demons-
trate performance. The Standard suggests that a probabilistic, predictive,
mathematical approach be used, in which models or model segments are used to
similate, over time, the important processes identified by field exploratory
research [Zerwekh, 1979 Clements and Kudera, 1985b]. Data also must be ac-
quired for input to the probabiliétic predictive models. When scenarios for
the release of waste from the repository to the accessible environment have
been identified and the appropriate probabilistic analysis completed for each
scenario, a complementary cumulative distribution function (CCDF) will be con-
structed to show whether the repository, as designed, can be demonstrated to
meet the EPA Standard.

Several kinds of data on the potential in situ behavior of CH TRU wastes
are needed for WIFP PA modeling and analyses:

(1) Gas quantities, speciation, plus generation and depletion rates as a func-
tion of time, including the impacts of several other waste-~condition par-
ameters;

(2) Source term definition of leached or mobilized chemical, radiochemical,
or dissolved toxic species, as affected by both the bin~internmal gaseous
atmosphere and potential chelating or complexing agents in leachate
brines, either initially present in the actual wastes or formed by vari-
ous degradation mechanisms; and,
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(3) Systems interactions and synergisms ocourring between all 'mtefials and
mechanisms within the TRU waste container, etc.

'The impacts of radlolytic, microbial, and chemical-corrosion degradation
mechanisns on gas generation can be adequately analyzed and evaluated under
known, controllable conditions in these planned bin-scale, radiocactive TRU
waste tests. Thelr extrapolation to full repository pressure and fluid-flow
behavior will, however, continue to require numerical extrapolation of experi-
~ mental results. | |

The analyzed brine leachate samples from individual bins may not provide
"definitive" source term (themmodynamic) solubilities, but will provide real-.
istic (not assumed) TRU species’ (kinetic) concentrations as a function of
time. 'hese solubilities can be impacted by actual waste materials/TRU inter-
actions with leached organic ligands or chelates and other gas atmosphere and
chemical components, which could appreciably change solution pH and Eh, Few-
er assmnptioné will, therefore, have to be made concerning species solubili-
ties or solubility 1imits in subsequent PA calculations.

5.3 RATTONALE

The gas and water contents of TRU-waste disposal rooms could affect lony-
term performance, especially in the event of humar intrusion. Current esti-
mates of the rates of gas production by TRU waste are based on laboratory
studles of processes such as radiolysis, microbial activity, corrosion, and
thermal degradation [Zerwekh, 1979; Kosiewicz, 1979, 1980, 1981; Caldwell et
al., 1987; Molecke, 1979], and field studies of head-space gases in drums con-
ducted by Clements and Kudera [1985]. The extreme heterogeneity of CH TRU
wastes resulting from the variety of waste streams exacerbates the difficulty
of getting gas production data representative of the total waste mix. To do
so requires large numbers of experiments, on multiple types of actual TRU
wastes, conducted under closely controlled conditions.

In the past, gas generation did not seem critical to considerations of
long-term performance of the WIPP., Calculations of the diffusive transport
of gas out of the repository and into the surrounding Salado Formation [US
DOE, 1980; SNL, 1979, pp. 3-43 ~ 3-64) lmplied that even if the high gas-



production rates estimated by Molecke [Molecke, 1979] as upper limits were
applicable, the gas permeability of the surrounding rock would be high enough
to allow gas to escape without a significant inorease in repository pressure.
Recent, more definitive, far-fleld gas permeabllity measurements [Tyler et .
al., 1988, pp. 142-160], however, imply that high gas-production rates may
significantly pressurize the repository. Thus, it has become necessary to |
resolve the differences between estimates of gas-production rates, to estab~
lish a realistic range of gas~production rates in the WIPP environment.

Recently, Brush and Anderson ([1988a] caloulated that processes such as
drum corrosion, imicrobial decomposition of cellulosic matérials, and reac-
tions between drum-corrosion products and microbially generated gases could,
iﬁ addition to affecting the gas budget of the repository, consume or produce
quantities of water similar to recent predictions of brine influx from the
Salado Formation. ‘ |

Thus, it has become evident during the last year that a more complete,
repository relevant database on gas evolution rates is critical to understand-
ing and addressing the behavior and ultimate state of the repository:; this
is critical to many of the other scenarios. The TRU waste experiments des-
cribed herein will provide a large segment of the database required to devel-
op and enhance the understanding and confidence in comparisons to the EPA
Standard.,

5.4 APPROACH

The assessment of gas issues must consider three elements: (1) gas prod-
uction, (2) gas consumption, and (3) gas transport. Gas is produced by radio-
lytic, chemical, and biological reactions between the waste, waste contain-
ers, engineered backfill, brine, and salt. Gas consumption, normally control-
led by radiolysis, microblal degradation, and chemical/corrosion processes,
can presumably be increased by including gas getter materials in the backfill
component. Gas transport depends on the ability of the formation to accept
the gas and allow it to disperse. At the WIPP, waste will be emplaced in a
layered sequence of Salado evaporites consisting of pure to impure halite,
including rnumerous marker beds of anhydrite, clay, and polyhalitic halite.
The primary parameter controlling gas transport, both in the disturbed rock
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zong and in the region outside that affected by the repository, is gas permea-

bility of the geologlc formation. Gas permeability differs for various gases
in different stratigraphic units and as a function of relative saturation of
~gag and brine. The ilssue of gas‘ transport and the response of the WIPP to
elevated internal gas pressures can be and 1s being addressed without waste,
but gas production and consumption are strong funct‘ions of the waste itself.

Laboratory experiments [Brush, 1989] will provide detalled kinetic data
on individual mechanisms of concern and wi‘ll' provide a major foous for rumeri-
cal extrapolation of experimental results. However, to accurately measure net
gas production and consumption under realistic condition, actual radicactive
wastes must be used. Thus, data needed for the performance assessment models
can only be obtained from the combination of laboratory tests (small-scale,
gimulated waste), ([Brush, 1989; Zerwekh, 1979; Koslewicz, 1979, 1980, 1981;
Caldwell et al., 1987; Molecke, 1979] intermediate, bin-scale tests (describ-
ed herein), and large, alcove (field) tests [Molecke,1989b; Bertraun—Howexy
‘and Hunter, 1989]. Resultant data from all of these experimental programs,
when coupled with model development, will be used to assess the importance of
gas in the repository. The strong interrelationships between the three types
of experimental programs, and the perceived benefits and disadvantages of
each program are sumarized below. |

The on-going laboratory-scale tests, [Brush, 1989] in combination with
earlier lab test results, [Zerwekh, 1979; Kosiewicz, 1979, 1980, 1981; Cald-
well et al., 1987; Molecke, 1979] will provide a large proportion of the
early data. 'These tests will provide detailed information on each degrada-
tion mode of gas generation and on the efficacy for minimizing gas production
for various getter materials, waste form modifications, and/or other engineer-
ing fixes to be developed.

Laboratory tests have the following distinct advantages:

1. They are easier than fileld tests to set-up and control experimentally.

2. They can incorporate the effects of more test variables, and analyze the
impacts of each variable separately on gas production.

3. They can be safely conducted at high-pressures, similar to repository
lithostatic pressures, about 15 MPa or higher. Because of test safety
concerns and constraints on the bin-scale and alcove test programs, only
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4,

the laboratory testing proqram can provide the gas high-pressure results
needed.

They can avaluate gpaciation and solubilities of Pu, Am, U, and Th as a
function of Eh and pH, includinq the effects of individual getter mater-
lals on Eh and pH.

They can specifically address the biodegradation of voCs, of concern in
EPA 40 CFR 268. | ' |

Laboratory tests also have the following significant disadvantages, however:

1.
2.

They use simulated, not actual TRU wastes.

They do not contain unknown materials that will be present in the WIPP
waste inventory, e.g., organic compounds and solvents, chelating agents,
etc,

They are performed on a very small-scale relative to a repository, making

" scaling~factor effects a significant unknown.

They don’t contain the same microbial inoculants as found in actual TRU
wastes,

The impacts of radiolytic production on the anaercbic (anoxic) corrosion
of steels cannct be addressed.

Total synergistic reactimns and interactions of all real-waste components
are not present.

The laboratory test system is too simplistic and may not adequately repre-
gent the repository for a thoroughly credible PA analyses.

The bin-scale tests described herein are similar in scope to the labora-

tory tests, examine most of the parameters of the laboratory tests, provide
data on gas generation and gettér effectiveness, and help evaluate and extend

the results of the lab tests to more complex geometries and environments.

The bin-scale tests may be viewed as larger-scale laboratory experiments, ex-

cept that they have the following distinct advantages:

They incorporate actual radiocactive and haZardous-mixed TRU wastes, in-
cluding minor chemical components, organic compounds and solvents, and
microbial contaminants that could have a very significant impact on over-
all gas generation and source-term radiochemistry.

There are few test simulations or required assumptions..
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All test components, waste forms, contaminants, and possibly engineered

fix materials (applied to the waste and/or backfill materials, to reduce.

gas production) are all interacting in a synergistic, repository relevant
enviromment, in which various modes of gas generation ocour simultanecus-
ly, as opposed to the more simplistic 1aboratory studles.

The larger scale of the test bins, incorporatinq about 6 drum-volumes of.

wastes each, help smooth out the known nonhomogeneities among  supposedly
similar waste types.

. The total test matrix can be expanded as necessary, to incorporate new

- waste forms, backfill and getter materials, and engineered modifications,

as they are de\)elor;ed and are ready for testing, or simply to improve ex-
perimental statistics, should early results prove more heterogeneous than
expected. All wastes to be tested must, by definition, meet the require-

. ments of both ti:ansportation and WIPP waste acceptance criteria.

These tests can provide data rapidly compared to the alcove tests, consis-

~ tent with present WIPP PA schedules.

bin-scale test program has the following significant disadvantages:

Tests cannot be conducted at high gas pressures.

Not all repository envirommental effects can be fully incorporated, as
they can be in the alcove tests.

The performance of bin-scale tests at the WIPP is linked to filrst receipt
of waste. ‘

Tests can only examine limited interactions between waste types.

The WIPP in situ alcove CH TRU waste tests, [Molecke, 1989] will be

conducted under credible, expected-case repository conditions, relevant to
both the operational phase and longer-term, post-operational phase. The
major advantages of the alcove tests follow:

1.

Tests will provide "real-world" data, with the fewest simulations or res-
traints of any of the test programs that could potentially bias the end
results. a

only alcove tests incorporate the environmental, possibly synergistic
effects of the repository itself, e.g., gases and fluids released from
the host rock salt, salt mine geochemistry and biochemistry, etc., on
waste degradation rates and modes.
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Assessments will determine the gas generatioﬁ rates for thé times of in-
terest, and incorporate how the gases will either be consumed or trans-
ported from'the disposal room through the géology or fractures therein.
There are no significant scaling effects due to the size of %he test
alcoves, (approximately 1/4 full scale). o
Many waste forms are mixed together in the same test alcove, as would be

. the case in an operating repository.

and

‘major disad\}antages of the alcove tests follow:

The inability to test at high gas pressures because of underground facili-
ty safety concerns. | _ o

The number of test alcoves available is small, significantly limiting the
number of test variables and test réplicates that can be iriqorporated.

The combination of many waste types within each test alcove makes inter-
pretations of the effects from each type or degradation mechanism almost
impossible -- without comparison to other test program data.

The large volume of each test alcove, plus the initial trapped gas (air
or nitrogen), decreases the analytical sensitivity for gases of interest
being produced -- small charges in the quantity of produced gases may be
masked. : ‘

The expected rates of production for individual gases, and changes in
those rates, may not be clearly evident for an appreciable period of
time, particularly when compared to gases generated and analyzed in the
smaller test bins. ‘ n a

There is no human access to the alcoves after test initiation. Potential,
future engineering modifications cannot be added after the test begins.

The added degrees of experimental control, assumed increased sensitivity
selectivity for gas analyses, and the increased number of test conditions

or variables to be used in the bin-scale tests, relative to the alcove tests,
allows the interpretation of obtained duta to be simpler and more straightfor—
ward than that from the alcove tests. As such, the bin-scale tests provide a
technically more satisfying ard rapid means of obtaining data. ‘

ing

Collecting test data from any of these tests must not be simply a monitor-
or confirmatory activity. Data must be used for both analytical and pre-

dictive performance assessment modeling calculations and for comparison with

- 27 -



smaller-scale laboratory data on simulated wastes. It must be emphasized
that it is the combined suite of CH TRU waste test programs, laboratory, bin-
- scale, and alcove, that is required to pbovide the full spectrum of informa-
tion and expertise needed for the WIPP PA program. The three experimental
‘programs must be linked with both geochemical modeling and studies of the re-
sponse of the WIPP to elevated gas pressures, should these be generated. Each
test program has its own significant advantages and disadvantages. None of
the three test programs alone can credibly produce the required . information.

The laboratory tests [Brush, 1989; Bertram-Howery and Hunter, 1989] were
initiated in FY 89 and will be conducted in parallel with the WIPP bin-scale
and in situ alcove [Molecke, 1989b] tests, both of which will begin in FY 90.
These parallel test programs will proceed concurrently and will be sequenced
to permit the early laboratory results to have some impact on the configura-
tion of the bin-scale tests, and vice versa. For example, backfill getter
additives to be evaluated in laboratory tests for gas and brine sorption capa-
bility would be selected and evaluated by the end of FY 90 [Lappin, 1989a],
‘then subsequently evaluated for in situ efficacy in Phases 2 and 3 of the bin
~scale tests (to be described later). Also, preliminary brine-leachate re-
sults from the bin-scale tests could be used to help "focus" laboratory evalu-
ations of radionuclide chemistry into specific ranges of test conditions as
quickly as possible [Lappin, 1989a]). Initial results from both the labora-
tory and bin-scale tests could be used to help redefine the starting test par-
ameters of the alcove tests on an alcove by alcove basis, assuning that the
wastes and other test materials had not already been loaded, the alcove seal-
ed (from access), and testing in that specific alcove mltlated Results
from the alcove tests are not currently anticipated to have much feedback to
the laboratory and bin-scale tests because of their later schedule sequencing
and emplacement -- with the possible exception of later contmgency additions
to Phase 3 of the bin-scale tests.

5.5 OPTIONS ON BIN-SCALE TEST ILOCATION

It is not mandatory on a scientific basis that these bin-scale tests be
conducted at the WIPP. The waste-filled test bins do not directly experience
the impacts of the repository enviromment on waste degradation, as do the par-
allel in situ alcove CH TRU waste tests [Molecke, 1989]. It is mandatory,
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however, that these tests provide most of the required data to the WIPP Per—-(
formance Assessment modeling effort in the necessary time frame, before the
end of FY92 [Bertram-Howery and Hunter, 1989]. Due to uncertainties in cur-
rent WIPP opening and waste availability schedules, options for conducting
these bin-scale tests at other U.S. DOU sites, e.y., the Rocky Flats Plant,
the ‘Idaho National Efngheering Facility, and possibly others have been inves-
tigated. The merits, technical relevance, schedule feasibility, and expenses
for the other site options are still being evaluated. The following possibil-
ities are also keing"evaluated: (a) conducting portions of the bin-scale L
‘test program at alternate sites, thenkmcving them to the WIPP as appropriate,
or (b) conducting bin tests at alternate sites for waste forms that are not
currently‘ transportable to the WIPP, e.g., high-activity wastes from the Sav-
annah River Site. | - |

Conducting the bin-scale tests underground at WIPP is by far the best
choice or option based on the deciding factors listed in Table 5.2. The WIPP
‘site and other sites are compared in this Table; deciding factors are listed
“in approximate descending order of importance.

Table 5.2 Deciding Factors and Options For Bin-Scale Test Iocation

Favored Site Deciding Factors:

W (= WIPP) 1. Time Availability to Meet WIPP PA Needs
W ‘ 2. Test Set-up and Instrumentation Time
W ' 3. Isolation from the Accessible Environment
W 4. In Situ Temperature Control (2°C range)
1] 5. Availabilities of Test Facilities, Buildings
W 6. Minimization of Overall Test Expenses
W ‘ 7. Programmatic Concerns, Site Relevance
W provided 8. SNL~WIPP PI and Instrumentation Control
W provided ‘ 9. Data Acquisition and Control Systems
W 10. Minimization of Travel, Key Personnel
W, O (= Other) 11. Test Radiological Safety and Control
W, O 12. Technical Personnel, Training & Availability
W, O 13. Analytical Instrumentation and Availability
o, W 14. legislation and Permitting Uncertainties
0] 15. Waste Trahsport‘ation Concerns
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6.0 BIN-SCALE TEST TECHNICAL SUMMARY

The primary purpose of this WIPP Bin-Scale CH TRU Waste Test program is
to provide relevant data and tec:hnical support to the WIPP Performance Assess-
ment program for both prediotlve modeling studies cmd for the assessment of
hazardous oorrponent release, and conSequent impacts on the WIPP, in relation
to EPA concerns and regulations, i.e. 40 CFR 191 and 40 CFR 268. Specific
data to be obtalned include the quantities, compositions, and kinetic rate
data on gas production and consumption resulting from various CH TRU waste
degradation mechanisms. Similar data on potentially hazardous volatile organ-
ic compounds released by the wastes will also be provided. Concentrations of
radiocactive species (source-term radiochemistry), toxic metals, and dissolved
organic compounds in the waste-brine leachate (in a limited population of
bins) will also be quantified as a function of time.  Actual radicactive and
hazardous-mixed CH TRU wastes will be used in these tests. Further informa-
tion on test objectives, rationale, and justifications can be found in Sec-
tions 4 and 5.

Net gas quantities and generation rates are expected to be significantly
impacted by, and will be measured as a function of:

1. Several representative classifications and types of CH TRU wastes. All
wastes to be used in this test program must meet the specifications of
both transportation requirements and the WIPP waste acceptance criteria.

2. Time (pe‘riodically, over several years).

3. Impacts of several types and quantities of intruding brines.

4. Impacts of waste interactions with salt, container metals, backfill mater-

ials, and, possibly, grouts.

Aerobic and anaercbic envirorment conditions representative of the opera-

&

tional-phase and longer-term, post-operational-phase of the repository,

respectively.
6. Impacts of potential gas getter materials or other engineered alterations
and modifications, particularly on gas production or consumption.

The waste gas production results will also include synergisms between the
various degradation modes, radiolysis, microbial, and chemical, including cor-
rosion. Different test conditions are tailored so that the effects of irdi-
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vidual envirommental variables on gas production can be separated from the
effects of other variables.

Periodically collected gas samples from each test bin will be analyzed
using an on-site, gas chromatograph-mass spectrometer (GC-MS) instrument to
determine major and minor gas concentrations (including vocs), and changes in
- those cdmpositions as a function of time. The GC-MS analyses of all gases re-
leased at a concentration level above 1 ppm allows the calculation of their
‘rate”s of generation and/or depletion to be made. Evaluating the changes in
gas compositions helps to determine the relative importance and kinetics of
individual degradation mechanisms over time, and of the subsequent impacts of
degradation by-products on further gas produc:tioh. The gas analysis system
will be described in some detail in Section 1‘1.2 The important major gases
‘to be analyzed, based on earlier, WIPP-specific laboratory testing, [Zerwekh,
1979; Kosiewicz, 1979, 1980, 1981; Caldwell et al., 1987; Molecke, 1979] in-
clude: hydrogen, carbon dioxide, carkon monoxide, methane, oxygeh, water vap-
or, nitrogen, and specific-injected tracer gases. Minor gases to be quantifi-
ed potentially include: ‘volatile organic compounds (VOCs, e.g., carbon tetra-
chloride, methylene chloride, xylenes, freons, and other organic solvents
used at DOE waste generating facilities), radon, ammonia, hydrogen sulfide,
nitrogen oxides, hydrogen chloride, and possibly others, as detectable. The
major gases are primarily those generated or consumed by various waste degra-
dation mechanisms occurring within the test bin, or simply those remaining
from the initial air atmospheré. Other, minor gases may be sorbed in or on
the wastes and eventually can be volatilized, or can be generated by multiple
minor chemlcal and microbial waste degradation mechanisms.

Gas data collection will be initiated as soon as each test bin is emplac-
ed, prepared, and sealed. Data and analyses from ongoing tests will be incorp-
orated into the WIPP PA calculations as available, on a near-continuous bas-
is. These tests are expected to start providing significant data within weeks
to months after test emplacement. Bin-scale testing will continue for a mini-
mum of about 5 years, or until the data acquired are sufficient to provide
confidence in the reliability of the information being obtained. It is pres-
ently assumed that these tests must continue until the experimental results
lead to interpretations reliable to about the 95 % level of confidence. It is
recognized, however, that: (a) this objective may not be reasonable in all
instances, and (b) this high level of confidence may not be required by WIPP
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PA under all test conditions. At specific periods within the testing pro-
gram, data will be analyzed and evaluated for input to ongoing PA studies.
At appropriate test intervals, approximately annually, data will be fully
evaluated and dooumented in topical reports.

Brine-waste leachate samples from some of the test bins will also be per-
iodically collected and will be analyzed. for solubilized speciles of interest
as a function of timé including: concentrations of tranéuranic radionuclides,
both dissolved and in colloidal form:; total activity: dissolved toxic met-
als of concern to EPA hazardous waste regulations, e.g., Pb, Hg, Cd, Cr, As,
Se, Ba; chelated radicactive species; brine pH; etc. Brine leachate analy-
ses will be conducted off-site. Further details on the brine leachate, analy-
ses, and associlated topics, are found in Section 11.3. ‘

This bin-scale TRU waste program involves testing in multiple, large, ins-
trumented metal "bins" with specially prepared TRU wastes and appropriate ma-
terial additives. FEach WIPP test bin will be specially prepared and filled
with TRU wastes at various U.S. DOE waste generator sites, then will be ship-
ped to the WIPP for in situ testing. Each bin will function as a nominally
independent, isolated, and controlled test system. All test bins are planned
to be isolated at WIPP within one underground test room, Room 1 of Panel 1.
The possibility exists that Room 2 of Panel 1 may be required for later, an-
ticipated portions of the test program, Phase 3, to be described. Therefore,
Room 2 must be reserved for this purpose now.

The following bin-scale test conditions must also be incorporated:

1. The scope and scale of the test must be adequately large to obtain the
quantities and types of data needed. Test wastes must be statistically
representative of the entire DOE waste inventory that will be shipped to,
and'isolated at the WIPP. Therefore: (a) waste characterizations must
eventually be extended to all significant TRU waste types (in storage or
generated at DOE facilities), and (b) any significant waste types not in-
itially included (e.g., high-activity wastes from Savannah River) must be
incorporated in the test program (Phase 3) as they become available, if
they meet the appropriate regulations.

2. All TRU wastes emplaced in the WIPP during this test program must be in a
retrievable mode. At the conclusion of the testing, all bin-scale wastes
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will be, or will be modified as necessary, to be retrleved. oOptlons tor
posttest waste disposal are discussed in Section 14.2.

3. Pretest (Section 8.3.1) and posttest (Section 14.1) waste quantification
of vocs and other hazardous or toxic components will be conducted to help
provide baseline levels, for comparing with and evaluating concentrations
measured during the course of testing.

4. Facility operations and procedures must be realistically utilized.

5. Conduct of the test must be controlled so that personnel and radiological
safety are maintained. |

The "specially prepared" wastes to be incorporated in this test include
up to about syix drum (55-gallon) volume-equivalents of specific types of act-
ual CH TRU wastes. Four representative waste types have heen selected for
testing in the initial phases of this program:

1. HONG, high-organic/newly generated wastes, both nancompacted and super-
compacted (from the Rocky Flats Plant).

2. IONG, low-organic/newly generated wastes, both noncompacted and supercom-
pacted (from the Rocky Flats Plant).
HOOW, high-organic/old wastes.

4. PS, inorganic process sludges.

Further waste detalls, specifications, and assumptions will be presented
in Section 8.1. Details on the required pretest waste characterization proced-
ures for all wastes used in this test program are described in Section 8.3.1.

The advantage of testing the in situ degradation behavior of supercompact-
ed wastes is that such wastes are cxpected to be very similar to regular, non-
compacted wastes that have been crushed/compacted in situ by long-term salt-
creep closure of repository rooms., Although these tests will simulate the geo-—
metric effects of long-term compaction, they may not adequately simulate the
time-dependent relation between corrosion and compaction or between microbial
degradation and compaction. Impacts on gas generation caused by compaction
can thus be realistically evaluated during the course of these tests, then
factored into the performance assessment calculations. Most high-organic
("soft") and low-organic ("hard," primarily metals and glasses) newly generat-
ed wastes at the Rocky Flats Plant will be supercompacted starting in 1990,
and continuing thereafter. As such, these wastes will constitute a major
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fraction of TRU wastes to be shipped to the WIPP in the future. Other repre-
gsentative wastes, e.g., hilgh-activity, organic sludges, specially processed
-~ as developed by the waste generators, waste types rot wurrentl‘y shippable,
waste types requiring further hazardous-waste (RCRA) characterizations, ete.,
may be defined and tested in a planned Phase 3 of thls test program. These
waste types will incorporated on an "as avallable" basls, if their inventory
and characterization indicate a chance for them to have a statisﬁicm].ly slg-
nificant impact on WIPP repository behavior.

Bin-scale test moistness conditions are defined as:

1. "Dry." This is the expected case In the short-term, 1i.e., before the
wastes come to equilibrium with the surrounding Salado formation.

2. "Moistened" with Salado brine, about 1% by volume of waste. Thig ia the
expected case within several years, and for a long period of time.

3. "saturated" with Salado brine. This is a probable case in the long-
term. Experimental restraints limit "saturation" to be about 10% added
brine by volume. This amount should suffice to provide free brine (leach-
ate) available for periodic sampling and analyses (Section 11.3).

4, "saturated" with Castile brine. fThis is a possible occurrence in the
long-term, assuming human intrusion into a sealed repository.

The potential implications of these moistness conditions on both the
short- and long~term periods of repository isolation on (a) waste degrada-
tion, (b) gas production, and (c) brine inﬁrusion are described further in
Section 10,3

 All brines will be injected into the test bins at the WIPP facility. Fur-
ther details on the brines are found in Section 10.3. All excess brines will
be removed from the bins as part of the posttest waste characterization, as
part of the test termination procedures (Section 14.2).

Various backfill and gas getter materials have been selected for testing,
to evaluate their impacts on gas production and consumption and for impacts
on waste-brine-leachate solution radiochemistry and possibly hazardous-compon-
ent chemistry. Backfill combinaticns and emplacement geometry are to be rep-
resentative of the post-operational phase, when CH TRU waste containers are
no longer expected to be intact, when the wastes and container materials will
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be layered with the salt and baockflll materials. Selected backfill and yet-
ter materials are: (1) none,’ (£) WIPP rock salt, (3) rock salt and bantonite
clay (70%/30%), (4) salt/bentonite and gas and/or radionuclide getter addi-
tives, to be gpecified later, and (5) salt/others, e.g., grouts, to be defin-
ed later. The definition of getter materials and other backfill materilals is
dependent on ongoing laboratory [Brush, 1989) testing and developmert. When
available, these materials will be added to the bin-scale test matrix. Refer
to Section 10.1 for further details. |

The internal atmosphere of each test bin is Initially controlled and is
to be representative of TRU wastes in both the short-term, post-emplacement
period (aerobic), and later, time periods, assumed anaerobic (anoxic). Init-
ial bin atmospheres can be modified with 'a combination of argon gas flushing
and the use of an oxygew—gétterind reactant system. Atmosphere control tech-
niques are described in Section 11.1. ALL test waste bins will also be inject-
ed with inert, nonradicactive tracer gases. These tracer gases help facili-
tate analysis and interpretation of the data by allowing a gas mass/volume
balance to be conducted. Potential gas leakage outflow or inflow can thus be
compensated for.

Te study of potential anaerobic corrosion of metals within the wastes,
as impacted by other ongolng degradation mechanisms, ls one of the signifi-
cant objectives of this test. As such, the initial internal atmosphere within
most of the test bins will be made anaercbic; thereafter, production of gas=-
es from various degradation mechanisms will control whether each bin stays an-
aerobic. The results of tests in which the oxygen concentration/oxidation
potential are allowed to find their own "equilibrium" level are extremely im-
portant. The present estimates of total gas productlon assume that anaerobic
corrosion of metals in the waste (and thelr containers) will produce ‘more
than 50 % (~ 900 moles gas/drum) of the expected gas-generation potential
within the WIPP (~ 1500 moles/drum). The corrosion of steels and other metals
under aercbic or inadequate anaerobic conditions, in contrast, does not gener-
ate any gas.

CH TRU HONG wastes will generate their own anaerchic H, and €O, atmo-
sphere by means of radiolysis, primarily. However, there is some uncertainty
that the bin internal atmosphere will become anaerobic during the available
time interval of this program. Therefore, most HONG waste bins will be purg-
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‘ed and made anaeroblo at the atart of the test, M TRU HOOW and LONG wastes
will also be purged initially with argon gas until anaerobic. During repack-
aging of HOOW wastes into test bins, the (assumed) previously established an-
aeroblo enviromment ls replaced by alr. Purging these test bins establishes
an anaerobic atmosphere similar to the original environment, as presumably
ganerated by both miorcbial and radiolytlc degradation mechanisms., No init-
ial gas flushing for the inorganic Ps wastes will be conducted. fThe radiolyt-
ic depletion or productlon of oxygen from the PS wastes will be quantified
along with other released gases.

Most plastic bags ericapsulating (H TRU wastes within test bins will be
"pre-breached," that is, multiply-punctured and/or sliced during the packag-
ing procedures (refer to Section 8.3,2). Pre-breaching procedures will be
conducted at the generator/preparer facilitles. The waste '"pre-breaching"
permits both the release of gases and contact between and interactions of the
wastes with injected brines, resident colonles of halophilic, halotolerant,
and/or nonhalophilic bacteria, internal humidity, and the other added mater-
ial compenents within the bin. The "pre-breaching" operation is beneficial
© for both testing and transportation purposes.

There will also be a limited number of test bins where no waste pre-
breaching will be conducted. These test bins, with "as received" wastes,
will have no added brine nor other added components. They will be conducted
with an !nitial, internal air (aercblo) enviromment. These bing are intended
to provide gas release data applicable solely to the short-term, operational
phase of the WIPP repository, in comparison to most of the other test bins,
initially made anaerobic, that provide gas production data specific to the
post~operational phase., The "as recelved" bins are directly parallel to simi-
lar WIPP alcove tests, [Molecke, 1989b] also with "as-received" wastes, in
test alcove TA2., Other pertinent details on all CH TRU waste packaging in
bins, speclal preparations, any added materials, etc. are discussed in Sect-
ion 8.3,

The leak-tight bins will have a closely controlled and sealed test envi-
romment, similar to an isolated, waste-filled repository room. FEach bin is
equipped with redundant: gas sampling and injection ports, redundant brine
injection and sampllng ports. Fach bin is also equipped with integral, non-
gas—sorbing particulate fllters, so as to not impact the quantification of
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vocs., As such, any gases sanpled or released will not contaln partloulate
radicactive contamination. Further details on the gas sampling and brine samp-
ling detalls are found in Sections 11.2 and 11.3, respectively. Assoolated
test bin instrumentation includes remote-reading:  thermocouples, pressure
géges—z,‘ pressure-relief valves, gas flow/volume monitors, and oxygen-specific
detectors; these instruments are discussed in Section 12.1. Each test bin
and asgoolated instruments are perilodically and closely controlled and moni-
tored by a coamuterized data acquisition system; this ls discussed in detail
in Section 12.2.

The "test bins" are specifically designed to fit within a TRU Standard
Waste Box, SWB, for both transportation to the WIPP and eventual posttest dis-
posal. The SWis, with test bins inside them, are transported within a TRU-
PACT~II shipping cask. The test bin is NOT to be regarded as a transporta-
tion or terminal disposal container, it is to be used for testing purposes
only., Further details on the test bins are fourd in Section 9.

Tis bin-scale test program is planned to take place in three phases.
Phage 1 can be initiated at WIPP in FY90 and will incorporate test bins where
all components can be presently defined. The backfill materials will be:
none, salt, or salt/bentonite. Approximately 48 waste-filled bins of differ-
ent waste compogitions and backfills, inoluding replicates, will be included
in Phase 1. There will also be 8 other, empty, Phase 1 test bins used for
both pressure and gas baseline-reference purposes during the course of the
test program, These 8 non-waste containing bins will be amwplaced and hooked
up in the WIFP in an early time frame, prior to first waste receipt. They
will also be used to initilate, checkout, and debug the test program, i.e.,
instrumentation, gas sampling, routine operations, eto.,, before test bins
with actual 1RU wastes are enplaced. The elght baseline-reference bins will
be kept 1in test operation, with periodic gas sawpling, during the entire
course of this test program.

Phase 2 tests will incorporate another 68 waste-containing bins, with
more moisture conditions, with gas getter materials, and with the supercom-
pacted high-organic and low-organic wastes. Inltiation of wuch of Phase 2 is
dependent. on supporting laboratory data, [Brush, 1989), par"ﬁicm:].anrly as to
the composition of gas getters or other backfill materlal components; 1t ls
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also dependent on the avallubility of supercompacted wastes, Phase 2 tests
are not anticipated to start sooner than about early FY 91.

‘ Phase 1 and 2 of the WIPP bin-scale CH TRU test program incorporate an
antlolpated total of 124 test bins, including about 608 drum-volume ecuiva-
lents of actual CH TRU wastes., Of these 124 test bins, 28 are baslcally dedi-
cated to acquiring gas production data applicable to the short-term, opera-
tional phase of the WIPP repository amd 88 are applicable to the longer~term,
post-operational phase, A complete summary of all Phase 1 and 2 test bins,
added components, and other speclfics, are listed in Table 8.3.

A Phase 3 of the test program is also defined but cannot be described or
quantlfied in detall at this time. Phase 3 test bins are required to accbmmo-
date all potential test contingencies., They will include any other processed
waste forms, backfill materials, and/or getter materials that may be defined
and developed in the future. If any englneered modifications or fixes (to the
wastes and/or the backfill materials) to reduce gas production are similarly
defined in the future, they will also be tested for efficacy with actual TRU
wastes in this program.  Future needs for additional test bins and drum-vol-
umes of actual CH TRU wastes will be based on: wupcoming developments, prelim-
inary test results, perceived data needs, and/or possible WIPP project deci-
sions, Details of Phase 3 tests will be Incorporated into future, separate
addenda to this Test Plan.

