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1.0 Executive Summary

The U.S. Environmental Protection Agency (EPA) conducted an inspection of the
Department of Energy (DOE) Waste Isolation Pilot Plant (WIPP) March 24-25, 1999, as part of
its continuing oversight program. The purpose of this inspection was to verify that DOE is
monitoring the ten parameters listed in the WIPP Compliance Certification Application (CCA),
Volume 1, Section 7.0, Table 7-7 (See Table 1).

The inspection examined implementation of monitoring for geomechanical, hydrological,
waste activity, drilling related, and subsidence parameters. The inspectors toured locations where
measurements are taken, reviewed parameter databases, and reviewed documents and procedures

directing these monitoring activities.

The EPA inspectors found that DOE through its contractor, Westinghouse, has effectively
implemented the monitoring program at WIPP. As determined in the certification decision, May
13, 1998, the program has adequate documentation/ procedures governing the program. The
inspection team also confirmed that DOE’s program requires reporting the results of these various
monitoring programs on an annual basis, as committed to in the CCA.

2.0 Background

The Compliance Criteria at Section 194.42 require DOE to “conduct an analysis of the
effects of disposal system parameters on the containment of waste in the disposal system” (40
CFR 194.42 (a)). The results of this analysis is to be include in the CCA and is to be used to
develop pre-closure and post-closure monitoring requirements.

Volume 1, Section 7.0 of the CCA documents DOE analysis, Table 7-7 of the CCA
(Document COB DOE 194#1, Attachment D.6) lists the ten parameters that DOE discovered may
impact the disposal system. These parameters are grouped into major categories and listed in

Table 1.




EPA approved these ten monitoring parameters in the certification rulemaking. Section
194.42(c) requires DOE to have an implemented program before emplacement of waste can begin
during the management and storage phase of operation. This inspection was done to verify
implementation of the monitoring program at WIPP.

3.0 Scope

Inspection activities included an examination of monitoring and sampling equipment both
on and off site, and in the underground. A review of sampling procedures and measurement
techniques was conducted.

4.0 Inspection Team, Observers, and Participants

The inspection team consisted of two representatives of the EPA Administrator.
Observers from the Environmental Evaluation Group (EEG), Jim Kenney and Bill Bartlett, were

also present.

Chuck Byrum Inspection Team Leader EPA

Nick Stone Inspector EPA
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Numerous DOE staff members and contractors participated in the inspection.

George Basabilvazo DOE/CAO
Harold Johnson DOE/CAO
Cynthia Zvonar DOE/CAO
Bob Billett ES&H WID
Benny Hooda ES&H WID
Ron Richardson ES&H WID
Ken Mikus Waste Ops - WID
Stewart Jones : ES&H wID
Rey Carrasco Geo. Engr. WID
W.R. White ES&H WID
T. Kerr Garwin
~ | Linda Jo Dalton ES&H WID
WID = Westinghouse, CAO = Carlsbad Area Office, ES&H = Environmental
‘ Safety and Health

The inspection began on Wednesday, March 24, 1999, with a presentation by DOE CAO
~ and WID about the present status of the WIPP monitoring program. Site personnel discussed the
~ monitoring of waste activity, geotechnical parameters, subsidence monitoring, environmental
monitoring such as water levels, and drilling related parameters.

The inspection team toured and reviewed various activities to verify effective
implementation of the plans and procedures presented during the oral presentations. The team
reviewed the WIPP Waste Information System (WWIS) used to capture the activity of waste
shipped from the various generator sites. The team reviewed the Delaware Basin Drilling
~ Surveillance program, and the. Ground Control Monitoring program.

| .~ The in'speétion team reviewed the ground water monitoring program during the 40 CFR
191 03 Subpart A mspectlon held on March 22-23, 1999.

5.0 Performance of the Inspectlon

SRy The EPA mspectors revnewed three ﬁJndamental areas to verify 1mplementat10n of the
' DOE momtonng program dunng the management and storage phase 1) wntten plansand




procedures, 2) quality assurance procedures and records, and 3) results of the monitoring
program in the form of raw data, intermediate reports, and final annual reports, if appropriate.

On February 9-11, 1999, the EPA QA Team performed an annual inspection of the
DOE/WID quality assurance programs. The DOE/WID programs were found to be adequately
maintained. ' '

The inspection checklist in Attachment A.2 provides details on inspection activities.

5.1 Monitoring of Geomechanical Parameters

DOE committed to measure four geomechanical parameters in the CCA; creep closure,
extent of deformation, initiation of brittle deformation, and displacement of deformation features.
WIPP has four programs that supply information for these four parameters; the geomechanical
monitoring program, the geosciences program, the ground control program, and the rock
mechanics program. These programs are documented in the “Geotechnical Engineering Program

Plan” (WP 7-1, Attachment D.1, COB 194.X).

The results of the Geotechnical Engineering Program are documented in the Geotechnical
Analysis Report for July 1996 - June 1997 (Attachment D.1,COB 194.P).

Rey Carrasco, contractor for DOE, in the opening meeting discussed how the four

" geomechanical parameters are measured and discussed the instrumentation used to measure the
response of shafts and underground openings (Attachment D.1, COB 194C). The inspection team
toured and reviewed underground instrumentation, the computer data base, and field data sheets
used to record raw measurement data (Attachment D.1, COB 194L.1 to L.6). Mr. Carrasco
showed the inspection team the input of data into the computer database and examined the output
checkprint (Attachment D.1, COB 194M) to verify implementation of the measurement plan.

5.2 Momtormg of Hydrologlcal Parameters

DOE comm1tted to measure two hydrological parameters in the CCA; Culebra
groundwater composition and changes in the Culebra groundwater flow direction. - These
parameters-and related parameters are measured and documented in the WIPP environmental
monitoring program. These programs are documented i in the Groundwater Surveillance Program

" Plan (WP 02-1, Attachment D.2, COB 194.W).

_ The results of this program are documented in the Waste Isolation Pilot Plant Site -
Envrronmenta] Report Calendar Year 1997 (Attachment D 2 COB 194 T)

T In the openlng meetrng Stewart Jones, contractor for DOE, dlscussed the program used to
i ._.measure and document the hydrologrcal parameters ‘Mr. Jones discussed the measurement

‘methods: used to measure groundwater: composition and used to measure values used 1o derive the
' ”"'»dlrectron of groundwater flow (Attachment D 2,COB 194VV) e




The inspection team reviewed water level measurements for the month of March
(Attachment D.2, COB 194Q.1 to Q3). The team reviewed the raw data sheets recorded in the
field and the quality assurance cross-check, CHECKPRINT, procedures (Attachment D.2, COB

194R).

The inspection team also toured the WQSP-2 groundwater sampling well and the mobile
chemistry laboratory. Mr. Jones and other contractor staff presented a detailed explanation of
groundwater composition measurement procedures, such as dissolved minerals, and quality

assurance requirements.

5.3 Monitoring of Waste Activity Parameters

DOE committed to measure waste activity in the CCA. This parameter is part of the
extensive database collected for each container shipped to WIPP and is stored in the WIPP Waste
Information System (WWIS). The WWIS is a software system that screens waste container data

.and provides reports on the TRU waste sent to WIPP. The requirements for the WWIS are
discussed in “WIPP Waste Information System Program” (WP 05-WA.02, Attachment D.3, COB

194V).

The facility demonstrated that the WWIS can receive data and that the WWIS can
generate reports. The CAO has committed to annual waste activity reports.

