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Dear Mr. Peake: 
 
Enclosed is the U.S. Department of Energy (DOE) response to the U.S. Environmental 
Protection Agency’s (EPA) questions on the Replacement Panels Planned Change Request 
(RPPCR) in the reference letters dated April 17, 2024, and August 12, 2024. In this 
communication, the DOE is responding to seven of the EPA’s questions. 
 
Please note that in Enclosure 2 of this letter, DOE acknowledges EPAs’ email dated November 
13, 2024, in which EPA provides clarification on their intentions of Enclosure 2 of the First Set of 
Questions on the RPPCR sent on April 16, 2024.This submittal includes two enclosures: 
 

• Enclosure 1 includes DOE’s response to seven of EPA’s comments concerning the 
RPPCR. 

• Enclosure 2 is a status report of DOE responses to EPA questions on the RPPCR. The 
report is a table showing the status of all EPA questions received to date. 

 
Below are the seven responses provided in Enclosure 1. 
 

EPA Letter Date EPA Question Number EPA Question Description 
April 17, 2024 RPPCR1-DBMAR-1 Questions related to the DBMAR 

August 12, 2024 RPPCR5-12PanelAnalyses-1 N/A 

August 12, 2024 RPPCR5-12PanelAnalyses-2 N/A 
August 12, 2024 RPPCR5-12PanelAnalyses-3 N/A 

August 12, 2024 RPPCR5-12PanelAnalyses-4 N/A 

August 12, 2024 RPPCR5-12PanelAnalyses-5 N/A 
August 12, 2024 RPPCR5-12PanelAnalyses-6 Effects of 12-Panel vs. 19-Panel Minimum 

Brine Volumes on Actinide Solubilities and 
Repository Releases 
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If you have any questions, please contact Dr. Anderson Ward at (575) 988-5414. 

Sincerely, 

Michael Gerle, Director 
Environmental Regulatory 

Compliance Division 
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RPPCR1-DBMAR-1: Questions related to the DBMAR 

The United States Environmental Protection Agency (EPA) had previously communicated with the United 
States Department of Energy (DOE) several questions on DOE’s proposed update to calculating borehole 
plugging pattern frequency (see Issue 19 in EPA’s CRA-2019 Issues Table, Santillan 2023). These 
questions were sent in a November 2, 2023, email from Jay Santillan to Anderson Ward in anticipation of 
an update in the RPPCR.  

Santillan, J. 2023. Revised CRA-2019 Issues Table. Email from Jay Santillan to Anderson Ward, August 24, 
2023. 

RPPCR1-DBMAR-1a: Questions Related to the 2021 DBMAR 

 i. Please explain the purpose of Order No. 3324, the relationship to NMODC Order R-111-P, and the 
differences, if any, between the two orders with regards to extractive activities (i.e., oil & gas, potash) in 
the region and any implications on parameters developed by the DBDSP.  

DOE Response to RPPCR1-DBMAR-1a(i) 

The Secretary of the Interior signed the Secretarial Potash Order No. 3324 (DOI, 2012) on 
December 3, 2012. This order provides procedures and guidelines for more orderly co-
development of oil, gas, and potash owned by the United States within the Designated Potash 
Area (DPA) through safe, concurrent operations. Specifically, Order 3324 introduced the 
guidelines for the co-development between oil, gas, and potash industries with drilling islands1 
and applies to the existing leases in the DPA in conformity with lease stipulations and Federal 
Law. Except to the extent otherwise provided by Order 3324, the regulations contained in Title 
43 Code of Federal Regulations (43 CFR) Part 3100, Subparts 3160 and 3180 (governing the 
leasing and development of oil and gas), and 43 CFR Part 3500, Subpart 3590 (governing the 
leasing and development of potash deposits), remain applicable to the lands covered by this 
order (DOI, 2012, Section 7). 

Section 6.e.(5) of Order 3324, Coordination with the State of New Mexico, outlines how the U.S. 
Bureau of Land Management (BLM) will coordinate with the State of New Mexico. This includes 
the following (DOI, 2012): 

• If the effective operation of any Development Area2 requires that the New Mexico Oil 
Conservation Division (NMOCD) revise the State’s mandatory well spacing requirements, 

 
1 Drilling Island – An area established by the BLM, usually associated with and within a Development Area, from 
which all new drilling of vertical, directional, or horizontal wells that newly penetrate the potash formations can be 
performed to support the development of oil and gas resources. The size and shape of a Drilling Island define the 
area where wellbore penetrations of the potash formations will be allowed; this area is to be as small as practical 
to allow effective oil and gas development while managing impacts on potash. 
2 Development Area – An area established by the BLM within the Designated Potash Area in consideration of 
appropriate oil and gas technology such that wells can be drilled from a Drilling Island capable of effectively 
extracting oil and gas resources while managing the impact on potash resources. Each Development Area will 
typically have only one Drilling Island, subject to narrow exceptions based on specific facts and circumstances. All 
new oil and gas wells that penetrate the potash formations within a Development Area will be drilled from the 
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the BLM will participate as needed in such a process. The BLM may adopt the NMOCD 
spacing requirements and require lessees to enter communization agreements based on 
those requirements.  

• The BLM will cooperate with the NMOCD to implement that agency’s rules and 
regulations: 

o NMOCD Order R-111-P is known as The Rules and Regulations Governing the 
Exploration and Development of Oil and Gas in Certain Areas Known to Contain 
Potash Reserves (Rules and Regulations). The objective of these Rules and 
Regulations is to prevent waste, protect correlative rights, assure maximum 
conservation of the oil, gas, and potash resources of New Mexico, and permit the 
economic recovery of oil, gas, and potash minerals in the area (NMOCC, 1987).  

o NMOCD Order R-111-P and its relations to the Compliance Certification Application 
(CCA) can be found in Appendix DEL, Section 6.2 of the CCA (DOE, 1996).  

• In taking any action under Section 6.e. of Order No 3324, the Authorized Officer3 will 
take into consideration the applicable rules and regulations of the NMOCD. 

The criteria for the drilling parameters to be included in the Performance Assessment (PA) were 
established in 40 CFR §194.33 (EPA, 1996) and are documented in Appendix DEL of the CCA 
(DOE, 1996). The DBDSP gathers the data for these parameters from the NMOCD and Texas 
Railroad Commission (RRC), including information for wells originating from a drilling island. 
Each well spudded from a drilling island must provide the same well information as required by 
NMOCD or RRC and BLM as if it were a stand-alone well.  

ii. Please explain the difference between the total number of deep wells in Table 5 of the 2021 DBMAR 
(34,964 wells) and the total number in Table 6 of the same document (34,839 wells). EPA believes that 
these two numbers should be the same. EPA also notes that the deep drilling rate of 151.3 boreholes/km2 
reported in Table 6 of the 2021 DBMAR appears to be based on the 34,964 wells in Table 5 rather than 
the 34,839 deep wells in Table 6.  

DOE Response to RPPCR1-DBMAR-1a(ii) 

Table 5 of the Delaware Basin Monitoring Annual Report (DBMAR) lists intrusions into the 
Delaware Basin monitoring area that are at a depth of 2,104 ft (formerly, 2,150 ft before the 
excavation of Panel 8) or more (i.e., deep wells) that have occurred within the 100-year rolling 
time frame through the end of the current reporting period. Historical drilling for purposes 
other than resource exploration and recovery (i.e., Waste Isolation Pilot Plant [WIPP]-specific 
boreholes and shafts, Gnome Project boreholes and shafts, and other area mineshafts) are 
excluded from the deep drilling rate in accordance with the criteria in 40 CFR §194.33. 
Therefore, these wells are omitted from the total number of wells listed in Table 6 (used in the 

 
Drilling Island(s) associated with that Development Area. The boundaries of each Development Area will be 
determined in conformity with Section 6.e.(2) of Order No. 3324. 
3 Authorized Officer. Any employee of the Bureau of Land Management (BLM) authorized to perform duties 
described in 43 CFR Parts 3000, 3100, and 3500, as delegated in the BLM Manual. 
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deep drilling rate calculation) and account for the difference between the total deep 
well/intrusions reported in Tables 5 and 6 of the DBMAR. 