It must be clearly recognized, however, that there may be some potential
overlap between initilation of the varlous phases of this test program. Indi-
vidual waste types of interest, e.g. inoinerated wastes, grouted wastes, high
~activity wastes, etc., (originally planned for Phase 3 testing) may be added
to the test program as soon as they are certified for trangportation and also
meet the WIPP waste acceptance criteria. A fundamental objective of this test
program is to generate statistically reliable data and results from inherent-
ly nonhomogeneous wastes. Therefore, the numbers of test bins specified in
thig Test Plan are probably minimum values. Again, all future changes to the
details contained in this Test Plan will be documented in separate addenda.

Detailed test planning for the bin-scale tests continued through late
1989, followed by procurement actlons. Site preparation, including any neces-
sary test preparation and installation also began during 1989 and will contin-
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ue for about one year.  Plrst data acquisition for these tests is aﬁtioipated
to start during FY90, ‘ ‘

Further descoriptions and technical details of these WIPP bin-scale CH TRU
" waste tests will be provided in the following Sections of this Test Plan.
Other information, including engineering designs, work packages, and details
that may be updated frequently, even after the test program has started, will
be described or included in the Appendices to this Test Plan, Section 18. Up-
datable segments of the Appendices will be included with the SNL QA records
documentation for this WIPP test program, not bound together with the main
body of the Test Plan.
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7.0 PHYSICAL PLAN OF TEST ROOM

All in =itu test activities for these bin-scale CH TRU waste tesfs, Phase
1 and Phase 2, will take place in Room 1 of Panel 1 of the WIPP waste storage
area. This room has as-mined dimensions of 4.0 m=high by 10 m-wide by 91.4
m-long (13 ft x H 33 ft x 300 ft). The location of Room L of Fanel 1 is illus-
trated in Figure 7-1.  This test room will contain all Phase 1 and Phase %
test bins, auxiliary hardware, and the supporting data acguisition and con-
trol instrumentation shed (DAS). Approximately 120 test bins can be stacked
‘and tested in Room 1. | ‘

Phase 3 of this test program, when initiated, will require additional
space for additional test bins. This required additional space necessitates
that all of Room 2 Panel 1 also be allocated for the Phase 3 tests. This
Room 2 location, also illustrated in Figure 7-1, will permit necessary instru-
mentation cabling from the Phase 3 bins to the DAS shed in Room 1 to be kept
to an absolute minimum length. Instrumentation requirements for individual
Phase 3 bins are expected to be the same as those for Phase 1 and 2 bins.
Should individual Phase 3 bins become available early in the test program,
they will simply be added to, or intermingled with the ongoing tests in Room
1 of Panel 1, ‘

The test bins, to be described in Section 9.1, will be located about 3 to
4 ft from the salt ribs, on approximate 8-foot centers and stacked two levels
high, in specially designed support fixtures or stands (refer to Section
9.2). A major feature of this bin stacking arrangement is that it will allow
easy forklift access to individual bins, down the wide center access path,
should it become necessary to retrieve individual bins during the course of
the test. This general layout of the bins and the instrument shed is illus-
trated in Figure 7-2.

Other bin stacking arrangements have been suggested, such as stacking two
rows of bins down the center of the test room(s). This arrangement was pro-
posed in order to avoid all degree of floor fracturing known to occur near
the room ribs as a function of time. The center arrangement, however, limits
access to the bins to two relatively narrow paths adjacent to the room ribs.
A radiological and safety assessment evaluation is currently being conducted
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to determine the relative safety merits of both proposed bin layouts. The
final © (optimized) stacking layout will be determined on the basis of the
safety evaluations. Until such safety assessments are completed, the bin
layout, and illustrations thereof in this Test Plan will not be altered.

The DAS instrumentation shed, 13.5 ft-wide by 31.7 ft-long, will be locat-
ed in the southwestern corner of Room 1.  The shed will be aligned along the
long-axis of the room, standing about 3 to 4 ft away from the west rib, and
about 10 ft north of the bottom end of the room. In this locat.ion, the shed
will be out of the main travel path for forklift (or other) vehicles carrying
waste bins into the test room. Installation of the shed requires a level,
conpacted salt foundation pad, and an adequate source of eiectric power.
Purposes and contents of the DAS shed will be described in Section‘ 12.2.1.

Rooms 1 and 2 of Panel 1 have already been mined. Room preparation‘and
outfitting requirements, to be provided by WID, follow:

1. Adequate test room ventilation. This consists of standard mine ventila-
tion flow-through air and exhaust air ducts to collect and channel gases
released from the test bins to the mine exhaust system. The exhaust air
ducts must have appropriate connections to the test bins; -a WID EWP will
be required for this ductwork system.

2. Radiological safety and control. There will be continuous air, particu~
late radiocactivity, monitors (CAM)‘, for personnel safety; refer to Sec-
tion 16.2. The room is located within the WIPP Radioactive Materials
Area, RMA. There will be administrative controls as far as personnel
access and monitoring procedures, based on current WIPP standard operat-

I

ing procedures. Again, refer to Section 16.2.

3. Adequate test room lighting and electrical support. Installed lighting
must provide adequate illumination to the test rooms; all fixtures must
be spark and explosion proof for safety. Electrical support includes pro-
viding power outlets throughout the test area. A WIPP system grounding
bus must also be provided for safety purposes. All test bins will be
electrically grounded by attachment to this grounding bus, with the use
of grounding clamps or other devices.

- 43 -~



4.

Rock-bolting. The roof, or back, of this test rtom area has already been

rock bolted for stability and safety during the WIPP pilot-phase period.

Floor and rib preparation. The floor of the test rooms shall be adequate~
ly firm and level, to allow transport of machinery (e.g., forklift

 trucks) and the stable emplacement of bin stands, bins, and the DAS ins-

trumentation shed. No other special floor preparations are required.

‘Since all emplaced bins and the DAS shed are located about 3 to 4 ft.

from the salt ribs, no special rib requirements are needed. The current
condition of the ribs in Room 1 and Room 2, Panel 1, is satisrfactory.
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8.0 CH TRU WASTES .

8.1 TYPES AND QUANTITIES OF TEST CH TRU WASTES

The CH TRU wastes tested in this bin-scale program must be representative
of the major fraction of CH TRU wastes to be isolated eventﬁally‘ at the WIPP .
facility during normal operating procedures, i.e., those expected after the
initial 5-year test phase pericd [US DOE, 1989a)], regardless of the sources
of these wastes. Actual CH TRU test wastes to be émplaced must, on an over-
all basis, include:

1. A represéntative quantity and mixture (distribution) of waste types/clas-

'~ sifications, as produced at U.S. DOE waste generating facilities. Refer
to Tables 8.1 and 8.2. Statistical evaluations of both waste characteris-
tics and gas-—generation and brine-leachate behavior must be adequate to
support the estimation of the (assumed similar) behavior of all signifi-
cant waste streams from the DOE waste generating facilities.

2. A representative blend of transuranic and hazardous waste types, includ-
ing both hazardous-mixed and non-mixed TRU wastes as defined by EPA RCRA
regulations. Specifically selected, nonhazardous "innocuous" mixtures of
wastes are not allowable; the scientific credibility of this test pro-
gram must be maintained. | |

3. Representative waste Curie loadings.

Descriptions or specifications on CH TRU waste types, their pretest and
posttest characterizations in regard to radionuclide content and hazardous
waste regulations, applicable caveats, relationship to transportation require-
ments, etc., are more fully addressed below and in Section 8.2.

The CH TRU waste types to be emplaced and tested at WIPP, in Phases 1 and
2 of this program, will include:

1. HONG, high-organic/newly generated wastes, both standard and supercompact-
ed.
2. HOOW, high-organic/old wastes, standard noncompacted.

- 45 =



3. IONG, 1c:w-—ox§_;anic/newly generated wastes, both standard and supercompact-
ed. | | | |
4. P8, inorganic process sludge wastes, usually dewatered and cemented.

The wastes include both standard, noncompacted wastes (from several waste
generators) and supercompacted wastes, as will be produced at the Rocky Flats
Plant, RFP. ‘Superccmpacvted TRU wastes include both "soft" high-organic
wastes and "hard" low-organic wastes, primarily glasses and metals, For pur-
poses of this test program, 'mewly generated" is defined to include wastes
generated and packaged within 2 years of their shipment to the WIPP. The maj-
ority of such newly generated wastes are expected to originate at RFP. '"Old
wastes" are defined to be those generated 5 years or more before shipmert to
WIPP, and are retrievably stored. The majority of such old wastes are e)qp;*ctw
ed to originate, or be stored, at the Idaho National Engineering Laboiatory,
INEL. = "New" and "old" wastes are specifically defined and separatid in this
test program for the express purpose of evaluating radiolytic degradition and
gas production differences among the organic-matrix wastes. Other technical
caveats on these age specifications are described in Section 8.2.1. Other ap-
propriate details, differences, and availabilities of 'mewly-generated and
old wastes" are described in Section 8.2. ' |

All TRU wastes shipped to the WIPP must meet the criteria and limitations
specified in the WIPP Waste Acceptance Criteria (document) [US DOE, 1989c].
At the conclusion of the test phase, test wastes must also be brought into
compliance with the WIPP Waste Acceptance Criteria, as required. Also, all
test wastes (bins) must be transportable within, and be included in, the ex-
isting and planned TRUPACT-II certification limits, as licensed by the Nuc-
lear Regulatory Commission. The TRUPACT-II shipping cask imposes “certain
limitations on the types of TRU wastes; only TRU waste content codes (cate-
gories) described in the TRUPACT-II Content Codes (TRUCON) document, [US DOE,
198%b] are shippable at present. The broad C(H TRU waste types specified
above, HONG, HOOW, IONG, and PS wastes, require some cross-categorization
with the TRUCON ccdes. Table 8.1 gives the desired tvpes of wastes to be
included in this test in terms of TRUCON waste types and codes [US DOE,
1989b]. Mixed PS/HONG wastes described in Section 8.2, will be included as
Type III, category 127 mixed wastes [Drez, 1989]. All wastes to be loaded
into an individual test bin, and replicates of that test bin, must be of
essentially the same waste type -- have the same TRUCON category number.



Iable 8.1

WIPP CH TRU Test Wastes: TRUCON Codes ‘Crosea—listi ng._

WIPP Test | TRUCON Designation:
Type | Waste Type ~_Content Codes (description)
_HONG III (solidified 116A (combustible wastes)
drganic:s, 1197 (fllters: mostly organic)’
newly 121A (organic solid waste)
generated) 123A (leaded rubber; gloves)

125A (combustible & noncombus. )
126A (cemented ory. process solids)
127A (organic/mixed wastes)

_HOOW _ IIT (solidified 216A (combustible wastes)
organics, 219A (filters; mostly organic)
retrievably 221A (organic solid waste)
stored) 223A (leaded rubber; gloves)

2257 (combustible & noncombus. )
226A (cemented ory. process solids)
2277 (organic/mixed wastes)

LONG 1I (solid 115A [215A] (graphite waste; equipment)
inorganics, 117A [217A) (metal waste)
newly gen. 118A [218A) (glass waste)
& [old]) 122A [222A] (inorganic solid waste)
124A [224A] (pyrochemical salt waste)

PS I (solidified 111A [211A] (cemented/dewatered sludges)
aqueous or 114A [214A] (cement.inorg. particulates)
homogeneous ‘

inorganic, new and [old])

- A7 -



Most existing TRUCON content codes will be included in this bin-scale
test program. TRUCON waste content codes not listed in Table 8.1 are current-
ly excluded because they (a) are of a low percentage compared to other waste
types, (b) are expected (based on previous laboratory test [Molecke, 1979]
results) to have a minimal gas-generation potential, in both the short- and
long-term, or (c) are not presently shippable. The small percentage waste
types, therefore, need not be tested in an in situ test at this time; labora-
tory testing appears more appropriate.

Other representative waste types do exist or may be proposed, e.g., high-
activity wastes (primarily from the Savannah River Site), organic sludges,
speclally processed -- as developed by the waste generators or proposed by
others, waste types not currently shippable, waste types requiring further
hazardous~waste (RCRA) characterizations, etc. ‘If, however, any of these or
other waste forms become significant, transportable, and viable for future
waste lsolation at the WIPP, they will be added and tested in Phase 3 of this
test program on an "as available" basis, as mentioned earlier.

Based on a preliminary analysis [Batchelder, 1989] of wastes existing at
both iFP and INEL, and extrapolated to exist through the year 2013, a percent-
age distribution of waste types was calculated and is listed in Table 8.2.
Percentages are based on drum-volume (55 gallon) equivalents.

Table 8.2 Availlable CH TRU Waste Type Distributions

o\

High~Organic, Newly Generated 32.6
High-Organic, 0ld Waste 12.7
(High-Organic, Total = 45.3

o

o
—

Low-Organic Wastes (New + 0l1d) 39.2
Process Sluddes (New + 01d4) 15.5

oe

o0

ov

TOTAL = 100.0

All of the CH TRU wastes to be tested will be either "as-received" or
"speclally prepared."” The "as-received" wastes consist of several types of



either newly generated (unpackaged) or repackaged wastes that are amplaced
into the test bing in unbreached plastic bags, with no added brine nor other
added components; no intentlonal punctures in the plastic bags will be allow-
ed. 'They will be conducted with an initlal, internal alr (aerobic) environ-
ment, with the exceptlon of "as-received" HOOW bins that have an argon atmo-
gphere (inside the bhin, but outside the individual waste bags). For the most
part, these bins are intended to provide gas release data appllicable solely
to the short-term, operational phase of the WIPP repository, in comparison to
most of the other test bins, initially made anaerobic, that will provide gas
production data specific to the post-operational phase. These "as received"
test bins are directly parallel to similar WIPP alcove tests [Molecke, 1989a]
also with "as-received" wastes, in test alcove TA2. The "as-recelved" test
bins are listed and summarized in Table 8.3. ‘

The "speclally prepared" wastes are, for the most part, representative of
the longer-term, post-operational phase conditions of the WIPP repository,
when waste containers have beccme breached (corroded or crushed bpen), and
mixed/layered with surrounding salt, backfill and other materials, remains of
corraded container materials, and also moistened with intruding brines. All
of the "speclally prepared" wastes are repackaged into WIPP test bins (Sec-
tion 9.0). In order to be representative of these expected, longer-term con-
ditions, waste "preparation" includes: (a) pre-breaching (multiply punctur-
ing and/or slicing) internal, individual waste packaging bags for most waste
types; (b) adding backfill and getter materials; (c) adding metal corrod-
ants approximately equal in surface area to the drums originally containing
the wastes, instead of the original drums; (d) injecting different types and
amount of brine; and, (e) appropriately preparing the initial, bin internal
gas atmosphere. All these "preparation'" details are described in Section
8.3, materials to be added will be described in detail in Sectlon 10, and in-
ternal bin atmosphere modifications are described in Section 11.1. The "spec-
ially prepared" test bins are also listed and sumarized in Table 8.3.

As stated earlier, the scope and scale of this bin-scale test program
must be adequately large to collect the types and quantities of data needed
for the WIPP PA program calculations and evaluations. Data needs must be
tempered somewhat in that all combinations of waste types, backfill mater-
ials, getter materials, brine types and quantities, and gas atmospheres can-

not be realistically tested in situ. There are limitations on test needs
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Table 8.3a Summary of WIPP Test. Bin Specifications

Waste Brine  Brine Backfill, Getter, Initial
Bind4 Iype. .Iype  Volume Other Materials . Atnosphere

Phase 1t ‘

TTBOUL ERpty " NGHE == NGha ALF
TBO02 Empty None - None |Pressure Alr
TBOO3  Empty None - None |Baseline- | Argon
TBOO4 . Enpty  None —— None_ |Reference | Argon .
TBOO5 Empty None — None Alr

- TBOO6 FEmpty None —— None |Gas Alr
TBOO7  Empty None e None |Baseline- | Argon
TBOO8  Empty  Nonhe — None |Referi 1ce | Argon
TBOOY — HONG  DEY == NoRe —Toperat il =] AiT
TBO10 - HONG Dry e None |Phase Alr
TBO1l HONG  Dry - None |Refererice-| Argon
TB012 _HONG Dry — None _|Case Ardon
TBO13  HONG, As-Recelved -~ None |Short- Air
TBO14 HONG, As~Recelved =-- None |Term Alr
TBO15 HONG, As-Recelved -~ None |Reference-| Air
TBO16  HONG, As-Received -- ' None |Case Alr
TBO17 IONG, As-Recelved -~ None |[Short-Term| Air
TBO18 __IONG, As-Recelved - None |Reference | Alr
TBO19  LONG Dry -— None [Operatnl.-| Argon
TBO20  LONG Dry - None [Phase Argon
TB021  LONG Dry —— None (Reference-| Argon
TBO22 __1ONG Dry - None_|Case Arcon
TB023 PS, As-Received -- None |Short-Term| Air
TB024 __PS, _As-Received -- None |Reference | Air
TB025 PS Dry - None |Operatnl.-| Air
TB026  PS Dry - None |Phase Alr
TBO27 PS Dry L - None |Reference-| Alr
TB028 PS Dry - None [Cage Air
‘I'B029 . HONG Dry - Salt Argon
TBO30  HONG Dry - Salt Argon
TBO31  HONG Salado 12 L Salt Argon
TB032  HONG Salado 12 L Salt Argon
TBO33  HONG Salado 120 L * Salt ‘ Argon
TB034  HONG Salade 120 L * Salt Argon
TBO35  HONG '‘Castile 120 L * Salt Argon
TBO36  HONG Castile 120 L * Salt Argon
TB037  HONG Dry - Salt/Bentonite Argon
TBO38  HONG Dry - Salt/Bentonite Argon

TBO39  HONG Salado 12 L Salt/Bentonite Argon
TBO40  HONG Salado 12 L  Ssalt/Bentonite Argon
TBO41  HONG Salado 120 L * Salt/Bentonite Argon
TB0O42  HONG Salado 120 L * Salt/Bentonite Argon

TB043  HONG Castile 120 L * Salt/Bentonite Argon
TBO44 _ HONG Castile 120 L *_ Salt/Bentonite Argon
TB0O45  LONG Dry - Salt/Bentonite Argon
TB046  IONG Dry — Salt/Bentonite Argon
TBO47  LONG Salado 12 L Salt/Bentonite Argon

TB048  IONG Salado 12 L Salt/Bentonite Argon

TB049  LONG Salado 120 L * Salt/Bentonite Argon

TBO"O __LONG Salado 120 L * Salt/Bentonite Argon
(continued) [* = leachant sampling]
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Table 8.3h Summary of WIFP Test Bin Specifications (continued)

Waste Brine Brrine Backfill, Cetter, Initlal
Bind Type. _Tvpe = Volume Other Materlals = Atmosphere
Phase 1 (continued):
TBOSL P8 Dry e dalt/Bentonite Alr
THOS2  PS Dry e Salt/Bentonite Alr
TBOS3 P8 Salado 40 I,  8alt/Bentonite Alr
TBOS4  PS Salado 40 L galt/Bentonite Alr
TBO55  PS Castile 40 L Salt/Bentonite Alr
TBOS6 ___PY Cagtile 40 L __Salt/Bentonite Alr .
: Phase 2t ‘
TBOS7 — HOOW, AS-RBCEived == Nohg | SRort= ATGOR
TBO58  HOOW, As-Recelved =~ Norne |Term Argon
TBO59  HOOW, As-Received =- None |Refarence-| Arcon
TBOGO .. HOOW, As-Received -- None _|[Case Arcion
TBO6L  HOOW Dry —— None |Operatnl.-| Argon
TBOG2  HOOW Dry - Nore |Phase Argon
TBO63  HOOW ' Dry —— None |Reference-| Argon
THO64 . HOOW _ Dry v None. __|Case Argon
TBO65  HOOW Dry - salt/Bentonite Argon
TBO66  HOOW Dry —— Salt/Bentonite Argon
TBOG7 = HOOW Salado. 12 L Salt/Bentonite Argon
TBO68  HOOW Salado 12 L, . salt/Bentonite " Argon
TBO69  HOOW Salade 120 L * Salt/Bentonite Argon
TBO70  HOOW Salado 120 L % galt/Bentonite Argon
TBO71  HOOW Castile 120 L *# Salt/Bentonite Argon
TBO72 . HOOW _ Castile 120 L * Salt/Bentonite Ardon
TBO73  HONG Dry - Salt/Bent/Getter Argon
TB074  HONG Dry —— Salt/Bent/Getter  Argon
TBO7%5  HONG Salado 12 L Salt/Bent/CGetter  Argon
TBO76  HONG Salado 12 1, Ssalt/Bent/Getter  Argon
TB0O77  HONG Salado 120 L * Salt/Bent/Getter Argon
TRO78  HONG Salado 120 L. *# Salt/Bent/Getter Argon
TBO79  HONG Castile 120 L * Salt/Bent/Getter Argon
TBO80 __HONG Castile 120 L * Salt/Bent/Getter Ardgon
TBO81  HOOW Dry — Salt/Bent/Cetter Argon
TB082  HOOW Dry - Salt/Bent/Cetter Argon
TBO83 HOOW  Salado 12 .  Salt/Bent/Getter Aryon
TBO84  HOOW Salado 12 L Salt/Bent/CGetter  Argon
TBO85  HOOW Salado 120 L * Salt/Bent/Getter Argon
TBO86  HOOW Salado 120 L, * Salt/Bent/Getter Argon
TBO87  HOOW Castile 120 L * Salt/Bent/Getter Argon
TBO88 HOOW _ Castile 120 L * Salt/Bent/Getter _Argon
TBO89  PS Dry - Salt/Bent/Getter Air
TB090  PS Dry - Salt/Bent/Gef:ter Air
TBO91 PS Salado 8 L salt/Bent/Getter Air
TB092 PS Salado 8 L Salt/Bent/Getter Air
TB093 PS Castlile 8 L Salt/Bent/Getter Air
TB094 __PS Castile 8 L salt/Bent/Cetter  Air
(continued) [* = leachant sampling)



Table 8.3c Summary of WIFP Test: Bin speoifications (continued)

Bin. ¢

Brine
Tvpe

Waste
Type_

Brine

packfill, Getter,
Volune oOther Materials = Atmosphere

Phase 2 (contlnued):

Initial

sty

“THOYE T HONG=SC DLy - galt/santonite Argon——
TB096  HONG-EC Dry e galt/Bentonite Argon (SC =
TBO97  HONG-SC Salado 8 L. Salt/Bentonite Argon Super
TB0O98  HONG-SC Salado | 8L dalt/Bentonite Argon Compacted
TBO99  HONG-SC Salado 40 .. Salt/Bentonite Argon Wastes)
TB100  HONG~SC Salado 40 L salt/Bentonite Argon ‘
TBL0L  HONG-8C Castile 40 L salt/Bentonite Argon
TB102 __ HONG~SC Castile 40 L salt/Bentonite Argon
TH103  HONG-SC Dry - Salt/Bent/Getter Argon
TBL04  HONG-SC Dry - Salt/Bent/Cetter Argon (SC =
TBL0O5  HONG~SC Salado 8 L Salt/Bent/Getter Argon Super
TR106  HONG-SC Salado 8 L Salt/Bent/Gatter Argon Compacted
TB107  HONG-SC Salado 40 L Salt/Bent/Getter Argon Wastes)
THE108  HONG~SC Salado 40 L salt/Bent/Getter  Argon
TB109  HONG-SC Castile 40 L.  Salt/Bent/Getter Argon
TB110  HONG-SC Castile 40 L salt/Bent/Getter  Arvon
T™B111 LONG-SC Dry - Salt/Bentonite Argon
TB112  LONG-SC Dry — Salt/Bentonite Argon
TB113  LONG-SC Salado 8 L Salt/Bentonite Argon
TB114  LONG-SC Salado 8 L salt/Bentonite Argon
TB115  LONG-SC Salado 40 L Salt/Bentonite Argon
TB1l6 _ LONG-SC Salado 40 1, Salt/Bentonite Argon
TB117  PS/KTNG Dry - Salt/Bentonite Argon
TB118  PS/HONG Dry e salt/Bentonite Arcon
TB119 PS/HONG Salado 10 L galt/Bentonite Aryon
TB120 PS/JHONG Saladoe 10 L Salt/Bentonite Arcjon
TB121 PS/HONG Salado 10460 L* Salt/Bentonite Argon
TB122  PS/HONG Salado 10+60 L* Salt/Bentonite Argon
TB123  PS/HONG Castile 1060 L#* Salt/Bentonite Argon
TB124 __ PS/HONG Castile 10+60 L* Salt/Bentonite Argon

[* = leachate sampling)
Phage 3 (To Be Defined):
TBIZS  ceveess PN
TB126 cavisea veres e
Alternate Wastes Other Backfill Materials, TBD
Processed Wastes Other Getter Materials, TBD
Other Wastes, TBD Engineered Modifications, TBD
Additional Wastes for Statistical Purposes, Etc.
TB?77? Creasaa e
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versug realitles of limits on manpower, fundlng, operations, etc. There is
also the desire to limlt the quantities of CH TRU wastes to be emplaced and
tested Iin this program to a reasonable minimum, consistent with the statistic-
al rellabllity of the test results, Only those wastes required to provide an
adequate data base on gas generation and brine-leachate radiochemistry will
ba used. Test wastes types selected do not identically match the (expected
repository loading) percentages shown in Table 8.2; waste types and test con-
ditions have been chosen to evaluate the situations where the most gases are
expected to be generated, based on past test experience (Section 6.1). ‘'The
selected overall, limited test matrix of waste types, materlals, brines, and
other conditlons is presented in Figures 8-1, 8-2, 8-3, and 8-4, for HONG,
IONG, HOOW, and P8 waste types, respectively, and sumarized in Table 8.3.
The bin number-designations in Table 8.3 are for reference only; it is rot
implied that the bins must be emplaced in this specific order,

Blank columns and rows are retalned in the matrices in Figures 8-1, 8-2,
8-3, and 8-4 to illustrate some of the limitations/deletions as described
below, conducted to minimize the total number of required test bins.

1. In almost all cases, it has been assumed that duplicate, rather than trip-
licate or quadruplicate, testing under each speclfic set of conditions will
be adequate. Therefore, the numbers of test bins specified in this Test Plan
are probably minimum values., As stated previously, 1f any test additions or
changes are proposed in the future, cain, they will be both justified and doc-
umented in separate Test Plan addend: . ‘

2. All entries in the "moist Castile" rows were eliminated because the "sat-
urated Castile" conditlon 1s considered much more likely in the event of po-
tential human intrusion of the repository. Differences in gas generation due
to brine moistness and brine "saturation" will be obtained with the Salado
brine cornditions.

3. All brine moistness conditions were eliminated in the "none" backfill col-
umn. ' In the short-term, operational phase of the repository, before waste
containers become breached, the waste materials will remain essentially dry
and not in contact with any backfill or salt materials.

4. There are both "salt" and "salt/bentonite" backflll columns, so that dif-
ferences in gas generation caused by the bentonite component can be readily
distinguished. With the exception of the HONG waste test matrix, However,
all entries in the "salt" backfill column have been deleted, to minimize the
number of bins, '

5. Most "molst brine" condition columns were eliminated for the PS waste
test matrix. PS wastes can contain 50% or more of sorbed (not free) water,
Addition of relatively small amounts of brine can increase the total moisture
content to essentially "saturated" conditions.

Thig bin-scale test program is planned to take place in three phases.
Phase 1 tests can be initlated in FY 90 and will incorporate test bins where
all components can be presently defined. Approximately 48 waste-filled bins
of different waste compositions and backfills, including replicates, will be
included in Phase 1. There will also be 8 other, empty Phase 1 test bins
used for both pressure and gas baseline~reference purposes.
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. WIPP CH TRU Waste Bin-Scale Test Matrix
High-Organic/Newly Generated (HONG) Argon Purged/Anaeroblo

' SuperC ted # -
First Phase Second Phase f P! omp"f *¢ Non-Purged/Aerobic
"' 4% | I 1 ,
g As-recalved 2 2 ] 2 2 ... Gxpected case,
2¢ | 2 (possible) ‘ shorl-term
(fong~term)
g u% ___ hotexpecied
= % 3 0 0 0 0 0 0 (test in lab only)
5 =0
&
-} :
% %.‘% 0 2 2 2 2 2 —= enpected
= 2w
2
2 3
O %o
2 E'g 0 , 2 2 2 2 2 —— probable
ad
E . possible,
g ,_;_ 0 2 2 ‘ 2 2 2 humAan Intrusion
= HONG
v O ‘ Bin Totals
None Salt Salt/Bent. Salt/Bent, Salt/Bent. Sait/Bent,
& Getter & Getter tst Phase 24
Operational | Longer-Term 2hd Phase 24
Phase Phase Backfills a8
MAM/SNL: 10/89

Figure 8~1 WIPP Bin-Scale HONG Test Waste Matrix
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Mocisture Condition

WIPP CH TRU Waste Bin-Scale Test Matrix

Dry

Moist

Saturated Saturated Moist

Castile

Castile

Salade

Salado

Low-Organic/Newly Generated (LONG)

‘Second  _ Super-

First Phase Phase r Compacted
2¢ - |
As-Recolved 2 0 2
4
0 0 0 0
0 2 0 2
(1) 2 0 2
0 0 0 o
None Salt/Bent. Salt/Bent. Salt/Bent.

& Getter

Backfills

Argon Purged/Anaerobic

*Non-Puiged/Aerobic

LONG -
Bin Totals

1stPhase 12
2ndPhase 6
‘ 18

MAM 'SNL: 10/89

Figure 8-2 WIPP Bin-Scale LONG Test Waste Matrix
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Moisture Condition

Sl

WIPP CH TRU Waste Bin-Scale Test Matrix
High-Organic/Old Waste (HOOW)

Second Phase Argon Purged/Anaerobic

. Molist

Saturated Saturated Moist

4 - (to minimize Impacts of repackaging
g‘ As-recelved 0o 2 2 on Internal atmosphere)
4 — Reference Case
2
7] 0 0 0 0
n
(&
o
o
K] 0 0 2 2
w
(7]
(]
'g 0 0 2 2
L] HOOW
e Bin Totals
18t Phase O
> o 0 2 2
» 2nd Phase 24
8 24
None Salt Salt/Bent, Salt/Bent.
& Getter
BaCkﬁ"S . MAM/SNL: 10/89

Figure 8-3 WIPP Bin-Scale HOOW Test Waste Matrix
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Moilsturs Condition

WIPP CH TRU Waste Bin-Scale Test Matrlx

Processed Sludge (PS) Waste is PS  40%/
,,,,,,,, — HONG 60%
First Phase __Second Phase (side-by-side)
> T
g As-recelved 0 2 2 2 ‘
4 ‘ 4 ___"Dry As Received"
Is MOIST
-2 Non-Purged
% @ 0 0 0 0 o | T/
20 delete, in favor
of saturated
° / cases
il
52 0 0 0 0 2
[}
=0
©
o
™o
§ E 0 0 2 2 2
o PS
o Bin Totals
-é é 0 0 2 2 2 18t Phase 12
2 70‘ 2nd Phase 14
= 9 18
»wo ‘ .26
None Salt Sait/Bent. Salt/Bent. Salt/Bent.
& Getter
Backfills MAM/SNL 10-89

Figure 8-4 WIPP Bin-Scale PS Waste Test Matrix
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Phase 2 tests will incorporate another 68 waste-filled bins, with more
molsture conditions, with gas getter materials, and with supercompacted high-
organic and low-organic wastes. It was assumed that older, stored TRU (HOOW)
wastes may require more repackaging and transportation concern than newly gen-
erated wastes. As such, all HOOW wastes are scheduled to be packaged, emplac-
ed, and tested at WIPP in Phase 2 of this test program. Initiation of much
of Phase 2 will be dependent on supporting laboratory schedules and data
[Brush, 1989], particularly as to the composition and quantities of gas get-
ters or other backfill material components and the availability of supercom-
- pacted wastes. Phase 2 tests would not be anticipated to start socner than
about early FY 91. .

The Phase 1 and 2 designations for each test bin are also illustrated in
Figures 8-1 through 8-4. The bin totals included in each phase are summariz-
-ed in Table 8.4 (revised). Thére are a total of 28 of the 124 test bins dedi-
catec to the operational-phase df the repository. These bins do not contain
any added brine or backfill materials. They are listed in in the first column
of Figures 8-1 through 8-4 and are sumarized in Table 8.3 (as "short~term
reference" or "operational-phase" tests). Conversely, there are a total of
88 of the 124 bins dedicated to the longer-term of the repository lifetime,
when brine, backfills, getter materials, and an anaercbic envirorment must be
assumed to be in contact with the TRU wastes.

Eight of the 124 test bins contain no TRU wastes, they are used to obtain
baseline-reference data, for background comparison to the waste-filled bins.
Four of these bins are for pressure baseline-reference purposes; two are fill-
ed with air, two are filled with argon gas, with all at an initial, positive
pressure of 0.25 psi differential (Sections 11.1.3, 12.1.2). The other four
of these bins are for gas baseline-reference purposes, to monitor any poten-
tial air/oxygen permeation or leakage into the bins or depletion of of any
gases, primarily oxygen, due to reaction with test hardware or simply leakage
- outtflow. Two of the gas baseline-reference bins are filled with air, two are
filled with argon gas, with all at 0.25 psi differential.

