UNITED STATES ENVIRONMENTAL PROTECTION
AGENCY
Washington, DC 20460
November 13, 2020

OFFICE OF
AIR AND
RADIATION

Mr. Mike Brown
Carlsbad Field Office
U.S. Department of Energy
P.O. Box 3090
Carlsbad, New Mexico 88221-3090
Dear Mr. Brown:
The U.S. Environmental Protection Agency is working on its completeness review of the U.S.
Department of Energy’s (DOE) 2019 Compliance Recertification Application (CRA-2019) for the
Waste Isolation Pilot Plant (WIPP). This letter transmits the sixth set of Agency completeness comments
and questions (see attached). This may be the final set of questions from EPA’s completeness review,
although we anticipate some follow up questions as needed in the coming months based on DOE’s
responses to the initial completeness questions. We request that DOE respond in a timely manner.
If you have any questions concerning this request, please contact Ingrid Rosencrantz at (202) 579-5157
or rosencrantz.ingrid@epa.gov.
Sincerely,

Tom Peake
Director
Center for Waste Management and Regulations
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SIXTH SET OF EPA COMPLETENESS COMMENTS AND QUESTIONS FOR
CRA 2019
OVERVIEW
Completeness questions are organized by theme or CRA section. The naming convention is as
follows:
1)
2)
3)
4)

Round of questions from EPA (e.g. CC3 = Completeness Comment 3rd Round)
Section/appendix/theme (33 = Section 33)
Comment/question number and subcomment/question (1, 2, 3a, 3b, etc.).
Brief title or topic