In the 2021 DBMAR (DOE, 2021a), the well count for the “other” (mine shafts, Gnome Project 
wells) category was inadvertently omitted from Table 5. Following the protocol explained above, 
these wells were omitted from Table 6 along with the WIPP wells. However, this only accounts 
for a small portion of the discrepancy between the total deep wells reported in Tables 5 and 6 of 
the 2021 DBMAR. Most of the discrepancy was due to erroneously excluding other well types, 
such as water wells, service wells, etc., from the total number of deep drilling events, which was 
inconsistent with Section 2.4 of the report, “The DBDSP uses any deep drilling events (except 
WIPP Project-related boreholes) to calculate the drilling or intrusion rate.” During the 
development of the 2022 DBMAR (DOE, 2022), the discrepancies mentioned above were 
discovered, the well counts were correctly reported, and the correction was documented in 
Table 6.  

As the EPA has correctly noted, the deep drilling rate calculation, also described in Section 2.4 of 
the 2021 DBMAR, was erroneously based on the total number of deep boreholes from Table 5 
instead of Table 6, which resulted in a slightly higher drilling rate; this error was also corrected in 
Table 6 of the 2022 DBMAR.  

RPPCR1-DBMAR-1b: Questions Related to the 2022 DBMAR 

i. Section 2.0 of the 2022 DBMAR contains a statement that the deep drilling rate for 2021 was 
miscalculated in the 2021 DBMAR and that the miscalculation was subsequently corrected in the 2022 
DBMAR, but no further explanation was provided. Please provide a more detailed explanation, including 
the relevant documentation, of the source of the miscalculation, its correction, and a justification for the 
correction. According to Table 6 of the 2022 DBMAR, fixing the miscalculation reduced the number of 
deep boreholes from 34,839 wells reported in the 2021 DBMAR to a recalculated value for 2021 of 
29,045 wells, with no further explanation. This difference of 5,794 wells was removed from the 2021 
deep drilling calculation.  

DOE Response to RPPCR1-DBMAR-1b(i) 

During the drafting of the 2022 DBMAR, it was discovered that the total number of deep wells 
for that reporting period was fewer than that reported in the 2021 DBMAR. This led to an 
investigation into 2021 DBMAR raw data. The following issues were discovered: 

• Many wells were entered into the DBDSP database multiple times.  

o A new data import system, created to eliminate human error when entering data 
into the DBDSP database, was implemented as standard use for developing the 
2021 DBMAR. This new system would occasionally duplicate well data entries. 

o Due to the duplicative entries, the DBDSP discontinued using the new import system 
until the issues could be resolved.  

o The raw data for the 2022 DBMAR were screened for duplicative data, and the 
duplicative data were removed.  
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• When analyzing Texas deep well data, the technician failed to apply the 2,150-ft deep 
parameter to the data screening. As a result, the final report compiled all Texas wells 
(deep and shallow) in Table 5. However, the technician defined the correct parameter 
for identifying all shallow wells within the Delaware Basin, which were reflected in Table 
4.  

• Wells that had aged out of the DBDSP database (i.e., wells that had reached 100 years in 
age) were not screened out of either New Mexico or Texas raw data, as they should 
have been.  

• New Mexico wells with incomplete profiles (i.e., permitted wells for which work has not 
commenced) were included in the deep well database.  

Based on these discoveries, corrective actions were implemented during the development of 
the 2022 DBMAR, which are discussed in the response to RPPCR-DBMAR-1c(i). 

ii. Please explain the difference between the total number of deep wells in Table 5 of the 2022 DBMAR 
(32,099 wells) and the total number in Table 6 of the same document (32,079 wells).  

DOE Response to RPPCR1-DBMAR-1b(ii) 

In accordance with protocol, the WIPP-specific intrusions, Gnome intrusions, and mineshafts 
were omitted from the total number of wells reported in Table 6 of the 2022 DBMAR and 
account for the difference in total deep well/intrusions reported in Table 5 and 6. Twelve “WIPP 
Wells” and eight “Other wells” from Table 5, for a total of 20 wells, were subtracted from the 
total number of deep wells (32,099), yielding the 32, 079 wells reported in Table 6 used to 
calculate the 2022 deep drilling rate. 

iii. Section 2.7 of the 2022 DBMAR states that not many responses have been received from drillers to 
DOE’s annual surveys of Castile brine encounters and that a new approach has been proposed but has not 
yet been formalized or implemented. Please describe this new approach and when its implementation may 
be expected.  

DOE Response to RPPCR1-DBMAR-1b(iii) 

The DBDSP annual survey, which queries oil and gas operators about encounters with excess 
returns during drilling within the nine-township area surrounding WIPP, has been substantially 
simplified to facilitate the documentation of pertinent information. In recent years, the DOE has 
not received feedback from the annual survey recipients. The revision to the survey was an 
attempt to increase the likelihood that the DBDSP would receive responses from the operators 
that had completed wells during the prior fiscal year. The revised survey format and 
accompanying transmittal letter have been formalized and implemented as of March 21, 2024 
(Day, 2024).  

In addition to updating the survey, the DOE held an in-person meeting with the BLM and other 
WIPP project participants on October 4, 2023, to discuss available avenues for increasing 
cooperation between oil and gas operators and the WIPP project to obtain information on brine 
encounters within the nine-township area. As a result of this meeting, WIPP project participants 
were invited by the BLM to attend the Joint Industry Technical Committee (JITC) meeting on 
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October 17, 2023. This meeting allowed operators to meet face-to-face, discuss the WIPP 
project’s data needs, and explain how the data will be used. Although participation in the JITC 
meeting served to establish contact between WIPP project participants and industry operators, 
one response to the March 21, 2024, survey request indicated that, due to company policies, 
brine encounter information could not be shared (Caraway, 2024).  

The BLM and the State of New Mexico have taken the WIPP project’s need for brine encounter 
data into consideration during the drafting of NMODC Order R-111-Q, and they are considering 
the development of additional conditions of approval for drilling adjacent to the WIPP land-
withdrawal area, which would address this information. The DOE will inform the EPA of the 
issuance of NMOCD Order R-111-Q.  

RPPCR1-DBMAR-1c: Questions Related to DBMAR Quality Assurance  

i. Please provide descriptions and documentation of the QA/QC review and approval process as applied 
by DOE to the 2021 and 2022 DBMARs including copies of relevant procedures and signed and dated 
documentation of the technical and QA reviews.  

DOE Response to RPPCR-DBMAR-1c 

The DBMAR development procedure includes an internal QA review within the DBDSP before 
submission to the DOE for the DOE procedure review. The DBMAR used for the RPPCR PA was 
reviewed under the Management Procedure (4.2). All future DBMARs will be under the most 
recently issued DOE Management Procedure. The DBDSP internal QA review is addressed in 
WIPP Procedure WP 02-PC.02, “Delaware Basin Drilling and Surveillance Plan” (WIPP, 2021). The 
DBDSP internal QA review consists of at least one peer review, a technical edit review, and a 
supervisor/management review before transmitting the DBMAR to the DOE. Following 
Attachment 1 of WP 02-PC.02, peer reviewers check the report for completeness and accuracy 
of information being provided, ensure the consistency of formatting and language throughout 
the document, and verify that reported data in the text are consistent with the information 
provided in the tables and figures.  

For the 2021 DBMAR, the internal QA review was performed; however, a DOE MP 4.2 review 
was not required at that time. For the 2022 DBMAR, an internal DBDSP QA review and a DOE 
MP 4.2 review were performed. The MP 4.2 review of the 2022 DBMAR is documented on CBFO 
Form 4.2-3, “Records Package Validation Form” (Payanes, 2023).  

RPPCR1-DBMAR-1d: Questions Related to the 2018 Oil/Gas/Water Release Incident 

i. 4.1 Section 2.0 of the 2022 DBMAR states that a 2018 oil/gas/water release incident near Mosaic 
Potash was brought to the attention of the DBDSP by Intrepid Potash. The text states that, while the well 
was being pumped, limited amounts of water and later an oil/gas/water mixture flowed from zones deep 
in the well through failed production and intermediate casing strings at 540′ and then into a shallow salt 
formation where it traveled laterally approximately one mile to a plugged and abandoned 1970s potash 
core hole, where it migrated to the ground surface. Please provide a more detailed analysis of the 
incident identifying, for example, the locations of the wells involved, the conditions under which the 
failure occurred, the strata through which the fluid could have migrated, the condition of the abandoned 
potash core hole and its plugging configuration, and the estimated volume of fluid loss.  