These 8 non-waste containing bins are to be emplaced and hooked up in the
WIPP in the Spring of 1990 (see Table 13.1) to start the performance of the
bin-scale test program, prior to first waste receipt at WIPP. They will also
be used to specifically initiate, checkout, and debug the test system, i.e.,
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Table 8.4 WIPP Bin-Scale CH TRU Waste Test Quantities

Phase 1 Phase 2

" HONG: High-Organic (Newly Generateq)
LONG:  Low-Organic (Newly Generated)
PS: Inorganic Process Sludges

HOOW: High-Organic (0ld Waste)
~Empty/Pressure-Reference
Empty/Gas~Reference Bins

Phase

Bins

Phase 1 g@‘z GRAND TOTAILS:

3 Tests:

24 24

12 6

12 14

24

0

56 + 68
(TBD)

= 124 BINS

?7 BINS

Table 8.5 WIPP Bin-Scale Test Required Drum~Volumes of Wastes

Phase 1 & 2 Drum-
Bin Totals Volunes
HONG: Noncompacted 32 216
HONG: Supercompacted 16 64
IONG: Noncompacted 12 72
LONG: Supercompacted 6 24
HOOW: 24 144
PS: 26 88 -
Empty/Pressure-Ref. : 4
Empty/Gas-Reference: 4
. TOTALS: 124 BINS 608 DRUMS
Phase 3 Tests: ?7 BINS (TBD)

Phase 3

_(TBD)
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instrumentation, gas sampling, routine operatichs, etc., before test bins
with actual TRU wastes are emplaced. | :

Table 8.5 lists the approximate total drum-volume equivalents of each cat-
egory of CH TRU wastes used in Phases 1 and 2 of this test. These numbers
are based on assuming about 6 drum-volumes of noncompacted (HONG, HOOW,: and
LONG) wastes per bin, and 4 drum-volumes of process sludge or supercompacted
wastes per bin. There are also about 3 HONG and 2 PS drum-volumes per bin
for each of the PS/HONG mixed bins listed in Figure 8-4. There is, therefore,
a grand total of about 608 drum-volumes of CH TRU wastes used in the first
two phases of this program. ' |

A Phase 3 of the test program is also defined but cannot be described or
quantified in detail at this time. Phase 3 test bins are defined and requir- .
ed to accommodate all potential test contingencies. 'They will include any
other alternate or processed waste forms, backfill materials, and/or getter
materials that may be defined and developed in the future. Some additional
bin testing may also be required if early experimental results indicate more
heterogeneous behavior, i.e., significantly large variations in gas results
between replicate bins, than is presently expected. As any engineered modifi-
cations or fixes to reduce gas production are similarly defined in the fu-
ture, they will also be tested for efficacy with actual TRU wastes in this
program phase. Future needs for additional test bins and drum-volimes of CH
TRU wastes will be based on: (a) upcoming developments, (b) preliminary test
results, (c) perceived data needs, and/or (d) possible WIPP project deci-
sions. It is expected that some flexibility will be maintained to add indi-
vidual Phase 3 bins to the existing test program as these bins become avail-
able. Details of Phase 3 tests will be incorporated into a future, separate
Test Plan addendum.

8.2 WASTE SPECIFICATIONS AND ASSUMPTTIONS

‘The CH TRU wastes to be tested in this bin-scale program will potentially
be obtained from several waste generator sources, predominantly the Rocky
Flats Plant and Idaho National Engineering laboratory, but possibly also orig-
inating from other sites. Most of these wastes are currently being generated
or are in temporary storage facilities at these and other DOE-operated genera-
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tor sites. These wastes can be shipped to the WIPP for test emplacement pend-
ing the availability of TRUPACT-II shipping casks., As such, the test wastes
mist be included within the existing (and planned) TRUPACT-II certification
limits, as licensed by the Nuclear Regqulatory Commission. Fortunately, this
appears to be the case [Drez,1989]. The initial TRUPACT-II certification will
allow the transport of approximately 80 to 90% of the CH TRU wastes existing
(and being generated) at both the RFP and INEL facilities [Warrant, 1989;
~ Drez, 1989]. Refer again to Table 8.1.

8.2.1 Waste and Waste Degradation Caveats

Several clarifications will also be made on the differences of various
degradation mechanisms on or between waste typés (HONG and HOOW wastes; IONG
and PS wastes). To the extent that they are described by current 'process
knowledge," HONG and HOOW waste types or matrices are essentially identical,
except for the age specifications described earlier. However, the impacts of
radiolytic degradation and consequent gas generation are expected to be sig-
nificantly greater for HONG wastes than those for HOOW. It is well known
[Zerwekh, 1979; Kosiewicz, 1981; Molecke, 1979] that radiolytic degradation
of organic TRU waste matrix materials decreases as a function of time. Assess-
ments of the degradation of HONG wastes (as evaluated by periodic gas samp-
ling and composition analyses, Section 11.2) are largely directed at obtain-
ing further data relevant to the operational-phase of the WIPP repository,
when radiolysis is still of significance. Degradation evaluations of HOOW
are more focused on the long-term, post-operational phase of the repository,
when it is assumed that radiolysis is of lesser impact and importance compar-
ed to microbial degradation. The initial WIPP inventory will, however, con-
tain an appreciable component of HOOW; refer to Table 8.2. Evaluations of
gas generation from HOOW, conducted with the long-term, expected anaerobic
environment of a repository, can concentrate more closely on microbial and
other modes of degradation during the course of this in situ test program. It
must be acknowledged that in the long-term, there is no anticipated differ-
ence between HONG and HOOW wastes, but both are used in this test program to
obtain necessary information for a complete database.

HOOW and HONG wastes probably have the highest initial concentration of
VOCs, compared to the other waste types, because of their sorptive properties
and associated uses in chemical processes used at 1.S. DOE waste generation
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facilities. A major objective of this test program is to quantify changes in
VOC concentrations in the bins as a function of time. The initial VoC concen-
trations could either increase due to further volatilization, or decrease due
to microbial degradation or metabolism processes. A further test objective,‘
to be met by posttest waste characterizations (refer to Section 14.1), is to
determine a reliable RCRA source-term for VOCs (remaining in' the wastes).
This posttest, residual VOC source-term will be used tor comparison with voc
estimates based solely on process knowledge.

Similar to HONG a.nd HOOW, there 1s no appreciable long-term difference be-
tween newly generated or "old" low-organic wastes or between newly generated
or "old" PS. However, it is assumed that the 6lder, stored TRU wastes will
be subject to more repackaging and transportation concerns than newly generat-
ed wastes. As such, there may be a longer delay regarding when these older
wastess could be received at the WIPP for testing. Therefore, only newly gen-
erated PS and low-organic (LONG) wastes have been initially requested or spec-
ified. However, if older PS and low-organic wastes are made available on an
acceptable schedule, they may be interchanged for newiy—generated PS and IONG
wastes. The less than 2-year, and more than 5-year age specification for
these waste categories is not critical. Therefore, the content codes for both
newly generated and retrievably stored [old] PS and IONG wastes are listed in
Table 8.1,

The study of degradation and gas generation of (all) inorganic PS wastes
is focused on the expected major mode of degradation, radioclysis of the con-
tained sorbed or chemically bound water. Radiolysis of PS wastes yields both
hydrogen and a significant amount or buildup of oxygen gas [Clements and
Kudera, 1985], unlike most other waste forms. With the sludges, radiolysis
could continue for a long period of time before the bound water would become
depleted. I_ongterm brine intrusion into the repository environment could,
conceivably, replenish the water necessary for radiolytic production of gas-
es. Inorganic PS wastes also contain an appreciable amount of sorbed nitrat-
es. These nitrates could be the nutrient source for microbial denitrifica-
tion reactions, yielding nitrogen gas -- if either the wastes themselves con-
tain significant (microbial) nutrients or the PS wastes are sufficiently
close to cellulosic matrix wastes, to allow interactions.
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Because of PS waste packéging constraints within the bing, described in
Section 8.2,2, no brine~leachate data will be obtained. Brines will still be
added to the PS wastes (Section 8.4), but they will not be sampled.

The major focus of interest for the degradation of low-organic/ILONG waste
is the anaerobic corrosion of steel (and other metals), with the potential
for releasing large quantities of hydrogen gas. The actual extent of corro-
- sion will be measured in an (initially set) anaercbic environment, while the
metals are simultaneously being impacted by radiolysis and, possibly, microbi-
al action. The radiolysis of any water present (or intruding, in the iong—
term) in the IONG wastes could potentially generate sufficient oxygen, rand
possibly some hydrogen peroxide, to change corrosion (reactions) to semi-oxic
modes, in which no hydrogen would be generated. Condudting such tests on act-
ual CH TRU LONG wastes could provide the necessary data required for the WIPP
PA progran predictive calculations. |

8.2.2 RFP Noncompacted Wastes

Rocky Flats Plant could potentially supply a significant proportion of
both newly generated and existing (to be repackaged) specially prepared, non-
compacted wastes [D’Amico, 1989). Based on preliminary waste acceptance sched-
ules at the WIPP, RFP [D’Amico, 1989] might be willing to specially prepare
an appreciable quantity (up to ~2000 drum-volumes) of such noncompacted
wastes, store such specially prepared wastes at RFP for a short time, and
then ship such wastes to the WIPP for test emplacement. The potential also
exists for RFP [D’Amico, 1989] to repackage and specially prepare HOOW wastes
that were originally generated at RFP and are currently stored at the INEL
facility. Facilities exist at RFP [D’Amico, 1989; Barthel, 1988] where nec-
essary repackaging activities could be accomplished. [Discussions to accomp-
lish this special preparation of HOOW at RFP have been initiated between the
participants; details are being finalized between DOE WFPO and RFP to forma-
lize this agreement. ] ‘

Inorganic PS produced at RFP cannot [D’Amico, 1989] be filled directly
into test bins because of already installed process~line sludge equipment and
associated hardware. PS wastes will be filled into polyethylene drum-liners,
without the metal 55-gallon drum. A plastic bag within the liner will total-
ly surround the sludge and be sealed shut; there may also be another plastic
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bag on the outside of the drum-liner. TFour of these sludge-filled drum-1in-
ers without lids will then emplaced into each test bin. The use of slightly
shorter polyethylene drum-liners, and/or of similar liners with reinforced
top rims for remote handling vstrength and safety, may be necessary for pur-
poses of the bin-scale test program [D‘Amico, 1989). If such special drum
liners are required, they will be provided by the WIPP project to RFP. Fur-
ther design detalls or purchase specifications for these special drum liners
will be provided by WID [Bali). A special spacer-form may be needed within
the test bin, to keep the four PS waste-filled liners from possibly sliding
around during bin transport. These spacer-forms will be provided by the WIPP
project to RFP; further design detalls or purchase specifications for these
will be provided by WID (Caviness].

Note: There is no readily apparent or acceptable means to puncture the poly-
ethylene drum liners before or during the sludge-filling operation at the gen-
erator facility: due to radiological—safety, particulate contamination con-
cerns, There is, similarly, no easy engineering procedure available to punc-
ture the 90 mil-thick polyethylene liners within the test bins after closure,
Any brines added to the top of the PS wastes in the bins will not, therefore,
be able to be sampled for leachate analyses.

Because of the potential for release of nitrogen gas resulting from the
microbial denitrification of PS wastes in proximity to cellulosic waste mater-
ials, there are 8 test bins listed in Table 8.3 which specifically contain a
mixture of both PS and HONG wastes. These mixed-waste drums are, essential-
ly, 2 drum-volumes of PS layered over 3 drum-volumes of HONG wastes. This
mixture (waste content code 127A or- 227A, Table 8.1), requires special waste
packaging procedures (Section 8.3.2). The pre-breached HONG wastes will be
emplaced in the bottom of the the bin. Then, the contents of 2 drums of PS
wastes, without packaging materials, will be manually emplaced over the top
of the HONG wastes. This layering of waste types permits test evaluation of
the potential microbial denitrification interactions of interest. Periodic
sampling of brine leachates can also be conducted. This special packaging of
mixed types of TRU wastes does not require modifications or other impacts to
~the bin design.. Preliminary details of this special, nixed-waste packaging
have been discussed with RFP [D’/Amico, 1989].
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8.2.3 RFP Supercompacted Wastes

Most high-organic ("soft!") amd low-organic ("hard,'" primarily metals and
glasses) newly generated wastes will be supercompacted at RFP starting in
1990 and continuing thereafter. These wastes could constitute a major frac-
tion of the TRU wastes to be shipped to the WIPP in the future. Because of
anticipated new waste production rates, RFP does not currently plan to super-
compact any "old wastes;" therefore, no requests for such wastes are made 1in
this Test Plan. |

'The advantage of including supercompacted wastes in this test program 1is
that the in situ degradation of supercompacted wastes may be quite similar to
that of regular (noncompacted) wastes that have been crushed/compacted in
situ by the expected long-term (salt creep) closure of fepoaitory rooms, How-
ever, it must be recognized that the supercompacted waste to long-term compac-
tion comparisbn is not perfect. While supercompaction may simulate the geo-
metric effects of long-term closure, it may not necessarily simulate the rela-
tion between compaction and brine saturation as a function of time, microbial
degradation by~product contamination as a function of time, long-term anaerob-
ic corrosion [lappin, l989a],‘etc. In addition, potential galvanic coupling
of compacted metals within the wastes in the presence of intruding brines, po-
tentially ylelding some hydrochloric gas generation, could also cause an in-
crease in the rate of generation of gas (hydrogen); this potential gas-gyener-
ation impact will be evaluated in this test program.

Impacts on gas generation caused by compaction are expected to be great-
est for radiolytic degradation/gas generation rates (over the short- to near-
term time pericd) and for microbial degradation over the short- to long-term
[Molecke, 1979]. Supercompaction of organic matrix TRU wastes should not sig-
nificantly impact the maximum rate of‘gas generation from radiolytic degrada-
tion, the G valua (the number of molecules of gas formed for each 100 eV of
irradiation input energy) of the waste materials will not be [Molecke, 198uLc]
altered. The rate of such radiolytic gas generation could, however, remain
almost constant for a long period of time for the supercompacted wastes., It
was observed [Koslewicz, 1981; Molecke, 1979) that the actual rate of radio-
lytic waste degradation gas production from non-supercompacted wastes decreas-
‘ed appreciably as a function of time., Supercompacted wastes could, however,
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generate a lapger ‘qtmntity of gas by radiolysls over a specified period of
years than similar volumes of non-supercompacted wastes. This radiolytically
generated gas volume must be put into proper perspective, however. Microbial
deqfadation of organic wastes, in competition with radiolysis, has the experi-
mentally measured potential [Molecke, 1979) to generate about two orders of
magnitude more gas than does radiolysis; refer to Table 5.1. Congequerces
of gas generation from all mechanisms acting on supercompacted (and other)
wastes, with possible positive or negative synerglsms, can be realistically
estimated or evaluated during the course of these tests and factored into the
WIPP PA calculations.

It is planned to test both types of the supercompacted wastes, i.e.,
"goft" HONG and "hard" IONG, at WIPP with each type in separate bins. Some
details on these wastes follow: RFP will be [D’Amico, 1980; Barthel, 1988]
generating approximately 600 (standard 55 gallon) drums of supercompacted
wastes per year, at a rate of 50 per month, including about 27 drums of.
"soft" wastes and 23 drums of '"hard" wastes. 'The anticipated volume ratio
for initial, noncompacted wastes processed is 3:1, soft:ihard, The net, over-
all compaction ratic is 4.66:1; for soft wastes it is about 6.8:1, for hard
wastes it is about 2.6:1. If it is assumed that there will be 4 (55 gallon)
drum-volumes of supercompacted waste contained within a test bin, this would
equate to about 10.4 (hard) to 18.6 (soft) equivalent drum-volumes of noncom-
pacted, preprocessed TRU wastes per bin.

The RFP accomplishes the supercompaction [Barthel, 1988] by in:Ltially re-
‘movin‘q wastes from 55-gallon drums, repackaging the wastes with some precom-
paction into 35-gallon drums, then supercompacting these drums. The 35-gallon
drums are punctured with 4 holes, 1/8 in.-diameter, before supercompaction,
to allow release of air during the supercompaction step. The resultant crush-
ed "pucks" are then repackaged into 55-gallon drums; there are planned to be
3 pucks of "soft" wastes per (final) 55-gallon drum, or 4 pucks of '"hard"

wastes. Other details are found elsewhere [Barthel, 19887].

The RFP cannot £411 supercampacted wastes directly into bins (D’Amico,
1989) because of already established handling and packaging procedures. The
supercompacted waste '"pucks" will be prepared and packaged into 55-gallon
drums; each 55-gallon drum has an intermal fiberboard (similar to shoe-box
cardooard) liner and a sealed plastic bag surrounding the supercompacted
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wastes. Four of these waste-filled drums will be emplaced into each test bing
ne druam 1id will be used on the 55-gallon drums. However, four standard 55-
gallon drums will not physically fit within a bin. 8pecial drums, slightly
shorter and without side ridges, will be provided to RFP by the WIPP project
for use in the bin-scale test program. PFurther detalls on these speclal
drums, l.e., specifications and purchasing information, will be provided by
Wb [Balil.

In addition, to al'iow added brine in the bin-scale tests to partially pen-
etrate through the top of the supercompacted waste “pucks,! additional holes
will be required on the top of the 35-gallon drum lids, Four, 1/2 in,-diam-
eter holes, arranged in a square pattern are needed. These special 35-gallon
drum-lids will aleo be provided by the WIPP project to RFP; further design
details or purchase specifications for these will be provided by WID. Because
of of the supercompacted waste packaging congtraints within the bins, the
same as those described for PS wastes, there will be no brine sampling and no
brine-leachate data will be obtained,

To prevent the fbur 55-gallon drums of supercompacted wastes from
posgibly sliding around during bin transport, a special spacer-form may be
needed within the test bin. These spacer-forms will be provided by the WIPP
project to RFP; further design deta.ls or purchase specifications for these
will be provided by WID [Caviness].

8.3 TEST WASTE SPECIAL PREPARATTIONS

The CH TRU wastes to be used in these bin-scale tests require some prelim-
inary analyses and packaging and preparations at the waste generator/preparer
facilities before they can be shipped and emplaced in the WIPP. Several as-
sumptions described below have been made in regard to waste preparation tech-
niques and details, based on discussions with RFP [D‘Amico, 1989].

8.3.1 Bin-Scale Pretest Waste Characterizations .

Detailed pretest waste characterizations of all wastes used in this pro-
gram are required to quantify radicactive species, hazardous waste constitu-
ents, and overall waste matrix components. "These characlerlzations are neces-
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sary to demonstrate both to what extent test wastes are representative of the
behavior of all CH TRU wastes and to provide information needed in test data
interpretations. Pretest characterizations will also specifically determine
to what extent the test wastes are '"representative" of, and/or bracket, the
RCRA constituent concentrations of the CH TRU wastes 1In storage at DOE waste
generator sites that are to be isolated at WIPP. Overall DOE programmatic
requirements for the characterization of WIPP experimental wastes are describ-
ed elsewhere [US DOE, 1989e]; the recuirements described in this section,
 while themselves not definitive, are interded to be more specific,

' The overall objectives of this test program (llsted in Section 4.2) speci-
fically include quantifying:

1. the compositions, concentrations, and rates of generatlon of gases pro-

~ duced by TRU waste degradat.ion,

2. the volatile organic compounds (VOCs) released with other gases generat-
ed, ‘

3. concentrations of radicactive species leached from the wastes by intrud-
ing brines, and ‘

4. the types ard amounts of hazardous toxic metals or organic components sim-
ilarly leached. |

To accomplish these objectives, there are to be several required pretest
characterization procedures conducted on all initial (uropened) containers of
wastes to be used in this test program including: (a) head-space gas sampling
and analyses, (b) quantification of the radioruclide content, and (c) real-
time radiography analysis. Similarly, there are also pretest waste character—
lzations required for all individual bags of wastes held within the initial
containers. These procedures include: (d) removal and welghing of each indi-
vidual bag of waste within the container, and (e) a visual, quantitative eval-
uation of the contents of each individual waste bag. These procedures are to
be conducted by the waste generators/preparers prior to specially preparing
and packaging the (characterized) wastes into the WIPP test bins, Fach pre-
characterization procedure is described below.

The VOCs present within the head-space of each starting container of TRU
waste to be emplaced into test bins must be quantified. This 1s to both en-
sure that such hazardous components are present and to provide a baseline con-
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centration value for subsequent bin gas analyses. The pretest VOC quantifica-
tion involves obtaining a head-space gas sample from each TRU (existing, pre-
packaged only) drum or SWB before the container is opened. Analyses of these
samples will be conducted at the generator site or, possibly, at the WIPP, in
the same manner, and for the same gases as described in Section 11.2. Such
pretest WIPP VOC analyses will be in addition to any other gas analyses that
may be conducted by the waste generator/shlpper sites for possible transpmrtaF
tion data requirements. ‘ | | ‘

The initial VOC content within irdividual WIPP test bins (after arrival
at WIPP) will also be analyzed as part of the test emplacement procedures, as
described in Section 8.4, step 3. These initial VOC gas samples will be an-
alyzed at the WIPP in the same manner, and for most of the same gases as all
other test gas samples to be cbtained; refer to Section 11.2. Refer also to
Section 14.1 for posttest VOC analyses, required to determine the (residual)
VOC source-term actually present in the wastes within each bin.

For pre- to posttest cdmparisons, there ‘rlxeeds to be an initial quantifica-
tion step for the the radionuclides (Pu, Am, U, and Th; possibly others) in
each initial container of waste included within each test bin. This informa-
tion will be used to help interpret the the composition and cquantity of meas-
ured (generated) gases within the bin resulting from radiclytic degradation.
Such quantification procedures will normally be conducted by the waste genera-
tor/preparer facilities for transportation recquirements, before the initial
containers of TRU wastes are packaged into the WIPP test bins. The radionuc-
lide content within the starting wastes can be obtained by either non-destruc-
tive assay or radiochemical techniques, to be chosen by the generating facil-
ity. The types of waste data requlred for transportation purposes include
total alpha activity curies; plutonium equivalent curies; radionuclide inven-
tory for specific nuclides including 239Pu, 241pn, 235U, and others;
total fissile mass; and, thermal wattage. Some of the procedures commonly
used to obtain these data include passive-active neutron assay and segmented
gamma scanning. Each technique has its inherent limitations or uncertain-
ties. After technique selection by the generator facility, estimated uncer-
tainties will be included in the statistical evaluation of waste properties
and behavior. There are no other bin-scale radionuclide characterization/
crantification data reguirements in addition to the transportation data re-
quirements. ‘
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A small sample of sludge (assumed homogenous throughout the drum) will be .
obtained (by the generator/preparer) from each starting drum of PS waste to
be used in this test program. This pretest sludge sample will be quantified.
radiochemically; it will also be quantified for toxic metals and VOCs. De- .
tails on sample size and analyses procedures remain to be finalized with and
by the generators. EPA énalysis procedures and protocols will be evaluated
for appropriateness for use with these sludges; EPA test protocols, or modi- |
flcatlons thereof, may then be instituted. Detalls will be included in the
Appendices, Section 18.8.3.1, when a’vailable. '

All test oontamers will also undergo real-tme radiography, RIR, to help
evaluate for free liquids,; metals, and other significant, discernible compon-
ents. ,

_ Both the RTR and radionuclide quantification ‘procedures are normally con-
ducted by the waste generator/preparer facilities for transportation require-
ments before the (initial containers of) TRU wastes are packaged or repackag-
ed for shipment to the WIPP. It must also be noted that while remote assays
will quantify the content of radionuclides,‘ understanding of the physical
form of these nuclides can only come from generator "process knowledge."

Data and interpretations of the transportation radionuclide and RIR analy- ‘
ses conducted by the waste generator/shippers are to be shared with the WIPP
project for purposes of bin-scale test data interpretations. Further discus-
sions between the WIPP project and the generator/ shipper sites are required
to formalize details of data sharing. Forthcoming details will be found in
the Appendices of this Test Plan, Section 18.8.3.1.

The following waste-intrusive, pretest characterization procedures are
specific to, and required for, bin-scale test wastes only. With the excep-
tion of PS wastes, these pmcedures will apply to all waste types, including
wastes to be supercompacted. After the precedihg pretest waste procedures
have been conducted, the initial waste containers will be opened and each bag
of waste within individually weighed. Each bag of waste (normally a clear
plastic bag [Drez, 1989]) will then be visually examined for a quantitative
evaluation of the contents of the bag. This examination can be videotaped
for later, more thorough evaluations. The purpose of the weighing and visual
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examination procedures is to obtain a quantitative estimate on the weight and
volume of specific items within in the waste bag, e.g., amounts of cellulo-
sics, rubber gloves, plastics, wood, steel, alumimmm, lead, other metals,
cjlasses, ceramics, etc. This information is needed to interpret the pfobable
source or compdnent‘ item responsible for the generation and compositions of
gasés “measured; it greatly enhances the information obtained. The gas data
does not have to be represented as coming from "waste classification ###,"
but from a more specific x¢ % of cellulosics, xx 5 plastic, etc. The measur-
ed gaé data base can thus be interpreted in a broader manner , possibly inter-.
polated to other waste classifications that are similar, but have different
percentages of the same basic components. '

- These waste-intrusive procedures are to be conducted by the waste genera- -
tors/prepareré prior to the other special preparation procedures (Section
8.3.2) such as bag-slashing or puncturing. The weighed and visuélly examined
(characterized) wastes can then be emplaced into the WIPP test bins, or into
containers tc be supercompacted and then used in this test program.

8.3.2 Test Bin Waste Filling

Most newly generated wastes can be packaged directly into the prepared
WIPP test bins at the generator site(s); previously packaged wastes (drum-
med) can be emptied into these bins, without the original drums. Packaging
of process sludges and supercampacted wastes has already been described. Two
options exist for filling the wastes within the bins; the wastes will either
be "as-received" or "speciaily prépared." Details on the "as~received" wastes
were described in Section 8.1. Figure 8—5 shows a schematic of a test bin
filled with "as-received" wastes. Details for the "specially prepared" CH
TRU wastes follow.

Pre-Breaching: CH TRU wastes, initially contained within plastic bags,
will be pre-breached (details below) then filled into the test bins. This
will be accomplished within an appropriate alpha-contamination facility at

the waste generator(s) site. One overall polyethylene or PVC bag within the
test bin will enclose éll the pre-breached wastes and other components (to be
described). This overall test system encapsulates all "specially prepared"
wastes and other interacting materials (with the exception of injected brine,
refer to Section 8.4), and permits limited mixing, gas generation, brine
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WIPP Test Bin, As-Received Bags of TRU Wastes

Overall Encapsulating Bag/
Polyethylene Liner

ag"

Steel Test Bin

Backfill/Getter
‘Materlals

;e‘.teel Wire
Screen Corrodant

MAM/SNL: 1/90
T4-8345-2

Figure 8-5 Schematic of WIPP Test Bin with "As-Received" Wastes
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leaching, eventual release/sampling, and analyses. It also essentially mini-

mizes the potential for release of particulates from the test bin.

"I'hé plastic-bag pre-breaching procedure can be accomplished while the

wastes are being packaged, or before, at the option of the generator. Two
separate types of waste pre-preaching will be required, bag puncturing and
bag slashing; the type of pre-breaching depends on the amount of brine to be

1'

~ injected into the test bins (Table 8.2).

Pre-breaching/bagq puncturing. Bag puncturing is the pre~breaching tech-
nigue required for wastes to be emplaced in bins that will have a large

amount (10% by volume) of brine injected. This pre-breaching step involv-
es, nominally, puncturing the bottom and side of each plastic bag of
waste material with a special "puncturing paddle." This "puncturing pad-
dle" is a hand-held device with a active surface of about 1 ££2 in
area, having multiple puncturing i:)oints (';nails," about 0.25 in.-long and
about 0.13 in.-diameter), in a 1 in. pattern. The bottom and side corner
of the bag of waste can be tapped or rolled over the surface of the "punc-

turing paddle" until the bag contains multiple small holes. These punctur-

ed waste bags will then be set into the test bin with the holes facing
(mostly) downward. The multiple purposes of pre-breaching/punc:tufing are
to provide pathways for injected brine to wet the wastes, leach radionuc-
lides and other chemical compbnents from the wastes (particularly those
sitting on the bottom of the bin, in direct contact with the standing lay-
er/level of brine), and provide access pathways for the entrance or exit
of gases and water vapor within the bin. The pre-breaching/bag slashing
technique (below) may, alternately, be used for bags of wastes that will
be located in the upper two-thirds (more than 1 ft. from the bottom) of
these test bins. NOTE: The puncturing paddles will be designed by WID
and will be provided to waste preparers by the WIPP project; refer to
the Appendices, Section 18.8.3.2. ‘

Pre-breaching/bag slashing. Bag slashirng is the pre-breaching technique

required for wastes to be emplaced in bins that will have either no in-
jected brines or a small amount (1% volume). This bag slashing procedure
consists bf 'slicing or slashing each plastic bag of waste material with a
sharp instrument. There are to be two slashes in each bag, at about 180°
to each other; each slash is to be a minimum of 2 in.-long. Bag slash-
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ing accomplishes most of the pre-breaching purposes described above, ex-
cept that it cannot provide an adequate pathway for brine léachinq. Slash~-
ing does, however, permit moisture transport by vapor pathways and pro-
vides an entrance path for small amounts of backfill material to contact
the wastes.

Pre-breaching of the waste bags is also desirable for waste transporta-
tion. Gas generation and collection from within the smallest waste bag in-
side of the overall waste container is not then the limiting factor in TRU-
PACT-II waste cask licensing considerations [Warrant, 1989].

The facilities for pre-breaching wastes and direct filling into WIPP test
bins currently exists at generator sites, specifically at RFP and INEL, possi-
bly at other waste generator sités. The use of such facilities for WIPP test
purposes has been discussed with DOE and staff personnel at both RFP and
INEL. Written agreements between DOE/WPO, DOE/RFP, DOE/Idaho, and Sandia on
waste preparation, bagging, bag-slicing or puncturing, repackaging, etc., re-
main to be completed and authorized by the DOE/WPO. |

For PS wastes contained within 90 mil-thick drum liners, however, no pre-
breaching is proposed; refer to Section 8.2.2 for technical reasons. The en-
capsulating plastic bag for PS wastes will be punctured durirng the brine in-
jection procedure, whether brine is injected or not! Refer to Section 8.4.

Figure 8-6 shows a schematic of a test bin filled with "specially-prepar-
ed" HONG  (noncompacted), IONG (noncompacted), or HOOW wastes. = Similarly,
Figure 8-7 shows a schematic of a test bin filled with "specially-prepared"
supercompacted HONG or LONG wastes, or PS wastes.

Specific, step-by-step details follow on waste "special preparation" and
filling to be performed at the waste generator/packaging facilities; neces-
sary assumptions‘ are incorporated. For "as-received" wastes, follow steps 1,
4 (without the pre-breaching), 6, and 7 (below) only. Supplemental details
on required components or materials are found in Sections 9 and 10.

1. Open and inspect the test bin. Unfold the layers of plastic for the bin
liner and let the liner top drape over the top edges of the bin. This
liner functions, essentially, as an overall contamination shield during
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WIPP Test Bin, Specially Prepared TRU Wastes
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Figure 8-6
Schematic of WIPP Test Bin with "Specially Prepared" Noncompacted Wastes
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filling operations. Insert the provided, inner fiberboard liner into the
bottom and sides of the test bin.

2. Add 0.5 ft3 of appropriate, prepackaged backfill ﬁ\aterials (described
in Sections 10.1.4) to the bottom of each bin, within the bag/liner. 'This
material should be spread or poured evenly over the bottom area of the
bin. If the waste material is either process sludge or supercompacted
waste, ‘perforn'\ this step after step (4).

3. Insert a special metal corrodant into the bottom of the bin, over the top
of the layer of backfill material. This corrodant consists of several
layers of a mild steel wire screen, provided by the WIPP, and is describ-
ed in Section 10.2.

4. Fill the bin with the appropriate amount, and specific type of pre-char-
acterized CH TRU wastes (refer to Section 8.3.1), as follows:

(é) approximately 6 drum-volume-equivalents of pre-breached, (with bag
puncturing or slashing, as appropriate) plastic-bagged HONG, LONG, or
HOOW. wastes, or |

(b) 4 upright drum-liners filled with process sludge (PS) wastes, or

(c) 4 special 55-gallon drums of supercompacted HONG or IONG wastes
(refer to Section 8.2), or

(d) approximately 3 drum-volume-equivalents of pre-breached, plastic-bag-
ged HONG wastes (with bag puncturing or slashing, as appropriate), topped
with 2 drum-volumes of manually emplaced, loose PS waste material (Sec-
tion 8.2.2), or -

(e) other types of waste, to be specified in Phase 3 of this program.

No solid bacterial inoculants need to be added to test wastes in order to
initiate microbial modes of waste degradation and gas generation; refer to
Section 10.4.

5. Add 2.5 ft3 of prepackaged packfill material over the top of the wastes
in each bin. For PS and supercompacted wastes, the backfill materials
will be poured both over the top of the (internal) waste containers and,
preddminantly, into the interstitial spaces between the waste containers.
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6. Insert the top fiberboard bin liner into the bin. Theh, fold~in the edges
~ of the outer plastic bin-liner over the test bin contents and tape shut.

7. Seal the test bin with its mating, bolt-on, gasketed 1id (to be provided
by the WIPP). -

8.3.3 .Test Bin Shipping

The following two steps are necessary to ship the waste-filled test bins
to the WIPP facility:

1. Check the outside of the test bins for surface contamination and decontam-
‘inate, as necessary, according to established practices as required by
both the waste generator or shippér for transportation, and as required
by the WIPP Waste Acceptance Criteria (WAC) [US DOE, 19890].

2. Insert the decontaminated, waste-filled test bins into standard TRU waste
boxes (SWB) at the generator site. Transport the SWB/test bin combina-
“tions to the WIPP facility in TRUPACT-II shipping containers.

The upper gas valves (with integrated, non-gas~sorbing, particulate filt-
‘ers; refer to Section 9.1) on the test bins are left in the open, gas-release
position during transportation. Gases released from the bin will then also
vent through the carbon-composite filters on the SWB. VOC gases released
from the bin will be sorbed on the SWB carbon-composite filters.

8.4 WIPP BIN-SCALE TEST EMPLACEMENT

Once the test bins are received at the WIPP facility, they will be remov-
ed from the SWB in the CH TRU overpacking enclosure in the Waste Handling
Building. The bins will be checked for surface contamination and decontami-
nated as necessary, per the requirements of the WIPP Waste Acceptance Criter-
ia [US DOE, 19890], and the following procedures coiducted:

1. Gas Sealing: The gas releagse valves on the test bin are shut. Sealed
test bins are then ready to be taken to the underground WIPP test area.
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2. Bin Stacking Order: Empty, baseline-reference test bins TPOOL through
TPO08 will be emplaced in Room 1 Panel 1 adjacent to (on the same rib,

and as close as practical to) the [AS shed. They will be stacked in the
bin-stands (refer to Section 9.3) 'with the gas baselmex«-reference binsg,
TPO05 through TPOO8, on the bottom level of the stand(s), to facilitate
periodic gas sampling and other procedures. The pressure baseline-refer-
ence bins, TPOOl through TP004, which have no periodic gas sampling, will
be emplaced on the top row of the bin stand(s).