Ken Mikus, contractor for DOE, discussed how the WWIS is used to record waste
activity information provided by the generator sites and how the computer database that is created
is used to produce the necessary reports. The inspection team toured the WWIS computer
system where Mr. Mikus demonstrated the transmission of data from the Los Alamos Laboratory
generator site and how this information is used to develop different waste activity reports

(Attachment D.3, COB 194G.
5.4 Monitoring of Drilling Related Parameters

"DOE committed to measure two drilling related parameters in the CCA; the drilling rate .
and the probability of encountenng a Castile brine reservoir. These parameters are measured as
: part of the “Delaware Basin Drilling Surveillance Program” (WP 02-PC.02, Attachment D4,
COB 194.1). This surveillance- program measures or records many parameters related to drilling

, actrvmes around the W[PP site.

; ; The results of the surveillance program is documented annually in the Delaware Basm
Dnllmg Surverllance Program - Annual Report for October. 1997 through September 1998

(Attachm nt D 4, COB 194.K).

S urmg e .opemng meetmg Davrd Hughes ‘contractor for DOE drscussed the program

o used to measure the drlllmg rate and used to denve the probabrhty of encountenng a Castrle brine




. data collected and placed in the well information database and the quality assurance requirements

(Attachment D.4, COB 194F). Mr. Hughes provided the inspection team a hands-on
demonstration of the computer database system and showed examples of maps produced and
reports generated from the system (Attachment D.4, COB 194J).

5.5 Monitoring of Subsidence Parameters

DOE committed to measure the subsidence at the WIPP site in the CCA. This parameter
is documented as part of the of the “WIPP Underground and Surface Surveying Program”
(WP09-ES.01, Attachment D.5, COB 194.U). The DOE will perform the subsidence survey at
the site annually during pre-closure operations.

The results of this program are to be reported annually in the WIPP Subsidence
Monument Leveling Survey - 1998 (Attachment D.5, COB 194.0).

During the opening meeting Rey Carrasco, contractor for DOE, discussed the subsidence
parameter measurements program (Attachment D.5, COB 194D). Mr. Carrasco explained how
horizontal and vertical surveys would be performed and the quality assurance requirements for
these surveys. Mr Carrasco and his staff demonstrated to the inspection team the survey
equipment used, the methods used to record and check field data, how these data are input into
the computer database and are used to produce the needed reports.

6.0 Summary of finding, observation, concerns, and recommendations.

EPA performed this inspection to verify that DOE/WID has implemented a program at the
WIPP site to monitor the ten parameters it found to be important in the CCA. During this
inspection the inspectors found that DOE has adequately implemented programs to monitoring
these ten parameters during pre-closure operatlons DOE/WID also plansto report the results of

these monitoring activities as committed to in the CCA documentation.




Attachment A.1

40 CFR 194.42 Inspection Plan

Purpose: Verify that the Department of Energy (DOE) can demonstrate that the Waste Isolation
Pilot Plant (WIPP) is monitoring the parameter commitments made in the documentation to
support the EPA’s certification decision, in particular CCA, Volume 1, Section 7.0 and Appendix
MON. This inspection is conducted under the authority of 40 CFR §194.21.

This inspection is part of EPA’s continued oversight to ensure that WIPP can, in fact, monitor the
performance of significant parameters of the disposal system.

Scope: Inspection activities will include an examination of monitoring and sampling equipment
both on and off site, and in the underground. A review of sampling procedures and measurement
techniques may be conducted. Quality assurance procedures and documentation for each of these

activities may also be reviewed.

Startup Issues: The specific purpose of this inspection is to verify and confirm that WIPP has
complied with the requirements of 40 CFR 194.42. As stated in 40 CFR 194.42(c) -

*...in no case shall waste be emplaced in the disposal system prior to the implementation of pre-closure
monitoring.”

Therefore, the EPA believes it is appropriate to verify the adequate implementation of pre-closure
monitoring before the first receipt of waste at WIPP.

Location: This inspectibn will be held at the W[PP“'facility location twenty-six miles south east of
Carlsbad, New Mexico and the surrounding vicinity as needed.

Duration: The EPA expects to complete its inspection, with DOE’s cooperation, in one day. The
day will begin with an opening meeting at 8:00 a.m. and end at 5:00 p.m. with a closeout session.

Date: Expected to be held during the week of March 22,1999




Attachment A.2
40 CFR 194.42

Inspection

Check List




40 CFR 194.42 - DOE WIPP Monitoring Commitments Checklist

# Question Comment (Objective Evidence) Result

1 Does DOE demonstrate that they have Item #27, below, documents the program planned

implemented plans/programs/procedures to to measure, document, report, and QA these two
measure - activities. Item #27 documents the Groundwater

Surveillance Program Plan and records the
a) Culebra Groundwater Composition: . activities associated with this program, the.

P ’ methods planned to be used, and the reporting
plans. Section 4.0, item #27 documents the
quality assurance requirements of these activities.

b) Change in Culebra Groundwater Flow
Direction ) Item #22 is an example of actual water level
measurements. Item #21 is an computer print out

during the pre-closure phase of operations as | of these measurements and item #23 is a
checkprint of these same measurements with a

specified in the CCA part of WIPP's : o . .
groundwater monitoring plan? signature verifying QA review. Item #23 is an
' example of results of these monitoring activities.

(CCA, Volume 1, Table 7-7; App MON, Table The inspection team toured and reviewed the
MON-1) 40 CFR 194.42 (c) and (e) WQSP-2 borehole location to evaluate water
measurement techniques. The team also
evaluated the chemical analysis performed in the
mobile laboratory.

2 Does DOE demonstrate that they have EPA performed a quality assurance Sat.
implemented an effective quality assurance inspection February 9-11, 1999, and found
program for item 1 above? (CCA, App MON, | the program at DOE/WID adequate.

.| Page MON-22) 40 CFR 194.22

3 Does DOE demonstrate that the.results of the Item #27, page 28 documents that results of Sat.
groundwater monitoring program are reported | monitoring will be reported annually and will
annually? (CCA, App. MON, Page MON-22)- | be published in the Annual Site

s ' . - | Environmental Report (ASER).

‘.Documents Reviewed: . -
- Environmental Momtonng 40 CFR 194 - Presentation by Stewart Jones
, -#27 “Groundwater Surveillance Program Plan - WP.02-1, Revision 3
| #21 « Computer pnntouts of water level measurements measured during the month of March 1999
| #22 - Actual field copies of raw data of water levels measured in March 1999
: ,-_#23 Samples of sxgned qualltv assurance check pnnts of water level measurements during the month of March
1999 : .
: .:»“#24 Waste lsolatlon PllOl Plant Slte Envrronmental Report Calendar Year 1997




40 CFR 194.42 - DOE WIPP Monitoring Commitments Checklist

# . Question Comment (Objective Evidence) Result

| Does DOE demonstrate that they have WWIS will be used to measure and store Sat.
implemented plans/programs/procedures to waste activity among other things. Item #26,
measure - below, documents the program planned to
measure, document, report, and QA this
a) Waste Activity? activity. Item #26 documents the WWIS

Program and records the activities associated
(CCA, Volume 1, Table 7-7; App MON, Table | with this program, the methods planned to be
MON-1) 40 CFR 194.42 (c) and (e) used, and the reporting plans.

Item #11 is an example of the Waste
Container Report for LANL waste shipped on
March 25, 1999 and item #12 is an example
of the Nuclide Report for test waste data.

The inspection team toured and reviewed the
WWIS computer system and the database
computer program. The team reviewed the
query capabilities of the system to produce
waste activity reports.