Department of Energy Response 5  Enclosure 1 

Page 9 of 32 

ii. Please provide an assessment of the potential significance of incidents such as this release of fluids to 
the surface via an abandoned (and plugged?) potash core hole to the performance of production wells, 
fluid injection wells (both waterflood and saltwater disposal wells), the performance of borehole plugs 
generally, and the long-term performance of the WIPP.  

DOE Response to RPPCR1-DBMAR-1d(i), and –1d(ii) 

Summary 

Incidents like the Remuda South 25-101H accidental fluid release will not affect the long-term 
performance of the WIPP for several reasons. First, this type of event, known as an out-of-
target-zone injection, during hydraulic fracturing is a relatively short-term event. Screening 
calculations by WIPP performance assessments have shown that accidental and unrecognized 
fluid injection for very long periods has no impact on performance, (i.e., they have low or no -
consequence) (Stoelzel and O’Brien, 1996; Stoelzel and Swift, 1997) These screening calculations 
conservatively bound the future effects of such an event. Second, the WIPP site is located in an 
area selected to be devoid of pre-existing deep boreholes that could connect the repository with 
shallower and deeper geologic units, thereby limiting the possibility of such an event occurring 
near the repository through an unknown and unplugged borehole. Thirdly, current borehole 
plugging activities and associated records are robust and complete near the WIPP. Adequately 
plugged boreholes help limit vertical fluid migration to other geologic units.  

Background on the Remuda South 25-101H Event 

The Remuda South 25–101H well is located approximately eight miles southwest of the WIPP 
site and was drilled during the April-May 2018 time frame by XTO Energy. A few months later, 
on September 30, 2018, the production and intermediate casings failed while conducting a 
multi-stage hydraulic fracturing operation, as indicated by a sudden decrease in casing pressure. 
Failure analysis later revealed that the production casing failed at 1,010 ft in a threaded casing 
coupling, thus allowing the high-pressure fracturing fluid to enter the production-intermediate 
casing annulus. The intermediate casing failure was thought to be between 300 to 500 ft below 
the ground surface, based on temperature logs run on October 2, 2018. Later, on October 12, 
2018, the well was confirmed killed4 using heavy-weight drilling mud. On November 10, 2018, 
this well was repaired by squeezing a cement casing patch from 407 to 628 ft on the 0.802 ft 
(9 5/8 inch) intermediate casing. This cement patch passed a pressure test at 1,500 pounds per 
square inch (psi), and the well was considered sound (NMOCD, 2019).  

Later, on November 27, 2018, fluids were discovered on the surface, emanating from an existing 
potash core hole (PCA 53), approximately 1 mile from the Remuda South 25-101H well 
(Bratcher, 2018). This flow is assumed to have begun sometime after the casing failure 
(September 30, 2018) and may have continued until the well was killed on October 12, 2018. 
However, flow could have ceased before this time, depending on the bottom-hole flowing 
pressure. The exact flow duration is unknown but is assumed to have lasted up to 12 days.  

The migration path of the high-pressure fluids from the hydraulic fracturing operation is 
unknown. However, it is assumed that once the intermediate casing was breached, fluids 

 
4 To stop a well from flowing or having the ability to flow into the wellbore. Kill procedures typically involve 
circulating reservoir fluids out of the wellbore or pumping higher density mud into the wellbore, or both. 
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traveled up the outside of the casing to the top of the Salado (approximately 350 ft). Fluids then 
migrated laterally at the Rustler/Salado boundary until encountering PCA 53, where they 
migrated to the surface.  

Previous Analyses on the Effects of Fluid Injection Near WIPP 

While 40 CFR 194.33(d) excludes fluid injection and similar events from consideration in 
performance assessment5, public comment on the draft Compliance Certification Application 
prompted the DOE to conduct screening studies to evaluate the potential effects of fluid 
injection near the WIPP (Stoelzel and Obrien, 1996; Stoelzel and Swift, 1997). These studies 
focused on injecting fluids for saltwater disposal (SWD) because these wells typically have a 
much longer life span and can inject high-pressure fluids for decades. Other reasons for injecting 
high-pressure fluids include waterflooding and hydraulic fracturing in well-completion activities. 
It is believed that the evaluation of fluid injection for SWD presents bounding analyses over the 
other types of injection for the following reasons: 

• The oil and gas operator carefully monitors waterflood injection pressures and volumes 
since the injected brine is used to increase recoverable oil reserves. Injection of excess 
volumes may cause a “breakthrough,” resulting in brine bypassing the oil in place and 
progressing to the adjacent producing well. This breakthrough is counterproductive to 
the purpose of waterflooding, and care is taken to avoid this undesirable result. The 
typical life of a waterflood project is limited to the life of affected producing wells 
(7–15 years).  

• Hydraulic fracturing operations occur over a short time (2–8 weeks), and injection and 
casing pressures are constantly monitored during this operation. If a sudden pressure 
drop occurs, the prudent operator will quickly take action to investigate the source of 
the anomalous behavior and conduct repairs as needed. 

In the DOE’s first modeling study (Stoelzel and O’Brien, 1996), the annular cement and borehole 
plugs were assumed to fail or degrade along the entire length of the 2,000- to 3,000-ft casing 
strings of injection wells located at the Land Withdrawal Act (LWA) boundary both updip and 
downdip of the WIPP repository. Brine disposal into the Bell Canyon Formation was simulated in 
both wells, with simultaneous leakage through the annulus of each well into an anhydrite 
interbed in the Salado connected to the WIPP repository. Approximately 7 × 105 m3 of brine was 
injected during a 50-year simulated disposal period. For the next 200 years, the injection 
boreholes were assumed to be plugged with cement with permeability 1 × 10-17 m2 at the 
injection zones and the top of the Salado. Subsequently, the plugs and borehole casing were 
assumed to have degraded, and the borehole became filled with a residual material with the 
permeability of silty sand. The simulation continued until the end of the 10,000-year regulatory 
time frame. During the simulation period, approximately 400 m3 of brine entered the waste 
disposal region of the repository from the anhydrite interbed. This result supported the 
conclusion that a significant impact on the WIPP repository from an injection well failure was 
unlikely. It also indicated that while under a series of conservative assumptions of degraded 
borehole casing and plugs, some flow could reach the repository from fluid injection practices, 

 
5 40 CFR Part 194.33(d) states: “With respect to future drilling events, performance assessments need not analyze 
the effects of techniques used for resource recovery subsequent to the drilling of the borehole.” 
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the flow volume would be insufficient to impact repository performance significantly. As a 
result, fluid injection was not included in the WIPP performance assessment based on low 
consequence (DOE 1996a, Appendix SCR, Section SCR 3.3.1.3), even though a regulatory 
screening based on 40 CFR 194.33(d) could also be used. 

The EPA's review of the CCA raised additional questions regarding the screening analysis of fluid 
injection, as conducted by Stoelzel and O’Brien (1996). The EPA determined that 50 years is an 
accurate estimate for the life of a single oil field, but it does not account for the possibility of 
multiple fields (U.S. EPA, 1998). The EPA argued that because drilling restrictions currently 
applicable to potash areas in the Delaware Basin could be lifted, it is possible that multiple oil 
fields could be developed in the foreseeable future near the WIPP. Based on the current 
resources and leases near the WIPP, the EPA estimated that oil drilling could continue for up to 
150 years. The EPA thus required the DOE to extend the time frame in its models to 150 years. 
The EPA also required the use of modified values for some input parameters, and to model the 
behavior of the disturbed rock zone consistent with assumptions used in the PA. Finally, the EPA 
required that additional information on the frequency of fluid-injection well failures be provided 
(U.S. EPA, 1997).  

In supplemental work on fluid injection conducted by Stoelzel and Swift (1997), the issues 
identified by the EPA were addressed. Stoelzel and Swift modified the computer-model grid 
configuration and added a new model to address concerns raised by both EPA and stakeholders. 
Concurrently, Kirkes and Evans (1997) reviewed injection well construction and operating 
practices in the Delaware Basin and identified significant differences between those in the 
vicinity of the WIPP and those elsewhere in the greater Permian Basin. For example, at the time, 
wells near the WIPP were typically less than ten years old and were constructed under much 
higher mechanical standards than the older, less robust wells found in the greater Permian 
Basin. These studies identified a range of well-failure scenarios, from visibly undetectable brine 
flow to catastrophic well failure. The data indicated that the probability of a catastrophic well 
failure in the vicinity of the WIPP is extremely low. These studies confirmed that the presence of 
the Castile Formation at the WIPP site also substantially inhibits injected brine movement into 
the Salado anhydrite marker beds. 