Wacte-filled test bins TP009 and up, will be emplaced in Room 1 Panel 1
starting at the north end of the room, furthest away from the DAS shed, then
progressing southward as more bins are loaded. This progression is required
by radiological safety and ventilation concerns, Waste bins will be emplaced
along both the east and west ribs, in an alternating pattern. In this manner,
the newest bins can be installed and hocked-up in the ventilation air flow up-~
stream from the other bins. One of the objectives of this emplacement order
in rows near the room ribs is to allow ready access (by forklift or other
machinery) to the bins, should movement or retrieval of any bins be required,
for any reason,

All identical replicate bins, as listed in Table 8.3, will be emplaced ad-
jacent to, and directly above and below each other, if at all possible.

When all available (bin-stand) stacking space in Room 1 Panel 1 has been
filled with test bins, emplacement operations will be initiated in Room 2 of
Panel 1. Space in Roam 2 is expected to be necessary at the beginning of
test Phase 3. Agaln, because of radiological safety and ventilation concerns,
bin stacking will be started at the northern boundary of the allotted space
in Room 2.

3. Initial Gas Sampling: Whén taken underground and emplaced in the test
room area in Panel 1, each bin will be installed on a test stand (Section
9.3). An initial gas sample is taken at this time, emplacement time t =
eplacement. Note: Time t = emplacement is different than, and precedes,
test time t = 0, following initial bin pressurizatlon and tracer gas in-
jec:t;ion, as defined in Section 11.1.3,
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4, Instruments: All remote-reading ilnstruments (Section 12.1) are hooked up '
“and connected to the MODCOMP data acquisition system (Section 12.2) at
thig time. All pressure-relief valves and other assoclated equipment are
also installed and checked for proper operation. Instrument monitoring
is then initiated. The instrumentation-installation procedures are esti-
mated to take 1 day for each bin.

5. Bin Oxydgen Purging: To simulate a long-term, post-operational repository
gas envirorment in the test bins, essentially complete oxygen purging,
consisting of gas flushing and oxygen gettering of the bins’ as-shipped,
intermal gas volume is proposed for some of the waste types. Individual
bins requiring argon gas flushing and oxygen purging are listed in Table
8.3. Gas flushing and oxygen gettering procedures are descoribed in Sec-
tion 11.1. These procedures should be initiated within 3 days or less
after time t = emplacement. ‘ ‘

6. Brine Injection: Within 3 days or less after completion of the oxygen
purging procedures, the appropriate type and amount of brine will be in-
jected into the appropriate bins, as designated in Table 8.3. Brine in-
Jection is a "one-time-only" operation and must be conducted underground.

For HONG (noncompacted), LONG' (noncompacted), HOOW, and PS/HONG wastes,
the brine will be injected through the multiple, side-mounted brine injection
ports on the bin, as described in Section 9.1 and detailed in [Bali, 1989a].
Brine ports will be kept capped, except for when brine is being injected (re-
fer to Section 9.1, part 5). The bin design includes 4 brine injection ports,
each with a check valve, with 2/each on opposite sides of the bin. There are
2 near-top ports on the front side and 2 near-mid height ports on the back
side. All 4 of the ports will be used for brine injection. One-fourth of the
total amount of brine to be injected will be injected through each of the in-
~dividual ports. A pump will be used so that brine sprays through the waste
materials, not down the inside walls of the bin.

For PS and supercompacted wastes, brines will be injected into the appro-
priate bins, as designated in Table 8.3, through the multiple brine injection
ports/septa on the top of the bin closure lid, as also described in Section
9.1 and detailed in [Bali, 1989%a]. There will be a minimm of & brine injec-
tion septa, with a minimm of two located over each of the (4) internal drums
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o drum-liners of waste. One-fourth of the total amount of required brine
will be injected through each of four brine injection ports, centered over
the internal drumg, The remaining ports are for backup purposes.

These top brine injection ports will consist of rubber-type septa. Brine
will be irnjected through these septa, penetrating through the overall encapsu-
lating plastic bag (thus breaching it), into the waste materials, Large hypo-
dermic needles (type of apparatus) will be used for these injections. For P8
wagtes, the néeclle will be inserted to a depth of 30 to 40 cm (12 to 16 In.)
below the bin top, below the level of the top backfill layer. For supercom-
pacted wastes, the injection needle will be inserted until a hard barrier is
encountered. Once brine injection ls completed, the needles will be crimped
shut, snipped off above the orimp, and pushed through the septum, becoming
part of the waste. The brine septa will then be permanently capped-off. The
heedle holes remaining in the (punctured) bin plastic barrier materials pro- B
vide internal gas and water vapor access and transfer paths,

 Note: All PS and supercompacted waste bins, even those with no injected
brines (with the exception of 2 "ag-received" PS bins and 8 PS/HONG bins, ref-
er to Table 8.3), will be punctured with injection needles, to provide the
- gas and water vapor pathways.

Radiation-safety temporary containment enclosures may be used during the
brine injection procedures. A separate, detailed (quality assurance and radi-
ation safety approved) brine-injection procedure will be prepared by WID and
included in the Appendices, Section 18.8.4.

The brine injected into bins occupies an appreciable internal volume, As-
suming that the bottom area of the bin is occupled with 50% solid material,
12 L of injected brine will rise to about 2 cm (0.8 in.) in height while the
maximum of 120 L of brine will rise to about 20 cm (7.9 in.). The injected
brine volume will also increase the internal pressure within the bin if seal-
ed, up to a maximum of about 7.4 psid, due to displaced gas volume. . Such a
high internal pressure cannot be tolerated; excess pressure will be reliev-
ed, as necessary, through the pressure-relief valves. All gas volume displac-~
ed through the pressure-relief valve(s) will be measured by gas flow/volume
gages (refer to Sections 11.1 and 12.1.3).
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Initial Bin Pressurization, At this stage (following the steps & and 6,
whether performed on a particular bin or not) every bin will be initlally
pressurized to an operating differential pressure of 0.25 psi. Reasons
for this pressurization, and procedures for acoomplishing' it are desorib-
ed in Section 11.1.3.

Tracer Gas Injection: At the completion of the initial bin pressurization
procedure, all test waste bins will be injected with (nonradicactive)
tracer gases, to help facilitate analysis and interpretation of the re-
sults; refer to Section 11.1. A separate, detalled (quality assurance
and safety approved) tracer-gas injection procedure will be prepared and
included in Section 18.11.1.4 in the Appendices. f"The time of completion
of tracer-gas injection is designated as test time t = 07 refer to Sec~
tion 11.1.4. Another gas sample must be taken within 1 to 4 hours of the
completion of tracer-gas injection. The first hour ils allotted to the
stirring/mixing of the tracer gases through the waste materials, driven
by the gas-recirculation fan in the oxygen sensor system; refer to Sec—
tion 12.1.5. | |

Continuous Testing: At this time, each test bin will be ready for contin-
uous testing, including the periodic sampling and analyses of internal
gas and brine-leachate liquid samples; refer to Section 11.



9.0 'TEST BINS AND ASSOCIATED COMPONENTS

These bin-scale TRU waste tests require multiple large, instrumented met-
al "bins." The test "bin" is specifically defined and intended to serve as a
freestanding test vessel when emplaced 'in situ, to be used for testing pur-
poses only. WIPP test bins are specifically designed to fit within a TRUPACT
-II TRU standard waste box (SWB, [Caviness, 1988] described in Section 9.2)
for both transportation to the WIPP and eventual posttest disposal (refer to .
Sectioh J1.0). In this test vessel capacity, the bin can be regarded solely
as another layer of contaimment within the SWB. It is not to be regarded as |
a transportation or terminal disposal container. Therefore, the bins do not
need to be tested or licensed as Type A shipping containers.

Each independent, leak-tight test bin will have a closely controlled and
sealed envirorment (internal atmosphere; refer to Section 11.1) “and be equip-
ped with multiple, redundant monitoring and control instrumentation '(refer to
Section 12.1. Each bin will have an inner high-density polyethylene liner.
Bins also will have multiple, redundant ports for all required instrumenta-
tion plus gas injection and sampling ports, and brine injection and sampling
ports or septa. All gases sampled or released from each test bin will be
particulate filtered with an integral, non-sorbing filter; liquid brine-
leachate samples will also be filtered. All engineered components of a test
bin will be summarized in this Section. Engineering design details and speci-
fications for the bin are found elsewhere [Bali, 1989a]. Details of the bin
stands that support the test bins in the underground test room are found in
Section 9.3.

9.1 TEST BIN DETAILS

Engineering design‘ details and specifications for the fal-ication and
testing of WIPP test bins are décumented separately [Bali, 1989a). Summary
details provided in this section are to-“define requirements and overall
. details for the test bins.

There are two separate “models'" of WIPP test kins. The first is termed
the "solid waste" bin, the second is termed the "PS/supercompacced" waste
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bin. Figure 9-1 shows an overall schematic-concept of a WIPP "solid waste"
test bin. The "solid waste" bin (WID drawings [Bali, 1989a] 412-N-002-W, Fig-
ure 9-2, and 412-F-017-W, Figure 9-3) is specifically designed to contain ap-
proximately 6 drum-volumes of non-compacted HONG, HOOW,  dnd LONG wastes.
There will be no internal metal drums or polyethylene dmm—-lmers within
these bins. All brine J.njectlon ports are on the sides of the bm, as des-
cribed in Section 8.4,

The "PS/supercompacted" waste bin (WID drawings 412-N-002-W and 412-F-017
W, [Bali, 1989a plus Engineering Change Order # ??7?]) is essentially identi-
cal in size and shape to the solid waste bins, but has a different top-lid as-
sembly (WID part # 412-F-017-GR3). The "PS/supercompacted" waste bin is de-
signed to contain 4 drum-volumes of either PS wastes, in polyethylene drum-
liners, or supercompacted wasﬁes, in special metal drums. In addition, the
"PS/supercompacted" waste bin has 8 recessed brine injection septa on the
special top-lid assembly of the bin, as described in Section 8.4, not on the
sides. Although no brine-leachate samples will be taken from the PS and sup~
ercompacted waste bins, the bottom brine-sampling ports should not be totally
eliminated; they may be used for posttest brine or gas flushing ‘ports, or
other purposes. Other differences between the two bin models will be describ-
ed where appropriate. |

1. Dimensions and Volumes: The test bins have been design>d [Bali, 1989a]
to have an external, rectangular shape of about 48 in. long by 48 in. wide by
36.5 in. high, excluding handling fixtures.

The internal bin dimensions available for wastes are about 43 in. long by
43 in. wide by 35.5 in. tall, with a calculated inner volume of about 38.0
ft3 or 1.08 m°. A DOT 17-C, 55-gallon CH TRU waste drum has an internal
volume of 7.42 £t3 with, ncvminally, about 6 .ft3‘ of waste contained in-
side. The actual void volume within a waste-filled drum is assumed to be
about 50%. Therefore, about 6 drum-volume equivalents of CH TRU wastes,
about 36 ft3 of wastes, should readily fit within a test bin. It is not,
however, mandatory that integral mumbers of waste drum-volumes be filled into
each test bin; this will be a decision of the waste generator/packager. As-
suming sdre volume efficie.ncy is gained going from multiple cylindrical drums
of waste to one large rectangular bin container, there should also be ade-
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Figure 9-1 WIPP CH TRU Solid Waste Test Bin Overall Schematic
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quate available volume inside the bin for including other required compon-
ents, below, in addition to the TRU wastes:

(a) A polyethylene bir-liner. This bin-liner is about 30 mil-thick (WID draw-
ing 412-F-017-W [Bali, 1989a]) and is for overall contamination control,
The liner has appropriately spaced, molded ports, to accommodate penetrat-
ing instrumentation and inlet or outlet ports. It is held against the bin
walls with hardware. *

(b) Fiberboard liners within the bin-liner, to protect the liner from damage
during waste loading [D’Amico, 1989].  The fiberboard is similar to shoe
pox cardboard and is about 1.3 to 3.2 mm-thick (50 to 125 mils). This
fiberboard liner must be considered as an integral component of the waste
or waste packaging; it cellulosic mass must be considered in future calc-
ulations on gas generation. The side, bottoxh, and top fiberboard liners
have been designed by WID [Bali, 1989a], are illustrated in Figure 9.2,
and will be provided to the waste preparers by the WIPP project.

(c) Metal corrodant material; refer to Section 10.2.

(d) Backfill and getter materials, with a total volume of 3.0 ft3;  refer
to Section 10.1. ‘

(e) Injected brines, with a maximm volume of 120 L; refer to Section 10.3.

(f) Internal containers. There will be no metal drums within the bins, ex-
cept in the case of supercompacted wastes, described in Section 8.2.3.

For future gas volume calculations, the internal void (gas) volume within
the bin, as packed with waste materials and the other components, is assumed
to be about 1/3 of the available internal bin volume. The gas void volume
is, therefore, about 360 L (0.33 x 1.08 m3). The actual (not assumed) gas
void volume within each test bin will be measured during the initial bin pres-
surization procedure, as described in Section 11.1.3.

2. Bin Gas-Tightness and Pressurization: The test bin plus bolted-on lid
assembly will be gas-tight during in situ testing; there will be no permeable
gaskets. The specification for gas-tightness is defined to be a maximum of

1% (volume released/outflow) per month. The bin will be designed to safely
hold a differential, internal (working) overpressure of 0.5 psig; refer to
Section 11.1. The test bin will also be designed and fabricated to have a
maximum internal pressure of at least 1 psi, as a safety factor allotment.

on bin gas-tightness/pressurization testing following fabrication are
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found elsewhere [Bali, 1989%a). The measurement and control of internal bin

'pressures during test operation is described in Sections 12.1.2 and 12.1.3.

Gasket materials used between the main body and 11d of the bin(s) are re-
quired to be essentially nonpermeable to oxygen gas, in order to assure that
the internal bin atmosphere can remain anaerobic, as required (Section 11.1).
This gasket nanpémeabiliﬁy requirement is defined to mean that less than 2
ppm of O, can permeate into the bin per year, Since the inside of the bin
is kept at a slight positive pressure duringy the test period, o vgen permea-
tion is expected to ocour only by osmosis through the gasket ma wrial. Appro-
priate gasket materials selection and sizing are considered to be of critical

importance to the success of test objectives.

3. Bin Corrosion Resistance: The metal test bins will be painted on both -

sides for multi~year corrosion resistance, both from the test environment and
external brine drips. The inside paint on the bin will be the same as used
in standard DOT 17-C waste drums, in order to provide the same internal chemi-
cal enviromment. The paint used in drums (manufactured) for RFP [D‘Amico,
1989], is a clear phenolic resin, lacquer rust inhibitor, 105C-5. Based on
previous laboratory and WIPP in situ testing, ([SNL, 1979, Section /; Braith-
waite et al., 1980; Molecke, 1986; Tyler et al., 1988], the exterior paint on
the bins must be significéntly more corrosion resistant than the standard
paint on the drums. A 16-mil-thick coating of Steelcote Epo-Tar IV, coal tar

| epoxy #158-B-113 [Braithwaite et al., 1980] 1s specified for the exterior of

each WIPP test bin.

4., Bin Gas Inlet and Outlet Ports: The test bing will have multiple, redun-
dant gas inlet/outlet and sampling ports located on two opposite sides of the
bin, as illustrated in Figures 9-1, 9-2, and WID drawings 412-N-002-W and 412
-F-017-W [Ball, 1989a2]. There will be a minimum of two, redundant gas sanp-
ling ports for obtaining internal gas samples for composition analyses, Sec-

tion 11.2. These gas sampling ports will be located on an externally mounted,
particulate filtered, closed gas recirculation loop; this recirculation loop
is shared with the specific oxygen sensor instrumentation, Section 12.1.5.
Tracer gases, Section 11.1.4, will also be injected through these ports on
the gas recirculation loop. A minimum of two gas inlet ports will also be
located on the opposite side of the bin, near the bottom, for initial intern-
al gas purging and pressurization, Section 11.1; these ports can be shared
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with the oxygen-gettering system, Section 11.1.2. There will be a minimum of
two, valved gas outlet ports, with a connected gas pressure gage (Section
12.1.2), gas pressure-relief valve (Sectlon 12.1.3), and gas flow/menitor
gage (Section 12,1.4). There may also be other, redurdant valved ports for
other objectives, to be defined, or for backup purposes.

All gas inlet/outlet ports will be capped when not being used, to ensure
a better seal and a double level of contaimment. The caps will be designed
to trap a near-zero volume of air against the face of the port.

All gases released or sampled through a port must first pass through a
p‘arﬁiculata filter, The filter media must be fabricated of materials which
cannot significantly sorb or interact with any of the gases to be guantified,
specifically the VOC gases. Standard carbon-composite (Nuafil) filtem are
known to sorb VOCs and are, as such, specifically disallowed for use in the
bins. Kevlar filter media have the desired non-gas-sorbing properties and
are recommended; these filters are avallable from Nuclear Filter Technology
or alternate suppliers, No releases of particulate materials through the fil-
ters will be allowed, Filters must be 99.7% effective for removing particu-
lates of less than or equal to 0.3 micron in size (equivalent to a Nucfil car-
bon-composite filter) [Clements, 19897,

During transportation of waste~filled bins to the WIPP within a SWB, the
test bin gas inlet/outlet valves will be left open so that internal bin pres-
surization cannot occur. There will be a minimum of two gas ports of each
type for redundancy, in case one should become plugged or inoperative during
the planned lifetime of the tests. In addition, all gas sampling ports and
components external to the valves must be detachable and replaceable during
the operational lifetime of these tests, without the possibility of unwanted
gas releases., Further details on these gas port components are found else-
where, in WID drawings 412-N~002-W and 412-F-017-W [Bali, 1989%a].

5. Bin Brine-Injection and Sampling Ports: Each test bin will have mul-
tiple, redundant brine injection ports/septa and a minimmm of two redundant,
bottom-mounted, brine-leachate valves, with sampling septa. Fabrication de-
tails and locations of these ports are found in WID drawings 412-N-002-W and
412-F-017-W [Bali, 198%a). Tocations of ti e injection and sampling ports are
also schematically illustrated in Ficures o-1 and 9-2. All brine injection
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and sampling ports or septa will be capped when not belng used, to ensure a
better seal and a double level of contaimment. These caps will also be deslgn-
ed to trap a near-zero volume of alr against the face of the ports, ‘his is
also to minimize the potential for oxygen permeation through rubber septa.
Provisions will also be made to attach radiatiwn-sa’fety,“ temporary contain-
ment enclosures to the brine sampling ports, to greatly minimize the poten-
tial for contamination release during periodic brine sampling.

As listed in Table 8,3 and described in Sec:tioh 8.4, the appropriate type

and amount of brine will be injected into the approprlate bins, in the under-
ground WIPP facility, through the brine injection ports or septa (for the PS/
supercompacted waste top-lid assemblies). Perlodically, after the start date
of the test (different for each bin), brine samples will be taken 'through a
rubber-type septum attached to the brine-~leachate valves. The brine-sampling
septa must also be replaceable, to avoid potential leaks after repeated samp-
ling. The test bin will be tipped at a slight angle (on the test bin stand,
Section 9.3) so that any excess brine within the bin will collect near these
sampling valves for sampling and analyses (Section 11.3) or for posttest re-
moval (Section 14.0).

9.2 TRUPACT-II Standard Waste Box (SWB)

The TRUPACT-II Standard Waste Box ,SWB, DOT 7A Type A, 49 CFR 178.350
[Caviness, 1988] used to transport WIPP test bins has sxternal dimensions of
71" long (including semicircular ends) by 54.25 in. wide (excluding lifting
attachments) by 37 in. high. For this test program, it has a bolted-on 1lid
closure, Style 1. Figure 9-4 illustrates a schematic of a TRUPACT-II SWB. A
waste-filled, WIPP test bin is specifically designed to fit within a SWB (WID
drawing 412-G-001-W [Bali, 198%a], Figure 9-5). 'The bin cannoct move more than
about 1/4 in. in any direction within the SwWB because of close bin-SWB size

matching, No modifications to the SWB design are anticipated due to their use

in the bin-scale test program.

Each SWB 1s vented to the atmosphere (or to the TRUPACT-IT) with carbon-
composite, HEFA filters (NUCFIL or equivalent). The carbon-composite filters

| ~ sorb any volatile organic compounds, preventing their release to the atmo-

sphere. An empty SWB (bolted, Style 1) weighs 738 1b (333 kg) and has a maxi-
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112" UNC FLAT HEAD
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¢ Lo
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EPOM CLOSED CELL NEOPRENE
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REINFORCEMENT

Figure 9-4 Schematic of a TRUPACT-II TRU Standard Waste Box (SWB)
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mum authorlzed payload of 4000 1b (1820 kg). Tt can contain solld materials
or particles, or 4 overpacked CH TRU drums, up to 1000 lbg., per drum. There-
fore, the maximum gross weight of a wasgte-fllled test bin, as carrled within
a SWwB, must be limited to 4,000 1b.

9.3 TEST BIN-STAND HARDWARE

In order for the maximum, practical number of test bins to fit within
each test room, bins must be arranged in « stacked, two-high pattern, in two
rows, In each test room. ' The bins will be on approximate 8-foot centers,
1eﬁgthwise, and no closer than 3 ft. to the rib. This eixrangem@nt permits
easy person-access on all sides of the bin(s) for emplacement, installation
procedures, periodic gas and brine sampling, and other maintenance purposes,

Speclally designed bin-stand support fixtures will facilitate the two-
high stacking of bins. These bin-stands must provide the following features:

1. The bottom of the lower bin should be near floor level, but not on the
floor surface. S

2. All bins must be tilted slightly downward, at least 5* forward, so that
any excess brine inside will collect near the brine sampling ports, as
discussed in Section 9.2). The degree of tilt should be adjustable, to
accommodate any unevenness, or changes in, the room salt floor,

3. The bin stand must be able to accommodate the welght of two waste-filled
test bins.

4. The bin stand must be able to accommodate any required radiaticn-safety
recquired brine~contaimment enclosures for the bins. The design, obtain-
ment. or fabrication, and attachmern' of radiatlon-safety enclosures to the
test bins is a WID responsibility.

5. The bin stand will accommodate the attachment or support of instruments
(Section 12.1) or associated hardware connected to the test bins.

Further engineering design and construction details for these bin-gtands
are described elsewhere, in WID drawing 412-1~004-W [Bali, 1989b].
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10.0 OTHER TEST PACKAGE COMPONENTS

Several materials or components have been mentioned or described in Sec-
tions 8 and 9 as being necessary for "special preparation" of CH TRU wastes
and for conduct of the tests. These components include backfill materials,
getter brknaterials, salt/other materials, grouts, different brines, metal cor-
rodants,  and bacterial inoculants. Each component planned to be used in
Phases 1 and 2 of this test program will be detailed in.this Section. Other
components are anticipated for testing in Phase 3 of this program but cannot
be adequately described at this time. These components could include addi-
tional (existing) waste forms, future waste forms to be developed or proces-
sed by waste generators, additional backfill and getter materials, and engi-
neered modifications or fixes developed for the purpose of limiting gas gen-
eration potential. Forthcoming details on these Phase 3 test components will
be included in a futurev, separate Test Plan Addendum, as available.

10.1 BACKFILL MATERIALIS

Several types of backfill and getter materials will be included in Phases
1 and 2 of this test program. The backfill matefials, to be described, are
either crushed WIPP rock salt or a granular‘mixtu;a of 70 wt. % crushed WIPP.
rock salt and 30 wt. % bentonite clay. The getter materials will be specifi-
ed later, based on the results of ongoing laboratory experiments [Brush,
1989,. The test bin requirements for specific backfill and/or getter mater-
ials wore listed in Table 8.3. It must be emphasized that the backfill and
getter materials selection, use, and emplacement procedures used in this test
program are necessary to provide the desired, required data for WIPP PA analy-
ses and evaluations. These test choices are not mtended to set precedents
for future (full-scale or experimental) WIPP site operations.

Although crushed salt has long been assumed to be the standard backfill-
ing material for use in the WIPP, crushed salt/bentonite backfill (CSB) has
several distinct advantages and will be used in addition in this TRU waste
test program. The CSB backfill material can serve as an engineered barrier
around the TRU wastes (for effective brine sorption and for retarding or sorb-
ing leached radionuclides), possibly satisfying (draft) EPA regulations (40

- Q7 =



CFR 191, regarding engineered barriers for transuranic wastes) [Weart, 1983].
CSB could, potentially, also be used for room and tunnel fill as well.

‘The chemical and physical behavior and advantages of the bentonite clay
component of the backfill have been the subject of laboratory research and
development at Sandia National Iaboratories since 1977; results have been
well documented in the literature [Tyler et al., 1988]. CSB backfills have
also been tested specifically for TRU waste utilization at the WIPP in a
series of in situ, simulated‘ CH TRU waste technology experiments since 1985
[Molecke, 1986; Tyler et al., 1988].

10.1.1 Crushed Salt and Crushed Salt/Bentonite Backfills

. The crushed salt for these experiments will be taken from WIPP mining op-
erations, then mechanically screened to remove all particles larger than
about 0.64 cm (0.25 in.). A salt screening plant to perform this screening
was purchased, installed underground, and calibrated for previous WIPP Simu-
lated CH TRU Waste Technology Experiments; [Molecke, 1986] a WIPP QA approved
procedure for the use of this salt screening plant was previously prepared
and approved. This salt-screening plant/equipnkent is available for use in
this test program, or can be replaced with other similar equipment of larger
capacity. The salt-screening plant removes the larger salt particles, leav-
ing about 80 wt.% of the original mine-run crushed salt for use as backfill
material. The initial bulk, dry density of this screened salt is 1290 kg/:rn3
(80‘.5‘lb./ft3). For‘ those test bins (refer to Table 8.3) requiring 3.0
ft> of crushed salt backfill, 242 lb. (110 kg) of crushed salt will be need-
ed. * Other details, grain size distributions, etc., on this screened salt are
described elsewhere [Molecke, 1986; Pfeiffle, 1987].

The other backfill material component is bentonite clay (Wyoming benton-
ite, essentially sodium and calcium montmorillonite). Bentonite clay was se-
lected because of previous SNL-WIPP testing for its beneficial properties as
a backfill material, primarily brine sorption and TRU radionuclide sorption
[Sandia National Laboratories, 1979; Tyler et al., 19883. It has been tested
in the laboratory since 1977 and in situ at WIPP since 1984 [Molecke, 1986].
MX-80 bentonite was selected for in situ testing [Molecke, 1986) because of
its granular texture which helps minimize dusting problems during mixing and
emplacement procedures. MX-80 is a pre-dried (10 % maximum water centent,
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quite dry to "the touch) and screened bentonite clay, free of chemical addi-
tives, and is“oonmrcially available from the American Colloid Co., Skokie,
IL. Other technical details, grain size distribution, etc. for MX-80 benton-
ite are described elsewhere [Molecke, 1986]. '

Specific details on the preparation and properties of the CSB backfill

‘materials are as follows. A mixture of the screened, crushed salt (70 wt.$)

and granular MX-80 bentonite (30 wt.%) will be inechanically blended to +/-
2%. The initial bulk density of this granular CSB material is 1300 kg/m>
(81.2 1b./ft3) and has a maximum moisture content of about 3%. A blending

oe

plant was previously obtained, installed underground, and calibrated to per-

form the backfill mixing in the WIPP [Molecke, 1986], and is available for
use in this test program. A WIPP QA approved procedure for the use of this
backfill blending plant was previously prepared and approved. This blending
plant consists of two diy materials feeders (with variable feed rates) and a
blending auger, and has a capacity to mix about 28 to 56 mo/hr (990 to

- 1,980 ft3/hr) of backfill. Backfill materials can be blended, ther stock-

piled underground until test emplaczment. The approximate, required quanti-
ties of CSB backfill material required are 3.0 ft3 per test bin (244 1b.,
110 kg), installed in two separate layers (refer to Section 8.3.1).

As listed in Table 8.3, about 8 of the test bins will have crushed salt

 backfill, 50 will have salt/bentonite material, and another 30 will have salt

/bentonite and getter material of as yet undefined proportions (refer to Sec-
tion 10.1.2, following). Required volumes and weights of all required (Phase
1 and 2) backfill materials defined at present are listed in Table 10.1.
Details on bagging of the backfill materials will be describded in Section
10.1.4.

10.1.2 Getter and Other Backfill Additive Materials

Backfill additive materials, termed getters, have been proposed [Bertram?
Howery and Hunter, 1989] that would chemically react with, remove, or prevent
the production of various gases generated and trapped in TRU waste storage
rooms. Such getter materials are currently being tested in a laboratory pro-
gram {ansh; 1989] to evaluate and quantify their effectiveness in removing
gases generated from various waste degradation mechanisms. ILaborato.y stud-
ies‘, these bin-scale tests, and the parallel in situ alcove CH TRU waste
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Table 10.1 Required Quantities of WIPP Bin-Scale Backfill Materials

Material Bins Volume Weight
(ft3) n® - 1b. kg
INFUT:
Crushed Salt 192 5.44 15500 7030
MX-80 Bentonite | 72 2.04 5940 2700

Getter Materials (TBD, assume O volume for these calculations)

OUTFUT:
Crushed Salt | 8 24 0.68 1930 880
Crushed Salt/Bentonite 50 150  4.25 112200 5530
(70%/30% wt.) | | “
Salt/Bentonite/Getter 30 90 2.55 7310 3320
(2/2/2 % wt.) |

tests [Molecke, 1989b] will also evaluate the impact of expected salt mine
environmental variables, . (e.g., moisture, atmosphere, geochemistry) on gas
_gettering efficacy. Most laboratory getter studies revolve around the re-
moval of carbon dioxide gas, probably the most abundant microbially produced
gas under most anticipated repository environmental conditions. Getters may
also be tested for their effectiveness in hydrogen removal. Studies of pos-
sible effects of proposed backfill additives on the closure of WIPP disposal
rooms are also being evaluated [Bertram-Howery and Hunter, 1989]. ‘

Brush and Anderson [1988a, also Bertram-Howery and Hunter, 1989] proposed
the use of four backfill additives to remove carbon dioxide from WIPP dispos-—
al rooms: calcium carbonate, calcium oxide, potéssium hydroxide, and sodium
hydroxide. Calcium carbonate would remove carbon dicxide only if brine were
present. Calcium oxide, potassium hydroxide, and sodium hydroxide would re-
move carbon dioxide in the absence of brine. The benefits and/or disadvan-
tages of using these specific getter materials, or others to be developed, in
the WIPP TRU waste storage enviromment have not as yet been fully evaluated
and quantified. The impacts of these getter additives on waste degradation
mechanisms and on the eventual waste-brine solution (leachate) chemistry sys-
tem, e.g., very high pH values, increased cat? and 003"2 solution con
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centrations, etc., are also not known at this time. Further laboratory devel-
opment, testing, and evaluations are planned [Brush, 1989; US DOE, 1989a].

The required quantity of any backfill getter additive for the removal of
carbon dioxide or other gases cannot be accurately estimated at this time be-
cause of current unknowns. As such, the required quantltles are not listed
in Table 10.1. The exact composition of getter additives to be used, and the
proportion or quantities of getters to be added to the backfill materials
will, presumably, be available in early FY 91, as an outcome of the labora-
tory research process [Bfush, 1989]. At that time, results will be document-
ed. Because of these current unknowns, no gas getter materials have been in-
cluded in Phase 1 of this test program. Getter additives will be incorporat-
ed into Phase 2 of the bin-scale test program, as available, for efficacy
testing with actual CH TRU wastes. |

In the long-term time period, other materials emplaced in the repository,
in the vicinity of CH TRU wastes,i could become a significant component of the
waste-intruding brine leachate chemistr s system. Materials used for sealing
shafts and drifts , such as salt-cement based grouts, are of considerable in-
terest [Nowak, 1989] and could be of importance in regards to waste degrada-
tion and gas generation. These cementitious materials would also have a sig- |
nificant impact. on intruding brine leachate chemistry, e.g., very high pH
values, increased cat? and CD3"2 solution concentrations, etc., similar
to the effects of other proposed getter additives.

In a situation similar to the getter materials, the exact compositions of
salt/grout additives to be used, and their proportion or quantities will, pre-
sumably, be an outcome of the 'laboratory research process [Nowak, 1989].
Salt/gfouts are a potential future addition to test Phase 3, for system-chem-
istry J.mpact:s testing with actual CH TRU wastes.

If an eventual decision is made not to use any getter additive materials
or grouts, or to use very limited quantities (for whatever reasons), then the
bin backfill tests using such materials may be deleted or conducted with CSB
backfill (70 %/30 %) material only. ‘

=101 -




10.1.3 Backfill and Getter Materials Emplacement

As described in Section 8.3.1, backfill/getter/other materials will be
added to many bins in two separate layers. The bottom layer of backfill-addi-
tive materials, 0.5 £t3 in volume, can be installed in the bin at a non-rem-
ote (nonradicactive) location at the generator/preparer site. The top layer,
2.5 £t in volume, will then be poured in over the wastes before the bin is
sealed. To make bin backfilling operations as simple as possible for the
- waste generator/preparer, the appropriate sélt/backfill/getter/other materi-
als will be blended at the WIPP and packaged in individual paper sacks (like
cement bags) containing 0.5 f£t3 (about 41 1lb., 18.6 kg) each.  Each test
bin, as designated in Table 8.3, would thus fequire a total of 6 bags of back-
£il1/getter/other materials. The WIPP project will  supply the prepackaged
bags of backfill materials to the waste ‘generator/packaging sites for use in
preparing WIPP bin-scale test wastes. Procedures for mixing and bagging such
backfill materials at WIPP, and transporting them to the waste cjenerator
sites, will be prepared by WID. | ‘ ‘ |

10.2 METAL CORRODANTS

The potential, long-term, anaercbic/anoxic corrosion of steel (or other
metal) CH TRU waste containers or metal wastes (within the containers) in a
salt _;;7;5ository [Bertram~Howery and Hunter, 1989] can yield significant quan-
tities of H, gas. Initially, aerobic/oxic corrosion of metals will occur
within the waste containers until all oxygen is used up, predominantly by rad-
iolytic conversion to carbon oxides [Kosiewicz, 1981; Molecke, 1979]: dissolv-

ed CO,, concentrations of CO3"2

in solutions could also increase.  Oxy-
gen may also be consumed by reactions with chemical anti-oxidants used as ad-
ditives in some plastics [Warrant, 1989]. Then anaerobic corrosion can begin
to generate hydrogen gas. However, continued radiolytic production of oxygen
within the waste container may prevent a sufficient anaerobic (bi.n—ihtemal)
environment, thereby suppressing the generation of hydrogen. Anaercbic corro-
sion is one of the major modes of gas generation, and impacts thereof, to be
quantified in these in situ test measurements. ‘

A bare, mild steel (wire mesh) corrodant material will be used in the
test bins instead of actual steel drum sheet metal. This substitution is in-
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tended to mihimize the welght, but not the surface area, of available steel.
It is recognized that the geometry of the wire mesh, and its laci. of weld

zones, is different from the drum sheet metal. However, the metal corrodant

mesh is intended to accelerate the corrosion reactions during the course of

this test program, and, prestimably, the amount of hydrogen generated anaercbi-

cally over the test time interval. The total (theoretical) amount of hydrogen

that can be generated\ anaercbically will not be altered.