2 Does DOE demonstrate that they have EPA performed a quality assurance Sat.
implemented an effective quality assurance inspection February 9-11, 1999, and found
program for item 1?7 (CCA, App WAP, page the program at DOE/WID adequate.
C-30) 40-CFR 194.22 , ,

3 | Does DOE demonstrate that the results of the ltem #26, page 19 documents that results of Sat.
waste activity parameters are reported | monitoring will be reported annually.
annually? (CCA Volume, Section 7.2.4 '

: Reportmg) S

. Documents Rev:ewed A

[ #6 -"WIPP Waste Information System (WWIS) Preseiitation by Ken Mikus
#26 - WIPP Waste Information System Program - WP 05-WA.02, Revision 0
[ #11- Sample ‘Waste Container Data Report’ from the WWIS

i #12 Sample ‘Nuclide Report from the WWIS..




40 CFR 194.42 - DOE WIPP Monitoring Commitments Checklist

# Question Comment (Objective Evidence) Resuilt

1 Does DOE demonstrate that they have Item #13, below, documents the program planned | Sat.
implemented plans/programs/procedures to to measure, document, report, and QA these two
measure - . activities. Item #13 documents the Delaware

Basin Drilling Surveillance Plan and records the
. . activities associated with this program, the
a) Drilling Rate; and methods planned to be used, and the reporting

plans. Section 6.0, item #13 documents the
. quality assurance requirements of these activities.
b) Probability of Encountering a Castile Brine

Reservoir? Item #14 is an example of the information

: recorded and stored in the drilled hole database.

(CCA, Volume 1, Table 7-7; App MON, Table | Item #15 is a copy of the annual report; page 15

MON-1) 40 CFR 194.42 (c) and (e) shows the 1998 calculation of the drilling rate and
. page shows a discussion of Castile brine pockets.

The inspection team toured and reviewed the
computer and database system used to record and
store drill hole data. The team reviewed the
report and mapping capabilities of the computer

system..
2 Does DOE demonstrate that they have EPA performed a quality assurance Sat.
implemented an effective quality assurance inspection February 9-11, 1999, and found

program for item- 1 above? (CCA, App DMP, the program at DOE/WID adequate.
page DMP-9) 40 CFR 194.22

3 Does DOE demonstrate that the results of the Item #13, page 5 documents that results of Sat.
' drilling related parameters are reported monitoring will be reported annually.
annually?(CCA Volume, Section 7.2.4
Reporting; App DMP, page DMP- 9)

Documents Revnewed ,

#10 - Delaware Basin Survelllance Plan - Presented by David Hughes

13- Delaware Basin Drilling Surveillance Plan - WP 02-PC.02, Revision 0

#14 - Sample print out from the drilling surveillance computer database.

#15 - Delaware Basin Dnllmg Surver]lance Program - Annual Repon for October 1997 through

September 1998:




~ 40 CFR 194.42 - DOE WIPP Monitoring Commitments Checklist

# Question ' Comment (Objective Evidence) Result

1 Does DOE demonstrate that they have Ttem #25, below, documents the program Sat.
implemented plans/programs/procedures to planned to measure, document, report, and
measure - - QA these two activities. Item #25 documents

the WIPP Underground & Surface Surveying
a) Subsidence measurements? Program and records the activities associated
' with this program, the methods planned to be
(CCA, Volume 1, Table 7-7, App MON, Table | used, and the reporting plans. Section 4.0,
MON-1) 40 CFR 194.42 (c) and (e) item #25 documents the quality assurance
requirements of these activities.

Item #20 is a copy of the annual report for
1998.

The inspection team toured and reviewed the
computer and database system used to record
and store subsidence survey data. The team
reviewed the report and mapping capabilities
of the computer system..

2 Does DOE demonstrate that they have EPA performed a quality assurance Sat.
implemented an effective quality assurance inspection February 9-11, 1999, and found
program for item 1?7 40 CFR 194.22 the program at DOE/WID adequate.
13 ‘Does DOE demonstrate that the results of the Item #25, page 11 documents that results of Sat.
subsidence measurements are reported | monitoring will be reported annually.
annually? (CCA Volume Section 7.2.4 S
Repornng)

'Documents Rev1ewed

| #8 - wIPP Subsidence Momtormg Presented by Rey Carrasco
© |- #25 - WIPP Underground and Surface Surveying Program - WP 09-ES.01, Revrslon 1
e #20--"WIPP Subsidence Monument Levehng survey - 1998
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ENVIRONMENTAL PROTECTION AGENCY
CFR 194.42 OPENING MEETING ATTENDANCE
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ENVIRONMENTAL PROTECTION AGENCY
CFR 194.42 CLOSE-OUT MEETING ATTENDANCE

March 25, 1999
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40 CFR 194.42 - DOE WIPP Monitoring Commitments Checklist

Question

Does DOE demonstrate that they have
implemented plans/programs/procedures to
measure -

a) Creep Closure;

b) Extent of Deformation;

¢) Initiation of Brittle Deformation and

d) Displacement of Deformation Features

during the pre-closure phase of operations as
specified in the CCA part of the
geomechanical monitoring system?

(CCA, Volume 1, Table 7-7; App MON, Table
MON-1) 40 CFR 194.42 (c) and (e)

Comment (Objective Evidence)

Ttem #28, below, documents the program
planned to measure, document, report, and
QA these four activities. Section 3.0, item
#28 documents the Geomechanical
Monitoring Program and records the
activities associated with this program, the
methods planned to be used, and the
reporting plans. Section 4.0, item #28
documents the quality assurance
requirements of these activities.

Items #16 and #17 are examples of raw data
collection and verification. Items #18 and
#19 are examples of results of these
monitoring activities.

The inspection team toured and reviewed the
computer system and database systems used
to collect and process these data.

Result

Sat.

Does DOE demonstrate that they have
implemented an effective quality assurance
program for item 1 above? 40 CFR 194.22

EPA performed a quality assurance
inspection February 9-11, 1999, and found
the program at DOE/WID adequate.

Sat.

Does DOE demonstrate that the results of the
geotechnical investigations are reported
annually? (CC_A, App. MON, Page MON-10)

Item #28, page 8 requires that analysis will
be performed annually and the results will be

published in the geotechnical analysis. report.

Sat.

#7

Documents Revrewed

- WIPP Geotechmcal Engmeermg Momtormg Presentatlon by Rey Canasco

| #28 - WIPP: Geotechrucal Engineering Program Plan - WP 07-01, Revision 2
#16 - Sample raw data - GIS Field Data Sheets, Room Closure Measurements
| #17 - Sample raw data - CVPT Field Data Checkprint - :

1 #1 8 - Long -Term Ground Control Plan for the Waste Isolation Prlot Plant
#19 - Geotechmcal Analysrs Report for July 1996 June 1997 '




Attachment C

- Documents

e ie

: A _‘ Reviewed




| Parameters committed by DOE to be measured.

DOE, CCA: Chapter 7, Tallll-

Yes
' 7-1.
COB DOE194#1 Attachment D.6
1 Bdth documents discuss the pre- and post-closure DOE, CCA documentation. No*
-parameter selected to be momtored at the WIPP *Not included in this report
- | site.:
‘ '_,?j-'; ‘COB DOE 194#2
' ‘One page description of the present status of the DOE e-mail dated 030899. ;| Yes
AW monitoring program. Documents referenced are: Attachment D.6 ’ woo
‘WP 09-ES:01; WP 05-WA.02, Rev. 0; WP 02- L
.| PC.02, Rev. 0; WP021 Rev. 3; and WP 07-01, AR
Rev. 2. ,ﬁ} :
COB DOE 194#3 e ‘
List of addends for openin.g:r'neeting. DOE, atjthe WIPP site. Yes
COB 194-MT1 Attachnient B .
| COB 194-MT2 e
!' Imroductory remarks by George Basabilvazo of DOE opemng meetmg of Yes
| DOECAO. tion.
COB 194-A tachment D.6
Presentauon by Ken Mikus on the WWIS system DOE/WID, opening meeting Yes
‘recording of waste activity. 2 of ijtspection. $i
] COB:194-B ’ Attichment D.3- -
hmcalEngmeenng Monitoring - Presented by Rey Carrasco on the monitoring of DOE/WID, opening meeting | Yes
g T creep closure, etc. . of inspectiondt
COB 194-C "l Attachment D. ]

3 .