Based on the modeling and examination of fluid injection practices, the EPA found that a salt-
water blowout situation is extremely unlikely to occur and to affect WIPP’s ability to contain 
radionuclides (U.S. EPA, 1998). Thus, the EPA concurred that fluid injection is a low-probability, 
low-consequence scenario that can be screened out of the PA. Since the time of these early 
modeling studies, fluid injection practices and failures have been routinely updated (Hall et al., 
2003; Hall et al., 2008; Hall et al., 2013; Hall and Melzer, 2018; Hall and Melzer, 2023) and 
continue to show that when failures occur, they are identified and remedied quickly.  

The Remuda South 25-101H event occurred during hydraulic fracturing operations, which by 
nature are short-term events compared to SWD or waterflood activities. The casing failure and 
resulting fluid migration were identified and remedied, and the environmental impacts were 
remediated. If such fluid injection failures occur in the future, whether from hydraulic fracturing 
operations, waterflood, or SWD, it is expected that the same corrective actions would be taken, 
and environmental impacts would be assessed and remediated, consistent with current 
operational and regulatory practices. As a result, the effects of an event like the Remuda South 
25-101H event would be bounded by existing screening analyses, and similar events in the 
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future do not jeopardize assumptions or decisions represented in the current compliance 
baseline. 

Site Selection and Absence of Unknown Deep Boreholes Near WIPP 

It was determined early in the site selection process for the nation’s first deep geologic nuclear 
repository that the site should be devoid of deep penetrating boreholes that may not be 
properly plugged and therefore convey fluids into or out of the same strata as the repository. An 
early candidate site for the nation’s first geologic repository was situated near Lyons, Kansas. 
This site, however, was disqualified due to the discovery of unrecorded deep boreholes in the 
vicinity and whose plugging history was unknown. After evaluations of other potential sites, the 
current location for the WIPP site was selected. The WIPP site location met not only the “deep 
borehole exclusion” criterion, but all the other siting criteria as well. A 3 square-mile site was 
identified that could provide for an underground facility that avoided the known potash area 
and was at least 1-mile from all boreholes penetrating the bedded salt formation (Weart, 1983). 
This 1-mile buffer was believed to be sufficient to protect the facility from salt solutioning from 
unknown and presumed unplugged boreholes (Powers et al., 1978). The initial site was 
eventually enveloped by a 4 × 4 square mile area (16-sections) as provided by the WIPP Land 
Withdrawal Act (U.S. Congress, 1992).  

In verifying that the site met the deep borehole exclusion criterion, drilling records for this area 
were searched and aerial surveys performed to identify any well pads or other signs of drilling 
activity not identified in records. Early control of oil and gas drilling by the State of New Mexico 
provided confidence that all such drillholes were accounted for. Additional reassurance that no 
deep drillholes had gone undetected was provided by the long-lasting nature of surface 
disturbances in this arid climate. Aerial photos easily detect evidence of such activity since 
drilling began in the area. Finally, aeromagnetic surveys were useful in detecting metal surface 
conductor pipe or casing usually associated with deep drilling (Weart, 1983).  

During site characterization activities, one deep borehole was drilled by the DOE that was within 
the 1-mile buffer zone. Characterization well ERDA-9 was drilled to a depth of 2,889 ft to collect 
data on the geology of units above the Salado, the Salado, and the upper portion of the Castile 
formation. Based on data collected from ERDA-9, the site was judged suitable to pursue 
extensive characterization activities. The ERDA-9 well has since been plugged and abandoned 
according to rigorous R-111-P requirements (NMOCD, 1988). Three other site characterization 
boreholes exist within the 16-section WIPP site, but outside the 1-mile buffer zone. These are 
DOE-1, WIPP-12, and WIPP-13. All of these wells have also been plugged according to R-111-P 
requirements. Finally, two deep boreholes were drilled prior to WIPP site selection activities 
that are also outside the 1-mile buffer zone, but within the 16-section WIPP site. These two 
wells were classified as “dry holes” by their operators and were plugged and abandoned 
according to U.S. Department of Interior specifications that applied at the time of plugging.  

In summary, the absence of unknown deep boreholes within this exclusion zone increases 
confidence that an unplugged borehole will not provide a vertical pathway for fluid migration 
should a future high-pressure source of fluid intersect such an unknown deep borehole. 

Plugging Deep Boreholes Near WIPP 
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As mentioned, no deep boreholes transcend the repository depth within one mile of the WIPP 
repository. No direct pathways to the repository from deeper or shallower units exist except the 
WIPP shafts that support operations, which will be sealed at repository closure. Therefore, an 
event like the Remuda South 35-101H would not affect the WIPP repository during the current 
and near-future operations. However, since WIPP demonstrations of compliance must assume 
that knowledge of the WIPP is lost, and future societies may inadvertently drill through the 
WIPP repository unaware of its existence, we must make assumptions about the drilling and 
plugging techniques used in the future. Regulatory guidance provides clarity on this in 40 CFR 
Part 194.25 where it states that “…characteristics of the future remain what they are at the time 
of the compliance application…” Therefore, we assume that current practices are to be in use in 
the future. As such, borehole plugging activities in the vicinity of WIPP are monitored and 
recorded by the Delaware Basin Monitoring Program to provide a technological basis for those 
techniques assumed in the future.  

Plugging techniques and frequency for depleted hydrocarbon wells have changed since the first 
boreholes were drilled in West Texas in the late 1800s. Plugging regulations and requirements 
were nonexistent when oil and gas were first discovered in the Permian Basin of Texas. 
Therefore, plugging records are only sometimes available or known for these early Texas wells. 
Drilling activities continued for about 26 years in Texas before the Texas Railroad Commission 
gained regulatory authority over plugging and abandonment operations in 1919 (Chukwuemeka 
et al., 2023). Because oil and gas resources in the New Mexico portion of the Delaware Basin 
were developed 30-40 years later than their older Texas counterparts, plugging history and 
records in the vicinity of the WIPP are much more complete. The first plugging regulation that 
applied to oil and gas wells in New Mexico was the New Mexico Oil and Gas Act of 1935. These 
rules were quite general and required wells to be “plugged in such way as to confine the crude 
petroleum oil, natural gas, and water in the strata in which they are found, and to prevent them 
from escaping into other strata…” (Fowler and Talmage, 1941). Later, as the oil and gas industry 
matured, and as competing interests for potash in the same oil-rich area increased, more 
specific regulations were enacted to help protect these subsurface natural resources.6 
Information collected shows that area wells are plugged in accordance with regulatory 
approvals by the U.S. Bureau of Land Management for federal leases, or by the NMOCD for 
private and state leases. Even for the earliest wells near the WIPP, records show7 that only 13 
deep wells were drilled in the 9-township area surrounding the WIPP from 1928 to 1959, and 
that 12 of these wells are plugged, and the remaining well is currently in use as an active SWD 
well (Gilmore Federal SWD, API 30-025-08109). Therefore, based on the youth of oil and gas 
production near WIPP, it can be assumed that an overwhelming majority of existing wells near 
the WIPP will be plugged and abandoned according to current practice, using the latest plugging 
technology and according to the latest and most protective environmental regulatory 
requirements. 