I

The metal corroc’lant material will be added at the bottom of every WIPP

 test bin, except those termed "as-received" in Table 8.3. The corrodant will
provide approximately the same steel surface area as 6 standard 55-gallon CH
TRU waste drums, about 300 ft? (27.9 m>, both sides of all the drums).
The metal corrodant material will be multiple layers of bare mild steel wire
screening, about 0.41 mm in diameter (0.16 in.), and 23 kg (51 1lb.) total
weight. This wire screening will be pre-cut to fit within the bottom of the
test bins. Steel wire screening has the advantage of being quite inexpensive

and roquires minimal preparation or fabrication. The multiple layers of

screening will occupy a small volume in the of the bin, with a total thick-
ness of about 6 mm (0.25 in.), and will, in most cases, be totally immersed
under the bottom layer of injected brine. Prepared metal corrodant materials’
details will be specified by WID [Bali, 1989a] and provided by the WIPP pro-
ject to the waste generator/packaging facilities.

10.3 BRINES

CH TRU wastes potentially may experience a variety of moistness condi-

tions as a function of time after repository emplacement. General moistness

corditions include those in which:

(a)

The humidity within the v—ste and backfill materials is buffered by the
enmplaced wastes and backfill present.

The humidity in the wastes and backfill materials is at least in local
equilibrium with the brines present in the host rock salt and its dis-
turbed rock zone, DRZ.

Free brine is present in at least a portion of the waste(s).

The repository is largely saturated with brines.
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A variety of these general conditions are included and will be tested in
. this experimental program. The expected moistness c:ondition in the short-
term, rep051tory operational phase is essentially dry. "Dry" is also the as-
shipped and the reference short-term condition, before or unless the humidity
of emplaced wastes equilibrate with brines in the surrounding Salado forma-
tion. '"Dry" is also a possible condition in the longer-term, if the genera-
tion of waste—-degradation gases effectively drives brine far enough from the
waste-emplacement area to make vapor—phase transport of ‘water inadequaté to
maintain humidity. Bins being tested under "dry" repository conditions, i. e.,
those with no injected brines, are listed in Table 8.3.

After several years of repository isolation, the wastes could be expected
to be "moistened" "sl,icjhtly with intruding Salado brine, or by equilibration
of the humidity of the waste materials with brine present in the Salado forma-
tion, as a result of vapor-phase transport. Small occurrences of Salado
brines are found naturally at the WIPP repository horizon. This "moist" test
cordition will be directly relevant to two major time-frames or repository |
possibilities: (1) When brine concentration is in the process of increasing
within the waste/backfill system in the relatively near-term, but "free"
brine is not yet ‘present; and, (2) at time periods in the longer-term, when
repository internal gas pressures may have expelled or excluded any "free"
brine from the repository waste emplacement areas, to the extent that it can
no longer be argued that the repository atmosphere is in equilibrium with
free brine.

For purposes of this test program, "brine moistened" is interpreted to
mean waste bins injected with less than 1% by volume of brine. This is the
equivalent of injecting 2 L of brine into a 210 L (55-gallon) drum-volume of
waste, up to a maximum of 12 L per bin. The less than 1% brine addition is
the same quantity of brine that is being injected into containers of wastes
used in Phase 2 of the WIPP Alcove (H TRU Waste Test program [Molecke,
1989a], thus providing a similar enviromment, to aid in the interpretation of
gas data from each type of test. This quantity of brine should be adequate
to moisten wastes, primarily through the vapor phase, to sustain microbial
degradation activity, and to initiate corrosion of contained metals. The add-
ed quantity of brine, less than 1%, should also not provide a problem during
test termination and retrieval activities (refer to Section 14;. Less than 1%
of brine is allowable in the WIPP Waste Acceptance Criteria (US DOE, 1989c],
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if the posttest wastes are shipped to another site. The exact quantities of
brine used to "moisten" wastes in each test bin are listed in Table 8.3.

In the post?operational, longer-term repository phase, wastes would prob-
ably become saturated with Salado brine -- assuming that long-term gas gener-
ation under "humid" conditions was inadequate to generate sufficient pressure
~ to keep brines from entering the waste emplacement areas of the repository.
Also, in the post-operational, longer-term phase, specifically in the case of
potential human intrusion, the wastes possibly could become saturated with
Castile brine. Castile brines originate in the geologic formation about 1,000‘
ft. below the repository horizon.

For purposes of this test program, brine "saturation" is being limited to
mean the addition of about 10% by volume of brine, essentially 20 L per 210 L
drum-volume of waste, or a maximum of 120 L of brine per test bin. For PS
and supercompacted wastes, the maximum amount of brines to be added is being
limited to about 5% by volume, about 10 L per 55~gallon drum-volume. There
should be an adequate quantity of brine in each case to leach the waste forms
in the bin and allow leachates to be sampled (except for PS and supercompact-
ed wastes) and analyzed as a function of time (refer to Section 11.3). The
exact quantities of brines used to "saturate" wastes in each test bin are
listed in Table 8.3.

It is assumed that the injected brine will trickle down through the
wastes, partially wetting them. Some of the brine will either sorb on the
wastes or in the bottom backfill material layer. The remaining, nonsorbed
brine volume will be available for periodic leachate sampling (Section 11.3) ‘
This brine will also contribute to the formation of a high-humidity environ-
ment within each test bin. The high-volume of brine injected in the "saturat-
ed" test bins, about 10 % by volume of waste, is to ensure that free brine
ig, in fact, present within the test bins. This is the "expected" condition
should free brine actually be present in the repository, or should the reposi-
tory room contents remain in equilibrium with brines within the DRZ.

Representative ionic compositions of (artificial formulation) Salado and
Castile brines are 1istea irn Table 10.2 [Brush and andevson, 1988; Brush,
1989; D'Appolonia, 1982; Popielak et al., 1983], in units of millimoles/liter
[(mM] and Moles/liter [M]. Brine A ([Molecke, 1983] is also listed in Table
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10.2 for backup purposes. Brine‘A is also an artificial Salado brine that
has been previously used in a multitude of WIPP-related laboratory and in
situ tests [Tyler et al., 1988; Molecke, 1986]. A listed of chemicals to
' prepare 200 L batches of artificial Salado and Castile brines is being prépar-
ed [Brush, 1989]; the preparation formulation for Brine A is listed below.
All chemicals to be used should be either reagent or technical grade, except
for the NaCl, which can be WIPP mined and screened salt.

Brine A: MgCl,'6H,0 58.42 kg; NaCl 20.02 kg; KC1 11.44 kg;'
NapSO; 1.24 kgi NagByO7°10H,0 390 gi CaCly 332 g;
NaHCO, 192 g; NaBr 104 g; LiCl 25.0 g; RoCl 5.45 g;
SrCl, 6H,0 3.0 g; KI 2.6 g; FeCly*6H,0 2.59;
CsCl 0.25 g;  conc. HC1 2.5 ml. Remainder - water, to 200 L.

Table 10.2
Preliminary Compositions of Artificial Salado and Castile WIPP Brines

Ionic Artif, ' CASTILE

Compo- SALADO | Brine Brine

sition (PAB 1) : A (WIPP-12)
B* [mM] 152 20 92
cat [mM) 10 ‘ 20 ) 8.7
K+ [mM] 500 770 74
Mg2t (M) 1.0 1.44 0.066
Nat+ [M] 3.9 1.83 6.00
Br- [mM] 13 10 | 6.4
cl- [M] 6.04 5.35 5.02
50,47 [mM] 160 40 | 190
pH (std. units) - 6.0 6.5 7.06
Specific Gravity 1.22 1.2 ?
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In addition to the artificial brines, naturally occurring Salado forma-
tion brines need to be collected in WIPP underground areas and added to both
the artificial Salado and artificlal castile brines. Other underground
brines, such as residues of fluids spread on the floors of the drifts to con-
trol dust, or accumulationg of fluids dumped down the air intake shaft are un-
accéptable‘ [Lappin, 1989b]. A memorandum describmg'the need for collected,
naturally occurring WIPP brines has been distributed [Lappin, 1989b]‘.‘ This
memo describes needed quantities (to be revised, refer to Table 10.3) and sum-
marizes collection and storage restrictions.

Table 10.3 WIPP Bin-Scale Test Brine Requirements

Phase 1: Salado Brine 872 L Castile Brine 560 L

Phase 2: salado Brine 1256 I, Castile Brine 1036 L

Subtotal: « 2128 L. . 1596 I,

Salado Brine: 90% Artificial
Castile Brine: 90% Artificial

It

1915 L + 10% Collected = 213 L |
1430 L + 10% Collected (Salado) = 160 L

" TOTAL Salado Brine: Artificial
- TOTAL Castile Brine: Artificial

it

1915 I, Collected = 373 L
1430 L

There is currently no available source of naturally collected Castile
brine. Therefore, collected Salado brine(s) will be added to the artificial
Castile brine as well as to the artificlal Salado brine, The purposes of
this natural plus artificial brine addition are to provide:

1. A source of representative WIPP repository microorganisms, including halo-
philic, halotolerant, and those that could develop halotolerance. These
potential brine microcorganisms are in addition to any and all microbial
colonies which may already exist in the TRU waste materials or that may
contaminate the WIPP crushed salt (due to proximity to human or other en-
vironmental occupation of the facility) used for backfill or other pur?
poses; refer to Section 10.4. '

- 107 -



2. A source of naturally oxurring trace minerals, not ocd.zrring in the arti-
ficial brines, which may have have some subtle but important impact on
long~-term waste degraddtion mecrmnisnns

The collected, ‘naturally occurring WIPP Salado brine will be added to the
artificial brines in the ratio of 10% natural to 90% artificial. This was
the ratio recommended during the formal, external peer review panel meeting
~ in August, 1989, as described in Section 3.6.1.

The total quantities of required artificial salado and Castile brines,
and natural, collected Salado brine for Phases 1 and 2 of this bin-scale test
- program are listed in Table 10.3 (revised).

10.4 MICROBIAL INOCULANTS

With the exception of potential mi.crcblal populations contained in WIPP
collected Salado brines, no additional (solid) microbial - inoculants need to
~be added to test wastes during the special preparation procedures (Section
8.3). Previous laboratory research [Molecke, 1979; Caldwell et al., 1987]
has indicated that sufficient microbial populations or contaminants already
exist within the waste forms (from previous human and other envirormental
contact) both to initiate and sustain microbial TRU waste degradation and
subsequent gas generation.
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11.0 GAS AND LIQUID OONTROL, SAMPLING, AND ANALYSES

This section describes the details and requirements for controlling and
sampling both the gases and the waste-brine leachates within each test bin.
Preliminary details are also described for analyzing both the gases and brine
leachates, as produced, depleted, and/or impacted by the degradation of CH
TRU wastes and other materials in contact with the wastes.

11.1 GAS ATMOSPHERE OCONTROL

 The gas atwosphere within each test bin must be closely controlled and
monitored starting at test setup time t = enplacément (Section 8.4) "and con-
~ tinuing after test time t = 0 (after tracer gas injection, Section 11.1.4).
Close control is necessary for the following reasons: |

1. To prepare the internal gas atmosphere within a bin to be répresentative
of either the anticipated operational-phase of the repository (initially

aerobic/oxic) or the post-operational, long-term phase of the repository

(assumed anaerobic/anoxic, for WIPP PA modeling).

2. To monitor and control the internal pressures within each of the sealed
bins, for both safety and test purposes.

3. To prevent (with the use of a slight, pousitive internal pressure) and mon-

itor (with the use of stable tracer gases) potential gas ‘leaks out of the
bins, or air leaks into the bins, that could potentially dilute and con-
taminate gases gener:ted from waste degradation. Since the bins are de-
signed to be closed, essentially gas leak-tight test systems, gas leakage
is assumed to be negligible (maximum of 1 % volume/month) but will still
be monitored.

11.1.1 Bin Gas Oxygen Purging

All test bins will initially contain an air atmosphere following waste
filling procedures at the generator/packaging facilities. Some of these bins
will require no further internal atmosphere modifications or oxygen purging.
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_This includes 24 of the 56 Phase 1 test bins, and 6 of the 68 Phase 2 bins,
as specified in Table 8.3 as "Initial Atmosphere - Air." Changes to this in-
itial air atmosphere, caused by waste degradation mechanisms (discussed in
Section 8.2.1), will then be analyzed as a function of time; refer to Sec-
tion 11.2. | |

Oxygen purging will be required in all the other test bins, as specified
in Table 8.3 as "Initial Atmosphere - Argon." Oxygen purging of the as-éhip—
ped, bin internal gas volume consists of the procedures of argen gas flushing
" and the use of an oxygen-gettering reactant system, as discussed in Sectiqn
- 11.1.2. Oxygen rmbval‘pruoedlm are conducted to provide an initial anaero-
bic (< 10 ppm O,, maximm; anticipated longer-term) gas enviromment at the
‘start of this gas testing program. Any subsequent charges to the internal gas
~ atmosphere within individual bins, as a function of time, will be controlled
by the waste degradation mechanisms cccurring inside;l no future oxygen purg-
ing is planned. Changes in oxygen (and other gases) content in waste-filled
‘bins will be compared to any changes occurring in the gas baseline-reference
bins. The baseline bins provide background or "blank" data for correction.
purposes. The argon-filled baseline bins provide data on air/oxygen permea-
tion, the air-filled baseline bins monitor, primariliy, potential oxygen deple-
tion‘due to corrosion or other hardware interactions. ‘

Prior to the start of any oxygen purging procedures, an initial gas sam-
ple must be obtained for analyses from every bin (whether oxygen‘ purged or
not) at bin emplacement time t = emplacement; refer to Section 8.4. This gas
sample is quite important, it provides the initial, or pretest level of VOCs
in the bin, as opposed to the pretest VOC characterization conducted in the
initial individual drums, as described in Section 8.3.1. The initial (time t
= emplacement) bin VOC analyses will reflect changes in head-space gas concen-
'trations resulting from repackaging, shipping, handling, and initial gas in-
teractions with the waste matrix within a single bin.

All test bins containing high-organic/old wastes, HOOW, will be oxygen
purged. During repackaging of HOOW, the previously established, very-low-
oxygen content (< 0.1% O, [Zerwekh, 1979]) enviromment is replaced by air;
oxygen purging helps reestablish a similar very-low-oxygen, essentially
anaercbic envirorment. )
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Argon was selected for gas flushing rather than carbon dioxide or nitro-
gen. This purging gas must have an impurity content of less than 10 ppm
éxygen. With.the choice of argon, gases generated by microbial degradation
(including a large fraction of CO, [Molecke, 1979; Caldwell et al., 1987],
or, potentially, N, from denitrification or nitrate reduction (Brush and
Anderson, 1988a; Bertram-Howery, 1989]) will be more readily detectable in a
short time-frame, and not be masked by the flushing gas. The nitrogen concen-
tratlon remaining in test bms after oxygen purging will, however, not be
zero. It is estimated that the residual nitrogen level will be less than 1%
by volume.

Gas flushing will be accomplished by connecting a source of (a tank of
compressed) argon (purge) gas to one of the bottom gas-inlet/flushing ports
and venting (olu internal) gas out a top gas-outlet port, through} a radioact-
ive particulate filter, a pressure-relief valve (Section 12.1. 3) and a gas
flow/monitor (Section 12.1.4). Gas flushing may be preceded by, or accompan-
ied with a gas vacuuming step. Several gas flushing/vacuuming cycles may be
required. Progress of the flushing procedure towards an anaerobic state wa.ll
be monitored by the oxygen concentration, analyzed with oxygen-—spec;xflc de-
tectors (Section 12.1.5) connected in series with the the gas-outlet port.
The oxygen concentration may decrease slowly at first because of gas trapped
in dead-end spaces or sorbed onto waste materials; oxygen could continue to
diffuse out for an appreciable time. Full technical details for this gas-
flushing procedure and purchase specifications for the argon gas are still
being finalized at SNL and will be documented in a QA-approved procedure and
in the Appendices, Section 18.11.1.1. |

Argon gas-flushing is, however, not expected to be thorough or fast
enough to reduce the internal bin atmosphere to a desired (initial/post-
flush) anaercbic level of about 1 ppm O,. To attain this level, an oxygen-
gettering reactant system will be required and is described in the following
Section.

11.1.2 Oxygen-Gettering Reactant System

The described argon-flushing procedure should be capable of reducing the
internal gas atmosphere in the (required) test bins to an 0, level of about
1000 ppm or less. A portable oxygen-gettering reactant system will then be
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used to reduce the residual O, content down to about 1 ppm. Two commercial-
ly available oxygen-gettering systems, the Vacuun/Atmospheres Company model
MO-40-2H Purification System, are being provided by SNL. This oxygen—-getter-

ing‘system will circulate the internal bin gases through its own, gas-recircu-

lation closed loop, removing oxygen, then returning the residual gases to the
'bin. The gases would exit the bin through a top gas-outlet port, traverse
the oxygen- getterlng system, then reenter the bin through a bottom gas-inlet
/flushing port. The progress of the oxygen—gettermg removal cycle (and of
the eventual depletion of the reactant material) will be monitored by the oxy-
gen-specific sensor on the bin (Section 12.1.5). ‘

After the O, level within a (specified anaerobic) test bin has been re-
duced ,tb 1 ppm, the waste degracjétion reactions within each bin will be allow-
ed to control any further changes in the oxygen level, or of any other gases,
just as they would in a sealed, post-closure repository environment. The oxy-
gen content within every test bin will be frequently monitofed, both with rem-
ote-reading, oxygen-specific sensors (Section 12.1.5), and by periodic gas
sampling and analysee (Section 12.2). If the periodic gas analyses indicate
any significant inflow leakage of air, the test Principal Investigator will
decide whether the oxygen-gettering system will be attached agaiﬁ, or what
other corrective actions should be taken. '

The type of oxygen-gettering reactant system proposed is used frequently
in laboratory, controlled-atmsphere' (inert) glove boxes. A similar but much
larger scale system will also be used in the parallel WIPP In Situ Alcove CH
TRU Waste tests [Molecke, 1989b]. The portable oxygen-gettering system des-
cribed can be moved on a portable cart (to be designed or obtained by WID)
and used on one test bin at a time. Multiple, replaceable columns of react-
ant material (described below) will be necessary to keep this single system
in operation. A complete second oxygen-gettering system has also been obtain-
ed to service more than one bin at a time, and for backup purposes.

The oxygen—gettering system is designed around the use of Q-5 Reactant, a

replenishable oxygen scavenging material commercially available from Dow Chem~

ical Company. -5 reactant is, basically, a copper catalyst supported on a
granular aluminum oxide substrate (a granular material, 16-18 mesh). The con-
trolling chemical formulae for the reactions are as follows:
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1- 4Cu (On A1203) + 02 —> 201120 (02 remOVal)
2. Cuy0 + HZ“-+‘heat --=> 2Cu + H,0 (regeneration cycle)

Further details on the design, needs, procedures and safety related is-
sues for using the overall, portable oxygen-gettering reactant system will be

' documented in the Appendices, Section 18.10.1.2.

© 11.1.3 Test Bin Pressurization

Sealed test bins must be operated at a slight positive intermal pressure,
to minimize any inward air leakage (oontamination) ‘through the gasket or any
other potential leak in the bin hardware system. All test bins will be init-
ially pressurized with the appropriate, initial .atmosphere gas, either air or
argon, to an ihte:mal, positive differenﬁial pressure of 0.25 psid above the
mine ambient pressure. The pressure within each test bin will then be remote-
"v monitored (refer to Section 12.1.2) and maintained within certain limits,
both for safety and gas-flow control purposes. The minimum pressure limit is
0.1 psid, the maximm limit is 0.5 psid. In the unlikely event that a bin
intermal pressure drops to 0.1 psid or below, the bin will be manually pres-
surized back up to 0.25 psid with makeup argon gas (research grade, with an
impurity content of less than 1 ppm of O,.), regardless of the initial atmo-
sphere in the bin. Discussions of computer-controlled gas pressure~relief due
to pressurizations of greater than 0.5 psid are found below and in Section
12.1.3. ‘

In the early time-pericd of this test program, it is conceivable that the
pressure within some bins may drop, due to radiolytic depletion of oxygen and
the formationv_of carbon oxides [Zerwekh, 1979; Kosiewicz, 1981), or other
mechanisms. The pressure will be allowed to decrease to a minimum level of
rocedures are started. Refer
to Section 12.1.3 for a description on the control and alarm system for the

0.1 psid before manual argon repressurization

&

required repressurization.

It is expected that the internmal gas pressure within the bin(s) will rise
somewhat (based on multiple observations from previous laboratory experiments
[Zerwekh, 1979; Molecke, 1979; Kosiewicz, 1981]) because of the generation of
gases from TRU waste degradation. ‘Refer also to Table 11.1 (Section 11.2) for
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(integrated) pressure increases per year, based on credible ranges of gas gen-
eration. For safety reasons, internal bin gas pressures will not be allowed
to reach pressures much above 0.5 psid. [NOTE: The bins will be fabricated
to safely contain an internal pressure of at least 1 psid.] When the monitor-
ed pressure (Section 12;1.2) reaches 0.5 psid, a pressure relief valve will
" be electronically activated (and controlled by the remotely read pressure
gage) to open, release some gas (and monitor the volume), then reseal; ‘refe‘r
to Séctions 12.1.3, and 12.1.4. For' backup safety purposes, if the pressure
control circuitry fails to open at 0.5 psid for any reason, there will be a
second, vreldurxdant pressure gage, relief valve, and control gircuit for each
test bin. This secondary pressure-control system will be set to open at 0.6
psid. '

The volume of gas used to pressurize each test bin will ‘be measured dur-
ing the initial and any other subsequent repressuriéation procedure; refer
" to Section 12.1.4 on ’gas flow/volume gagés. By measuring the initial volume
of injected gas and the measured change in pressures, the available bin gas/
void volume (the intermal bin geometric volume minus the volume occupied by
‘wastes, other added materials, and hardware) can be calculated to within
about 1% accuracy. This measured gas/void volume will be more accurate than
assumed void volumes, and will be used in future gas calculation.

11.1.4 Test Bin Tracer Gases

After the initial bin pressurization procedure is completed, tracer gases
will be injected into each test bin. These tracer gases help monitor poten-
tial air leakage into the sealed test bins, or loss of gases out of the bins.
Evaluations of the changes in concentration over time of these tracers allows
compensating corrections to be applied to all the other gases being quantifi-
ed. Standard chemical spiking calculations, using the changes in tracer con-
centrations, can be used to assist in the accounting of gas mass/volume bal-

ance:.

The noble gases Ne and Kr were selected as tracers because they are quite
chemically inert. They will not be consumed by any chemical or microbial
reactions occurring within the wastes, nor be formed by radiolysis of the
test wastes. Neither of these gases are daughters of radicactive elements in
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~ the CH TRU wasteé. Also, they will not react with the proposed oxygen-getter-
ing reactant system materials. |

Both Ne and Kr tracer gases will be injected into each bin through the
bin gas sampling port (on the gas sanmpling loop) at an initial concentration
of 100 ppqn,' each. The concentration of each tracer will be periodically moni-
tored by cas chromatography-mass spectrometry analyses (Section' 11.2). Be-
cause multipie isotopes occur in commercially available Ne and Kr, mass spec-
tral analyses of the isotopes will also provide a degree of analytical redund-

ancy.

The tracer gé:ses will be homogeneously mixed with the other gases in the
test bins by the action of a closed gas-recirculation system fan, part of the
oxygen sensor system (Section 12.1.5). If for any reason the tracer gas con-
centrations are depleted below about one-quarter of their starting concentra-
tion, a second, or subsequent, 100 ppm of the tracer will be injected, at the |
~ direction of the test Principal Investigator.

The reference initial test time t = 0 for all‘ further gas sampling and
analyses (Section 11.2), different and specific to each individual test bin,
is defined as the time immediately after tracer gas injection.

11.1.5 Radicactivity and Radiocactive Particulate Monitoring

Based upon previous laboratory testing [Zerwekh, 1979; Molecke, 1979;
Kosiewicz, 1981), none of the gases generated by CH TRU waste ‘degradation
within the test bins are radiocactive, with the possible exception of small
amounts of radon, released as a daughter product in transuranic nuclides de-
cay chains. Other radioactive, gaseous species, e.q., 3H arnd Mc are not
currently permitted components of TRU wastes to be isolated at WIPP. However,
the potential for radicactive gases and radioactive particulate contamination
being sampled or released, while exceedingly small, cannot be ignored. Any
particulates would have to exit the test bins through particulate filters;
such filters are specifically designed to prevent this occurrence. Filters
must be 99.7% effective for removing particulates of less than or equal to
0.3 micron in size, equivalent to a Nucfil carbon-conmposite filter [Clements,
1989), as stated and required in Section 9.1, item 4. |
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To minimize or eliminate potential‘f@diological safety concerns, gas sam—
bles taken for analyses (Section 11.2) will be monitored for particulate rad-
icactivity before being transported out of the underground RMA, radioactive
materials area. Radioactive particulate (continuous air, CAM) monitors will
be in the downstream of the Panel 1 ventilation air path, as part of the norm-
al waste operations monitoring program. The WIPP Safety Analysils Report (SAR)
describes in detail‘the location and operation of these continuous aii moni-

“tors. These mohitors provide safety information, not test *"data." As such,
they will alarm locally, they will not be hooked into the SNL Data Acquisi—
tion System (Section 12.2). Westinghouse WID Operations is responsible for
this monitoring function; refer to Section 16.2. If radiocactive particulate
contamination is detected within the test area, however, the test Principal
Investigator and/or the Sandia In Situ Test Coordinator/Site Safety person
(Section 16.1) will be notified, to participate in any problem resolution.

11.2 GAS MEASUREMENT AND ANALYSIS SYSTEM

Samples of gas from each sealed test bin will be obtained on a periodic
basis for gas chromaﬁoqraph—mass spectrometer, GC-MS, analyses. A separate,
quality assured procedure for obtaining the gas samples has been prepared
(Greenlee, 1989]. Gas samples are, briefly, planned to be collected in minia-
ture stainless steel gas sample cylinders. The cylinder assembly will be purg-
ed, evacuated, and blanked prior to each use. The sampled gas will be filter-
ed through a 450 rm (nanometer) Teflon membrane disk as it is collected. This
removable filter is for ensuring that the gas sample contains no radiocactive
particulates, i.e., is radioclogically safe to allow transport out of the RMA.
The Teflon membrane filter is in addition to Kevlar particulate filters locat-
ed on each end of the gas sampling loop. 'The gas sampling procedure [Green-
lee, 1989] includes details on sampling considerations, needed sampling equip-
ment, step by step procedures, radiological concerns, staff requirements, doc-
umentation, quality control and sample data sheets.

All gases within the test bin will be continually stirred by a small fan
in a closed circuit loop (that is part of the specific oxygen sensor system,
Section 12.1.4) to obtain a homogeneous sample. All gas samples will be pre-
filtered to remove any potertial radicactive particulate contamination. The
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pre-filter or any other component of the sampling system hardware must not
sorb any of the gases to be quantified, Table 11.1, particularly the vOCs.

Relevant gas data to be obtained include:

1. Test bin number.

2. Time and date of sanpling: actual and in reference to test time t = 0,
for each individual bin (Section 11.1.4). |

3, Overall gas compositions, percentages., ‘

4. Individual gas concentrations, in units of parts per million (ppm) by
volume. ‘

5. Oxygen level.

6. Tracer gas concentrations.

7. Gas component trends, 1.e., increases or decreases in compositions and
rates of production or depletion, o

8. Water vapor concentration. No separate humidity gages are planned for
use in the test bins because of reliability and maintenance concerns;
internal bin humidity will ke ‘monitored by means of water vapor in the
periodic gas samples.

Gases sampled from each test bin will be analyzed by GC-MS for the . compo-
nents listed in Table 11.1 (revised). These analyses and associated calcula-
tions allow the evaluation of the various gas compositions, concentrations,
and charnges in concentrations, to permit the calculation of the rates of gen-
eration and/or depletion as a function of time.

‘ Gas concentrations measured from each waste-filled bin will be corrected,
as necessary, with background or "blank" data obtained from the gas baseline-
reference bins. Gas calculations will also include the dilution effects or
quantities of gases added to repressurize the bin(s) as necessary, and gas
volumes released through the pressure-relief valves (Section 12.1.4). These
data will be made avallable in koth tabular and graphical formats. Further
details on data output will be found in the Appendices, Section 18.11.2.

These gases include those generated from wést.e degradation, released/vol-
atilized from the wastes, e.g., VOCs, atmospheric gases, tracer gases, and
daughter products from radicactive contaminants, e.g., radon. The required
minimum detectable limit for each gas listed in Table 11.1 is 1 part per mil-
lion (ppm, by volume). For each individual gas, the test time span required
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Table 11.1 WIPP Test Gases To Be Quantified

Hydrogen *
Oxygen *
Carbon Dioxide  *
Carbon Monoxide #
Methane *
Water Vapor *
(for humidity, 100 ppm)
Neon (Tracer) %
Other Tracer Gases *
(and isotopic ratios)
Argon’ (mostly alcoves)
Nitrogen (mostly bins)
Hydrogen Sulfide
‘Nitrogen Oxides
Ammonia
| Hydrogen Chloride
Radon

VOCgt
Freons
Xylems, Mixed
Cyclohexane
Carbon Tetrachloride
Dichloromethane
Trichloroethylene
1,1, 1-Trichloroethane
1, 2=Dichloroethane
1,1, i-’I‘richloro—

1,2,2-Trifluoroethane

Perchloroethane
Methyl Alcohol
Butyl Alcohol
Acetone
Others, as detectable

(at > 1 ppm)

(* = major gas, generated or other)

Table 11.2 Calculated Bin~Scale Total Gas Quantities and Pressures

Measured Gas Gas Volume Gas Concentration Integrated
Generation Rate Procduced Increase Pressure Build-Up
(Moles/Year/Drum) (Liters/Yr/Bin) pem % (psi/Yr/Bin)
(at STP)
0.005 (radiolysis) 0.67 L 1.9x10°  0.19 0.03
0.5 (midpoint) 67 L 1.9x10° 19 2.8
5,0 (microbial) 670 L 1,9x10% 190 28.0
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to cbtain a given degree of statistical confidence will depend on (at least):
(a) the concentration level of the individual gas relative to its minimm de-
tection limit, and (b) the relatlve heterogenelity measured among the the mult-
iple, replicate bins of a given test configuration.

Tuble 11.2 provides an indication of the total quantity of all gases,
©uger My O CH“, eto,, to be generated in each bin per year, based
on credible, laboratory measured rates ([Zerwekh, 1979; Koslewlcz, 1979, 1980,
1981; Calcwell et al., 1987; Molecke, 1979] of gas yeneration; refer to Table
5.1. The calculated values in Table 11.2 are based on a range of credible
gas generation rates, a bin internal volume of 1.08 m3, 33% vold internal
volume for gases to collect in, an initial trapped quantity of 16.1 moles of
"total" gas, and 6 drum-volumes of waste per bin. Calculated integrated pres-
sure buildup values within a bin are also listed, assuming (unrealistically)

that no gases are released for an entire year.

The preliminary (revised) bin gas sampling schedule for individual bins,
subject to modification by initial analyses and interpretations, is listed in
Table 11.3: ‘

Table 11.3 Bin-Scale Test Gas Sampling Schedule:

Initial: time t = amplacement, then
(Time t = x pericd, after test reference time t = 0)
Daily: x=1, 4, 7, and 14, ‘
Waekly: x =3, 4, 6, and 8.
Monthly: thereafter, up to a minimm of about 5 years after test
initiation.

In addition to the GC-MS analyses, oxygen concentrations will also be per-
iodically monitored (every 4 hours) by means of solid state specific sensors,
Section 12.1.5, because of the importance of knowing whether each test bin is
aerobic or anaercbic (< 10 ppm).

To assure that this bin-scale test program can be initlated within the
required time period, it ig mandatory that all gas analyses be conducted on-
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site uging a gas chromatograph-mass spec:tirometer (Ge-MS) instrument. The GC-
MS and supporting equipment are already on site and currently being brought.
to an operatiocnal state. The GO-MS system must be staffed with approprlately
trained lead personnel (Section 16.1) and laboratory technicilans, be calibrat-
ed (to appropriate SNL and WIPP site Quality Assurance standards), and proper-
ly raintained. Details on the operatj on, calibration, and maintenance proced-
ures for the overall GC-MS system, as well as detalls on gas sarrrpling px"
ures will be included in the Appendices, Section 18.11.2.

On-site GC-MS capability is mandatory because of the lar‘ge‘ nunber of gas
samples to be collected on a periodic, multi-year basis, as well as the need
for rapid analyses and interpretations to guide the conduct of further test
operation and samplings. The elapsed time from gas sampling to analysis must
be kept to a reasonable minimum. It is concelvable that some low concentra-
tion or reactive gases could sorb on, or react with the sampling container (s)
(and thus not be detected) 1f allowed to allowed to stand around too long.
The on-site, dedicated GC-MS analysis capability should be adequate to handle
the curiently anticipated sampling schedule. It must be kept in mind that the
 total numbur of test bins will be emplaced over a period of months to several
years; this should ease possible sampling schedule difficulties.