B




v }Pre.sented by Rey Carrasco on subsidence OE/WID, opening meeting

monitoring.’ of inspection,
COB 194-D- Attachment D.5

: Pr_escntcd by Stewart Jones on hydrological DOE/WID, opening meeting Yes
monitoring. of inspection.
COB 194-E Attachment D.2

- Presented by David Hughes on the monitored DOE[WID opening meetmg Yes
drilling related parameters. of inspection.
COB 194F Attachment D .4

vProvided by Ken Mikus during the demonstration DOE/WID :f:'t, Yes
of thie WWIS computer system. LANL data. * Attachment D.3 |
COB 194-G 3,

"Providedvby Ken Mikus during the demonstration | DOE/WID . Yes !t

of the WWIS computer system Tcst Data. Alla%cnt D3

'COB 194-H | R
Prowdcd by David Hughes during the D@l I Yes
demonstration of the drilling survelllanoe computer; Al hment D.4 ;
system and database. o '
C@B 194-1 ' '
Provided by David Hughes during the DOE/WID Yes
demonstration of the drilling surveillance computer Attachment D4 ;.

B ,.;qystem and databass, = . ! ;

con 194-3 - ' : % .

i ’ a ‘!g N

~r




Provided by David Hughes during the DOEAWTD
-demonstration of the drilling surveillance computer Attachment D.4
= .| system and database. -
| CoB 194K # A
Provided by Rey Carrasco during the demonstration | DOE/WID ' Yes
of the geomechanical computer system and Attachment D.1 ’
database. :
'COB 194-L.1t0 L.6
‘Provided by Rey Carrasco dunng the demonstration DO.B/WID . Yes
unf the geomechamcal compiiter system and Attachment D.1°*
‘database. - » §
COBIS4M  + e Wb
Provided by Rey Carrasco during the demonstration | DOE/WID .| No*
of the geomechamcal computer system and _,p.NQt lncluqed in this report ?‘_—f‘ i
| database. This report is an example of the results AR 1
| of the geomechanical monitoring program. ’ A
‘COB 194-N o
Provnded by Rey Carrasco during the dem&nstratxon 'DOE/WID Yes
of the geomechanical computer system and __d‘z,},ttac':hmem D.1 ’
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Demonstrates DOE’s implementation of subsidence | Attachment D.5
monitoring.
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: Ll “aclivity monitoring.
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1.0INTRODUCTION

This document defines the field programs and investigations to be carried out by the
Waste Isolation Division (WID) Geotechnical Engineering Section. The geotechnical
engineering programs are designed to provide scientific information necessary to
establish a high level of understanding of site characteristics and to assess the stability
and performance of the underground facility. Programs currently consist of the
following activities:

Geosciences
Geomechanical Monitoring
Rock Mechanics

Ground Control

These programs will be implemented and controlled by this program plan.

1.1 Backaround

The programs listed in Section 2 will demonstrate the safe disposal of transuranic -
waste, both in the short-term (during the operational life of the facility) and in the long-
term (following decommissioning), that will satisfy the appropriate federal regulations
governing isolation of the waste. The data will increase confidence in the effectiveness
and safety of the underground operations, validate the design, support site
characterization and performance assessment activities, and support activities required
for research and technological development.

Drivers for these programs mclude the Consultatlon and Cooperatnon Agreement with
the state of New Mexico, which stipulates continuing studies of the site geology, the
Environmental Protection Agency's standards-for management. of transuranic waste;
the Resource Conservation and Recovery Act; and the Mine Safety__and Health . .

, Admlmstratton These programs_ implement the applncable portions of systems AUGD
. ____and EM@Q. System De5|gn Descnptlon (SDD). The programs will also ensure that the
 facility operates safe|y andj that data are available to make decnsmns for managlng and

e perf ming engmeermg an' operatlonal actlvntles T i
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1.2Geosciences Program

The Geosciences Program will continue confirmation of site suitability based on field
activities such as geologic mapping of the facility horizon excavations and logging of
cores. These activities will be used to characterize, demonstrate the continuity of, and
document the geology exposed in the underground excavations. The program aiso will
maintain a storage facility for site- generated geologic samples and a local seismic

monitoring system.

1.3Geomechanical Monitoring Program

The Geomechanical Monitoring Program will provide data on the Waste Isolation Pilot
Plant (WIPP) geotechnical performance design for design validation and the short-term
and long-term behavior of underground openings, and routine evaluations of the safety
and stability of excavations. Data on the stability and closure of underground
excavations will be used to identify areas of potential instability and allow remedial

actions to be taken. -

Monitoring of geotechnical parameters will be performed using geomechanical
instruments, including tape extensometer stations, convergence meters, borehole
extensometers, piezometers, strain gauges, load cells, crack meters, and other
instruments installed in the shafts and drifts of the WIPP facility.

1.4 Rook Mechanics Program

The Rook Mechanics Progre'm will assess of the performanoe of the underground
facility. Data from. geomechanrcal monitoring and geosciences observations will be

~ used to evaluate the current and future performance of the excavations. Numerical

modelmg and emplrrcal methods will be used to evaluate the effects of proposed
. de§ign-9ha S and the Iong-term behavuor of the underground facnllty '

it ,,fr ground control system performance .
\ 1o, be madeiregardmg future




WIPP Geotechnical Engineering Program Plan
WP 07-01, Rev. 2

2.0 ADMINISTRATION

2.1QOrganization

The WID organizational structure is described in the WID Quality Assurance Program
Description (WP 13-1). Geotechnical Engineering reports to the Engineering
Department senior manager.

2.2Responsibilities

The Geotechnical Engineering manager and staff are responsible for achieving and
maintaining quality in the geotechnical engineering programs.

2.3 Training and Qualifications

Personnel who perform specific tasks associated with geological and geotechnical data
collection, engineering assessments, and quality assurance/quality control measures
will be trained and qualified in the application of the specific requirements to complete
their tasks, The minimum training requirements for engineering personnel are
identified in the Engineering Technical Training Requirements Policy.

3.0 TECHNICAL PROGRAM DESCRIPTION |

3. 1“Geosciences I-;’roiam

‘_*The Geoscnences Program contains activities that continue conf rmation of site
f’*suntabullty through surface and underground field investigations, . _These activities will
generate data used in monitoring the repository and in rock’ mechanlcs studles e
“Information from the Geosciences Program will be used to document the existing.
. ,_geologlc condltlonb_s and characterlstlcs and to monitor for changes resultlng from the
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design of the facility. Extensive geologic characterization of drifts and shafts was
performed under the Site and Preliminary Design Validation Program for confirmation of
site suitability. The program provided the basis for the decision to proceed with
construction of the WIPP facility.

The Geotechnical Engineering Geosciences Program was developed to continue
confirmation of site suitability based on field activities such as geologic mapping of the
facility and near surface stratigraphic horizons, core logging, and geophysical surveys.
These activities characterize, demonstrate the continuity of, and document the geology
at the site. The program maintains a library of site-generated geologic samples and
quarterly reporting of the results of local seismic monitoring. The program is also
responsible for the collection of geologic and structural data and other section activities

as required.