 
6 NMOCD Operation Order R-111-A of 1955; The New Mexico Oil and Gas Act, 70-2-3 F NMSA 1978; NMOCD 
Operation Order R-111-P of 1988. 
7 Records reviewed for these wells are available at the New Mexico Oil Conservation Division (NMOCD) online well 
search website found at NMOCD Online Well Search. 

about:blank
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Figure 1. Deep Boreholes in the Vicinity of WIPP 

Drilling activity near the WIPP site is a recent development, with most wells being drilled since 
the 1990s (see Figure 1). According to data from the Delaware Basin Monitoring Program, there 
have been 1,863 deep boreholes drilled within the 9-township area surrounding the WIPP8 
(DOE, 2024), with spud dates spanning from April 1928 through November 2022. Of these 1,863 
deep boreholes, 492 (about 26%) are plugged and abandoned, while the remaining 1,371 wells 
are either active producing wells, or currently in use as SWD or injection wells. Of the 492 
plugged wells, about 86% (422) were plugged since the most recent (and stringent) plugging 
regulations came into effect (NMOCD, 1988). As shown in Figure 1, drilling activity in the vicinity 
of WIPP was low until the early- to mid-1990s, when drilling technology advanced and oil and 
gas production was possible from units previously thought to be only marginally oil-bearing, 
such as the Delaware, Bone Springs, and Wolfcamp formations (Hall and Melzer, 2023). Because 
of the young age of these wells, most are still in production. Once depleted, these wells are 
expected to be plugged and abandoned according to the latest plugging regulations, using the 
latest plugging technologies.  

Borehole plugs used in the vicinity of the WIPP site typically follow three archetypes: a single 
continuous plug that is placed from approximately 50 ft above the Rustler/Salado contact and 
continues downward throughout the entire Salado and Castille Formations and extends 
approximately 50 ft into the Bell Canyon Formation. This plug is consistent with the R-111-P 
plugging requirements and is considered the most robust plug in use near WIPP. The two- and 

 
8 According to data used to develop Figure 2 of the WIPP Delaware Basin Monitoring Annual Report (DOE, 2024). 



Department of Energy Response 5  Enclosure 1 

Page 15 of 32 

three-plug designs have approximately 100-ft plugs at the Rustler/Salado contact (50 ft above 
and 50 ft below the contact zone). Plug placement in these two configurations is due to the 
industry practice of placing borehole plugs at casing transitions. Casing transitions are typically 
placed at geologic transitions to isolate saturated zones (groundwater and/or freshwater) from 
zones at risk of dissolution (e.g., salt), and zones that contain petroleum resources (the Bell 
Canyon and deeper units). Figures 2, 3, and 4 depict these three plug types and their placement 
in the vicinity of the WIPP. A large fraction of those wells closest to the WIPP are expected to be 
plugged using the R-111-P plugging described above. Therefore, due to the relative youth of the 
oil and gas wells near WIPP and the understanding that these wells will be plugged according to 
robust regulations and techniques, it is expected that deep boreholes plugged in the future will 
not allow vertical fluid migration to other geologic intervals.  

Plugging Potash Coreholes Near WIPP 

Approval to drill and collect ore samples via potash coreholes within the Carlsbad Potash District 
is granted by the BLM. Plugging requirements are a standard component of the “Conditions of 
Approval” for any potash corehole drilled in the Known Potash Lease Area that lies near WIPP. 
These conditions of approval state that “… potash coreholes must be plugged the entire depth 
from the bottom of the corehole to the surface with cement using a tremie pipe; no free-
dropping cement from the surface is allowed” (U.S. BLM, 2024). This requirement helps assure 
that there are no voids or inconsistencies in the continuous plug.  

Potash coreholes near WIPP do not penetrate deeper than Marker Bed 126, which represents 
the deepest potash ore zone in the Salado Formation. At the WIPP, this ore zone is found at a 
depth of approximately 1,660 ft, or roughly 500 ft above repository depth. Because potash 
coreholes terminate hundreds of ft above the depth of the repository, there is a very low 
likelihood that fluid from a nearby hydraulic fracturing or SWD operation could intercept a 
poorly plugged potash corehole and migrate downward through intact halite. Instead, it is much 
more likely that high-pressure fluid would migrate upward in the direction of lower hydraulic 
gradients, likely traveling along the borehole plug/wellbore interface. Because of the shallow 
depth of nearby potash coreholes and applicable BLM plugging requirements for these 
coreholes, they are not expected to present pathways that would threaten the performance of 
the WIPP.  

The corehole PCA 53, which is associated with the previously described surface release of 
flowback fluids, is in Township 23S Range 29E Section 23 (32.287, -103.959).  

In general, the stratigraphic sequence observed at the site is as follows: 

• Clayey/silty sand from the ground surface to a maximum depth of approximately 17 ft 
below ground surface (bgs) 

• High plasticity clays up to 30 ft thick 

• Poorly- to moderately-consolidated caliche up to 20 ft thick 

• Dolomite up to 35 ft thick 

• Clay/mudstone up to 15 ft thick 
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• Gypsum/anhydrites up to 10 ft thick 

• Clay/mudstone up to 18 ft thick 

• Unconsolidated silty sandstone up to 57 ft thick 

• Clay/mudstone that acts as a lower confining layer for the deeper groundwater 

Plugging records show that the PCA 53 corehole was plugged from its total depth of 677 ft 
below ground surface to the surface on September 11, 1975. The geology differs in this area 
from the WIPP in that the Culebra is mostly removed, and the top of the Salado is relatively 
shallow, at around 268 ft, based on drilling logs and core data from the PCA 53 records (DOI, 
1975). Drilling records for this corehole indicate that air pockets were encountered at depths of 
294 ft, 323 ft, and 330 ft. In addition to encountering these air pockets, mud circulation was lost 
while drilling at a depth of 330 ft. These apparent voids could likely have caused a less-than-
optimal final plug condition, but this is not evident in the records and cannot be confirmed. It is 
also assumed that poor plug conditions at this location facilitated vertical migration of fluids to 
the surface. 

Significance of the Remuda South 25-101H Event to the Performance of Production and 
Injection Wells 

As described earlier, the primary failure of the Remuda South 25-101H event was a casing 
coupling rupture in the production casing, followed by a subsequent failure in the intermediate 
casing string. The continuation of hydraulic fracturing operations compounded each of these 
failures. Upon recognition of the drop in casing pressure, which indicates a failure of the casing 
or other downhole hardware, the hydraulic fracturing operation should have been paused, and 
the source of the problem should have been identified and remedied. However, the fracturing 
operation did not cease, and fluid migration into zones other than the desired target occurred. 
Due to the short-term nature of this event, it is doubtful that such an event would impact 
adjacent production or injection wells because both production and injection wells possess 
multiple casing strings, which are typically cemented in place (see Figures 2, 3, and 4), making 
communication with an accidental hydraulic fracture operation unlikely. 

Significance of the Remuda South 25-101H Event to WIPP Performance 

The Remuda South 25-101H event was a short-term event that resulted in out-of-target zone 
flow for no more than 12 days. A similar, hypothetical event occurring near the WIPP would not 
impact WIPP performance for several reasons. First, no breach of the repository could occur due 
to the lack of a lateral pathway within the intact halite that could connect a nearby hydraulic 
fracturing operation to the repository. If such an event occurred, lateral migration of high-
pressure fluid would be expected to travel along bedding planes between stratigraphic units, 
such as the Rustler/Salado contact or the deeper Castile/Bell Canyon contact. Moreover, no 
credible vertical pathway could connect the repository to the source of high-pressure fluid that 
may have migrated along these contact zones. The WIPP shaft sealing plans will render these 
vertical engineered features virtually impermeable and are not considered viable pathways to 
the repository (see Appendix SEAL, DOE, 1996c). However, even if such lateral migration 
occurred, no vertical connection exists due to the separation of maximum corehole depths and 
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the repository depth, and the robust shaft sealing system. Therefore, the Remuda South 25-
101H event or similar events in the future pose no risk to WIPP performance.  