Should the site GC-MS instrumentation be out of operation for any signifi-
cant amount of time or be overwhelmed by the total number of samples (predomi-
nantly from this bin-scale program, but also from the parallel WIPP In Situ
Alcove CH TRU Waste Test [Molecke, 1989b]), a backup, off-site source of GC-
MS analyses may be necessary., Potential contract analysis laboratories will
be lined up on an as-needed basis.

Data from the GC-MS gas analyses must be available for rapld review by
both the lead analysis person [Bill CGreenlee, WID] and the test Principal
Investigator. Rapid review is necessary to permit possible changes in test
bin sampling schedules, to help evaluate potential gas leakage or air infil-
tration problems (necessitating possible remedial fixes to be decided upon by
the Principal Investigator), and to provide rapid, periodic input to the WIPP
PA program. \
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11.3 LIQUID LEACHATH ANALYSES

Measurements of the concentrations of radionuclides, dissolved organic
components, or dissolved toxic metals present in the bins’ leachate brines’
provide a major, relevant source term data base for WIPP PA modeling and eval-
uation compared to EPA RCRA regulations, These bin-scale measurement provide
the only waste-leachate data from actual CH 'IRU wastes during the five year
DOE WIPP Test Phase [US DOE, 1989a]. |

The speciation, solubilities, and sorptive properties of radionuclides
and other dissolved constituents, as affected by various interactions with
components of the waste and additives, will determine their concentrations in
any brine present as a function of time. These "in-bin" concentrations are
In addition to, and supplementary to both theoretical predictions and labora-
tory measurements of (simpler system, simulated waste) leached radionuclide
source terms [Brush, 1989; Bertram-Howery, 1989]. Measured "in-bin" leachate
concenitrations can provide kinetic rate data and repository-realistic values
- with which to calculate thermodynamic parameters, if it can be demonstrated
that: (a) brine-leachate analyses from single bins are representative, and
(b) measured species concentrations approach "steady-state" concentrations
before the end of the test phase.

The speciation, solubilities, and sorptive properties of the hrportant ac-
tinide elements in TRU waste (particularly Pu and Am, also U and Th), if pres-
ent) are very sensitive to Eh and P, impacts of any organic ligands or other
chelating agents in the wastes, as well as the chemical enviromment within in-
dividual waste containers. This waste envirorment will be influenced by both
wagte matrix degradation and by-products thereof (e.g., chelate formation,
humic-like acilds, etc.), and by interactions with other repository components
such as brines, sorbed chemicals, metals, backfill or getter additives, etc.
These influences and interactions will probably vary significantly with test
bin contents and change as a function of time. In addition, potential colloid~
al (and other suspended particles) transport of actinide elements by brine
may be significant. Therefore, leachate brine samples from each (appropri-
ate) test bin will be sampled periodically and analyzed for specific radionuc-
lide concentrations, dissolved organic compounds, toxic (and other) metals in
solution, presence of organic chelates, quantities of colloids, and, posisib-
ly, characterization of microorganisms,
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Several shrplistié calculations have been conducted in order to provide

some gross or estimates on the total concentration or radicactivity to be
found in the bin brine-leachate samples. The following assumptions were used:

(a)

There are about 10 g of weapons grade plutonium, "JPu, per drum of init-
ial CH TRU waste; this is conservatively high. “9pu, predominantly

' 239Pu, with much smaller amount of 240py  ang 241Pu, hag a gross

alpha activity of 0.07 Ci/g [Zerwekh, 1979].

There are about 6 drum-volumes of TRU waste per bin,

There will be about 120 L total of saturating brine leachant in the bins
to be sampled. Assume that about 1/4 of the waste within a bin is in
contact with the brine., Assume that all Pu in contact with brine dis-
solves; this is extremely conservative since iolutonium oxide, the domin-
ant chemical form in the wastes, is known to be quite insoluble. This
last assumption, total dissolution, should more than bound the case for
consideration of chelated species, colloidal species, and entrained par- -
ticulates in solution.

With all these conservative assumptions, the maximum concentration of dis-

solved plutonium should be (less than) 5.2 x 104 moles/liter [M], with an
alpha activity of (less than) 8.8 microcuries/ml. The bin leachate calculat-
ed concentration of 5.2 x 1074 moles/liter can also be compared with:

- (a)

the best estimate of Brush and Anderson [1989] of 107° [M] for the
solubilities of Pu, Am, Th, and U in any brine that resaturates WIPP
disposal rooms as the source term for transport calculations, and

the estimated range of 1072 to 107> [M], with an intermediate value
of 107 (on a logarithmic scale) that Brush [Brush, 1989] is using in
his sensitivity studies of the source term.

11.3.1 ILdquid Leachate Sampling
Preliminary brine-leachate sampling requirements follow:
A 50 ml liquid sample will be obtained periodically (schedule below) from
those bins specified as containing "saturated brines" in Table 8.3. These

samples will be obtained with a syringe-type apparatus, inserted through
one of the bottom-mounted brine sampling septa-ports. Appropriate radia-

tion-safety, temporary contairment enclosures may be used to prevent po-

tential contamination during the course of sampling. The design, instal-
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[ ] .

lation, and maintenance of such radiation-safety containment enclosures
is the responsibility of WID. |

The liquid sample will be filtered through a 450 rnm (rianometer) Nuclepore
(or equivalent) filter paper apparatus attached to the front end of the

sanpling syringe, to remove brine-suspended particulate activity. Aall

dissolved species and colloidal particles will pass through this filter

‘and be collected in the liquid sample.’

The sampling needle, Nuclepore filter assembly, and brine-containing syr-
inge will each be packaged appropriately, radiologically monitored out of
the underground RMA by site Radiation Safety personnel (Section 11.3.2),
and brought up to the surface facilities, within an appropriate contain-
er.

Small, about 50 microliter aliquots of leachate liquid samples may be
used to provide a preliminary, total activity quantification. This analy-
sis, if deemed necessary, would require an on-site liquid scintillation
system. These preliminary total activity anélyses, including associated
equipment, procedures, and persomnel, are the responsibility of WID.

Filter assembly and brine leachate samples will be packaged appropriately
for transport to an off-site analysis facility. Further details on hand-
ling of such brine-leachate and filtered samples will be found in Section

11.3.2.

A radiation ‘safety, and quality assurance approved procadure for obtaining

brine leachate samples is being prepared. Further details will be included

in the Apperdices, Section 18.11.3.

(b)
(c)
(d)
(e)

Relevant brine leachate sampling data to be recorded include:

test bin number; |

time of sampling -- in reference to test time t = 0 ;

brine volume;

measured total activity

moniitored gamma and surface alpha activity levels (if any) of samples;
any sampling problems, etc.
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Further details on such sampling data will be found in the Appendices,
Section 18.11.3. |
| Samples of brine leachate, ihcludihg particulate filters, from each test
bin will be obtained on the following preliminary schedule, listed in Table
11.4.  The schedule is subject to modification by initial results.

Table 11.4 Bin-Scale Test Brine Sampling Schedule:

 (Time t = x period, after test time t = 0 (Section 11.1.4)
(Note: Brine is to be injected on day t = < 3; (Section 8.4)

Daily: x =4, 7, 14.

Weekly: x =4, 8, 12.

Quarterly: thereafter, up to a minimm of 5 years after test init-
iation, or as modified. :

Posttest: immediately before removing residual brine (Section 14.)

11.3.2 Brine Ieachete Samples Packaging

Facilities to analyze adequately the brine leachate, colloid, and pai‘tic-
‘ulate filter samples do not exist at the WIPP site, nor are they expected.
Therefore, facilities toc package up the (low level, radicactive) samples for
transport to off-site contractor facilities must be made available at the
WIPP site. This will require the services of site Radiation Safety and Trans-
portation Operations personnel, to assure that all radiation safety and trans-
portation regulations are adhered to. Safe operating procedures for these
activities will be developed by WID, in cooperation with the contract analy-
sis drrjanization.

11.3.3 Leachate Samples Analysis Details

Outside contractor analytical focilities will be required for the analy-
ses of the brine leachate, colloid, and particulate filter samples. Arrange-
ments for these analytical services are .currently being accon@lished. This
contractor laboratory will be [TBD] and will be selected by the Principal In-
vestigator. -
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Required test brine 1eachate analytical services tor all samples are cur-

rently defined to be

Liquid scintillation for total act1v1ty (ai' WIPP, ‘and/or elsewhere if re-
quired

Alpha and gamma spectroscopy, to determine concentrations of specific rad-
ioisotopes. (of Pu, Am, U, and' Th) in both the liquid and filtered (sus-
pended) particulate samples. |

Brine pH. |

Concentration of dissolved metals, e.d., 1ron , lead, possibly other toxic
components (below). Details on toxic metal analysis procedures remain to
be finalized with and by the generators. EPA analysis procedures and pro-
tocols will be evaluated for appropriateness for use with concentrated

leachate brine samples. EPA test protocols, or modificationsthere‘of p
‘may then be instituted.

Other, to be determined after further discussion With oonsultant and con-
tractor analytical personnel.

A proportion (to be determined) of the samples will be subjected to other

analyses, listed below. The scope of these further analyses can not yet be
totally specified.

10.

11.

12.

Concentration of radicactive species in colloidal form, to evaluate the
relative role of colloidal species in krine, relative to potential radio-
nmuclide migration. This will require filtering the liquid samples with a
1 nm filter to separate the colloids.

Concentrations of major solution ionic species.

Concentration of other dissolved tcxic metals, e.g., Hg, Cd, Cr, As, Se,
Ba, etc., and, possibly, other toxic components.

Concentrations of chelated radiocactive species (including both organic
and inorganic ligands) .

Liquid chromatography for determining organic chelates and total organic
content (dissolved and immiscible, if present).

Characterizations of microorganisms in the leachate, to help evaluate the
degradation processes occurring within the test system.

Other, to be determined after further discussion with consultant and con-
tractor analytical "personnel.



Due to the large number of leachate éamples to be acquiféd over the course
of this test program, all samples camnot receive all analyses; the sum of
total expenses would not be justified. ‘

Following sample analyses, any remaining leachate sample will be archived
for possible additional requested analyses. Residual leachate samples will
be retained for a minimum of one year at the contract analysis facility loca-
tion, or until released by the test Principal Investigator and WIPP QA. Fol-
lowing release, it is anticipated that residual leachate 1iquids‘ will not be
returned to the WIPP, but will be disposed of by the analyzing laboratory. If
this assumption is modified in the future, a Test Plan addenda will be issu-
ed. Return of residual leachate samples to the WIPP would then require both
temporary storage and radicactive. liquid disposal facilities on site; if re-
quired, these would be the responsibility of WID.

~ Data from the brine leachate analyses must be available for rapid review
by both the lead analysis person and the test Principal Investigator. Rapid
review of data is necessary to permit possible changes in test bin sampling
 schedules, to help evaluate potential problems, and to provide rapid, period-
ic input to the WIPP PA program and parallel evaluations for EPA RCRA
L concerms.
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12.0 INSTRUMENTATION AND DATA ACQUISITION

12.1 INSTRUMENTATION

Each test bin will be equipped with miltiple, remote-reading instrments,
with the following major purposes: ‘

1. Thermocouples (5 per big‘) . To monitor internal bin température distribu-
tions and charnges thereto, as an indicator of impacts of and to waste deg-
radation mechanisms. . v ,

2. Gas pressure gages (2). To monitor gas pressures and absolute delta in-

‘ creases in pressure within the test bin, as caused by waste degradation
processes, ‘

3, Gas pressure-relief valves (2). To help control gas pressure within the

'~ test bin. The gas pressure-relief valves will be in series with the gas
flow/volume gages. ) |

4. Gas flow/volume gages (2). To quantify any gases released through tne

~ pressure-relief valve and to help provide a gas mass/volume balance.

5. Oxygen-specific gas detectors (1). To provide an independent and remote
monitor on internal bin oxygen concentration, as an indicator of whether
the bin is anaerobic. These solid-state detectors are used in addition
to GC-MS gas content analyses (Section 11.2).

All instruments, as well as the test bins themselves, will be electrical-
ly grounded for safety purposes. Each test bin will be wired or attached to
a WIPP system grounding bus (available in each test room' at one point, so
as to not set up ground loops. Grounding clamps or other devices connecting
the bins to the ground bus are acceptable.

The thermocouples will be the only instruments pre-installed in the test
bins before waste emplacement and are, therefore, non-maintainable in case of
failure. Adequate numbers of thermocouples are installed to compensate for
any (low-probability) failures. All other instruments will be on the outside
walls of the test bins, in the man-accessible area, and will be maintainable
and/or replaceable in the event of problems. Instrument cables will extend
from the test bins to junction boxes on the back (roof) above the bins. Twen-
ty-pair jumper cables will then be routed, using messenger cables, to the ins-
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~ trument shed located in the southwestern corner @f Room 1 of Panel 1; refer
to Figure 7.2. As previously stated, no separate humldity gages are planned
because of reliability and maintenance problems experienced in other WIPP in
situ tests [Molecke, 1986].

o To minimize the impacts of any gage failure and subsequent, potential

safety problems, duplicate/redundant gages will be used in all test bin cor-
trol systems. This includes pressure gages (Section 12,1.3), pressure~rc-alief
valves (Section 12.1.3), and gas flow/volume monitors (Section 12.1.4). The
duplicate gage output provides a cross-check on its mate and also provides a
backup in case of gage fallure. The MODCOMP DAS (Section 12.2) will send out
an alarm message whenever one of the gage output signals is outside of its ex-
pected range; refer to Section 12.2.1. 1In addition, instrumentation techni-
cians also scan the gage output periodically, searching for suspicious data.
Repalr or replacement of any defective gage can then be accomplished. FEven
if both paired gages failed or were out of order (e.g., due to a power out-
age), no safety-related problems are expected to occur for several days at
least; refer to Section 12.2.3.

A summary of gand totals for) all required instruments is provided in
Table 12.1. The relative locations of all instruments installed on an indi-
vidual test bin are illustrated in Figure 9-1. All of the following instru-
ments will be purchased, monitored by the MODCOMP Data Acquisition System,
DAS (Section 12.2), and controlled by Sandia National laboratories. All ins-
truments are to be calibrated before installation as required either by the
manufacturer and/br by SNL, in.accordance with individual, QA~-approved proced-
ures, as specified in the Appendices, Section 18.12.1. Installation of ins-
truments will be performed by WID Experimental Operations technicians, as
directed by SNL staff. Refer to Section 16.1 for a description of the SNL
instrumentation and data system coordinator and the SNL instrumentation con-
sultant.

The SNL instrumentation consultant (refer to Section 16.1) will coordi-
nate all information ab~ut instruments used in this test program. He will
also interface with the SNL instrumentation and data acquisition system coord-
inator (Section 16.1) for instrument control-system, software-related activi-
ties.
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Table 12.1 WIPP Bin-Scale Test Instrumentation Summary (Revised 11/89)

P P GM

.TC R R AO S
HO E E R 8N OE T
EU el S E I XN 0
RP g A S L PT Y s T
ML UG UI Lo GO B A
OE RE RE ' OR ER IL
-8 ES EF WS N8 NG
Mine Ambient: 2 2
_Pressure TBOOL 5 2 2 - - 9
Basel ine- ‘TBO02 5 2 2 - - 9
Reference TBO03 5 2 2 - 1 10
Bins: TBO04 5 2 2 - 1 10
_Gas . TBOO5 5 2 2 2 - 11
Baseline- TBOO6 5 2 2 2 - 11
Reference TBOO7 5 2 2 2 1 12
| TBO08 5 2 2 2 2 12
_Reference Substotal: 40 18 16 8 4 86
Phase 1 TBO09 5 2 2 2 1 12
Test : TBO10 5 2 2 2 1 12
Binss TBO11 5 2 2 2 1 12
5 2 2 2 1 12
5 2 2 2 1 12
TBOS6 5 2 2 2 1 12
__Phase 1 Subtotal: 240 96 96 96 48 576
Phase 2 . TBOS7 5 2 2 2 1 12
Test TBO58 5 2 2 2 1 12
Bins: TBO59 5 2 2 2 1 12
5 2 2 2 1 12
5 2 2 2 1 12
. TBl124 5 2 2 2 1 12
Phase 2 Subtotal: 340 136 136 136 68 816

GRAND TOTAL: 620 250 248 240 T20 1478
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Phase 3 TR12& 5 2 2 2 1 12
Test TB126 5 2 2 2 1 12
R B 2 2 2 1 12
('T'BD) 5 2 2 2 1 + 12
TB?7?? 5 2 2 2 1 12
__Phase 7 3ubtotal: TBD TBD TBD TBD TBD TBD
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12.1.1 Thermocouples

As many as 620 remote-reading thermocouples (TCs) will be used for moni-
toring temperatures in Phases 1 and 2 of these bin-scale tests, 5 in each
test bin. Measured temperatures are antioipated to be in the mine ambilent
range of about 27 to 30°C. Minor increase detected may be indicated of slg-
nificant microbial actlvity occurring within a bin. Iarge, steady inoreases
in monitored temperatures could be indicative of the onset of potential spon-
taneous combustion processes ocourring within a bin. As such , the thermo-
couples can be considered to be part of a safety monitoring system. Refer to
Section 12.2 for a description of out-of-range signals and alarm messages by
the SNL DAS system. \

All the thermocouples used are Type E Chromel-Constatan and are clad in
Inconel 625 sheaths, 3.2 mm (1/8 in.) in diameter, of various lengths. They
have high purity Mgo internal insulation and an ungrounded hot junction con-
figuration. The thermocouples have an accuracy of better than 1.0 °C, a sys-
tem resolution of +/- 0.003 °C, and a working range of more than 500 °C. Ten
percent of all thermocouples will be tested in the SNL calibration laboratory
to verify the stated accuracy. If any fail, all will be tested and those that
fail will be discarded. |

The thermocouples will be attached to the inner wall of the test bin at 5
separate locations. One TC will be on the bottom of the bin, in the exact
center, Two other TCs will be on each of two side walls of the bin, the two
sides that contain the other externmal gages, valves, sampling septa, etc., in
the horizontal midpoint position and at two different vertical heights. One
will be 15 am (6 in.) from the bottom, and the other will be 76 cm (30 in.)
from the bottom. | |

The TC leads will be held in place within the bins with the use of small,
nonmetallic clips, epoxied to the bin walls. The sensing tip of each such
thermocouple will be bent at a slight angle and attached so that it extends
into the interior of the test bin, away from contact with the bin wall, for a
distance of about 3 mm (1/8 in.). The tip of the TC can be held in place away
from the wall with a small, nonmetallic wedge or fixture. Thermocouple wire
sheaths will snake over the top of the liner, then exit the test bin through
gas-tight, compression fittings in the bin walls. Refer to Figure 9.2 [Bali,
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1989a]. All thermocouple leads extending out of the test bin prior to hookup
procecdure at the WIFP will be taped securely to the externdl bin walls and
also tagged for proper ldentification. :

‘Once the test bins are emplaced at the WIFP and the themmocoupled instal-
led, the external portion of the compression fittings will be epoxled iIn
place, to eliminate any potential gas-leakage pathways. Other relevant de-~
tails on the thermocouples may be fourd in the Appendices, Section 18.12.1.1.

A QA-approved thermocouple Installation and checkout procedure will be
provided by the SNL instrumentation consultant (Sectlon 16.1) and will be in-
c¢luded in the Appendices, Sectlon 18.12,1,1. When the first batch of test
bins are fabricated at a contractor facility, the SNL instrumentation consult-
ant will instruct and supervise the personnel in the proper installation pro-
cedures for the thermocouples.

12.1.2 Gas Pressure Gages

The intent of measuring pressure and pressire changes in the test bins is
to quantify the buildup and release of gases from TRU waste degradation, and
to help control the sealed bins so that they do not become excessively over-
pressurized (a safety concern) or underpressurized (a seallng concern). The
pressure within each bin will be monitored with 2 independent and redundant
sealed (gage) pressure dgages, ylelding pressure values in psig. The sealed,
gag pressure gages for all bins should be accurate to better than 1% of the
nmeasured value and are interchangeable with each other. The measured pres-
sure data output from each redundant gage (pair) will be intercompared (by
the MODCOMP DAS system, Section 12.2) for consistency.

The undergroundd WIPP mine ambient pressure is about 14.1 psi absolute at
about 1100 ft above sea level, or, equivalently, at 2150 ft below the surf-
ace. It 1s assumed that the differential pressure within test bins, i.e.,
the pressure above mine ambient due to internal waste gas generation, should
be within the expected, working pressure range of 0.1 to 0.5 psid. This dif-
ferential pressure could, ‘however, be affected appreciably by external (mine
ambient) pressure changes. The effects of mine-amblent pressure fluctuations
on internal bin differential pressure can be eliminated by comparisen to par-
allel gages within the sealed, pressure baseline-reference bins. Mine amb-

Y
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lent premsure changes will affect the waste-filled and adjacent baseline-ref-
erence bing to essentially the same degree., The corrected (waste-fllled) bin
gag differentlal pressure, [Ppy for TB###, in peld] can be measured and/or
caloulated as follows:

Ppg/TBIHH = Ppo, TBI#H ~ P/py,ref. + Pogy,

where PBg,TB### 1s the measured bin sealed gage pressure (pslg), P’}:,g,réf
is the average measured (sealed gage) pressure of all four pressure basellne-
reference binsg, and Pg,.. 18 a pressure correction factor equal to 0,25
psig. The Piy.., factor 1s necessary so that the Ppy,TBi## value indi-
cates the differential pressure above amblent; PBg,'I‘BﬂfH# and P/ m,ref .
both have an initial value of essentially 0.26 pslg (refer to Section
11.1.3.) The MODCOMP DAS system can easily calculate the average P'Bq,raf. |

and P&i,'I‘B##ﬂ .

Appreclable perturbations or variations in the underground mine ambient
pressure are expected on a periodic basis. Underground atmospheric pressure
pulses could ba due, primarily, to charges in the mine ventilation rate and
‘ventllation routes and, possibly, the up and down (plurnger-like) operation of
the mine hoist. These sources could cause abrupt, but temporary pressure
changes of up to about 0.2 psig [Cook, 1989). A large weather storm could
also potentlally cause significant, longer term (negative) mine pressure pul-
ses of possibly larger magnitude. Other sources of periodic pressure fluctua-
tions include normal atmospheric pressure varlations (magnitude of 0.2 paig
or lessg per day) ad ambient mine temperature changes (causing negligible
pressure changes); refer to the Appendices, Section 18.12.1.4, These sources
change on a relatively slow time-frame; they are not pulses. Mine amblent
pressure variations will be monitored periodically with additional sealed
(yage) pressure gages in the vicinity of the DAS shed In Room 1.

All pressure gages will be replaceable In case of fallure during the
course of this ‘test program. All the sealed, pslyg, pressure gages have piezo-
resistive pressure sensors, with four plezoresistive strain gage resistors
diffused onto a diaphragm to form a fully active Wheatstone bridge. These
pressuré sensors (Sensotech model LIS) have the following features: a range
of 0 to +/~ 2.5 psig, sealed and electrically centered to 14,1 psila; a 4X
overpressure capacity; individual pressure calibration by the manufacturer,
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with 0.25% acouracy, and infinite resolutlons a 0.5% long-term stability
with a maximum total ilnacouracy of less than 0.02 pal (due to temperature
changes, hysteresis, and nolse); interchangebllity; iIntegral temperature
compansatiion over the ramge of 0° to 70°C: sealed, rugged construction for
harsh media usage, stainless steel case; solld-state rellabllity; humidity
and corrosioh resistance! low noise; muderate size and cost.

‘All pressure gages are initlally callbrated by the manufacturer before
shipment. These gages will also be periodically recalibrated at the WIPP (on
the surface) on an approximate 6-month time-scale. This will require period-
ic removal from test bins and exchange by another gage., Other details on
these gas pressure gages, including quality assured installation, checkout,
and calibration procedures, will be found in Section 18.12.1.2 of the Appen-
dices. ‘

12.1.3 Gas Pressure-Rellef Valves

As desoribed in Section 11.1.3, the Internal gas pressure within each
test bin must be closely monitored amd maintained both for safety and for gas
-flow control purposes. Therefore, the gas pressure-rellef valves are requir-
ed to release excess pressures as they develop. Each bin has two speclally
controlled, direct-acting, self-sealing, pressure~relief valves for safety
purposes, each individually monitored and controlled, Time-delay circultry
(both hardware and software) will be included in the pressure-rellef control
system to compensate for potential mine amblent pressure pulses, as describ-

Required pressure-relief will be conducted by electrically-actuated (sol-
enoid) valves with a 0.5 in.-diameter exit orifice. The selected valves are
Parker Hannefin Corporation Gold Ring solenold valves serles 20, with a maxi~
mum differential operating pressure of 3 psid, and with stalnless steel 316
enclosures that are both watertight and explosion proof.

Opening of these valves will be controlled by the calculated bin differen-
tial pressure gage output, Ppy,TBi### (Section 12.1.2), fed into, interact-
ively monitored and controlled by the MODCOMP DA, The first relief valve
will be sot to open at 0,50 psid, (with release subject to the control of the
time—delay compensation circuitry, below), and will be the major, controlling
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pressure-rellef system., The second, or backup pressure-rellef valve will be
get to open at 0.60 psid, assuming that the firet valve did not open.

If the monitored differential pressure reaches 0.55 pald, indicating a
problem with the primary pressure-relief valve/rellef system, the DAS will
first compare the values of both the primary and backup pressure sensors,
then print an alarm message on its temminal; this alarm nessage will also be
received in the site computer monitoring room, MR, Conourrently, the DAY
will switch to its "alarm scan mode' for the pressure sensors, increasing the
geanning rate to 4 times/hour., When the nonitored pressure measurements from
alther sensor rvaches 0,60 pald, the MAS will send out a control slgnal to en-
gure that the backup pressure-rellef system opens up automatlcally. Also coh=
currently, the DAS will send out an alarm message to have the primary system
checked and maintained as required.

To help assure that potential short~term pressure pulses in the WIPP do
not inappropriately trigger the opening of the pressure rellef valves, a time
~dalay compensation system will be used. When a high (or low, see below) dif-
ferential bin gas pressure of 0.50 psid or above is recorded, the MODOOMP
will switch to its "alarm scan mode" for the pressure sensors, increasing the
scanning rate to 4 times/hour. 'Then, 1f three successive high pressure read-
ings are recorded (for both bin preésure gages, as a redundant check against
gage fallure), indicating that the pressure charge is real, not a pulse, a
control signal will be sent to the primary pressure-relief valve to open, re-
llevirg the high pressure. The relief valve will be set to open for 2.0 min-
utes, then close. Parametric pressure calculations [Beraun, 1989] on pressure
-rellef valve size vs. a range of gas generation rates ve. time of valve open-
ing (ylelding pre- amd post-valve opening bin pressures) indicate that the
bin internal pressure should decrease about 0.1 psid during this 2.0 minute
time interval.

The DAS will continue scanning every 15 minutes for pressures (after the
pressure~relief valve has opened) for two more periods before returning to
ite normal scan rate of every 4 hours (Section 12.2.2). If, however, a temp-
_orary pressure pulse was responsible for the high pressure indlcation, the

relief gaga(s) will not be actuated. Further detalls on this time-delay pres-
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sure relief compansation systam will ba found in the Appendlces, Section
18,12.1.3.
| | B
It the monitored bin differential pressure, Py, TBIHH, reaches 0.10
paid, indicative of either a gas depletion reaction or a potential bin leak,
the DAS will send out a "Low Pressure" alarm message to its terminal and also
switch to its more rapid alarm scan rate. Reasons for bin pressure decrease

" will have to be ascertained and corrected if necessary or possible. The pres-

sure within the test bin will then need to be be manually repressurized to
0.25 psid, with aryon gas, as previously described in Section 11.1.3. ‘

Because of the safety-related nature of the pressure-relief control sys-
tem, a backup power generator or an uninterrupted power supply (UPS) system
must be available to power the control cilrcuitry of this system in the event
of a gite power fallure. PFurther detalls on backup power systems are found
in Section 12.1.6. ‘

The pressure-relief control system hardware and software are still in the
praliminary‘ stages of development. Further details, including quality assur-
ed lnstallation and checkout procedures, will be documented in the Appendi-
ces, Section 18,12.1.3.

12.1.4 Gas Flow/Volume Gages

The volume of gases released by the pressure-relief system(s) above must
be monitored as data for purposes of gas mass/volume balance. To calculate
accurately the total gas volume within a sealed test bin, the initially en-
closed volume must be compensated for the volumes of gases periodically re-
leased through the pressure-relief system and the volumes of gas injected to
pressurize or repressurize (as required).

The gas flow/volume monitoring system is still in an early stage of devel-
opment. Various types and manufacturers of components have been evaluated.
The compatible components selected are manufactured by MKS Instruments, Inc.,
and include:

1. Mass flow/volume meters, 2 per each bin, for redundancy and safety pur-
poses, with one beirg capable of being reversed, to monitor injected gas-
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es, 'These meters are MKS Instruments, Inc. ‘model 02688, with a full-
scale flow-rate range of 5,000 standard cm?/minute, a 1.0% acouracy,
0.2% repeatabllity, 0.1% resolution, and a fast responge time of less
than 500 msec. ‘ ,

2, A compatible mass flow meter calilbration instrument. The MKS Microcal-p

| transfer standard calibration system will be located on the surface at
the WIPP site. ‘

3. Mass flow calibration transfer standards. MKS Masster-Flow Type 358,/1350
thermal mass flow meter/controllers will be used. Two of these standards
are being obtained, with one calibrated for nitrogen, the other for ary-
on. The flow meter gages will be calibrated for either argon (initial
purge gas in some bins) or nitrogen (residual initilal ¢as in some bins,
after the oxygen parqing procedure) . Conversion factors for essentially
all gases of interest in this test program are availuble. A linearized
average of appropriate gas calibration factors can be calculated. This
factor can then be used to correct the data output of each flow meter --
after an analysis of the bin gas has been conducted, for an adjacent time

- perioed. ‘

4. Associlated power supplies.

Parametric pressure calculations [Beratﬁ, 1989] on pressure-relief valve
size vs. a range of gas generation rates vs. time of\, valve opening (yielding
pre- and post-valve opening bin pressures) indicate that the bin internal
pressure should decrease about 0.1 psid during this 2.0 minute time inter-
val. During this release cycle, about 4 L of gas total (at standard tempera-
ture and pressure), at a rate of 2 I/minute should be released [Molecke,
1989d].

Further details and specifications on gas flow/volume gages, calibration
equipment, and procedures will be found in the Appendices, Section 18.12.1.4.

All gases released through the pressure relief valves will already have
been filtered through a non-gas~sorbing, radicactive particulate filter.
This filter will be in series with the gas-relief valve(s). There will be,
therefore, minimal possibility of radicactive particulate releases; refer to
Section 11.1.5. Released gases, initially Ar (purge gas) or N, (residual
atmosphere after initial oxygen purging), then with increasing concentrations
of CO,, CO, Hy, (Oy in some bins), tracers, possibly CHy and other
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volatile organics, etc., will be vented directly to a mine ventilation duct
 in the test room(s). No hazardous concentrations of gases will be released
where they could be breathed by personnel.

12.1.5 Oxygen-Specific Gas Sensors

Oxygen concentrations in all test bins will be periodically sampled and
monitored by the GC-MS instrument (Section 11.2). However, because of the
importance of knowing whether specific bin atmospheres (identified in Table
8.3) are aerobic cr anaercbic, oxygen will also be periodically monitored by
means of electronic, oxygen-specific analyzers, with replaceable sensors,

There will be one replaceable oxygen sensor attached to the side wall of
each test bin. The digital, trace oxygen-specific analyzers selected for
this test program are Nyad model 242 (2 channel controller) with Neutronics/
Nyad 0S-4 oxygen cell, with integral fan-pump and rotameter. These analyzef.s
have a dual range (0 - 100 and 0 - 1000 'pp.m 0,), 1% accuracy, and a“resolu—
tion of 0.1/1.0 ppm. The oxygen-specific sensors in these analyzers are
small, diffusion-limited fuel cells that convert oxygen concentration by vol-
ume (in parts per million) into low-level electrical currents. The oxygen
- sensors themselves are small, inexpensive, disposable, and easy to replace.

These analyzers require a separate gas sampling port near the bottom of
the bin and an exhaust port 'back into the bin, near its top. A small fan con-
tinuously draws a gas stream out of the bin, passes it over the oxygen sens-
or, then sends it back into the bin, all in a closed loop. ' This fan provides
a means for gently recirculating bin gases, stirring them up so that a homog-
enous gas samples can be obtained for analyses (section 11.2). The gas sam-
pling port is located on the oxygen-sensor closed recirculation loop.

The oxygen specificﬁ sensors will be remotely read (scanned) every 4 hours
by the DAS. 1If a O, concentration of greater than 10 ppm is recorded, the
MODCOMP DAS will send an alarm message to its terminal, requiring some consid-
eration or remedial action. A high oxygen concentration, or a rapid increase
in concentration, cculd be indicative of a leak in the test bin.
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Further technical details on the ccmmercially available, oxygen-specific
analyzer system and sensors, requlred control and calibration equipment, and
- fan-recirculation sysi'em will be found in the Appendlces, Section 18.12.1.5.

12.1.6 Backup Power Supply

A backup source of electric power or power supply system is required to
assure that the pressure-relief system (Section 12.1.3) and flow volume gages
(Section 12.1.4) are not without power and control for a period of time ex-
ceeding approkimateiy 12 hours. Gas pressures within test bins are not ex-
pected to increase appreciably '(beyond safety limits) within 12 hours or
more. Therefore, loss of electric power to the test Pbins and DAS could be
tolerated for up to this time without any safety‘?related concerns or loss of
significant amounts of remote-gage data, an uninterruptible power supply,
UPS, should not be necessary. The potentlal loss of electric power for per-
iods of time greater than 12 hours, however, mandates that a backup source of
(WIPP underground) power be available for these tests.