3.1.2 Purpose

The purpose of the Geosciences Program is to confirm the suitability of the site based
on continuing field activities.

3.1.3 Scope

Site investigations will be performed as required, or as determined useful, for
enhancement of the site geologic characterization knowledge base. Activities will’
include reconnaissance geologic mapping of new excavations, detailed geologic
‘mapping, investigations of regional exposures, and geologic support to projects
conducted by other site partnmpants The activities associated with the Geosciences

’Program are desrgned to:

Prowde addltlonal site geologlcal charactenzatron based on geologu: mapprng of
excavatuons and core Ioggrng S - |

W Malntam a current data base on mmeralogy, _chemlstry, and textural feature
characterlstlc fof the local geology ‘ D ’ o

,_any correlatlon of selsmlc
ybe establrshed e
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development or those not expected to be performed routinely will be performed in
accordance with industry standards or individual program plans that supplement this
program plan.

Routine Activities

« Seismic Monitoring - Seismic monitoring and evaluation will be carried out by the
New Mexico Institute of Mining and Technology, a subcontractor to WID.

+ Geologic Mapping - Geologic mapping will be performed in newly excavated areas
and when the cognizant engineer or Geotechnical Engineering manager deems it
necessary. The mapping results will be documented in the annual geotechnical
analysis reports and appropriate topical reports.

All drifts and rooms in which geologic mapping was not conducted will be visually
inspected by the cognizant engineer, or designee, within three months of excavation
to verify that the exposed rock units are laterally continuous and similar to those
exposed in the mapped areas of the facility. Any unusual features will be reported

in the annual geotechnical analysis reports. '

« Fracture Mapping - Fracture mapping will be performed and carried out by the
cognizant engineer, designee, or Geotechnical Engineering manager at locations
selected in accordance with accepted industry practice. Observations from
boreholes and excavated surfaces will be used in performance assessments of the
underground facrllty -

. Core Library Operatlons Geotechmcal Englneermg will mamtam a reposntory for
geologic samples that have been determined necessary for Iong-term storage.
Approved WIPP procedures define the proper methods for maintaining the sample
"reposrtory, the submittal-of core to the Core lerary, maintenance of the Core
Storage Facmty (mventory, handllng, and distribution), authonzahon for-access to
vrew the ore on-site and authorrzatlon to remove samples from the ||brary '

Other Actlvmes of the eoscrences Pro : ram

Test plans er be dv 'elloped for geoscrence actlvmes that are i.|rk| a de elopmental stage
’ or are not r_o itine ;performed They will in ude or reference- he? ) Q{prlate proce-
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installed in the shafts and drifts of the WIPP facility. Geotechnical instrumentation
installed in the shafts and underground includes tape extensometer points,
convergence meters, borehole extensometers, piezometers, strain gages, load cells,
and crack meters. The instrumentation is sensitive enough to detect small changes in

rock displacements and rock stresses.

Information generated by this program will be documented in annual geotechnical
analysis reports. The data will be documented more frequently as recommended by
the cognizant engineer or manager. An assessment of convergence measurements
and geotechnical observations will be made after each round of measurements. The
results of this assessment will be distributed to affected underground .operations,

engineering, and safety managers.

This plan describes the general scope of the investigation, methods, and program
requirements, and will be updated periodically to reflect additions and changes.

3.2.1 Background

The instrumentation system has provided data on the performance of the WIPP design
for design validation and for projecting the long-term behavior of the underground
openings, and routine evaluation of safety and excavation stability. From an opera-
tional standpoint, the geomechanical data allow the identification of areas of potential
instability and for remedial action to be taken. To determine the long-term behavior of
the repository, assessments will rely heavily on the extrapolation of in-situ data, taken
over a peri.od,of years, to predict thousands of years of repository performance.

The engmeenng performance of the WIPP host rock is lmportant in the assessment of

- the design of the: operating facility and its ong-term performance.. _Of significance are
the tlme-dependent properties of the salt. Sandia National Laboratories has carried out

-extensive:experimental work to establish an appropnate constitutive relationship for
salt that can predict its in-situ mechanical performance. To validate the adequacy of

. the facmty design, field data from geomechamcal instrumentation are used to determine
- actual ~mechan|cal pen‘ormance of the shafts and excavatlons at the facmty horazon.




WIPP Geotechnical Engineering Program Plan
WP 07-01, Rev. 2

* Maintain and augment the geotechnical instrumentation system in the WIPP
underground and upgrade the automatic data acquisition system as necessary

» Monitor geotechnical instrumentation on a regular ba5|s and maintain a current data
base of instrument readings

+ Evaluate the geotechnical instrumentation data and prepare regular reports that
document the data and analyses describing the stability and performance of
underground openings

» Recommend corrective or preventive measures to ensure excavation stability and
safe operation of the facility

3.24 Methods

The process by which geomechanical monitoring of an area is initiated may vary as
part of operational excavation monitoring or research testing. Proper documentation
and analysis is common to all. Installation and monitoring of the instruments will be
governed by approved WIPP procedures. The instrumentation will be monitored
remotely using data loggers or read manually. Routine tasks will be carried out’
according to approved WIPP procedures. Activities which are in development, or which
are not expected to be performed routinely, will be performed in accordance with
industry standards or individual program plans that supplement this program plan.

:Data A@uisition

The remotely polled instruments are connected to a surface computer through a system

- of cables, termination boxes, and data loggers. The manually read instruments will be
~monitored using electromc read-out boxes and mechanical measuring devices. The
~ data will be collected on a quarterly basis at a minimum, but more frequent readmgs

S0 may b : 'collected as. determmed by the cognlzant englneer or manager

“ i Geomechanl

cal4 'Da’ta.!_-ogglng System

The system, onsusts of surface computers modems data Ioggers and assomated
L vlnt '”rconnectung cablmg The instrumentation is routed to local termlnatlon cabinets or. -

o accesso boxes at.various Iocatlons in the underground These contaun the electromc




i WIPP Geotechnical Engineering Program Plan
| ' | WP 07-01, Rev. 2

The instrumentation used at WIPP is widely accepted in the geotechnical and mining
industry. Geomechanical instrumentation installed in the shafts and underground
includes tape extensometer points, convergence meters, borehole extensometers,
rockbolt load cells, pressure cells, crack meters, strain gauges, and piezometers. The
instrumentation is sensitive to small changes in rock displacement and stress. The
geomechanical instruments will be installed and monitored in accordance with
approved procedures or written instructions. Instrument types, monitoring usage, and
typical installation locations are listed in the following table.

GEOMECHANICAL.MONITORIG INSTRUMENTATION

INSTRUMENT TYPE MONITORING USAGE TYPICAL LOCATION
Tape Extensometer  Manual monitoring of roof-to-floor ~ Shaft stations, access drifts.
.Closure and r'r-to-rib closure and disposal panels '
Convergence Meter Manual or remote monitoring of Areas of restricted access
roof-to-floor closure and rib-to-rib  or with limited vehicular
- closure : traffic
Muitiple Point ~ Fracture separation in the rock Shafts, shaft stations,
§ Borehole strata and deformation of the rock access drifts, and disposal
9 Extensometers mass into the excavation panels
8 W Rockbolt Load Cells  Tensile loads in rockbolts Selected roof support
systems
8 Earth Pressure Cells Pressure of the rock creep on the  Salt Handling Shaft, VWaste
concrete shaft key and on selected Shaft, Exhaust Shaft and
roof support systems selected roof support
components

rack Meters Displacement of a fracture or Shaft brows and selected
separation in the rock or between cable roof support

two anchorage points components
train Gauges Deformation of engineered Salt Handling Shaft, Waste
materials (the shaft concrete liner  Shaft, Exhaust Shaft, and
and key and installed rock bolts)  selected roof support
due to rock creep components :
iezometers Groundwater (hydrostatic) pressure Salt Handling Shaft, Waste §
hind the shaft liners and keys Shaft and Exhaust Shaft
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frequently with consent from the Departn'\ent of Energy.