Conclusion 

Events like the Remuda South 25-101H event do not pose a credible threat to the repository. 
Hydraulic fracturing activities are, by nature, short-term events bounded by very conservative 
and long-term fluid injection modeling analyses (Stoelzel and O’Brien, 1996; Stoelzel and Swift, 
1997) conducted to support of WIPP’s initial compliance certification decision. Therefore, from 
the perspective of consequence, such events are not expected to affect repository performance. 
Other factors associated with the Remuda South event also render it very unlikely to occur at 
WIPP. The WIPP facility is located in an area devoid of deep boreholes that transcend repository 
depth, so no vertical pathways exist to connect the errant hydraulic fracture fluid to the depth 
of the repository. Further, lateral migration of high-pressure fluids is not expected to occur 
through intact halite. Instead, lateral migration of fluids would most likely occur along bedding 
planes between different geologic units, such as the Rustler/Salado contact, as presumed at the 
Remuda South well. If such lateral migration did occur along the Rustler/Salado contact, no 
downward pathway to the repository exists due to adherence to the deep borehole exclusion 
siting criterion. Current industry practices near WIPP demonstrate that borehole plugging and 
abandonment are conducted following applicable regulations. These regulations have special 
plugging requirements that consider the presence of nearby potash mines. As oil and gas 
production near the WIPP matures and wells become depleted, they will be plugged and 
abandoned according to existing plugging requirements using the newest plugging technology. 
These plugged wells will provide adequate protection against vertical migration of fluids. Finally, 
the EPA provides direction regarding the evaluation of such scenarios where they state in 40 CFR 
194.33(d): “With respect to future drilling events, performance assessments need not analyze 
the effects of techniques used for resource recovery subsequent to the drilling of the borehole.” 
Fluid injection, whether for waterflood, SWD, or during hydraulic fracturing operations, are 
activities that occur after the construction of the borehole and need not be analyzed within 
performance assessment.  
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Figure 2. Typical Hydrocarbon Wellbore Near WIPP with R-111-P Continuous Plug Through Salt Section 
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Figure 3. Typical Hydrocarbon Wellbore Near WIPP with 2-Plug Configuration 
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Figure 4. Typical Hydrocarbon Wellbore Near WIPP with 3-Plug Configuration 
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iii. Most of the casing failures EPA is aware of in the Permian Basin seem to be related to wells with an 
“open hole annulus” in the salt section or a lack of cement installed between the steel casing and the 
borehole. New Mexico, especially in areas with potash resources, has relatively strict well construction 
requirements (e.g., R-111-P) including a “salt protection string” that cements the annulus through the 
salt layers. Did the 2018 incident involve a well with an open hole annulus or some other configuration? 
Has DOE identified any wells (active or plugged) in the area surrounding WIPP with an open-hole 
annulus/lacking a salt protection string?  

DOE Response to RPPCR1-DBMAR-1d(iii) 

The 2018 incident did not involve an open hole annulus9; for more information see response to 
DBMAR-1d (ii) above. The DBDSP used the Delaware Basin Well Tracking Application database 
and ArcGIS to identify deep wells within the one-mile buffer outside the WIPP LWA boundary. A 
total of 207 deep wells were identified. The records for these 207 wells were pulled from 
NMOCD and reviewed to verify they had intermediate casing string cemented through the salt 
section. Of 207 deep wells, 205 were confirmed to have intermediate casing string cemented to 
the salt section. Of the two remaining wells in the data set, both have casing through the salt 
but have sections of intermediate cement behind the casing. 

The review of these wells demonstrates that most of the wells near WIPP possess a salt 
protection casing string that is cemented in place. The two remaining wells have a salt 
protection casing string but do not have a continuous cement sheath throughout the entire salt 
interval. It should be noted that these two wells were drilled in the early 1960s. 

iv. This incident, which occurred 5 years ago, appears to have been brought to the DOE’s attention 
through a third party rather than directly through the Department’s surveillance program. Given the 
potential importance of incidents such as this to WIPP performance, what can DOE do to strengthen its 
data collection approach in light of this incident in the future?  

DOE Response to RPPCR1-DBMAR-1d(iv) 

The DOE has a closer relationship with the BLM in response to the October 4, 2023, meeting. 
The BLM is working to add new Conditions of Approval for drilling permits, a requirement for 
the disclosure of brine encounters in the new Order R-111-Q for wells within a one-mile 
boundary around WIPP, see response to RPPCR2-DBMAR-1(b)(iii) above.  

Oil and gas companies are not obligated to disclose any information to the DOE. The DBDSP can 
only gain knowledge from the reports entered in NMOCD and the generosity of BLM 
notifications.  

RPPCR5-12 Panel Analyses-1: 

Can the mean CCDFs for the individual release pathways be combined in such a way that the joint 
distribution for total releases, if not technically correct, can be shown to be a conservative overestimate? 

 
9 An open annulus is the space between two concentric pipe strings, such as between the production tubing and 
casing in a well. The term may also refer to the space between a pipe string and the borehole wall in an openhole 
completion or openhole drillstem test (DST).  
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DOE Response 

For a given future and epistemic parameter vector, a total release (Rtot) is the sum of releases 
from various pathways, the most important being cuttings and cavings (Rcut), direct brine 
releases (DBRs, Rdbr), and spallings (Rspall): 

Rtot = Rcut + Rdbr + Rspall 

Because releases by DBRs and spallings are not independent (both depend significantly on 
repository pressures), estimating the Cumulative Distribution Function (CDF) for total releases 
requires knowing the joint distribution of Rdbr and Rspall. Bounds on the distribution of Rtot cannot 
be estimated using only the marginal distributions for releases by each pathway. 

The difficulty is further compounded because the mean Complementary Cumulative Distribution 
Function (CCDF) represents the mean exceedance probability at each release level, rather than 
the mean release at each probability. Therefore, the mean CCDF does not provide sufficient 
information to estimate the joint distribution of total releases accurately. 

In summary, it is theoretically possible to combine mean CCDFs for individual release pathways. 
However, combining the CCDFS without considering dependencies between release pathways 
and the nature of mean CCDFs would not yield an accurate or conservative estimate of the joint 
distribution for total releases.  

RPPCR5-12 Panel Analyses-2 

Can the data points defining the total release CCDFs for the RPPCR PA be traceable to the source data 
from individual waste panels and release pathways? 

DOE Response 

The sequence of releases from each random future serves as the common source of data for 
constructing the total, individual waste panel, and release pathway CCDFs. However, while 
summing up the releases and sorting them to build the CCDF, the identity of each individual 
future is lost. This means that once the CCDF is constructed, it is not possible to trace back from 
the total release data points to the specific releases from individual waste panels or pathways. 
Therefore, given only the CCDF data without future identifiers, there is no traceable way to link 
the total releases back to their sources. 

RPPCR5-12 Panel Analyses-3  

What difficulties would be encountered in preparing a 12-panel baseline PA, what would be their impact, 
and how would they be overcome?  

Because the scope of the RPPCR is only for the approval of two replacement panels, a 12-panel repository 
configuration for future PA calculations would be useful and EPA would like to understand the 
complexities in setting up this 12-panel PA. 
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DOE Response 

The changes to the PA model itself for a 12-panel representation are straightforward: new grid 
cell volumes, new repository (volume, area, fractional volume) parameters, new panel intrusion 
probabilities, and adjustments to Culebra release points.  

The primary difficulty in a 12-panel repository model lies in inventory management. The DOE 
plans to dispose of the entire 175,564 cubic meters (6.2 million cubic feet) of waste allowed by 
the LWA. Because of the Volume of Record changes (NMED, 2023), a 12-panel repository would 
not accommodate all the anticipated waste. The DOE will work with the Inventory and PA Teams 
to identify the most defensible approach for performing a 12-panel analysis. However, meeting 
the EPA’s expectations regarding the repository design and its representation in the PA, as 
stated in a letter from Lee Ann Veal to Reinhard Knerr dated April 20, 2021, and the 
requirements outlined in 40 CFR 191.13, may require additional guidance from the EPA.   

RPPCR5-12 Panel Analyses-4  

What is the effect on the integrated joint distribution of total releases if it is assumed that each waste 
panel contains 1/19 of the RPPCR PA inventory and normalized releases by individual pathway are the 
same for each waste panel?  

As noted by Hansen et al. (2023) and illustrated in Figures 1 and 2, normalized releases in EPA units are 
essentially the same for each waste panel in the 19-panel RPPCR PA. This is not unexpected because each 
panel has essentially the same volume, the same inventory, and the same footprint. EPA would like to 
understand how the similarity of total normalized releases of individual pathways would affect the joint 
distribution of all pathways. 

DOE Response 

Total normalized releases cannot be the same because different futures will result in different 
releases, even though the waste panels have the same modeled design features. This variability 
arises from the inherent uncertainties and differences in the conditions and events that each 
future scenario represents. As a result, while the waste panels may have similar design 
characteristics and inventory distributions, the actual releases from each panel will vary 
depending on the specific future scenario being considered. This means that the joint 
distribution of total releases must account for these differences, and it is not accurate to assume 
uniform normalized releases across all panels. 