It is proposed [McIlmoyle and Johnson, 1989] that the required under-
ground backup power supply system use a 24 KW diesel generator similar to one
previously used in the Sandia-WIPP brine migration technology experiments
[Tyler et al., 1988). This generator can be manually started and has the cap-
ability of remote starting and stopping, controlled from the surface. This
remote operation helps minimize concern about potential response time and per-
sonnel reentry procedures in the case of a power outage. This generator also
has [McIlmoyle and Johnson, 1989] an engine approved for underground use, in-
cluding exhaust scrubber/purifiers, and a proven record of reliability. Oper-
ational usage, safety aspects, and other associated details on this diesel
generator backup system have been discussed between SNL and WID safety
personnel and documented elsewhere [McIlmoyle, 1989].

This ldiesel generator system can backup the required (pressure, pressure
-rellef flow/meter) instrlmtents and some of the other associated equipment
in the underground DAS shed. Since most site power outages normally last for
perlods of several hours or less, it would be adequate if the generator were
manually turned-on (remotely, from the surface) within about 12 hours after
the initiation of a power outage. ‘
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12.2 DATA ACQUISITION SYSTEM

The Sandia MODOOMP data acquisition and control system will provide for
the data recording needs of this test program ( remote-reading instruments,
supporting equipment, control circuitry, etc.), including system design, pro-
curement, operatlons, and maintenanoe Arrangements will be made for instru-
ment and utility power, a backup power supply system (Section 12.1.6), design
and maintenance of the cable system and for interfacing with test personnel.
The required data acguisition system Das, is described in the following sec-
tions. ‘

12,2.1 System Plan

An operational, on-site MODCOMP DAS will be used to accommodate all rem—
ote4réading instrument data output and control circuitry for this test pro-
gram. This DAS, which currently provides more than 4000 data channels, was
designed, procured, installed, and is being operated by SNL. It consists of
a surface facility to house the computer system: two MODCOMP 9230 central
processing units, 900 Mbytes of high-—speed disk storage, dual 9-track magnet-
ic tape drives, 10 IEEE-488 instrumentation busses with extenders to the un-
derground equipment, graphics plotters, line printers, modems, monitors, term-
inals, and a system console. The DAS is designed to accept and condition sig-
nals from the large variety of sensors and equipmerit used in these tests.
' This system provides both easy access to test data for evaluation and perma-
nent records for later detailed analysis. Control software has been develop-
ed for the DAS used for all the WIPP in situ tests and technology experiments
[McIlmoyle et al., 1987; Tyler et al., 1988]. Complete details on this DAS,
including QA-related aspects, are found elsewhere [McIlmoyle et al., 1987].

Downhole facilities for this test program are housed in a DAS instrumenta-
tion and work shed. This shed is a prefabricated, modular building 31.5 ft-
long by 13.5 ft-wide, and will be physically located in the southwestern cor-
ner of Room 1 Panel 1. The DAS shed contains the GPIB extenders, scanners,
calibrators, digital voltmeters, and monitor and display systems. This shed
will also house the required instrumentation monitoring and control circuitry
for the similar instrumentation from the WIPP In Situ Alcove CH TRU Waste
Tests [Molecke, 1989b]. |
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Figures 12~1 and 12-2 provide a vrepresentative, overall view of the
MODCOMP DAS system, which will be updated to meet the requirements or changes
thereto of the test needs. Changing testing and system requirements may neces-
sitate moditying specific components, as reduired in the future.

‘The DAS must accept the following from the WIPP Bin-Scale CH TRU Waste
Tests. [Note: Specifications are given per test bin. There will be about
124 bins in Phases 1 and 2 of this test program. ]

5 channels of near-field test bin temperature (thermbcouple) output, ymoni-
tored every 4 hours. ‘

2 channels of measured gas (gage) pressure output, and 2 channels of (cal-
culated) differential gas pressure output, monitored every 4 hours, ex-
cept when an overly high, or low pressure reading is recorded. Then, the
scan rate will be increased to 4 times/hour (Sectionz 12.1.2 and 12.1.3).

2 channels to transmit control signals to the solenoid-actuated, gas
pressure-relief valves. |

2 channels of pressure relief/gas flow monitor gage output, monitored ev-
ery 4 hours, except when an overly high, or low pressure sensor reading
is recorded. Then, the scan rate will be increased to 4 times per hour
(Section 12.1.3). ‘

1 channel of oxygen sensor gage output, monitored every 4 hours.
150 channels held in reserve, for future expansion as required.

Data output is serially multiplexed for transmission from the underground
to the aboveground segments of the DAS.

The DAS will be set to provide an alarm output message if any of the moni-
tored gages provide an output signal not within the expected range, indica-
tive of a gage failure, a nonstandard condition, or a safety-related concern.
Alarfn ir\essaqes will be printed on the MODCOMP terminal; this alarm message
will also be received in the site computer monitoring room, C(MR. The alarm
system has recently been expanded to include automatic telephone dialer
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nessages sent to both SNL personnel '(at the WIPP site, or in Carlsbad, if
after hours), and to site security personnel for forwarding. SNL personnel,
under the direction of the SNL instrumentation and data systems coordinator
(Section 16.1), will respond to these alarm message on a 24-hour basis, as
needed, during week days. If an alarm message ls recelved after normal work-
ing hours, or on weekends, and no SNL personnel are available, responsibility
for response, as required, will shift to WID experimental operations person-
nel, also under joint, established direction of the SNL instrumentation and
data systems coordinator, or his designate. Appropriate response procedures
are, or will be developed. SNL and WID personnel will work closely on this
matter of required responses. |

Expected instrument data ranges have been specified for temperatures,
pressures and parallel pressure-rellef valves, and for oxygen concentra-
tions. These ranges can be modified at a later time, after the expected or
normal ranges are determined following test initiation. Other ranges may be
specified in the future. Major concerns indicated by an out of range instxu-
ment reading and alarm message will be discussed in Section 16.3, on unusual
ciroumstances. All range designations and modifications will be made by the
test Principal Investigator (PI) and/or his designate.

12.2.2 Data Monitoring Requirements
The data requirements of this WIPP Bin-Scale CH TRU Waste Test follow:

1. Installation log with daily sumaries of test instrument and associated
equiprent installation and of gage installation, referencing procedures,
deviations, gage identity, and wiring locations.

2. Calibration log for the gages, including initial and operating calibra-
tions.

3. A daily test log with entries of unusual gage operation, problems, system
problems, visual observations, and actionfs‘.

4. Remote-gage raw data will be available as both MODCOMP-recorded numerical
data and graphical data plots. Subsequent data reduction is to be periodi-
cally performed on the SNL Department 6340 VAX computer, to provide final
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data for analyses and interpretations and to illustrate graphilcal trends
in the data.

(a)

(b)

(9

Thermocouple temperature data as a function of time and location.

Bin measured gas (sealed gage) pressure data as a function of time
and location, [PBg,_'l’P###].

Bin calculated differential gas pressure data as a function of time
and locatiop, PpqTBH### = PBq,"I'B### - P'Bg,ref. + Pcorr.

Bin reference-baseline gas pressure data (measured) as a function of
time and location, P! Bg,ref. (average of 4 pressure baseline-

reference bins).

Mine ambient (measured) gas pressure data as a function of time,
pMAg' (average of 2 gages located near the DAS shed).

Integrated gas-flow (volume) released (remotely) and injected (man-
ually) ‘as a function of time.

Oxygen (sensor) concentration as a function of time.

The following dates and times of the following activities must be record-
ed in the permanent (SNL) test QA record, and be specific for each, indi-

vidual bin:

(a) Time of shutting the gas outlet valves, after receipt at the WIPP.

(b) Time of initial gas sampling (Section 8.4).

(c) Time of bin brine injection and gas flushing (Section 8.4).

(d) Reference initial start time t = 0 (Section 11.1.3).

(e) Manual sampling schedule (actual) of gas and liquid samples taken
from each test bin, showing sample identification, date, time,
sample size, and any appropriate comments or observatichs.

(£) Time test bin sampling is considered complete and "turned off or
discontinued.

(g) Any other significant bin test occurrence.
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6. Gas and liquid leachate composition, concentration, and other data. The
data base management format for data recelved from the gas and brine an-
alyses, to be lnputted to the SNL Department 6340 VAX computer, 1l cur-
rantly beirg developed.

7. Data Archiving: Raw data tapes (magnetic media) and paper printouts from
the test will be periodically archived as follows:
(a) Original data tapes will be archived at WIPP, by SNL.
(b) Duplicate data tapes will be archived at the SNL Carlsbad office.
(¢) Duplicate data tapes and paper printouts will also be sent to SNL
Department 6340, WIPP Central Flles, in Albuquerque, by the test
coordinator or his designate.

Duplicates of the data will be made for analyses, as conducted by SNL, in
Albuguerque. The originals will be retained for the duration of the test
series plus 12 months after publication of the results, or until released by
the PI ahd the SNL QA chief, Duplicates of the test log books or sheets will
also be periodically archived to prevent loss or destruction of data. Daily
test logs will be periodically forwarded to SNL test QA for review.

8. Photographic and other records of Important features of‘ the experiments

taken at appropriate phases of the experiment are to be filed in the SNL
test QA record. (This is not a "data acquisition" activity.)
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13,0 TEST SCHEDULES AND COMMITMENTS '

This section focuses on the ourrent, preliminary schedules for conducting
the WIPP Bin-Scale CH TRU Waste Tests and the commitments of all participants
for assuring that the test schedules are successfully achleved. These sched-
ules encompass essentially all of the WIPP b-year pillot-phase/demonstration
period [US DOE, 1989a]. Portions or phases of this test could be accelerated
somewhat to obtain earlier data to help satisfy the needs of the WIPP PA
study or, conversely, delayed, subject to the future programmat’cs needs of
the overall U.S. DOE WIPP project. |

These bin-scale tests will begin in FY 90 and will be conducted in paral-
lel with the related, parallel laboratory tests [Brush, 1989; Bertram-Howery
and Hunter, 1989] and the WIPP In Situ Alcove (H TRU Waste Tests [Molecke,
1989b] as described previously. Preliminary schedules for all three test pro-
grams, and how they (their data output) support or relate to the needs of the
WIPP PA program current schedule were recently provided elsewhere [Lappin,
1989%a). The schedules to be presented in this section, specific to the bin-
scale test program, incorporate this information plus cther current plans by
all test participants.

Prelininary activities and schedules for this test program will be broken
into two segments: (1) prerequisites required before initiation of testing
with actual CH TRU wastes, and (2) schedules for testing after first waste
receipt.

13.1 PREREQUISITES FOR TEST INITIATION

Detailed test planning for the bin-scale tests began in FY 89 and continu-
ed through late CY 89, Test procurement actions began in FY 89 and will con-
tinue in FY 90. Test room preparation and test Installation also began during
the later part of FY 89 and will continue for about cne year. The bin-scale
test program will be initiated at WIPP prior to the first receipt of actual
TRU wastes. This involves, bhasically, the emplacement and hookup of the 8
non-waste containirxj, baseline-reference test bins, as describedd in Section
8.1. These operations can be accoumplished in the WIPP in the Spring of 1990
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(see Table 13.1). This early, nonradioactive segment of the test will be
used to specifically inltlate, checkout, and debug the overall test systen,
@, instrumentation, gas sampling, routine operatlons, otc., before test
bins with actual TRU wastes are amplaced,

In addition to the 8 baseline-reference bins described, a "cold test! or
"mock demongtration" of all significant bin awplacement, handlirg, sampling,
safety, and retrleval operations or procedures will utilize soveral addition-
al "mock" bins and be conducted (by WID) primarily as a test manpower traln-
ing program. This mook demonstration program s eastimated to require a coup-
le of months. It may be conducted in parallel with the setup and debuggling
of the 8 baseline-reference test bins, but must be completed prior to testing
with real TRU wastes, Since this mock demonstration program is not a part of
the sclentific studies discussed in this Test Plan, 1t will not be described
further, WID has the responsibility for planning, documenting, and conduct-
ing this mock demonstration program.

Table 13.1 (revised) lists all of the various prerequisites and mile-
stones required before initiation of bin-scale testing with actual CH TRU
wastes can be accomplished. Like all other real-world schedules, it too is
subject to update modi fications

13.2 TESTING WITH ACTUAL TRU WASTES

Based on recent events and DOE policies, the exact opening date and date
for first receipt of wastes at the WIPP are not known. It is currently assum-
ed, however, that first recelpt of wastes will be July 1, 1990 at the earli-
est. The schedules for bin-scale testing with actual CH TRU wastes, as list-
ed in Table 13.2 (revised [Lappin, 198Ya]), are, therefore, indicated as time
intervals starting at time t = 0. The success of this schedule assumes that
all experimental prerequisites for initiation of testing with actual TRU
wastes (Table 12.1) have been satisfied prior to first receipt of wastes (Lap-
pin, 198%a]. It also assumes the successful completion of all regaired Engi-
neering Work Packages and Safe Operating Procedures being conducted by WID;
refer to Section 13.3 for experimental support commitments recuired to accomp-
lish this goal.
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1.
C 2

3.
4.
5.
6.
7.

8.

9.4
10.

11,
12.
13.
14,

15,

16.
17,
18,
~19,
20,
21,
22.
23,
24.

25,

26,

5/08/89

6/01/89

6/08,/89
8/09/89
8/24/89
9/18/89
11/15/8

12/1/89

1/90

1/26/90
2/15/90
2/16/90
2/21/90
2/28/90

3/01/90

3/01/90
3/01/90
3/01/90
3/01/90
3/01/90
3/15/90
3/28/90
4/01/90
4/4/90

6/29/90

7/01/90

Table 13.1 WIPP Bin-Scale Test Prerequisites Schedules

Submit Draft Test Plan for WIPP Project internal review.

Conctuct further discussions with waste generator sites (RIP and
INEL) on waste preparation detalls, concerns, resclutions, waste
delivary schecules, eto,

Sutmit Draft Test Plan for WIPP Project, NAS, and BEC review,
Condunt, final SNL/WID bin design review,

Conduct formal, exterral peer review panel meetlng on Test Plan,
Raview bin-scale test modifications and tcxohnimL updates wit:h
WIPP Panel of the NAS,

Complete floor preparation in Room 1 Panel 1, to allow start of
DAY shed emplacement and outfitting,

Submit Test Plan Pinal Pdition, for management review and approv-

al. |
_(ltems above have been accomplished)

Initiate checkout and training of technical-support technicilans,
Send SNL and DOE signed-off WIPP Bii, Jcale Test Plan (Final) to
the print shop. Distribute as soon as printed.

Complete outfitting of DAS shed, ready for bin hookups,

Test bin and test rack stand fabricatlon starts.

Complete outfitting of test Room 1 Panel 1.

Receive first 4 test bins for baseline-reference emplacement and
testing.

Have completed, QA approved procedure for instrumant (thermo~
couple, pressure gage, pressure-relief valves, spec.flc oxygen
sensor bin system) installation, calibration, and operation.

Have completed, QA approved procedure for bin argon gas flushing
procedure, and obtain all required equipment.

Have bin oxygen-gettering reactant system available, with QA ap-
proved procedure for use. ‘

Have completed, QA approved procedure for bin pressure leak-
testing. (WID)

Have campleted, QA approved procedure for bin tracer gas injec-
tion procedure, and obtain all required equipment. (WID)

Have completed, QA approved procedure for bin gas sampling and
GC-MS analysls procedures, and obtain all required egquipment.
(WID)

Initiate testing/checkout of 4 pressure badgeline-reference bins
Recorivene formal peer review/consultant group for update on bin-
scale test program.

Fave campleted, QA approved procedure for bin brine- injection,
and obtain all required equipment, (WID)

Initiate testing/checkout of 4 gas baseline~reference bins.
Complete nonradicactive, pre-waste checkout/debugging phase of
bin-scale test program. Ready for test initiation with actual
TRU wastes.

Have completed, QA approved procedure for bin brine-leachate

sampling.
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Table 13.2 WIPP Bin-8cale Test Schedules for Actual CH TRU Wastes
(assumes that time t = 0 ls 7/1/90 at the earllest)

1. t = 01 Plret receipt of actual CH TRU wastes at WIPP. Beglnning of bin
amplacements for test Phase 1 at WIPP, If test emplacement at alternate
location, Fhase 1 would be delayed about + 6 months or more.:

2, t = 5 mo.t DOE approval of backfill and getter addltives for inclusion
in Phase 2 tests, Approval assumed to be based on laboratory and model-
ing studies. Begin initlation of Phase 2 test bins.

3, t w9 mo.t Inltial Data Report (craft)., Inltlal interpretations of

“early Phase 1 results (gas and brine-leachate analyses), assuming that 6
monthe are required for rellable data gatherding and 3 more months are re-
quired for data analysils and initial interpretations.

4, t = 11 mo.: DOE approval of erngineering modiflcations to waste and back-
£111 additives (other than those currently under conslderation) for use
in Phase 3 bin-scale testing. Initiation of test Phase 3. '

5. t = 14 mo.! Second Data Report (draft). Preliminary interpretations of
initial results from Phase 2 bin tests, } ,

6, t = 18 mo.t End of emplacement of Phase 3 test bins, assuming 6 months
required for the emplacemant of each test phase. ‘

7. t = 27 mo.t Third Data Report (draft). Ind of preliminary interpreta-
tions of Phase 3 tests, Interpretations of Phase 1 and Phase 2 tests

‘ more advanced.

8. 9/92: Presently scheduled last acceptable date for data transmittal to
WIPP PA for use in "final" evaluation of compliance with EPA 40 CFR 191
and 40 CFR 268.

9, Continue the periodic gas and leachate sampling and analyses from indivi-
dual test bins for an estimated test duraticn of 5 years after test init-
lation,

10. Continue evaluations and correlations of bin test data with other paral-
lel tests and analyses., Document results and evaluations in technical
reporte on a periodic basls, approximately yearly. Disseminate analyzed
data and interpretations to WIPP PA and others, as avallable.

© 11, t = 60 mo.: Earliest planned termination of Phase 1 test bins.

12. t = 65 mo.: FEarliest planned termination of Phase 2 test bins.

13. t = 78 mo.: Earliest planned termination of Phase 3 test bins.

‘While the starting dates shown in Table 13.2 are still subject to uncer-
tainties, the ending dates are subject to certain bounds if these tests are
to successfully provide data and interpretations to the WIPP PA program in a
timely manner [lLappin, 1989a). These tests are needed to provide both WIPP
PA and parallel EPA RCRA input ard guidance, they cannot simply function as a
valldation effort after the fact.

Farly gas analyses and brine leachate radiochemical data acquisition for
these tests are expected to start during FY 90. Test conduct, sampling, an-
alyses, and interpretation are expected to continue for a minimum of about 5
years, or until the data acquired are sufficient to provide adequate statis-
tical confidence in the reliability of the information being obtained. It is

- 149 -




presently assumed that 95 % statistical confidence in test cata (not conceptu-
al interpretations) will be adeéguate. Throughout this test effort, at approx-
imately annual intervals, the estimated statistical i-eliability of test data
will be compared with the results of sensitivity studles conducted by, or in
cooperation with, WIFP PA. The objective of these comparisons is to decide
whether particular test bins are continuing to provide needed data, should be
supplemented with additional replicate or similar tests, or should be termi~
nated.,

Preliminary test data and interpretations thereof will be transferred to |
the WIPP PA program, and other interested participants, as available; refer
to Section 15. Data and analysis reports will be prepared at appropriate in-
tervals during the testing program, at approximately annual intervals. Final
‘results will determine whether the earlier performance assessment caloula-
tions used 'appropriate data ranges | Berf:ram-query and Hunter, 19891,

13.3 TEST COMMITMENTS FOR PARTICIPANTS

This section provides a preliminary list of commitments on bin-scale test
hardware items, technical procedures, safe operating procedures, etc. to be
provided by all participants for the successful conduct of the overall WIPP
test effort. TITtems to be provided are divided among the major test partici-
pants, SNL, (Table 13.3), WID (Table 13.4), and the U.S. DOE waste generating
facilities (Table 13.5). Since scheduling for these items is still in a
great deal of flux, milestone dates will not be presented here. They will be |
provided as part of the WIPP master plan or integrated test engineering and
support plan, currently under preparation by WID.
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Table" 13 3 Qandia National Laboratories Bin—Scale Test Cc)nunltments

.10.
11.

12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22,

‘Argon gas pumhase spemflc,atlons, for . flushing and repressuriza-

tlon/makeup gas.
Bin argon gas-flushing procedure
Tracer gases, purchase.

" Backfill and getter materials. Bentomte/salt backflll blendmg and

backfill-bin emplacement procedures.

Brine preparations. Artlflcial brines, materials and mixing proced-
ure. ' ‘

Bin leachate sampling equipment and procedures (joint with brine
leachate analysis contractor and WID) .

Brine-leachate radiochemical and hazardous compoeltlon analyses.

" (SNL joint with contractor laboratory)

Bin oxygen-gettering system, portable; cperating and maintenance

procedures. : ‘

Bin gas recirculation system de51gn, fan proculement

DAS shed. Associated installation, setup, checkout, and maintenance

procedures.

DAS internal power supplies, calibrators, data buses, all other asso-

clated equipment needed to fully outfit.

Cabling from bins to DAS shed, from DAS shed to surface.

Backup power supply system, underground.

Thermocouples.

Pressure gages.

Pressure-relief valves ‘

Gas flow meters, calibration transfer standards, calibration system.

Specific Oxygen sensor system.

All instrumentation calibration, installation, checkout, and mainte-
narce procedures.

Remote-gage instrumentation data handling procedures.

Gas and liquid-leachate data handling procedures.

Posttest VOC, other orgamc, and brine quantification procedures

- (joint with WID)
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5.
6.‘

‘8'

- 10.

11.

113,

14.
15.

16..

17.

18.
19.

20.
21.
22.
23,
24,
- 25.
26.
27.
28.

29.

30.

31.
32.
33.
34.
35.

36,

37.

Table 13.4 Westinghouse WID Bin—Scale Test Commitments

Test room outfitting, lighting, equipment and plocedures‘
Test room electrical support. .
Solid Waste Bin Design, Spec. E-A-334. Bins and ports. Not for bins
with process sludges or supercompacted wastes. :
Sludge/Supercmpacted Waste Bin Design, Spec. ??7?, will be similar
to E~-A-334. Bins and ports.

Bin pressure leak-testing procedure. ‘

Bin stands, to rack test bins, WG # 412-I_r~004~W

Bin :mternal polyethylene llnexs

Fiberboard liners for bins.

Bin particulate release filters, Kevlar.

Special (short) ~55-gallon drums, no side ridges, for supercompacted
wastes. Special 35-gallon drum llds with holes, for generators. ‘
Special sludge plastlc drum liners.

Internal drum stabilizers in bins, for PS and supercompacted waste
drums.

Waste bag pre-breachmg puncturmg paddles, " demgn and fabrica-
tion. .

Argon flushing/purging gas.

Bin tracer gas injection procedures (concurrence with SNL).

Bin gas sampling procedure.

GC-MS system setup, calibration, operation, and maintenance proced-
ures..

GC-MS gas analysis procedures.

Corrodant steel mesh component for bins; specifications, supplier,
and/or fabricator.

Backfill material bagging system, sacks, in conjunctlon with exist-
ing backfill blending equipment.

Collection, storage of natural Salado brines in WIPP

Brine injection hardware system.

Bin brine injection procedures, equipment.

Bin off-gas ventilation system.

Bin radiological safety secondary contaunnent barriers, for both
potential liquid or particulate radiocactivity leaks.

Bin operational (handling, emplacement) and radiological safety (mon-
Jtormg, decontamination, parts of sampling) procedures.

Brine sample monitoring, packaging procedures, for transport to off-
site analyses laboratory.

Bin brine-sampling radiological safety glove-bag type ‘containment
barriers.

Radiological and safety assessments and procedures. W-lead + SNL~
safety concurrence. -

Bin ventilation control system (for released gases), installation.
Radiological monitoring equipment, including room and panel continu-
ous air monitors.

SWBs.

SWB overpack and handling system.

SWB handling fixtures.

Posttest retrieval operational and engineering design, plan and pro—
cedures.

Posttest retrieval, vacuum distillation system for VOC posttest char-
acterizations (joint with SNL). Brine measurement and stabilization
system. Operational procedures.

Test termination, retrieval, overpacking procedures.
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Table 13.5 Waste Generator Bin-Scale Test Commitments

Pretest waste characterizations, for both transportation and WIPP
test needs. Drum head-space gas samples (Generator and/or WID analy-
‘ses at WIPP). Drum source-term evaluations by non-intrusive techni-
ques. Qualitative visual and quantitative weighing of each individu-
al waste bag within initial waste containers, prior to loading into
test bins. ‘Radiochemical and toxic/hazardous characterizations from
all PS waste drums used in WIPP tests.

Waste bag pré-breaching (Bag puncturing and bag slashing) proced-

Others, to be agreed ixpon by waste generaﬁors , DOE/WPO, and SNL.‘

- 153 -



14.0 POSTTEST WASTE DISPOSAL

The estimated minimum test duration of all phases of these WIPP bin-
scale tests is about 5 years. Gas and liquid-leachate sampling and analyses
could continue past this time, even after the WIPP has become an operating,
full-scale repository, fof further, longer-term data gathering and analysis
purposes. At the conclusion of the test measurement phase, however, the bins
and wastes inside them must undergo several processing steps and posttest
characterizations before test termination and waste disposal can be conclud-
ed.

| All contaminated wastes generated during the course of the test program,
as well as thcse wastes generated in the posttest characterization proced
ures, will be disposed in a radiologically safe and aocepted manner. WID has
the responsibility for appropriate disposal procedures and documentation
thereof.

14.1 POSTTEST WASTE CHARACTERTZATION

In a mamner similar to waste pretest characterizations (Section 8.3.1),
the primary purpose of posttest waste characterization is to evaluate the
total (residual) VOC content. in each test bin, for source-term evaluation.
In the absence of such data, it would be necessary to assume that experiment-
ally measured VOC values will persist for the entire regulatory period of in-
terest, never declining, even in the event of human intrusion. Such assump-
' tions could significantly bias regulatory baseline assumptions in a negative
manner; obtaining real VOC source-term values is much preferable.

A secondary, but parallel postﬁe,st objective is to help assure that the
wastes to be disposed can meet the requirements of the WIPP Waste Acceptance
Criteria [US DOE, 1989c], specifically the requirement that they contain less
than 1% by volume of free liquid. Both of the preceding objectives can be
obtained by subjecting every posttest waste bin to the process of vacuum dis-
tillation. The posttest waste characterization processes must be conducted
at the WIPP site, in order to both remove residual brines and also obtain re-
quired data on the residual VOC source term.
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The bins will be subjected to the yaczimm distillation process after sever-
al posttest processing steps, numbers 1 to 3 in Section 14.2, have been coh-
ducted. The vacuum distillation ‘process requires placing each bin into a
large, self-enclosed vacuum furnace. The atmosphere within the bin and furn-
- ace will be evacuated to a certain negative pressure level and the bin con-
tents heated to a temperature of less than 100 °C. All brine and volatile
organics within the bin will be vacuum distilled out and collected for quanti-
tative analyses. The waste remainihg within the bin(s) will contain an ex-
tremely low amount of residual moisture and essentially no remaining VOCs,
These residual levels will be both monitored and verified by GC-MS analysis
of dgas sa‘mpleé (Section 11.2) and/or other techniques. Other, alternative
processes may be developed in the future, to supplement or replace vacuum dis-
tillation. The bin and its contents will then be ready for disposal (steps 5
and above, Section 14.2).

Technical details of the vacuum distillation procedure are currently be-
ing developed by SNL. Further procedural details, as available, will be in-
cluded in the Appendices, Section 18.14; these details will be provided by
the SNL materials and chemistry consultant (Section 16.1). The large vacuum
furnace will need to be modified or adapted for both operational and radiolog-
ical safety purposes. The design, procurement, installation, and safe operat-
ing procedures for the necessary equipment will be the responsibility of WID;
other details on posttest retrieval operations will be incorporated into the
WIPP Retrieval Plan [WID, 1989], as developed by WID.

14.2 POSTTEST WASTE BIN PROCESSING AND DISPOSAL |

The bin posttest processing steps (options) are as follows Safe operating
procedures for these steps will be developed by WID.

1. Obtain a final gas and brine-leachate (as appropriate) sample from each
posttest bin.

2. Més;st of the free liquids remaining within the bins will be removed via
the bottom liquid sampling ports. The total volume of brine removed will
be measured. These liquids will then be concentrated and/or immobilized
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on a sorbent matrix (as is the plan for other 1iquid TRU wastes which
could be generated at the WIPP [WID, 1988], and then disposed of as (sol-
idified) TRU wastes. : | |

All external instrumentation on the bins will be removed. All instruments

" will then be monitored for radicactive contamination prior to assigrment

to potential reuse or disposal as contaminated waste. All valves on the
test bin will be closed and all access ports and valves will be sealed.

The prepared bins are now ready for the posttest characterization vacumm
distillation procedure (Section 14.1). The definition and development. of
subsequent waste retrieval operations are the responsibility of WID and
are described in a éeparate WIPP Retrieval Plan [WID, 1989]. The follow-.
ing steps must thus be considered as options.

The posttest, Vacuum distilled (Section 14.1) bin(s) would then be repack-
aged within a TRU standard waste box (SWB) as TRU waste.

Options for the terminal disposal of these repackaged bin/SWB containers
of waste are as follows:

(a) Move to a waste storage room at the WIPP for permanent isolation.

(b) Temporarily store at WIPP until transport to another DOE facility is
possible. |

(c) Other options, to be determined by the DOE at a later date.



15.0 DATA ANALYSIS, EVALUATION, AND REPORTS

The Principal Investigator (PI) ‘18 responsible for assembling and coordi-
nating the laboratory and field analysts, design and test engineers, mater-
lals sclentists, and related waste-management consultant personnel concerned
with and/or associated with this test program. These personnel will assist
in or lead the data analyses tasks. Iead or cognizant pérsonnel will be spec-
ified by task in Section 16.1.

Attainment of sufficient in situ test gas and brine-leachate samples and
analyses, and interpretations of the results thereof will be determined
through agreement of the PI, analysts and consultants, potential outside con-
sultants or experts, and through peer review of the analyses and interpreta-
tions.

During the course of this test program, preliminary data will be analyzed
and evaluated nearly continuously for inpﬁt to ongoing WIPP PA modeling cale-
ulations, as available. Analysés and preliminary interpretations of data from
the in situ bin-scale, alcove [Molecke, 1989], and supporting laboratory
[Brush, 1989] tests will be reviewed by the PI and by the formal, external
peer review group (Section 3.6.1) or their designated representatives, and
possibly by other consultants. When this group is in agreement, the subse-
quent and final analyses may proceed. |

The evaluation of data from these bin-scale tests will be documented in
periodic data-evaluation and topical reports as appropriate for each phase of
the program. These reports will contain reduced data and interpretations,
evaluations, and conclusions about the results of the tests and the technical
issues. These reports will fohn part of the data base for technology develop—
ment, model evaluations, and, ultimately, WIPP PA.

At appropriate test intervals, probably on an annual basis, and depending
on rate of information accumilation, data will be fully evaluated and docu-
mented in reduced Test Data Reports (prepared by the test PI). Such reports
will include all available data and preliminary interpretations, as appropri-
ate, and will be distributed to those concerned with analysis of the test
results. These reports will be subject to QA requirements of peer review and
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document control. Other cognizant WIPP project personnel will also be inform- |
ed periodically of the progress of the test. Coples of the Test Data Reports |
will be archived in the SNL WIPP Central Files along with the raw and proceg-
séd, QA-approved data.

Portlons of the test analyses, supporting laboratory data, and evalua-
tions thereof may warrant publication separately by nembers of the analysis
teams before final analyses of the entire test are available. These interim
analyses, when agreed to by the PI, can be published as Topical Reports that
will eventually be incorporated into final Analysis and Evaluation Reports.
These Topical Reports will be subject to appropriate control by the PI ard
the SNL QA program. |

News notes on test progress or significant occurrences will be prepared
and distributed by the test PI as warranted.
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16.0 TEST OPERATIONS

The following policies, procedures, and delegation of authority apply to
operation of these WIPP Bin-Scale CH TRU Waste Tests.

16,1 PERSONNEL RESPONSIBILITIES

The principal test and operations personnel and their duties and responsi-~
bilities are discussed individually, as follows:

Technical Direction -~ Principal Investigator; Martin A. Molecke, sandia
National Laboratories, Division 6345, phone (505) 844-0781 (Albuguerque), FAX
(505) 844-1723, or (505) 887-8422 (WIPP site, Carlsbad), is the Principal
Investigator (PI) for this test program.

Overall scientific and technical design and control of this experimental
program shall be the responsibility of the PI or his designate. Currently,
the designated alternate is L. J. Storz, SNL Division 6345, phone (505) 844-
7777, or, at the WIPP site, B. Stenson, Re/Spec, Inc., phone (505) 887-8422.
The PI is responsible for directing the overall experimental work within the
following specific areas of authority:

1. Approval of all test and supporting engineering design activities.

2. Decisions relating to the in situ test procedures, designs, test and ing-
trumentation selection, sampling and analyses procedures, and emplacement
of test equipment. |

3, Determination of experiment parameters, such as operating temperature and
pressures, acceleration of envirormental stress variables (e.g., brine
injection), gas sampling rates, data to be recorded, and other parameters
related to the conduct of the experiment and the data acquisition effort.