Assessments of the convergence measurements and other geotechnical observations
will be performed after each round of complete measurements. Results will be
distributed to affected underground operations, engineering, and safety groups. Data

analyses may be performed on a more frequent basis, as recommended by the
cognizant engineer or manager.

Calibration

Measurement and data collection equipment used to read the geotechnical instruments
will be calibrated in accordance with approved WIPP procedures. Frequency of
calibration will be based on manufacturer recommendations upon receipt of the
measuring device at the WIPP site, or as determined by the cognizant engineer.
Calibration records will be kept on file in Geotechnical Engineering.

Routlne Actwltles

Mamtenance will be performed as needed. When an instrument is damaged or

- erroneous readings are suspected, the instrument will be physically inspected and
evaluated:for repairs or replacement. If repair efforts are unsuccessful, that instrument
‘will be documented as malfunctlonmg and monltorlng discontinued untll the lnstrument
‘has been r pl' ced or abandoned i

l ng actxvmes These mspect:ons check the phy5|cal condltlon of the
ctlon_boxes and cablmg for_ damage corroslon ,and |eose,parts :
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Other Activities of the Geomechanical Monitoring Program

Test plans will be developed for geomechanical monitoring activities that are either in a
developmental stage or not routinely performed. These plans will include or reference
the appropriate procedures to ensure that all necessary steps to complete the activity
are carried out and will detail specific plans that describe instrument characteristics,
locations, procedures, etc. These activities may include the installation and monitoring
of new instrument types to evaluate their adequacy for use in salt. Changes to the
remote monitoring equipment and software routines will be documented in accordance

W|th approved WIPP procedures.

3.3Rock Mechanics Program

This program assesses the current and future performance of the underground facility.
Its statistical and empirical data methods and numerical modeling codes, modified for
use in salt rock, provide the process for analyzing data collected from geotechnical
instruments and visual observations. The results follow approved WIPP procedures
and will be published in annual geotechnical analysis reports, or more frequently as
recommended by the cognizant engineer or manager.

This program plan describes the general scope, methods, and program requtrements of
investigations and will be updated periodically to reflect additions and changes.

37.”3,.1 E_ack_grOUnd

The Rock Mechanics Program assesses of the performance of the WIPP design for
design validation and for projecting the fong-term behavior of the underground
openings and routine evaluation of safety and excavation stability. From an operational
standpoint; these assessments will'allow the identification of areas of potential
instability and the applrcatron of remedial actions, if necessary. To validate the
“adequacy of the facrllty design, fi field data from geomechanlcal instrumentation will be
used to determine actual mechanlcal performance of the shafts and excavatlons at the

?'-"facrhty honzon
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The Rock Mechanics Program provides the capability to assess the geomechanical
response of the surface and underground facility due to mining of the underground.

3.3.3 Scope

The activities associated with the Rock Mechanics Program are designed to:

Assess the geotechnical performance of the underground excavations

Assess the effectiveness of support systems installed to control areas of potentially
unstable ground ‘

Assess the appropriateness of the current m|ne design and periodically evaluate the
criteria

Provide geotechnical recommendations for the development of mine design criteria
based on analytical assessment of the performance of the existing excavations and
from modeling of proposed design changes

Project excavation performance based on new mining, ground control activities, and

- facility aging

Predict the performance of underground excavations based on mstrumentatuon data
and supplemented by analytical studies :

Maintain a hbrary of numerical modeling codes that include the state—of—the-art

' understandlng of salt rock. mechanlcs

Prov:de recommendatnons or correctnve/preventlve measures to underground

‘operations personnel based on the performance and expected usage of the

" . undergrou nd facnllty

: 3 34 Methods
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Geomechanical Data Assessment - Assessments of the instrument data and
geologic observations will be performed periodically and reported in the annual
geotechnical analysis reports and other more frequent topical reports. Complete
data analyses will be performed at least once a year. The frequency of data
analyses will be based on the geotechnical performance of the excavations and
their operational use. The geotechnical data will be evaluated to determine whether
conditions exist which warrant closer or, possibly, immediate attention from a
ground control standpoint. Geotechnical assessments measure the stability of the
openings with respect to operational safety and long-term performance.

Support System Performance Evaluation - New support system technologies will be
evaluated as they become available and will be used as they are proven. Several
test sections of support systems have been installed and are being monitored.
These systems are instrumented to monitor the performance of the system
components. This instrumentation, in conjunction with nearby geomechanical
instrumentation, allows assessments of the effectiveness of the support system to

be performed.

Numerical Modeling - Material modeling codes estimate of the performance of the
salt rock material based on the material properties and loading conditions provided
to the model. These models can be used to determine the potential effects of
mining new excavations on the facility or the long-term effect of an excavation on
nearby openings. The accuracy of the models can be improved by modifying the

- code to more accurately represent the actual physical conditions. These
- modifications may include mesh refinement and the use of input data that more

accurately descrlbe the physrcal propertles of the host rock.

-Other Actlvmes of the Rock Mechanlcs Proqram

- Test plans;wlll be developed for rock mechamcs actlvutles that are in a developmental

T edures to ensure that all necessary steps to complete the. actnvnty are camied
I detall specmc plans that descrlbe the actrvrty, Iocatron procedure etc.



WIPP Geotechnical Engineering Program Plan
WP 07-01, Rev. 2

The Ground Control Program provides comprehensive evaluation of the ground
conditions and effectiveness of installed support systems throughout the facility. The
evaluations will be based on visual observations, analyses of geomechanical instru-
mentation data, fracture data acquired from observation boreholes, and rockbolt failure
data. The design of new support systems will be based on the resuits of these
evaluations. |

Ground control issues have been addressed since excavation began at WIPP. Initially
only minor spalls were observed. However, as the excavations aged and issues
associated with the roof beam began to develop, most of the facility was pattern-bolted
with mechanical anchor rockbolts. Because these bolts provide a basically rigid
support system, they have a finite life and supplemental systems are required in areas
scheduled for decades of use. The support systems must maintain many areas of the
underground accessible for the projected life of the facility.

The information generated by this program will be documented in annual assessment
reports. Assessment of the performance of the installed ground support systems are
performed as recommended by the cognizant engineer or manager. The results of
these assessments will be distributed to affected underground operations, engineering,
and safety manager sections. :

This program plan describes the general scope of the ground control activities,
methods, and program requirements, and will be updated periodically to reflect
additions and changes to the program. "

‘3 4.1 Background

The operating life of sectlons of the: underground facnhty may extend to apprommately
fifty years from the date of excavation. Over time, the strains associated with stress
conditions ‘around the: excavation resultin, degradatlon of the, surroundung rock. Safety
concerns associated with deterioration: of the roof necessitate monitoring, maintenance,
and ground conitrol’ mechamsms to ensure: safe working conditions. ‘Roof suppc‘r_t-

; __Lsystems are currently in place through out the _facnllty, however because of creep

~ “closure; they may undergo severe stres e a I|m|ted service I|fe and Tequnre

; ‘perlodlc replace' ’ent b e » ,
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The excavations vary in geometry, geology, age, and operational use. These
differences affect the selection of ground control measures, but the ability of the salt to
creep or flow with time has the greatest impact on selection of support systems. Salt
creep exerts strong forces, both vertical and horizontal, on any control mechanism.
During the time that the underground has been active, a variety of ground control
issues have been encountered ranging from minor spalling to roof falls.