The comment or question is listed below the heading. Further descriptions and explanations may
follow and are indicated by the italicized text.
QUESTIONS AND COMMENTS BY CRA SECTION
CC6-24-3: ATWIR 2018 Inventory Documents Request
Please provide the following documents cited by ATWIR (2018):
1. LANL-CO. 2016. Data Collection and Entry for the Comprehensive Inventory Database.
INV-SP-01. Los Alamos National Laboratory – Carlsbad Operations, Carlsbad, New
Mexico.
2. Van Soest, G. 2018a. WDS Data Transformation for Insertion in the 2017 Inventory
CID Import Template. INV-SAR-48. Los Alamos National Laboratory – Carlsbad
Operations, Carlsbad, New Mexico.
3. Van Soest, G. 2018b. Adjustment of 2016 and 2017 Projected Inventory to 2033 Closure
Year. LANL-CO. INV-SAR-49. Los Alamos National Laboratory – Carlsbad Operations,
Carlsbad, New Mexico.
References:
ATWIR 2018. Annual Transuranic Waste Inventory Report – 2018. DOE/TRU-18-3425,
Rev. 0. U.S. Department of Energy, Carlsbad Field Office. November 2018.
QUESTIONS AND COMMENTS BY APPENDICES
CC6-GEOCHEM-28: Iron-Sulfate Pitzer Parameters and Solid Phases Not Included in
DATA0.FM4
Please explain the absence from DATA0.FM4 of the iron-sulfate Pitzer parameters and ironsulfate solid solubilities identified for inclusion in the revised EQ3/6 database by Jang (2017).
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Please address the potential effects of omitting these parameters and solid solubilities on the
actinide solubility calculations for the CRA-2019 DPA.
Kim et al. (2017) developed an internally consistent set of solid solubility constants,
aqueous speciation stability constants, and Pitzer ion interaction parameters for ferrous
iron in sodium chloride, sodium sulfate, and sodium carbonate solutions based on WIPP
experimental data (Nemer et al. 2011). Jang (2017) identified solids, aqueous species,
and Pitzer parameters for inclusion in the WIPP EQ3/6 database using the results of Kim
et al. (2017). Some of these data are absent from DATA0.FM4 (Domski 2019):
• α and β Pitzer parameters for Fe2+/SO42- and Fe2+/HSO4- interactions
• θ Pitzer parameters for H+/ Fe2+ and SO42-/HSO4- interactions
• ψ parameters for Fe2+/Na+/SO42-, Fe2+/K+/SO42-, and Fe2+/H+/SO42- interactions
• the stability constant for the Fe(OH)42- aqueous species
• solubility constants for the iron sulfate solids FeSO4(s), FeSO4∙7H2O(s),
FeSO4∙H2O(s), and FeSO4∙4H2O(s)
DOE did not provide justification for omitting these data.
The Pitzer parameters for the ferrous iron interactions with sulfate are part of the
internally consistent data set developed by Kim et al. (2017). Sulfate is an important
constituent in WIPP brines and in Salado minerals such as anhydrite. Consequently,
the reasons for excluding the ferrous iron-sulfate Pitzer interaction parameters from the
DATA0.FM4 database should be provided. In addition, the expected effects of the missing
parameters on the actinide solubility calculations should be evaluated. Alternatively, the
database should be updated to include these values along with an analysis of how
these data impact the dissolved actinide solubility calculations.
Domski, P.S. 2019. An update to the EQ3/6 Pitzer thermodynamic database
DATA0.FM1 with the creation of DATA0.FM4. Sandia National Laboratories,
Carlsbad, New Mexico, ERMS 571052.
Jang, J. J. 2017. Solubility model for the Fe+2 - Mg+2 - Na+ - Ca+2 - H+ - Cl- - oxalate-2 EDTA-4 citrate-3 – H2O systems. Sandia National Laboratories, Carlsbad, New Mexico,
ERMS 568758.
Kim, S., C. Marrs, M. Nemer, and J-H Jang. 2017. Solubility model for ferrous iron
hydroxide, hibbingite, siderite, and chukanovite in high saline solutions of sodium
chloride, sodium sulfate, and sodium carbonate. ACS Earth Space Chem. 1:647−663.