RPPCR5-12 Panel Analyses-5  

Following a presentation by Seth King, the APPA Peer Panel concluded “If the panel closures function as 
expected, the ROMPCS has the effect of turning the 3D repository, including both its disturbed 
(excavated) zones and the overlying DRZ, into a series of cuboidal, semi-isolated regions.” Is there 
sufficient evidence of this isolation to support a conclusion that the waste panels’ performance is 
sufficiently similar and that their functionality is sufficiently independent that a 10-panel PA could be 
considered to exclude Panels 9 and 10, and include Panels 11 and 12?  



Department of Energy Response 5  Enclosure 1 

Page 24 of 32 

In addition to the assumption of uniform releases, there are also indications that the waste panels are 
acting independently from one another. This behavior is supported by the presence of tight ROM salt 
panel closures in 15 of the 19 waste panels modeled in the RPPCR PA, and also by the natural creep 
closure that is not modeled but will occur in the remaining four panels. In recognition of this, during the 
19-panel APPA Peer Review DOE observed that the PA results suggest that the waste panels are 
behaving more as independent, isolated units, unaffected by changes in conditions in neighboring 
panels. This isolation became increasingly evident with the addition of nine new panels in the APPA, each 
of which has ROM salt panel closures. The peer reviewers agreed with this observation (e.g., Falta et al. 
2021, pp. 30, 32). The effect of such isolation on a 12-panel PA is that, if waste panels behave as isolated 
units, it does not matter where they are in the repository. 

DOE Response 

The replacement panels are not intended to replace Panel 10. As described in the RPPCR and the 
RPPCR2-General-1 question response, Panels 11 and 12 are meant to replace lost disposal 
capacity in Panels 1, 7, and 9. The DOE maintains the option to use selected portions of Panel 10 
(DOE, 2021b). 

A 10-panel PA would essentially follow the same approach as the Assessment of Abandonment 
of Panel Closures in the South End of the Repository (APCS) for removing and relocating waste 
from Panel 9 to a new panel north of Panel 8. The CRA-2019 (DOE, 2019, section PA-1.1.1.3) 
argued that modeling waste in Panel 9 would tend to overpredict releases because the panel 
north of Panel 8 would be more isolated. The individual panel releases in Hansen et al. (2023) 
show that this conservatism would be insignificant. 

The lateral flow of brine and gas between waste areas does occur. While the quantity of brine 
and gas flowing between waste areas is minimal, this flow does communicate fluid pressure 
effects. An alternative approach of using two separate grids for the south and west regions of 
the repository was presented to the APPA Peer Review Panel, but it was not advanced due to its 
inability to capture the pressure communication behavior. 

Behavior across scenarios can show how intrusions in one part of the repository can impact 
other areas. Figure 5, Figure 6, and Figure 7 show that intrusions into the south end of the 
repository, which impact pressure in the representative waste panel, also affect pressures in the 
West Rest-of-Repository. This indicates that panels are not entirely isolated units. The intrusion 
scenarios used in the PA Salado Flow model are described in King (2023). 

In summary, while there is some evidence of isolation in terms of minimal quantities of brine 
and gas flowing between panels, the communication of pressure suggests that the panels are 
not completely independent. Therefore, the assumption that waste panels behave as isolated 
units may not fully hold, and the impacts of intrusions and pressure communication across 
waste areas must be considered in the PA. 
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Figure 5. Mean Brine Pressure in the Waste Panel 

 

 

Figure 6. Mean Brine Pressure in the West Rest-of-Repository 
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Figure 7. Mean Brine Pressure in the North Rest-of-Repository 

RPPCR5-12 Panel Analyses-6: Effects of 12-Panel vs. 19-Panel Minimum Brine Volumes on 
Actinide Solubilities and Repository Releases  

Please address the potential effects of a smaller minimum brine volume and consequent increased 
organic ligand concentrations and +III actinide solubilities on estimated releases from a 12-panel 
repository.  

Baseline actinide solubilities used in the WIPP RPPCR PA were calculated using the 19-panel repository 
minimum brine volume (King 2021). The minimum brine volume for a 12-panel repository will be lower 
than the RPPCR PA value, which will result in higher EDTA concentrations and higher baseline +III 
actinide solubilities. Hansen et al. (2023) did not consider the effects of these higher baseline actinide 
solubilities on the estimated releases from a 12-panel repository.  

Falta, Ronald W., Mengsu Hu, Edward M. Kwicklis, Carl I. Steefel, Sherilyn C. Williams-Stroud, and John A. 
Thies 2021. Waste Isolation Pilot Plant, Additional Panels Performance Assessment (APPA) Changed 
Conceptual Models Peer Review Report. CBFO (U.S. Department of Energy, Carlsbad Field Office), 
Carlsbad, NM 2021. December.  

Hansen, C., Brunell, S., King, S. (2023). Estimation of Releases from a 12-Panel Repository, Revision 0. 
Sandia National Laboratories, Carlsbad, NM. ERMS 580656.  

King, S. (2021) Repository volume, DRZ volume, and minimum brine volume for a direct brine release for 
a repository with new panels. Sandia National Laboratories, Carlsbad, NM. ERMS 576475. 
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Figure 8 shows the +III actinide (An(III)) solubilities at the 1x to 5x brine volumes scaled to the 
brine volume in an individual panel. When adjusting for a 12-panel repository, the An(III) 
solubilities could be up to 1.6 times larger due to the increased concentrations of organic ligands 
such as EDTA in the 1x brine volume (Figure 8). This 60 percent increase is small compared to 
the more than three orders of magnitude uncertainty factor modeled for the An(III) solubilities. 
However, there are several reasons why the actual increase in releases would be less than this 
1.6 factor. First, large DBRs are generally predicated on previous intrusions and are, therefore, 
more likely to occur at later times. The Am(III) is only solubility-limited at early times; it quickly 
becomes inventory-limited as it decays. This means that when larger direct brine release (DBR) 
events are expected to occur, the increased solubility of Am(III) due to higher EDTA 
concentrations will have limited to no impact on late-time releases.  

 

Figure 8. An(III) Solubilities at the 1x to 5x brine volumes scaled to an individual panel brine volume 

Second, the solubilities of An(IV) actinides, including Pu(IV), are unchanged by the organic ligand 
concentrations and, therefore, are not affected by the brine volume (Figure 9). Thus, the 
solubility of plutonium will only be impacted by the vectors that realize the +III state of 
plutonium. 
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Figure 9. An(IV) Solubilities at the 1x to 5x brine volumes scaled to an individual panel brine volume 

Third, An(V) actinides have little impact on release activity concentrations, so changes in their 
solubility are not a significant concern (Figure 10).  

 

Figure 10. An(V) Solubilities at the 1x to 5x brine volumes scaled to an individual panel brine volume 

Finally, the impact on solubility will be greatest at low brine volumes, corresponding to lower 
brine saturations (Figure 8). This means less mobile brine, leading to lower release volumes 
overall. The increased solubility of +III actinides in low brine volumes may not translate to 
significantly higher release volumes due to the limited mobility of the brine. 
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In summary, increased organic ligand concentrations could raise solubilities by up to 60 percent. 
The maximum increase in solubility of 60 percent would not be expected to increase releases by 
60 percent due to the following reasons: (1) the short half-life of Am(III), (2) the lack of impact 
on vectors that realize Pu(IV), (3) the lack of sensitivity to An(V) solubilities, and (4) the largest 
solubility increases correspond to the lowest brine volumes, where DBR volumes are expected 
to be smallest.  
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Status Report of DOE Responses to EPA questions on the RPPCR 

EPA Comment 
Number EPA Request Description 

EPA Request 
Letter Date DOE Response 

RPPCR1-References-1  Document Request  April 17, 2024 Response 1 

RPPCR2-General-1 Dimensions of replaced area and new panels  April 24, 2024 Response 1 

RPPCR1-
PROPMIC-1 
 

Pu(III) PROPMIC and CAPMIC values April 17, 2024 Response 2 

RPPCR2-12 
PanelAnalyses 
 

12 Panel Analyses  April 24, 2024 Response 2 

RPPCR3-Closure-1 Closure of rooms with new design  
 

May 10, 2024  Response 2 

RPPCR1-Inventory-1 Waste Characteristics  April 17, 2024 Response 2 

RPPCR1-DTAT0.FM6-
1 

Documentation for Hydromagnesite5424 Solubility April 17, 2024 Response 2 

RPPCR2-DATA0.FM6-
4 

Omitted Pitzer interaction parameters April 24, 2024 Response 2 

RPPCR-Inventory-2  Breakdown of Emplaced and Temporary Storage 
CH and RH Waste Volumes by Waste Generator 
Site 