4. Decisions about the termination of the experiment and the subsequent re-
moval of wastes and equipment (refer to Section 14). ‘

5. Approval of any proposed changes in the test program.

6. Documentation or control of logbooks, either directly or by designation
(refer to Section 15).

7. Review and approval of analysis and evaluation reports.
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8. Informing the DOE/WPO as to the proposed nature, extent, and schedule of
' .the test and of any significant modifications during the course of the
test program.

site Operations -- In Situ Test Coordination and SNL Site Safety: T. M,
Schulthels (or designated alternate), Sandia National Iaboratories, Division
6343, phone (505) 8878423 (WIPP site), is regsponsible for the overall in
situ test coordination of general and safety related aspects at the WIPP, in,
 coordination with the test PI. He is specifically responsible for the follow-

ing:

1. Primary approval and delegation of all coordinmation, scheduling, and
associated activities at the test location.

2. Acting as SNL lead person on all site safety related ilssues, and coordin-
ating safety issues between SNL, DOE, and WID. -

3. Coordinate activities for equipment ard instnments, site preparation,
and installation. This includes cleanup and safety measures, and site
security measures. |

4. Determining that the test program is being carried out within the intent
and description of this Test Plan.

5. Informing Sandia personnel of any facility activities that may affect the

| overall test program. | |

Technical Operation -- Instrumentation and Data Systems Coordinators:
J.T. McIlmoyle, Sandia National laboratories, Division 9325, phone (505) 844-
2672 (Albuguergque) or (505) 887-8416 (WIPP site), is the Test Data System
Coordinator for this in situ test program. J. A. Johnson, Sandia National
Laporatories, Division 9325, phore (505) 887-8436 (WIPP site), is the Test
Instrumentation System Coordinator. Their duties include the day-to-day
operational responsibilities of the test instrumentation and data recording

systems and the necessary coordination of all test personnel involved, as
follows:

1. Preparing detailed procedures for the collection of data and assuring for
himself and QA that these procedures are being followed. Any procedural
nonconformances or unusual occurrences will be ‘documented or the QA Form
QAPP-6 (Nonconformance Report); refer to Section 16.5.
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Keeping personnel aware of chargjes ih the test or in the operating proced-
ures, as such changes affect the instrumentation and data recording sys-
tems. ‘

Technical Operation -- Instrumentation Consultant; C. B. Kinabrew, San-

dia National ILaboratories, division 9313, phone (50%) 844-6008, is the cogni-
zant person responsible for directing all instrumentation-related activities.
His duties include: '

1.

Coordinating all information about instruments used in this test program
in cooperation with the test Instrumentation System Coordinator, and con-
sulting with all personnel interested in specific details.

Supervising the purchasing, calibration, installation, initial checkout,
and continued operation of all remote-reading instrumentation.

Serving as the technical interface with the instrumentation and data
acquisition systems coordinators for instrument control-system, software-
related activities.

Chemistry and Materials Consultant: P. A. Cahill, Sandia National Labor-

atories, division 1811, phone (505) 844~5754, is the cognizant person respons-

ible for:

1. Providing chemistry-related information, expected materials behavior, and
advice pertaining to camponents used in this test program.

2. Providing design and chemistry advice on the oxygen-purging (Section
11.1.2) and oxygen—gettering systems (Section 11.1.2) to be used.

3, Providing design and chemistry advice on the oxygen specific-gas analyzer
system (Section 12.1.5) to be used.

4. Providing design and chemistry advice on the injection of tracer gases

(Section 11.1.4) to be used, in cooperation with with the WID GC-MS tech-
nical analyst.

Quality Assurance Chief: S. Y. Pickering, Sandia National Laboratories,

Division 6341, phone (505) 887-8430 (WIPP site), is responsible for the SNL
Quality Assurance (QA) activities both at SNL Albuguergue and at the WIPP
site which pertain to this test program; refer also to Section 16.5 on QA.

Pickering 1s specifically responsible for the following:
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1. Establishing and maintaining a documented QA program that meets all appli-

 cable QA requirements.

2. Insuring that the QA program ls effectlvely implemented during all test
activities, o ‘

3. Ensuring that all personnel are adequately indoctrinated with respect to
the QA requirements. The SNL QA program is extremely similar to the WID-
WIFP QA program; refer to Section 16.5. The SNL QA program will take
precedence in most aspects of the solentific needs and conduct of this
test program. It 1s acknowledged, however, that in many test-related
areas, e.9., site operations, radiological safety, etc., however, that
the WID QA program should take precedence, particularly as it applles to
WID personnel. \

4. Interfacing the needs and requirements of the SNL QA program with those
sinilar requirements of the WID QA program. Pilckering will be responsi-
ble for all QA-~related interface concerns.

5. Edtablishing a QA overview program for site and contractor 1aborétory act-
ivities. Reviewing nonconformance and corrective action reports. Con-
ducting periodic QA audits (both internal and external). Reviewing test
plans, procedures, and procurement dooumentation.

WID lead Engineer: J. J. Garcia, Westinghotise WID, mahager, Radiocactive
Waste Hardling Engineering, phone (505) 887-8187 (WIPP site), or his desig-
nate, is the lead engineer for this WIPP Bin-Scale CH TRU Waste Test for all
WID-SNL interfaces. His primary test-related duties include all necessary
coordination between the Sandia PI and Westinghouse engineering design, fabri-
cation, and purchasing personnel involved with this test. He will also coord-
inate site activities between Westinghouse engineering, operations, safety,
and assoclated WID organizations, as necessary to get this in situ test to a
successful start and for continued operations. As such, he will be the most
cognizant teéchnical person in the Westinghouse organization for purposes of
this test. His other, test-engineering related responsibilities are listed
as follows:

1. Serving as the lead englneer/supervisor in the final design and obtain-
ment of the following required test ltems (described in [Ball, 198%a] and
the Appendices): test bin design, fabricatién, and procurement; test bin
support stands (Bali, 1989b); oxygen-gettering systeam connection hard-
ware (joint design effort with the SNL chemistry and materials consult-
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2.

ant) ) supplying necessary test mpecial components and assoolated waste
preparation supplies to the waste generator/preparer siltes) other, to be
speclfied, ' -

Record slgnificant dates of relevance to this test program, such as dates
of recelipt of major ltems, wastes, or other actlvitles that may be of
importance to the overall test program. The record of these dates shall
be transferred to the PI and SNL QA, as appropriate.

Interfacing with the PI, designated technical experts, waste generators,
and other cognizant personnel in the successful design and conduct of
this test program. |

Technical Analyses -- Gas Chromatograph-Mass Spectrometer Analysis: W.D.

Greaenlee, Westinghouse WID, phone (505) 887-8342 (WIPP site), ls the designat-
ed primary/lead technical analyst for all gas analyses related to this test
program, and conducted with the GU-MS system. He will coordinate all requir-
ed test gas analyses and interface with the FI on the preliminary evalua-
tions, interpretations, and reporting of the test gas data. His other, test-
related responsibilities are ag follows:

1.

Performing or supervising all required test gas analyses., This duty also
includes related activities of calibrating and maintaining the GC-MS sys-
tem, preparincj written prooedureé on these activities, and adhering to
adequate quality assurance procedures and stundards for both SNL and WIPP
gite QA.

Supervising the technical conduct of gas sample obtalnment, including sam-
pling procedures, required sampling equipment, support technicilans, sam-
pling time schedules, etc.

Supervising the technical conduct of tracer gas(es) injection procedures,
including associated activities. This will be a joint effort, in coopera-
tion with the SNL materjals and chemistry consultant.

Transferring all gas analyses data and results, after preliminary inter-
pretation, manipulation, summarization, etc., to the test PI on a fre~
quent basis (estimated weekly), for subsequent and filnal data analyses.
Interfacing with other cognizant organizations on the conduct of gas test
analyses and assuring that such analyses (whether conducted in-house or,
in the potential case of overload, technical breakdown, or other similar
situations, at contractor laboratories) meet quality assurance require-
ments.
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6. Asslsting the PI In periodic verification of the appropriateness of the
gas data-determination activities and the underyround conditilons affect-
ing the CH TRU 'g‘és (production, leakage, contemination, eto.) and inform-

. ing the PI of findings. - ‘

7. Assisting the PI in periodic verification of the appropriateness of daily
test activities and data collection activities, eventual analyses and in-
terpretations of such gas data and test results, and Informing the PI of

 findings. \

8. Keeping the PI and other cognizant personnel aware of the evolving gas
data and the impact of this avolution on future test analyses, test con-
duct, and associated data requirements. | |

Technical Analyses -— Brine-Ieachate Radiochemical Analyses: (contractor
personnel?, TBD] is the designated primary/lead technical analyst (organi-
zation) for all brine-leachate radiochemical analyses related to this test
program (Section 11.3). This lead person/organization will coordinate the
conduct of all required test leachate sampling (with the on-site person, des-
cribed below) and analyses, and interface with the PI on the preliminary eval-
uations, interpretation, and reporting of the test leachate data.

An on-site (WIPP) person [WID or contractor perscnnel, to be specified
later] will be required to conduct or coordinate activities in support of (or
in conjunction with) the lead technical analyst (organization) for all brine-
leachate radiochemical analyses. His/her test-related responsibilities are
as follows:

1. Performing or supervising all required test brine leachate sampling pro-
cedures, radioactivity surveying procedures, and necessary packaging to
transport such samples off-site to the lead technical analyst  (organiza-
tion) for brine-leachate radiochemical analyses. This duty also includes
the related activities of calibrating and maintaining the necessary sur-
veying instruments , preparing written brocedures on all (described) act-
ivities, and adhering to adequate, required quality assurance procedures
and standards.

2. Supervising the technical conduct of brine sample obtainment, including
required sampling equipment, support technicians, schedules for periodic
sampling, etc.
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3. Interfacing with other fbgniZaﬁt organizations on the conduct of test.
brine-leachate radiochemical analyses, and on assuring that such analyses
meet quality assurance requlrements

4, Ass15tmg the PI in perlodlc Jerlflcatlon of the appropriateness of the
brine-leachate data-determination activities and the underground condi-
tions that may affect the CH TRU brine leachate (leakage, contamination,
etc. ), and informing the PI of tmdings. ‘ | ‘

5. .‘Asmstmg the PI in periodic verification of the appropriateness of daily
test activities and data collection'activities, eventual analyses and in-
terpretations of suc:h test data and results, and informing the PI of find-
1ngs | |

6. Keeping the PI and other cognizant personnel aware of the evolving test
data and the impact of this evolution on future test analyses, test con-
duct and associated data requirements.

' 16.2 TEST OPERA1IONAL SAFETY

Test operational safety will be addressed through safe operatving proced~
ures (SOP) developed by the facility operating contractor, WID, in coordina-
tion with the in situ test coordinator/SNL safety manager. These SOPs must
be approved\ through the site safety organization, the SNL safety organiza-
tion, and the PI. The SOP(s) will camply with the requirements of the facili-
ty and master mine safety plan. Conduct of this experimental program with
full regard to both personnel and radiological safety is of utmost import- -
ance. - Safety procedures are not normally described in detail in a technical
test plan; however, items of special concern are as follows. |

1. Radiological safety associated with the in situ emplacement and testing
of actual CH TRU wastes. All waste-filled test bins must be safely handl-
ed, emplaced, and maintained from the perspective of radiological safety.
This includes providing an appropriate level of contaimment around each
test bin to ensure that potential leaks of transuranic-contaminated 1i-
quids, particulates, or gases do not escape from the wastes during any
phase of testing and/or sampling Potential contamination of the test
room €virorment and/or test personnel must not be permitted. All appro-

nriate techniciang wnrlmm nrﬁamrnnrﬁ on this Y‘)Y‘(Yﬂ"ﬂm are remired to

-~ e a2

have appropriate levels of training; thlS includes a minimum of WIPP Rad-
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lation Worker "B" and respirator training. WID has the major, overall
responsibility in these radiological safety, training, and related areas,
and will provide the necessary documentation and SOPs. Specific concerns
muist be also addressed to the potential release of racdiocactive particu-
laie qontalnirxation and the monitoring thereof. The use of continuous air
(pérticulate radiocactivity) monitors, CAMs, was described in Section
11.1.5. The bin-scale test rooms are located within the WIPP Radioactive
Materials Area, RMA. There will be administrative controls as far as per-
sonrel access and monitoring procedures, based on current WIPP SOPs.

Radiologiéal safety associated with the in situ sampling of gases and
liquids for on-site GC-MS or off-site brine-leachate radiochemical
analyses. Technicians conducting the sampling procedures will be
required to have WIPP Radiation Worker "A" training. Again, WID will
have  the major responsibility in lthe‘se areas and will provide the
necessary documentation ard SOPs. ‘

(a) Radiation Work Permits, RWP, must be prepared for most of the test
activities performed with the actual TRU wastes. The site Health Phy.éics
department (technicians) will monitor sampling and other test-related ac-
tivities and the Radiation Safety department will review these
procedures. ‘ '

(b) Specific concerns must be addressed to the potential release of radi-
cactive liquid contamination (e.g., brine drips) and the monitoring there-
of. Special radiation safety enclosures, e.q., temporary plastic or other
glove-bag-type enclosures around the sampling ports will be necessary to
control the potentiél spread of contamination. These will be designed
and/or procured by WID. All sampling ports will be capped when not in
- use. Radiation surveys of these ports, and adjacent areas, both before
and after sampling operations will be required to check for contamina-
tion. | ‘

(c) All gas (pre-filters; refer to Section 11.2) and ligquid samples ob-—
tained underground must be monitored for radiation prior to being removed
from the test area, a RMA.

(d) Packaging and transportation of liquid test samples off-site for an-
alyses (refer to Section 11.3.2) will require special care, radiation sur-
veying, total activity analyses, and other procedures to be developed by
WID.
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3. Mine safety concerns over the explosibility potential of hydrogen and/or

methane gas concentrations (> 5%, in air) within the bin(s) test environ-
ment are réoognized (Molecke, 1989d; Lappin and Slezak, 1990]. Some of
the proposed individual test bins could conceivably concentrate hydrogen
and/or methane to internal, potentially combustible and/or explosible con-
centrations, dependent on the waste form to be tested [Molecke, 1989d].
The only credible ignition source proposed for the gases within the bins
is the potential for spontaneous combustion in organic-matrix wastes.
Safety mitigation measures to monitor for pot'entially‘ hazardous condi-
tions, to minimize the risk, and to resolve the corcerns, include:

(a) Temperature monitoring. If spontaneous combustion were to initiate,
the temperature(s) within a bin would have to rise to more than 450°C
[Lappin and Slezak, 199G]). = Such an increase would quickly be monitored
in its earliest stages by the installed bin thermocouples. A temperature
"out of range" alarm signal would then be sent; refer to Section 12.2.1.

(b) Electrical grounding. All bins are electrically grounded, to help
eliminate electrical sparking or other related sources of ignition.

~(c) Oxygen monitoring. Appreciable oxygen (percent concentrations) with-

in the bins are needed to change the internal gas compositions from poten-—
tially combustible to potentially explosible. Based on previous labora-
tory testing with enclosed containers of waste [Zerwekh, 1979; Kosiewicz,
1981], it is known that (in most cases) the oxygen concentration decreas~
es to very low levels (< 0.1%) as the hyc"!rogeh concentration increases.
The test bins are monitored for oxygen level every 4 hours. If an init-
ially low oxygen content increased within a bin to a level (i.e., > 1%)
where potential explosibility was a credible concern, an oxygen "out of
range" alarm signal would be sent.

(d) Gas monitoring. The internal oxygen, hydrogen,fﬂ‘methane, and other
gas concentrations within the bins will be periodically sampled, analyzed
by GC-MS, and closely monitored so that any approach to a potentially ex-
plosible gas level will be quite evident. 1Indeed, it is the bin-scale
tests which will provide the best available data for WIPP PA purposes,
concerning the reality of potentially flammable and/or explosible gas mix-
tures during the full-scale waste emplacements at the WIPP [Molecke,
1989d]. ‘
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(e) Argon purging. If a potentially explosible condition did occur, some
argon purge gas could be injected to reduce the overall hydrogen concen—
tration. Options as to when the purging could be accomplished are describ~
ed separately [Lappin and Slezak, 1990]. Provisions for gas purging are
already designed into the bin. However, this bin purging is not desir-
able, because it would eliminate important information to be gained on
the tnre—deperdent concentrations of hydrogen and oxygen (as well as for
other gases to be expected in full-scale waste emplacement) .

(f) Overall. With all of the above described mitigation measures, the
TRU.wastes used in these bin-scale tests are maintained in a safe state,
more so than the wastes to be isolated in the operational phase of the
facnlty Molecke 1989d].

Ventilation concerns due to release of gases' from the test binsg. The
major concern here is the release of potentially toxic or VOC gases to
the man-accessible envirorment. All gases released from the bins (due to
overpressurization) will be \piped directly to mine ventilation system
ductwork, not to the man-accessible environment. Westinghouse WID has
the major responsibility for designing and controlling the underground
mine ventilation system. ” |

16.3 UNUSUAL CIRCUMSTANCES

Several unusual circumstances peculiar to these tests must be considered.
most likely of these circumstances are:

Ioss of power to the test bin pressure-monitoring and pressure-relief con-
trol systems. These critical control systems must be connected to a back-
up power supply system (Section 12.1.6). Loss of power will be noted and
the PI or his designate will be informed during normal working hours.
Loss of power to these systems for a period greater than approximately 12
hours would be considered unacceptable. The backup pbwer system must be
turned on, as required, within 12 hours or less. ‘

loss of gage. This loss is either accepted (for thermocouples) and not-
ed, or is corrected by removing the defective gage and installing another

Y } e 4
gage, acd the discretion
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Loss of Data Aoquisition System. The data loss is noted and the PI in-
formed durmg normal working hours. If the problem is expected to per-
sist for more than 1 day, supplemental portable recording instrumentation

may be used, at the discretion of the PI. The data loss will be

documented in a SNL nonconformance report.

Receipt of an instrument (out of range) alarm message. Major concerms

suggested by an out of range alarm message, indJ.catlve of a gage failure,

a nonstandard condition, or a safety-related concern, include:

(a) a high thermocouple temperature may indicate the initiation of spon-
taneous combustion within a bin; |

('b) a high, or low pressure readings could indicate an overpressure or
leakage problem; and, |

(c) a high (% range) oxygen ooncentration ‘could indicate the potential
for a explosible mixture to be present.

Response activities after receiving and evaluating an alarm message were

described in Section 12.2.1.

loss or spillage of radiocactive leachate sample. The location of the 1i-
quid spill will be isolated, surveyed, then cleaned/decontaminated to ap-
propriate levels. Existing site radiological safety/health physics pro-
cedures will be adhered to the extent applicable [WID, 1988b]. The loss
or spillage of a radloactive leachate sample will be treated and resolved
appropriately, as a test nonconformance. |

All other test-related unusual circumstances are to be resolved by the PI

and/or WID lead engineer, or appropriate designated and cognizant personnel.

Unusual mine circumstances are addressed in the mine safety procedures.

If they are not, the in situ test coordinator (Section 16.1) is respbnsible
for notifying the facility operators (WID) for resolution.

- 16.4 TEST INTERFACES

The operating personnel for this test will potentially mterface with out-

side aqenc1es analysts, and facility operatlons
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Outside Ageocies: Raques{:s for information or access by outside agencies
are referred to the PI and/or the facility manager (DOE/WPO).

Technical Analysts: Technical analysts should contact the PI or the in
.situ test coordinator for access to the underground test area.

Facility Operatlons' Operating personnel need to recognize the following
interfaces:

1. Facility access. Access to the test areas will be controlled, Visits will
be arranged where WIPP policy and safety regulations permit, and if there
is no interference with ongoing tests and waste operations. Appropriate
access procedures for the site will be established in compliance with
standard practice and regulations of the facility operators (WID) and the
facility manager (DOE). | |

2. Ventilation. Test operations cannot interfere with facility ventilation.
Requests for ventilation alterations or problems with ventilation are to
be referred to the facility operator (WID) through the in situ test coord-
inator.

3. Power, Power is supplied by thé facility operator to a terminal box at
the test location. Alterations or modifications on the test side of the
terminal box are the responsibility of the test operating personnel, pro-
vided these modifications do not exceed the capacity of the power suppli-
ed to the terminal. Alterations are to be implemented through the WID
power configuration controls.

4, Modifications. All modifications on the facility side of the terminal or
requests for additional services are to be referred to the facility opera-
tor (WID) through the in situ test coordinator.

5. Maintenance. Maintenance of the test area and instrumentation alcove is
the responsibility of the test operating perscnnel. Maintenance outside
of these areas is handled by the facility operator (WID). Requests for
maintenance in these outside areas is through the in situ test coordina-
tor.
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6. Safety. Test operations will comply with all éafety procedures establish- -
ed by the facility operator (WID), in coordination with the SNL WIFP site
safety manager.

'7. Other. Other interfaces, as required, will be handled through thc in
gsitu test coordinator and appropriate facility personnel.

16.5  QUALITY ASSURANCE (QA)

All Sandia National Laboratories tests are implemented in accordance with
the SNL Nuclear Waste Technology Department Waste Isolation Pilot Plant Ouah«
ty Assurance Program Plan (QAPP) [SNL, 1989]. This Quality Assurance program
meets the requirements of NQA-1-1986, DOE 5700.6B, Chapter 11 of the Final
Safety Analysis Report, WIPP DOE 87-007 QA Operations Program, and DOE/WPO
'~ Management Directives. This QA plah has been approved by the DOE/WPO for all
the WIPP activities assigned to Sandia National Iaboratories. This QAPP is
specific to the WIFPP Project; Contractor personnel working with sandia per-
sonnel either at the WIPP site or in Albuquergque are subject to the WIPP QAPP
[SNL, 1989]. Specific applications of the WIPP QAPP to this test have been
incorporated throughout this Test Plan.

The SNL QA program is extremely similar to the WID-WIPP site QA program
[WID, 1989b] in meeting the requirements of NQA-1. The SNL QA program will
take precedence in most aspects of the scientific needs and conduct of this
test program. It is acknowledged, however, that in many test-related areas,
e.g., site operations, radiological safety, etc., that the WID QA program
should take precedence, particularly as it applies to WID personnel. As stat-
ed in Section 16.1, the SNL QA Chief will be responsible for all QA-related
interface concerns between the SNL and WID QA programs.

All test-related activities that are to be performed on a repetitive bas-
is will have a specific procedure drafted and approved by both the test PI
and QA, and/or their designates. These specific QA procedures are to be up-
dated, and reapproved, as test details change and (may) require modifications
in the procedure. Examples of activities requiring QA procedures include:
instrumentation calibration, installation, maintenance; gas sampling and hand-
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ling; gas chromatogra};my—mss' spectrometry calibration, upkeep, and sample
analyses; brine-leachate sampling, packaging, analyses, etc.; standard data
handling procedures; etoc.

17.0 GLOSSARY
CAM
CCDF
MR
- Ms
CSB
DAS
DOE,/WFO
EEG
EPA
FY
GC-MS
GPIB
HEPA
HONG
HOOW
INEL
LONG
MODCOMP
MSDS -
NAS
NOS
PA
PI
PS

QA
QAPP
RCRA
RFP
RMA
RWP
SAR
SEIS
SNL
SOp
SPDV
STP
SWB

TA

Tc

TRU
TRUCON
UpPs

US DOE
voc

WAC
WID

continuous alr (particulate radicactivity) monitor
complementary cumulative distribution function, for PA
computer monitoring room, part of CMS

computer monitoring system

crushed salt/bentonite clay backfill material

data acquisition system, SNL system at WIPP
Department of Energy/WIPP Project Office ‘
Envirormental Evaluation Group, in New Mexico

U.S. Envirormental Protection Agency

fiscal year

gas chrumatograph-mass spectrometer

general-purpose interface bus, coxrponent of DAS

~ high-efficiency particulate filter

high-organic/newly generated TRU waste
high-organic/old wastes

Idaho National Engineering Laboratory
low-organic/newly generated TRU waste

brand name of SNL DAS computer, not an acronym
material safety data sheets

‘National Academy of Science

computer network operating system, SNL
performance assessment

principal investigator

process sludge TRU waste

‘quality assurance

Quality Assurance Program Plan

EPA Resource Conservation and Recovery Act, 40 CFR 268
Rocky Flats Plant

radioactive materials area

radiation work permits

Safety Analysis Report

Supplemental Envirormental Impact Statement

Sandia National Laboratories

safe operating procedure or standard operating procedure
WIPP site preliminary design validation

standard temperature and pressure, in relation to gases
TRU standard waste boxes

WIPP test alcove

thermocouples

transuranic

TRUPACT II content codes
uninterruptible power supply

U.S. Department of Enerqgy

volatile organic compounds
weapons-grade plutonium, predominantly
WIPP Waste Acceptance Criteria
Westinghouse Waste Isolation Division

239PL1
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18.0 APPENDICES

The Appendices, of which the following form the outline and preliminary
texts, are to be living documents compiled separately as these WIPP Bin-
Scale CH TRU Waste Tests are implemented in the field. The contents of the
Appendices subsections below may be in simple outline format. If a particu-
lar topic below is more fully documented, it will be included in the approved
SNL QA record file (storage area) for this test. At present, these Append-
ices will contain "as-built" drawings, procedures, and processes necessary
for test installation, and subsequent analyses and interpretations of the
tests, ! B ‘

The subsection numbers below, i.e., 18.#.#.#, refer to the main Section
number in the body of this Test Plan.

18.8.3.1 Pretest Waste Characterization Procedures

Pretest waste characterization procedures for both head-space gas analy-
ses for VOCs and non-intrusive radionuclide content quantification are in .
place at various waste aenerating facilities for use in required transporta-
tion analyses. Details on PS waste sanple sizes and radiochemical and hazard-
ous waste component analyses remain to be finalized with and by the genera-
tors, Results of the transportation analyses are to be shared with the WIPP
project for purposes of bin-scale pretest characterizations and test data in-
terpretations. Further discussions between the WIPP project and the genera-
tor/shipper sites are required to formalize details of waste characterization
analyses and data sharing. Forthcoming details will be appended here as
available.

18.8.3.2 Waste Pre-Breaching Puncturing Paddles

Puncturing paddles are needed to pre-breach waste bags that are to be em~
placed into WIPP test bins and leached in place. These puncturing paddles
will be designed and fabricated or procured by WID and will be provided to
waste preparers by the WIPP project. Fabrication details will be appended as
available.

18.8.4 Bin Brine Injection

Details on the brine injection hardware installed on test bins and pro-
cedures for injecting the brine into the bins will be prepared and provided
by WID. Radiation-safety temporary contaimment enclosures may be used during
the brine injection procedures; this radiation safety equipment will be also
designed and/or procured by WID. The brine-injection procedure(s) will be
approved by WID and SNL QA, the PI, and site radiatlon safety.

18.9.1 Test Bin Detaills

Further details on the following WIPP test bin design and associated com-—
ponents will be provided by the WID lead engineer/supervisor, and will *»
documented separately in WID EWPs [Bali, 1989a; others TBD] and enair
drawings.



18.9.2 Test Bin-Stand Hardware Details

Further detalls on the test bin-stands engineering requirements, design,
drawings [(Bali, 1989b], fabrication procedures, and installation will be
provided by WID.

18.10,1.2 Getter Material petails

The composition of getter additives, and the proportion or quantities of
getters to be added to the backfill materials will be provided, presumably,
by current laboratory research. Further Information in this area will be
provided by Larry Brush, Sandia Natlonal lLaboratories, and by Barry Butcher,
Sandia National lLaboratories.

The exact composition of salt grout or other materials to be used as an
additive within test bins, and theilr proportions or guantities to be added
will be provided, presumably, by current laboratory research. Further in-
formation in this area will be provided by Jim Nowak, Sandia National Labora-
tories. ‘

18.10.1.4 Mixing and Bagging of Backfill Materials

Detalls on the procedures, equipment, and engineering requirements relat-
ing to the mixing and bagging of backfill, getter, and other related mater-
ials, and transporting them to the waste generator sites will be provided by
the lead engineer in coordination with B. Stenson, Re/Spec, Inoc., phone (505)
8448422,

18.10.2 Metal Corrcdant Details

Further details on the procurement, fabrication, and emplacement of mild
steel, wire mesh screening, to be used as the metal corrodant material in the
bin-scale tests will be provided by the lead engineer.

18.10.3 Artificial Brine Preparation

Further details on the required materials and preparation procedures for
making large quantities of both artificial Salado and Castile brines will be
provided by both larry Brush and Martin Molecke, SNL Division 6345.

Further details on the brine injection procedure to inject such brines
into test bins will be provided by WID.

18.11.1.1 Bin Gas Flushing Details

Further technical details and procedures for flushing test bins with arg-
on gag in order to approach an anaercbic environment will be provided by Paul
Cahill, SNL chemistry and materials consultant.

18.11.1.2 Portable Oxygen-Gettering Reactant System, Design Details

The Q-5 Reactant has an exchange capacity of 2 o’ 0 per gram of
reactant at standard temperature and pressure. According to the manufactur-
er, Q-5 can be repeatedly regenerated. For this reactant regeneration, the
material must be preheated to 200°C. This regeneration could be accomplished
above ground or elsewhere, after a fresh, replaceable oxygen-gettering column
is attached to the system, substituting for the near-depleted column. During
/

o
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the heated regeneration cycle, a mixture of about 5% H, gas in N, gas
must be passed through the column (this gas mixture can be purchas;ed pre-mtx~
ed, as "forming" gas, or mixed at the WIPP). The resulting exothermic, regen-
eration oycle reaction causes the temperature to rise to about 300°C, as
water 1s produced and flushed out. The column temperature should be held at
300°C for about one hour. The maximm reactant material temperature must be
kept below 400°C., To accomplish this regeneration cycle (formula 2), the fol-
lowing services are needed: electrioity for the heating tape, thermocouples,
Hy/Ny forming gas, an oxygen sensor at the exit end of the column, a
means of removing generated water, and the hardware to recirculate and/or ex-
haust the used forming gas.

The cognizant technical expert for the operation and assoclated require-
ments of the portable oxygen-gettering reactant system ig Paul Cahill, SNIL,
phone (508) 844-5754, He will provide details on the procedures, equipment,
and engineering requirements relating to the required oxygen-gettering sys-
tem(s) for use in this bin-scale test program. Commercial oxygen-gettering
apparatus is currently being procured and provided by SNL.

18.11.1.3 Test Bin Pressurization

Detalls and procedures for providing the initial pressurization of each
test pin with argon gas and for quantifying the initial bin void volume will
be provided by M. Molecke and P. Cahill, SNL.

18.11.1.4 Toacer Gases

Further detalls on the injection procedure for tracer gases into the bins
will be provided by Paul Cahill, SNL, phone (505) 844~ 5754,

18.11.1.4 Radiocactivity and Radiocactive Particulate Monitoring
Details will be provided by the WID. |
18.11.2 Gas Chromatograph-Mass Spectrometer Detalls and Procedures

Details on the operation, calibration, and maintenance procedures for the
overall GC-MS system will be provide by the principal technical analyst, W.
Greenlee, WID. A draft of the gas sampling procedures has been prepared
[Greenlee, 1989] and is currently being revised and updated.

18.11.3 Brine-Leachate Sampling Details, Procedures

Radiation-safety temporary contairment enclosures may be used during the
brine injection procedures; this radiation safety equipment will be also de-
gigned and/or procured by WID. Further details on the brine-leachate samp-
ling procedure will be provided by M. A. Molecke, SNIL, the lead radiochemical
technical analyst on site (TBD], and by analytical laboratory contractor. per-
sonnel.,

18.11.4 Brine-Teachate Samples Packaging and Analyses Details
Further details will be provided by the lead radiochemical technical an-
alyst on site [TBD]), and by analytical laboratory contractor personnel. The

packaglng and shipping proceduxes will be approved by both QA and site radia-
tion safety.
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18.12.1 Instrumentation Detaills

An instrumentation plan will be specified for each of the principal ilns-
truments used in this test program, ‘These specifications include design,
sengltivity range, calibration requirements, proourement, ingstallation and
wiring, power requirements, and operation details.

A NOS (network operating system) file will be prepared and will list all
test remote instruments and test measuwrand numbers., This NOS file ls a re-
quirement of the SNL DAS. ‘

- ‘A Qa-approved instrumentation calibration, installation, hoockup, opera=
tion, and maintenance procedure will be provided by the SNL instrumentation
consultant for each. separate remote lnstrument (type).

18.12.1.2 Pressure Gages
Some interesting pressure calculations and measurements:

1. If the mine ambient temperaturs, about 30°C, changed by 3% (a large
charnge) , then the intermal bin pressure would change by about 0.15 psig.

2. Preliminary barometric pressure monitoring measurements were conducted at
the WIPP surface by site Envirormental Engineering for the period of
January 1988 - May 1988 (dally) and March 16 - 20, 1988 (hourly). On the
basis of these measurements, the reference surface pressure was calculat-

. ed to be 12.94 psig (26.35 in. Hg). The maximum daily change measured
over this period was 0.16 psig (0.33 in. Hg), the maximm hourly change
was 0.04 pslg, and the maximum overall range was 0.19 psig.

3. Preliminary, short-teim pressure monitoring (20 ~ 30 minutes) was also
coructed underground in Room 6 Panel 1 [Cook, 1989), Pressure fluctua-
tions of about 0.005 psig (0.01 in. Hg) were observed, and were attribut-
ed to varilations in the mine ventilatlon system. A pressure ''spike" of
0.04 psig (0.08 in. Hg), over about 2 minutes, was also seen.

18.12.1.3 Gas Pressure-Relief Valves and Control Systems

Parametric pressure release calculations as a furction of rellef-valve
size (exit orifice) and time of opening have been conducted [Beraun, 1989].
The primary purpose of these calculations was to asslst in purchase of the
correct size of pressure relief-valves and of determining how long to open
them. Details of these calculations are found in [Beraun, 1989].

18,12.1.4 Gas Flow/Volume Monitoring System
18.12.1.5 Oxygen-Specific Sensors

- Paul Cahill, SNL, division 1811, phone (505) 844-5754, 1isg the cognizant
person responsible for directing all oxygen-specific sensor-related activi-
ties.

Solid state oxygen sensors will be used to continuously monitor the room
atmosphere. Such devices are extremely stable and long-lived (»5 years),
Such sensors are needed to be accurate and relilable over a range of about 0.1
to 1000 ppm. Additional data on power rpquirements and calibration tech-
nigues will soon be available. :
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18.12.2.3 Bagkup Power Supply Detalls

Further details have been provided in two separate SNL memoranda,
[Mcllmoyle and Johnson, 1989) and [MoIlmoyle, 19897,

' 18.14.0 Posttest Waste Disposal

Further details on posttest waste characterization procedures for vacuum
distillation procedures to obtain VOC gases (and source term) and residual
brines in the bins will be developed as a joint effort between SNL and WID.
A separate waste retrieval plan [WID, 1989) to describe many of these details
arxl operational and engineering procedures is also belng drafted by WID.

A large vacuum furnace will need to be modifled or adapted for radiologi-
cal safety purposes. The design and procurament of the necessary ecuipment
for these procedures will be the responsibility of WID, with consultation
with the test PI and SNL materials and chemistry consultant.
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