Nemer, M.B., Y. Xiong, A.E. Ismail, and J.-H. Jang. 2011. Solubility of Fe2(OH)3Cl
(pure-iron end-member of hibbingite) in NaCl and Na2SO4 brines. Chemical Geology
280:26-32.
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CC6-GEOCHEM-29: Adequacy of Lead Parameterization in DATA0.FM4
Please justify the absence of important lead data and calculations in the FM4 database. If the data
are available, the following information related to the lead parameterization in DATA0.FM4
must be included before lead is included in actinide solubility calculations for WIPP PA:
• Solid phases such as laurionite [Pb(OH)Cl(s)], hydrocerussite [Pb3(CO3)2(OH)2(s)],
mendipite [Pb3O2Cl2(s)], cotunnite [PbCl2(s)], and galena [PbS(s)]
• Pitzer ion-interaction parameters for lead aqueous species
• Lead model verification by comparison of model-predicted concentrations to
experimentally measured data
The DATA0.FM4 database (Domski 2019) includes the solid phases litharge [PbO(s)],
cerussite [PbCO3(s)], phosgenite [Pb2CO3Cl2(s)], and anglesite [PbSO4], which can form
from oxidation of metallic lead. Additional lead solid phases have been reported to form
during corrosion of lead objects in marine environments, including laurionite
[Pb(OH)Cl(s)], hydrocerussite [Pb3(CO3)2(OH)2(s)], mendipite [Pb3O2Cl2(s)], and
cotunnite [PbCl2(s)], with galena [PbS(s)] formation reported under anaerobic
conditions (MacLeod 1991). Felmy et al. (2000) also observed precipitation of
KCl∙2PbCl2(cr) and caracolite [NaCl∙Na2SO4∙ 2PbSO4(cr)] from experiments with
carbonate-free Salado (G-Seep) and Castile (ERDA-6) brines. DOE should address the
potential formation of these solids and should include solubility data for potentially
important solid phases in the EQ3/6 database.
The lead solid and aqueous species data in DATA0.FM4 were obtained from Powell et al.
(2009). Powell et al. (2009) reviewed lead aqueous speciation and solids solubility data
for the inorganic ligands OH-, Cl-, CO32-, SO42-, and PO43-. This review included evaluation
of the reliability of the stability constants and related publications, correlation of the data
with ionic strength, use of the specific ion interaction theory to extrapolate the stability
constants to an ionic strength of zero, and recommendation of aqueous speciation and
solubility constants at 25°C and zero ionic strength. However, the data set has not been
validated by comparing modeled aqueous speciation and solids solubility data to WIPPrelevant experimental aqueous speciation and solids solubility data.
The lead model included in DATA0.FM4 does not include Pitzer ion interaction
parameters. Use of the Pitzer activity coefficient model to predict the solubilities of
actinides in highly concentrated WIPP brines is an important part of the actinide source
term conceptual model (Wilson et al. 1996, SCA 2008). Considerable uncertainty is
associated with the calculated aqueous lead concentrations and solid phase stabilities
because the Pitzer model was not used. The extent of the uncertainties cannot be assessed
because the results of validation calculations with the lead data in DATA0.FM4 were not
provided.
Because lead aqueous speciation in DATA0.FM4 currently does not include
complexation with organic ligands, including lead solids and aqueous species may not
directly affect the results of the actinide solubility calculations. However, if large
quantities of lead solids react, as modeled in the CRA-2019 DPA actinide solubility
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calculations, large amounts of water in the brines may be consumed or produced,
influencing concentrations of organic ligands and other factors such as pH, which can
affect actinide solubilities (see completeness comment CC5-GEOCHEM-24).
Domski, P.S. 2019. An update to the EQ3/6 Pitzer thermodynamic database