3.4.2 Purpose

The Ground Control Program provides the strategies for development and selection of
the most applicable and efficient means of maintaining and monitoring the ground
conditions of the WIPP underground to ensure safe and operational conditions. The
selection of ground control fixtures is in accordance with 30 CFR [ 57, Subpart B,

"Ground Control."

3.4.3 Scope

The program is continually evolving. Current associated activities include:

« Addressing ground control concerns and design and implementation of ground
support systems on a case-by-case basis

« Installing and monitoring of small-scale and full-scale in-situ support systems for
evaluation

. Identrfyrng and/or deve|op|ng new ground control technologres that have appllcatlon
to WIPP. condltlons .

. Documentlng and evaluatlng ground support system component fallure

e Evaluatmg the effects of new: mrmng and mine deS|gn changes on the effectiveness
_.of m‘stal-led ground support systems proposed |nsta|lat|ons and the stablhty of the




WIPP Geotechnical Engineering Program Plan
WP 07-01, Rev. 2

the ground, (2) remove the ground, or (3) discontinue access. The first two options are
engineering alternatives while the third option is an administrative decision. The
ground control design criteria are based on long-term objectives, experience,
performance of existing systems, laboratory and in-situ tests of selected ground control
components and/or systems, numerical analysis, and site-specific geotechriical data.
These criteria may be modified to accommodate technological advances, geologic
conditions, or operational requirements.

Routine Activities

Ground support systems will be installed in accordance with approved written
instructions. Monitoring of the geotechnical instruments that monitor the performance
of the support systems will be performed routinely and carried out according to
approved WIPP procedures.

Other Activities of the Ground'Control Program

Activities which are in development, or which are not expected to be performed
routinely, will be performed in accordance with industry standards or individual program
plans that supplement this program plan.

4.0QUALITY ASSURANCE

The WIPP Geotechnical Engineering programs are governed by the WID Quality
Assurance Program Description. Steps to ensure quality will be incorporated, as

.- needed, in the technical procedures used for geotechnical engineering activities. The

' Geotechnlcal Engineering manger, or assigned designee, is responsible for developlng
and malntalnlng this program plan and assocnated procedures.

.‘ 41 DeS|gn Control

'ltems and processes WI|| be desrgned usmg sound engmeenng/smenhf ic pnncnples and'

Of late standards Desrgn work, including changes will incorporate appropriate

- requnrements 'such as general design criteria and design basis. Design interfaces will
= be |dent|f|ed and controlled - The adequacy of products wili be verified by. individuals. or
. er thar lthose who performed the work Verification. work wrll be completed
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4.3 Instructions, Procedures and Drawings

Quality-affecting activities performed by, or on behalf of, the geotechnical engineering
programs will be performed in accordance with written plans or approved procedures.

- WIPP general procedures will be used for procurement, document control, and quality

assurance.

Technical procedures will be developed for routine quality-affecting functions. The
procedures will include in-process and final quality controls and documentation require-
ments. The procedures will be as detailed as required and include, when applicable,
quantitative or qualitative acceptance criteria to determine that activities have been

- satisfactorily accomplished. Procedures will be developed in accordance with existing

WIPP procedures.

4.4Document Control

Documents that prescribe processes, specify requirements, or establish design will be
prepared, approved, issued, and controlled. Controls will ensure that the latest
approved versions of procedures are used in performing geotechnical functions, and
that obsolete materials are removed from work areas. The Geotechnical Engineering
manager will identify the individuals responsible for the preparation, review, and
approval of geotechnical engineering controlled documents.

4, 5Control of Purchased Material, Egungment, and Services

: Measures wull be taken in accordance wuth current WIPP procurement policies and
. procedures to ensure that procured items and services conform to specified

requnrements_ These measures wnll generally lnclude one or more of the followmg

Evatuatlon‘ of the suppllerﬂs capablllty to provnde |tems or services, in accordance
o wuth re‘ 'unrements |nclud|ng the prevuous record in provudlng S|m||ar products or
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4.6 ldentification and Control of ltems

Measures will be used to ensure that only correct and accepted items are used at
WIPP. All items that potentially affect the quality of the geotechnical engineering ;
programs will be identified and controlled to ensure traceability and prevent the use of t
incorrect or defective items.

4.7 Test Control

Testing or experimental/monitoring activities will be in accordance with written plans or
procedures that contain the following provisions, as applicable: '

-« Purpose, scope and/or definition
+ Prerequisites such as calibrated instrumentation and supporting data; adequate test
equipment and instrumentation, including accuracy requirements; completeness of
item to be tested; suitable and controiled environmental conditions; and provrslons
for data collection and storage

* Instructions for perforrrung the test

« Any mandatory inspection and/or hold points to be witnessed by WID or other
designated representatives ‘

+  Acceptance and rejection criteria

. Methods of documentihg or re‘cordi’ng test data

o ’Reqmrements for quahf ied personnel D - :

. E aluatron of test results by authorlzed personnel

Test or experlmentallmonltorlng procedures prepared by other pro;ect part|C|pants ,
; (e g., Sandia N«atlonal Laboratorles) used as WID. procurement documents will be .
, rev:ewed to ensure that the documents are complete and the tests described by the
. documents are adequate to determine that the mvolved equment systems or
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Test requirements and acceptance criteria will be specified, documented, and reviewed
and will be based upon applicable software requirement, design, or other pertinent
technical documents. Required tests, including verification, hardware integration, and
in-use tests, will be controlled.

Testing of software will, at a minimum, verify the capability of the computer program to
produce valid results for test problems encompassing the range of permitted usage
defined by the program documentation. Testing will also be designed to identify and
eliminate any serious defect that could, for example, cause a crash.

Depending on the complexity of the computer program being tested, requirements may
range from a single test of the completed computer program to a series of tests
performed at various stages of computer program development to verify correct
translation between stages and proper working of individual modules. This will be
followed by an overall computer program test.

Any software to be developed on site (by WID personnel or others) (i.e.,
noncommercial software) will follow the requirements of NQA-2.7, and shall include, at
~ aminimum, a requirements document, a design document, a validation and verification
" plan, a software quality assurance plan, a testing plan and procedures, a configuration
““management plan, and appropriate user manuals. These will be reviewed and

approved by appropriate WID _personnel.

Regardless of the number of stages of testing performed, verification testing and
- validation will be of sufficient scope and depth to establish that software functional test
reqwrements are satisfied and that the software produces a valld result for its intended

»functlon

' 4 QControI of Momtormg and Data Collectlon nggment

e Monltorlng and data ,colleg:tnon eqmpment WI|| be controlled and cahbrated m
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4.10 Handling, Storage, and Shipping

Handling, storage, and shipping of items will be coordinated in accordance with
established procedures or other specific documents. Geotechnical Engineering is
responsible for storing, handling, and shipping rock core and other geologic samples.

4.11 Control of Nonconforming Conditions/Items

Conditions adverse to quality will be documented and classified in regard to their
significance. Corrective action will be taken accordingly.

Equipment that does not conform to specified requirements will be controlled to prevent
its use. Faulty items will be tagged and segregated. Repaired equipment will be
subject to the original acceptance inspections and tests prior to use.

4.12 Corrective Actions

Conditions adverse to acceptable quality will be documented and reported in
accordance with corrective action procedures and corrected as soon as practical.
Immediate action will be taken to control work, and its results, performed under
condition’s adverse to acceptable quality in order to prevent degradation in quality.