April 17, 2024 Response 3 

RPPCR2-DATA0.FM6-
1: a-c 

Am(OH)3(am) verification calculations at low ionic 
strength 

April 24, 2024 Response 3 

RPPCR2-DATA0.FM6-
2: a-c 

Am(OH)3(am) verification calculations at high ionic 
strength 

April 24, 2024 Response 3 

RPPCR2-DATA0.FM6-
3 

AmOHCO3(c) verification calculations April 24, 2024 Response 3 

RPPCR1-DATA0.FM6-
2: a-c 

XRD Examination of Post-Test Solids April 17, 2024 Response 3 

RPPCR1-DATA0.FM6-
3: a-b 

WIPP Test Plans Cited in DATA0.FM6 
Documentation 

April 17, 2024 Response 3 

RPPCR1-DATA0.FM6-
4 

FeEDTA2- Stability Constant April 17, 2024 Response 3 
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Status Report of DOE Responses to EPA questions on the RPPCR 
EPA Comment 

Number EPA Request Description 
EPA Request 
Letter Date DOE Response 

RPPCR1-DATA0.FM6-
5 

FeCitrate- Stability Constant April 17, 2024 Response 3 

RPPCR1-DATA0.FM6-
9 

Cerussite Solubility April 17, 2024 Response 3 

RPPCR1-OXCUTOFF-
1: a-b 

Sensitivity study using OXCUTOFF parameter  April 17, 2024 Response 4 

RPPCR4-Corrosion-1  Steel Packaging and Waste Iron-Based 
Metals/Alloys Surface Area Recalculation 

June 27, 2024 Response 4 

RPPCR4-Corrosion-2  Recalculation of Ds June 27, 2024 Response 4 

RPPCR1-DATA0.FM6-
6 

Cotunnite Solubility April 17, 2024 Response 4 

RPPCR1-DATA0.FM6-
8: a-b 

Hydrocerussite Solubility April 17, 2024 Response 4 

RPPCR3-BRAGFLO-1 Follow up on BRAGFLO convergence May 10, 2024 Response 4 

RPPCR1-DBMAR-1: a-
d 

Questions related to the DBMAR April 17, 2024 Response 5 

RPPCR5-
12PanelAnalyses-1 

N/A August 12, 2024 Response 5 

RPPCR5-
12PanelAnalyses-2 

N/A August 12, 2024 Response 5 

RPPCR5-
12PanelAnalyses-3 

N/A August 12, 2024 Response 5 

RPPCR5-
12PanelAnalyses-4 

N/A August 12, 2024 Response 5 

RPPCR5-
12PanelAnalyses-5 

N/A August 12, 2024 Response 5 

RPPCR5-
12PanelAnalyses-6 

Effects of 12-Panel vs. 19-Panel Minimum Brine 
Volumes on Actinide Solubilities and Repository 
Releases 

August 12, 2024 Response 5 

RPPCR1-DATA0.FM6-
7 

Lead-Carbonate Aqueous Speciation April 17, 2024 In progress 



Status Report of DOE Responses Enclosure 2 

Page 4 of 6 

Status Report of DOE Responses to EPA questions on the RPPCR 
EPA Comment 

Number EPA Request Description 
EPA Request 
Letter Date DOE Response 

RPPCR1-EM-1: a-e Questions about the EM survey April 17, 2024 In progress 

Enclosure 2: Ongoing 
uncertainties related 
to WIPP chemical 
conditions and Pu 
oxidation state 

DOE should also perform the following: 
A comprehensive literature review on Pu oxidation 
states  
A peer review of the WIPP chemical conditions  

April 17, 2024 In progress 

RPPCR3-Mineralogy-
1 

Detailed mineralogy of new panels May 10, 2024 In progress 

RPPCR6-Bhperm-1: PRB granules as surrogates for corroded borehole 
casing  
Please provide justification that include relevant 
experiments, data, and literature citations 

September 5, 
2024 

In progress 

RPPCR6-Bhperm-2: discrepancy in upper bound permeability for 
degraded steel casing 

September 5, 
2024 

In progress 

RPPCR6-Bhperm-3: PRB column test conditions September 5, 
2024 

In progress 

RPPCR6-Bhperm-4: scatter and uncertainty in experimental results of 
Moraci et al. (2016) 

September 5, 
2024 

In progress 

RPPCR6-Bhperm-5: relevance of Moraci et al. column tests to WIPP 
conditions 

September 5, 
2024 

In progress 

RPPCR6-Bhperm-6: PRB corrosion test results and Thompson model September 5, 
2024 

In progress 

RPPCR6-Bhperm-7: PRB degredation and incomplete degredation September 5, 
2024 

In progress 

RPPCR6-Bhperm-8: concrete grout degrading to silt-like powders September 5, 
2024 

In progress 

RPPCR6-Bhperm-9: uncertainty in predicted permeability of Hazen 
equation 

September 5, 
2024 

In progress 

RPPCR6-Bhperm-10: coarser grained materials in degredation debris 
and permeability 

September 5, 
2024 

In progress 

RPPCR6-Bhperm-11: relevance of microannuli permeability laboratory 
results 

September 5, 
2024 

In progress 



Status Report of DOE Responses Enclosure 2 

Page 5 of 6 

Status Report of DOE Responses to EPA questions on the RPPCR 
EPA Comment 

Number EPA Request Description 
EPA Request 
Letter Date DOE Response 

RPPCR6-Bhperm-12: relevance of continuity calculation September 5, 
2024 

In progress 

RPPCR6-Bhperm-13: description and significance of maximum creep 
volume loss 

September 5, 
2024 

In progress 

RPPCR6-Bhperm-14: uncertainty associated with predicted permeability 
using Kozeny-Carman relationship 

September 5, 
2024 

In progress 

RPPCR6-Bhperm-15: explanation and timeline of conceptual model for 
surface hole, upper salt section, and lower salt 
section 

September 5, 
2024 

In progress 

RPPCR6-Bhperm-16: sample calculations using Kozeny-Carman method September 5, 
2024 

In progress 

RPPCR6-Bhperm-17: applicability of Kozeny-Carman model for fine-
grained borehole degredation debris 

September 5, 
2024 

In progress 

RPPCR6-Bhperm-18: initial permeability of degraded borehole debris 
used in creep closure analysis 

September 5, 
2024 

In progress 

RPPCR6-Bhperm-19: effect of backpressure buildup on reductions in 
permeability in updated modeling 

September 5, 
2024 

In progress 

RPPCR6-Bhperm-20: uncertainty regarding borehole debris fully 
consolidating to 10-15 m2 permeability at repository 
depth 

September 5, 
2024 

In progress 

RPPCR7-BrineRes-1 acceptance of calibration curves after ~400 hours September 27, 
2024 

In progress 

RPPCR7-BrineRes-2 causes of field pressure peak and decline in long-
term shut-in test 

September 27, 
2024 

In progress 

RPPCR7-BrineRes-3 uncertainties and the 162 psig as final reservoir 
equilibrium pressure 

September 27, 
2024 

In progress 

RPPCR7-BrineRes-4 basis for estimate of maximum brine reservoir pore 
volume 

September 27, 
2024 

In progress 

RPPCR7-BrineRes-5 further description and explanation of revised 
geometric representation of Castile brine reservoir 
in BRAGFLO 

September 27, 
2024 

In progress 

RPPCR7-BrineRes-6 difference in BRAGFLO grid representation 
between Docherty (2023) and RPPCR PA (DOE, 
2024) 

September 27, 
2024 

In progress 

EPA email dated November 13, 2024 from Jay Santillan (EPA) to Anderson Ward (DOE) provided clarification of 
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Status Report of DOE Responses to EPA questions on the RPPCR 
EPA Comment 

Number EPA Request Description 
EPA Request 
Letter Date DOE Response 

EPA’s intentions of Enclosure 2: Ongoing uncertainties related to WIPP chemical conditions and Pu oxidation 
state). EPA intended to provide DOE with an understanding on how EPA will be reviewing new data concerning 
experiments on Pu solubility and does not intend DOE to answer the questions of enclosure 2 at this time.    
End of Status Report  
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