DATA0.FM1 with the creation of DATA0.FM4. Sandia National Laboratories,
Carlsbad, New Mexico, ERMS 571052.
Felmy, A. R., L. M. Onishi, N. S. Foster, J. R. Rustad, D. Rai, M. J. Mason. 2000. An
aqueous thermodynamic model for the Pb2+ - Na+ - K+ - Ca2+ - Mg2+ - H+ - Cl- - SO42- - H2O
system to high concentration: Application to WIPP brines. Geochimica et Cosmochimica
Acta, Vol. 64: 3615-3628.
MacLeod, I. 1991. Identification of corrosion products on non-ferrous metal artifacts
recovered from shipwrecks. Studies in Conservation, 36:222-234.
Powell, K.J., P.L. Brown, R.H. Byrne, T. Gajda, G. Hefter, A.-K. Leuz, S. Sjöberg, and
H. Wanner. 2009. Chemical speciation of environmentally significant metals with
inorganic ligands. Part 3: The Pb2+, + OH-, Cl-, CO32-, SO42-, and PO43- systems (IUPAC
Technical Report). Pure and Applied Chemistry, 81:2425-2476.
SC&A (S. Cohen & Associates). 2008b. Verification of the Waste Isolation Pilot Plant
Chemistry Conceptual Models. Prepared for the U.S. Environmental Protection Agency
Office of Radiation and Indoor Air, September 19, 2008.
Wilson, C., D. Porter, J. Gibbons, E. Oswald, G. Sjoblom, and F. Caporuscio. 1996.
Conceptual Models Peer Review Report, Prepared for the U.S. Department of Energy,
Carlsbad, New Mexico, July 1996, Docket No. A-93-02 Item II-G-1.
CC6-GEOCHEM-30: Jang and Kim (2016) Report Request
Please provide a copy of:
Jang, J.-H. and S. Kim. 2016. Derivation of Pitzer Interaction Parameters and Thermodynamic
Properties for the Aqueous Species of Ferrous Iron and Their Pairs, Revision 2, Sandia National
Laboratories, Carlsbad, NM.
Jang and Kim (2016) is cited as the source of glushinskite solubility data in MgCl2 and
NaCl solutions by Jang (2019). This report is also cited as the source of the stability
constant for Mg(Oxalate)22- by Sisk-Scott (2019) and Domski (2019).
References
Domski, P.S. 2019. An Update to the EQ3/6 Pitzer Thermodynamic Database
DATA0.FM1 with the Creation of DATA0.FM4. Sandia National Laboratories.
Carlsbad, New Mexico. ERMS 571052.
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Jang, J.J. 2019. AP-182, Analysis Plan for Derivation and Addition of Equilibrium
Constants and Pitzer Interaction Parameters to the WIPP Geochemical Thermodynamic
Database. Carlsbad, NM Sandia National Laboratories.
Sisk-Scott, C. 2019. AP-183, Analysis Plan to Update the WIPP Geochemical
Thermodynamic Database (DATA0.FM1) to DATA0.FM4 for CRA-2019. Revision 1,
Carlsbad, NM Sandia National Laboratories.
CC6-GEOCHEM-31: Comparison of Modeled and Experimental Glushinskite Data
Please provide figures that compare the experimentally measured solubilities
of glushinskite [MgOxalate∙2H2O] in NaCl and MgCl2 solutions to the modeled concentrations
obtained using DATA0.FM4.
Figure 1 of Jang (2019) compared experimentally measured glushinskite solubilities to
concentrations modeled using preliminary thermodynamic data. Some of
these thermodynamic data were subsequently changed to improve the fit of the model to
the experimental data. Please provide equivalent figures obtained using the final oxalate
species data in DATA0.FM4.
Jang, J.J. 2019. AP-182, Analysis Plan for Derivation and Addition of Equilibrium
Constants and Pitzer Interaction Parameters to the WIPP Geochemical Thermodynamic
Database. Carlsbad, NM Sandia National Laboratories.
CC6-GEOCHEM-32: Effects of Shielded Containers on Steel Surface Area per Unit
Volume
Please explain why the steel surface area per unit volume remains unchanged
(parameters REFCON:ASDRUM, REFCON:DRROOM, and REFCON:VROOM), despite an
increased number of shielded containers for the CRA-2019 PA compared to the CRA-2014 PA.
The surface area of steel per unit repository volume (Ds = 11.2 m2/m3) is calculated for
WIPP PA using:
Ds= REFCON:ASDRUM × REFCON:DRROOM ÷ REFCON:VROOM

Where:
REFCON:ASDRUM is the surface area of steel associated with a waste disposal drum (6
m2/drum)
REFCON:DRROOM is the number of waste drums in a disposal room (6,800 drums)
REFCON:VROOM is the volume of a disposal room (3,640 m3)
Calculations of Ds depend on the proportions of different wastes and waste containers in
the repository (EPA 2017). The CRA-2019 PA iron-based metals and alloys inventory
has increased by 14,000 metric tons since the CRA-2014 PA (see table), primarily

201107

because of increased RH packaging materials from shielded containers (DOE 2018).
However, DOE has not addressed whether the increased number of shielded containers
will significantly affect Ds. Because of the substantial increase in the number of RH
shielded containers, DOE must provide information to support retaining the existing
REFCON:ASDRUM, REFCON:DRROOM, and REFCON:VROOM parameters.
CRA-2014 PA and CRA-2019 PA Inventories of Iron-Based Metals and Alloys in
Waste and Steel Packaging Materials

Parameter
CH Waste Iron-Based Metal and Alloys
CH Steel Packaging Materials
RH Waste Iron-Based Metal and Alloys
RH Steel Packaging Materials
Repository Total

CRA-2014 PA
(kg)
10,900,000
30,000,000
1,350,000
6,860,000
49,110,000

CRA-2019 PA
(kg)
14,100,000
31,200,000
1,330,000
16,500,000
63,130,000

Source: Table 5-5 of Van Soest (2012, 2018)
DOE (U.S. Department of Energy). 2018. Annual Transuranic Waste Inventory Report –
2018. Revision 0. U.S. Department of Energy, Carlsbad Field Office, DOE/TRU-183425.
EPA (U.S. Environmental Protection Agency). 2017. Evaluation of the Compliance
Recertification Actinide Source Term, Gas Generation, Backfill Efficacy, Water Balance
and Culebra Dolomite Distribution Coefficient Values. Docket No. EPA-HQ-OAR-20140609. U.S. Environmental Protection Agency. Washington, DC.
Van Soest, G.D. 2012. Performance Assessment Inventory Report – 2012. Los Alamos
National Laboratory Carlsbad Operations INV-PA-12, Revision 0, LA-UR-12-26643.
Van Soest, G.D. 2018. Performance Assessment Inventory Report – 2018. Los Alamos
National Laboratory Carlsbad Operations INV-PA-18, Revision 0, December 12, 2018.
CC6-GEOCHEM-33: Humid Steel Corrosion Parameter
Please explain the differences between the mean and standard deviation values for the humid
steel corrosion parameter STEEL:HUMCORR in Zeitler (2018) and Kim and Feng (2019).
Please also confirm that the correct distribution for STEEL:HUMCORR was entered into the
parameter database and sampled for the CRA-2019 PA.
Appendix GEOCHEM (Section GEOCHEM-2.4.1) cites Zeitler (2018) as the source of
the cumulative distribution for the humid steel corrosion parameter that was sampled in
the CRA-2019 PA. The statistics for this cumulative distribution are compared in the
table below to the statistics summarized by the input parameter report for the CRA-2019
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(Kim and Feng 2019). The reported mean and standard deviation values in these
documents are slightly different. Although these differences are not expected to have
affected the results of the CRA-2019 PA, DOE should explain the reasons for these
differences and confirm that the correct cumulative distribution was sampled for the
parameter STEEL:HUMCORR.

Reference
Mean
Median
St. Dev.
Minimum
Maximum

STEEL:HUMCORR
Zeitler
(2018, Table 2)
ERMS 569807
2.73E-16
1.90E-16
3.32E-16
0.00E+00
1.03E-15

Kim and Feng
(2019)
ERMS 571377
2.43E-16
1.90E-16
2.47E-16
0.00E+00
1.03E-15

Kim and Feng. 2019. Input Parameter Report for the 2019 Compliance Recertification
Application Performance Assessment (CRA-2019 PA), Revision 1. Sandia National
Laboratories, Carlsbad, New Mexico, ERMS 571660.
Zeitler, T.R. 2018. Bounding Calculation of the Cumulative Distribution for
STEEL:HUMCORR. Sandia National Laboratories, Carlsbad New Mexico, ERMS
569807.
CC6-GEOCHEM-34: Incorrect Units for Gas Generation and Brine Production Rates
Please note that the correct units for gas generation rates are gas production per unit disposal
volume, based on the definitions for the repository densities of steel (DS), cellulosics (DC), MgO
(Dm), and hydromagnesite (DHM). Appendix GEOCHEM, Section GEOCHEM-2.2 states that the
total gas generation rate (qrg), iron corrosion gas generation rate (qrgc), microbial gas generation
rate (qrgm), and iron sulfidation gas generation rate (qrgs) are in units of gas production per unit
volume of waste. Section GEOCHEM-2.2 also incorrectly states that the total brine production
rate (qrb), and brine production rates associated with iron corrosion (qrbc), iron sulfidation (qrbs),
microbial degradation of CPR (qrbm), MgO hydration (qrbh), and hydromagnesite conversion
(qrbh) are in units of gas production per unit volume of waste.
This correction to the units for the gas and brine generation rates in Section GEOCHEM2.2 is editorial and is not expected to affect PA calculations. However, the inconsistent
units should be corrected to eliminate the potential for confusion regarding the gas
pressure calculations in WIPP PA.
CC6-GEOCHEM-35: Omission of Brine Radiolysis Effects from Appendix GEOCHEM
Discussions of Radiolysis and the Brine Production Model
Although brine radiolysis consumes brine, this process is not included in the Appendix
GEOCHEM discussions of radiolysis (Section GEOCHEM-2.1.7) or the brine production
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process model (Section GEOCHEM-2.2). Please indicate whether the effects of radiolysis were
included in the CRA-2019 PA calculations of brine volumes. If the effects of radiolysis on brine
volumes were not included in the CRA-2019 PA, please evaluate the effects on repository
releases of including radiolytic brine consumption.
The discussions of radiolysis in Sections GEOCHEM-2.1.7 and GEOCHEM-2.2 address
the effects of radiolysis on gas generation rates, but the effects of radiolysis on brine
consumption are not addressed in these sections. Day (2019) and Zeitler et al. (2019)
discuss the parameters GLOBAL:GDEPFAC, GLOBAL:DECAYNRG, and GLOBAL
GH2AVG for calculating H2(g) generation rates through brine radiolysis, but Day
(2019) only parenthetically mentions brine consumption and Zeitler et al. (2019) does not
discuss radiolytic brine consumption. Consequently, it is unclear whether brine
consumption through radiolysis was included in CRA-2019 PA calculations of brine
volumes.
Day, B. 2019. Reassessment of need and parameter justification for modeling gas
generation due to radiolysis of brine and cellulose/plastic/rubber in WIPP for CRA-2019.
Sandia National Laboratories, Carlsbad, New Mexico, ERMS 570873.
Zeitler, T.R., J. Bethune, S. Brunell, D. Kicker, and J. Long. 2019. Summary Report for
the 2019 Compliance Recertification Application Performance Assessment (CRA-2019
PA). Revision 0. Sandia National Laboratories, Carlsbad, New Mexico, ERMS 571376.
CC6-HYDRO-12: Modeling Performed by Thomas, et. al. (2017)
Thomas, et al. (2017) discuss recent work focused on investigating the Culebra. Please provide
further discussion on the relevance of this work to the following:
1) Conceptual understanding of the Culebra hydrogeology across and around the WIPP site
As noted in the abstract of the Thomas, et. al paper “In early conceptual models of the
Culebra, groundwater levels were not expected to fluctuate markedly, except in response
to long‐term climatic changes, with response times on the order of hundreds to thousands
of years. Recent groundwater pressures measured in monitoring wells record more than
25 m of drawdown.”
The markedly fluctuating water-levels reflect some aspect of the Culebra hydrogeology
that has not been adequately captured in the current conceptual model. For instance, it
may be that the Culebra has lower storage values or more discrete fractures than currently
conceptualized which lead to greater pressure responses. Please provide a discussion as to
what the revisions to the Culebra conceptual model are required to explain the
fluctuations observed in pressure responses.
2) Understanding of current conditions
The authors state (page 2645) – “If the WIPP were being sited today, a set of
observations markedly different than those associated with the prepumping activities
would be used to formulate the steady‐state groundwater flow fields.”
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Calibration to the steady-state flow fields and boundary conditions is how the current
transmissivity fields were generated. Please explain how a set of markedly different
prepumping conditions would have impacted the calibration of the transmissivity fields.
3) Impact on current and future performance assessments
As noted in the abstract of the Thomas, et. al paper: “Steepened hydraulic gradients
associated with the pumping reduce estimates of conservative particle travel times across
the domain by one half and shift the intersection of the average particle track with the
compliance boundary by more than 2 km.”
These observations were based on a single pumping well. Multiple pumping wells could
have even greater impacts on the velocities and flow directions. Please discuss these
findings with respect to how current and future pumping can be incorporated into future
performance assessments.
Thomas, M.A., Kuhlman, K.L., and Ward, A.L. 2017. Anthropogenic influences on
groundwater in the vicinity of a long-lived radioactive waste repository. Hydrological
Processes, 31(14). 2637-2647.
CC6-SCR-11: Updates to seismic activity FEPs
FEP documentation for SCR-4.1.3.2.4 Seismic Activity N12 (and related to previously submitted
completeness question CC2-SCR-1) is missing significant, relevant updates from the published
literature on seismic activity, especially induced seismicity in the Permian Basin Region,
including the Delaware Basin.
EPA has identified several items in the published literature that should have been incorporated
into the relevant discussions, including N12 and related FEPs such as N3 & N11 involving
tectonics, faults and stress. Noting that significant research efforts continue by
academic and industry consortia to investigate the patterns, causes, and hazards of induced
seismicity in the Permian Basin region (e.g., TexNet & CISR at the Texas Bureau of Economic
Geology, and ongoing research at New Mexico Tech/New Mexico Bureau of Geology & Mineral
Resources), DOE will need to follow up on this for the next set of PA calculations submitted to
EPA. Detailed study of regional seismicity, including induced seismicity, can trace subsurface
fluid migration of hydrocarbons and wastewater, reveal and reactivate previously unknown
faults, and delineate stress orientations, for example.
Appendix SCR notes an increase in regional seismicity and upgrades to the WIPP seismic
network, but lacks detail and context. In fact, the Delaware Basin and surrounding
region has in recent years had comparable amounts of seismicity to southern California.
The FEP from CRA-2019 states:
“Therefore, comparisons with previous data are difficult, and trending attempts are
not yet meaningful. It is widely understood that these events are small in magnitude, and are
obviously anthropogenic in nature, due to the increase in oil and gas exploration and production
within the Basin. This new information does not change the screening argument or decision.”
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There has been a significant uptick in seismicity in the Permian Basin region, including
the Delaware Basin over the past decade related to oil and gas activities, and requires a
more comprehensive discussion than that found above. DOE is strongly advised to stay
up to date with these developments and findings, plus solicit input and analysis from the
New Mexico Tech Seismic Observatory (NMTSO) that operates the DOE-funded WIPP
seismic network. Several new areas of elevated seismicity have been identified since the
CCA, including Dagger Draw 30 miles WNW of WIPP (noted in CRA-2014), and the
trans-Pecos region just over the border in Texas ~60 miles south of WIPP and within the
Delaware Basin, yet these remain barely mentioned if at all in DOE’s compliance
documentation. The public concern for the latter area of the Delaware Basin is especially
heightened following the M 5.0 earthquake that struck in March 2020.
Although minor seismicity is not expected to impact WIPP operations or long-term
performance, this should be assessed using the most current information available.
Several significant, relevant, recent publications that should be reviewed for future
submissions include:
Ellsworth, W. L., 2013, Injection-induced earthquakes: Science, v. 341, no. 6142, p.
1225942.
Frohlich, C., DeShon, H., Stump, B., Hayward, C., Hornbach, M., and Walter, J. I., 2016,
A Historical Review of Induced Earthquakes in Texas: Seismological Research Letters,
v. 87, no. 4, p. 1022-1038.
Lund Snee, J.-E. and M. D. Zoback (2016). "State of stress in Texas: Implications for
induced seismicity." Geophysical Research Letters 43(19): 10,208-210,214.
Zhang, Y., Edel, S. S., Pepin, J., Person, M., Broadhead, R., Ortiz, J. P., Bilek, S.
L., Mozley, P., and Evans, J. P., 2016, Exploring the potential linkages between oil‐field
brine reinjection, crystalline basement permeability, and triggered seismicity for the
Dagger Draw Oil field, southeastern New Mexico, USA, using hydrologic
modeling: Geofluids, v. 16, no. 5, p. 971-987.
The discussion on groundshaking (SCR-4.1.3.2.4.5) relies on dated studies, and no
explicit mention is made regarding the Design Basis Earthquake (DBE) for surface
facilities. The actual DBE value of 0.1 g was only identified as such and found in RCRA
documentation, not in the Compliance Recertification Application. True, the risk to
underground excavations from groundshaking is very low and they are unlikely to be
impacted, especially at repository depth. However, DOE’s references are dated,
and newer references should be evaluated and incorporated into future discussions in the
screening decisions, for example:
Jaramillo, C. A. (2017). Impact of seismic design on tunnels in rock – Case
histories. Underground Space, 2(2), 106-114. doi:10.1016/j.undsp.2017.03.004

201107

Oliaei, M., & Basirat, R. (2019). The Effect of Earthquake Frequency Content on the
Internal Forces in the Tunnels Permanent Lining. Journal of Earthquake Engineering, 120. doi:10.1080/13632469.2019.1693445
Tsinidis, G., de Silva, F., Anastasopoulos, I., Bilotta, E., Bobet, A., Hashash, Y. M.
A., Fuentes, R. (2020). Seismic behaviour of tunnels: From experiments to
analysis. Tunneling and Underground Space Technology, 99.
doi:10.1016/j.tust.2020.103334
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