The Geotechnlcal Engineering manager, or deS|gnee will mvestrgate any deficiencies
-in activities in accordance W|th approved procedures. :

413 Records Management .

Identlflcatlon preparatnon collectlon storage malntenance dlsposmon and
-~ permanent storage of records erI be in accordance wnth approved WIPP procedures
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quality and process effectiveness, and to promote improvement. The organization
performing independent assessments will have sufficient authority and freedom to carry
out its responsibilities. Persons conducting assessments will be technically qualified -

and knowledgeable of the items and processes to be assessed.

4.15 Data Reduction and Verification

Computer programs, commercial data processing applications, and manual calculations
that collect or manipulate/reduce data will be verified. Verification must be performed

before the presentation of final results or their use in subsequent activities. If it
becomes necessary to present or use unchecked results, transmittals and subsequent
calculations will be marked "preliminary” until such time that the results are verified and

determined to be correct.

5.0REFERENCES

Title 30 CFR 0 57, Subpart B, "Ground Control"
Title 40 CFR [ 194, Section 42, "Monitoring"

WP 13-1, Quality Assurance Program Description
WP 16-1, WIPP Computer Protection Plan
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1.0 Introduction

This Geotechnical Analysis Report (GAR) interprets and presents the geotechnical data from the
underground excavations at the Waste Isolation Pilot Plant (WIPP). The data, used to
characterize conditions, assess design assumptions, and clarify and evaluate the performance of
the underground excavations during operations, are obtained as part of a regular monitoring
program. .

GARs have been available to the public since 1983. During the Site and Preliminary Design
Validation (SPDV) Program, the architect/engineer for the project produced these reports on a
quarterly basis to document the geomechanical performance during and immediately after
construction of the underground facility. Since the completion of the construction phase of the
project in 1987, the reports have been prepared annually by the management and operating
contractor for the facility. This report describes the performance and conditions of selected areas
from July 1, 1996, to June 30, 1997. This report is formatted into nine chapters. The remainder
of Chapter 1.0 provides background information on the WIPP site, its mission, and the purpose
and scope of the geomechanical monitoring program. Chapter 2.0 describes the local and
regional geology of the WIPP site. Chapters 3.0-and 4.0 describe the geomechanical
instrumentation Jocated in the facility shafts and shaft stations and the results of the monitoring
and interpretation of this instrumentation. Chapters 5.0, 6.0, and 7.0 present the results of
geomechanical instrumentation monitoring in the three main portions of the WIPP underground

- facility; the Northern Experimental Area, the access drifts, and the Waste Disposal Area.
Chapter 8.0 discusseés the activities included in the Geosciences Program. which includes
oeolomc core ‘mapping, fracture mapping, and borehole observations. The final chapter Chapter
9.0, summarizes the results of the geomechanlca] instrumentation momtormg and compares the

current excavauon performance to the system deswu reqmrements o

1.1 Locatlon and Descrlptlon D
~The WIPP 1s located in. southeastem New Mextco -P lulometers (km) (‘76 mxles) east of

: ’Carlsbad (Ftcure 1= l‘) fi;The surface fac1ht1es were butlt on the flat to gently rollmg hllls that we ‘
: ;'charactensttc of th

! Medanos area. The undercround fac1!1ty is bemg excavated

= dpptOleately 65 > meters (m) (7 150 feet [ft]) beneath the surface in the Salado Form "on
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9.0 Summary

At the beginning of the WIPP project, criteria were developed that ad@ the requirements for
the design of the WIPP (DOE, 1984). These criteria, in the form of desron requirements, covered
all aspegts of the mined facility and its operation as a pilot plant for the demonstration of

- technical and operational methods for permanent disposal of CH- and RH-TRU waste. As the
WIPP developed and the focus moved toward the permanent disposal of TRU waste, these design
requirements were reassessed and replaced in 1994 by a new set of requirements called system
design descriptions (SDD). Table 9-1 shows the comparison of these SDDs with conditions
actually observed in the underground from July 1996 to June 1997.

Fracture development in the roof is primarily caused by the concentration of compressive stresses
in the roof beam and is influenced by the size and shape of the excavation and the stratigraphy in
the immediate vicinity of the opening. Pillar deformations induce Jateral compressive stresses
into the immediate roof and floor. With time the buildup of stress causes differential movement
along stratigraphic boundaries. This differential movement is identified as offsets in observation
boreholes and is indicated by bending deformation in failed rockbolts. Large strains associated
with lateral movements in the roof can induce fracturing in the roof, which is frequently seen
near the ribs.. This scenario of roof deterioration, combining a buildup of compressive stresses .
over time, horizontal offsetting, and large strains associated with lateral movements, is
substantiated by observanons of similar roof deterloratron in SPDV Room I, SPDV Room 2, and

the E140 drrft between SlOOO and S 1950

”’.iMa_]or modlﬁcanons to the underoround duuno thls repomng penod consrsted of roof beam
'f-fv-removal in the E140 dnft in the area of S lOOO ' "__S_1300 The decision to remove the beam came
“as aresult of operatronal schedulrno and convenrence as well as observatrons of roof beam

deterroratlon Observatrons 1ncluded high expansron rates across clay G found from

5 ,.extensometer data. vrsual observation of fracturing. wrthrn the 1mmed1ate roof; and an increasing

number of bolt farlures occurrrn° in the area. Althoueh the roof beam could have been
gh roof control measures it was also deterrmned that operanonally it was an

o mamtamed th




Table 9-1

Comparison of Excavation Performance to System Design Descriptions

Requirement

Comments

System Design Description

SDD-UHO00. Underground
Hoisting, Section 2.1.2.6.3

Section 2.1.2.6.4

‘Section2.1.2.8

*“The lining shall be designed for a
hydrostatic pressure... . ."

Water pressure observed on
piezometers located behind the shaft
keys in the Waste Shaft and the Exhaust
Shaft remains below design levels.
Piezometers located in the Salt
Handling Shaft were not functioning
during this reporting period. Historic
data indicate water pressures in the Salt
Handling Shaft to be below design
levels. The Salt Handling Shaft liner
continues to resist water inflow into the
shaft. Efforts are underway to
determine if the piezometers in the Salt
Handling Shaft can be repaired or
replaced.

“The key shall be designed to resist the
lateral pressure generated by salt creep.”

| Geomechanical data from the Waste

Shaft indicate that the shaft is
structurally stable. Extensometers
located in the Salt Handling Shaft and
the Exhaust Shaft were not functioning
during this reporting period. Historic
data indicate that closure of all the'
shafts remains within design
requirements. Visual inspections of the
shaft keys indicate they are pesforming
as d@gned

“The key shall be designed to retain the’

rock formation and will be provided with -

chemical seal- nngs and a water
collection ring with drains to prevent
water from flowmg ‘down the unlmed

i shaﬁ from the hmng above

The small amount of groundwater
inflow into the shafts is effectively
controlled through grouting. Seepage
into the Exhaust Shaft is minimal and

| the source and content: of such seepage

are being chamclenzed (Intera. 1997,
IT, 1997) R




Table 9-1 (Continued)

Comparison of Excavation Performance to System Design Descriptions

System Design Description

Requirement

Comments

SDD-AU0Q, Underground
Facilities an uipment,
Section 2.2.1.2, Underground
Disposal Facilities

Section 2.2.1.2, Underground
Disposal Facilities (Continued)

“The underground waste disposal
facilities shall be designed to provide
space and adequate access for the
underground equipment and ternporary
storage space to support underground
operations.”

“The underground waste disposal
facilities shall be designed to provide the
capability of retrieving the emplaced CH
and RH TRU waste.”

Geomechanical instrument data and
visual observations indicate that the
current design provides adeguate access
and storage space.

retrievability is no longer necessary.

Section 2.2.1.3, Underg_round
Shaft Pillar Facilities

“Entries and sub-entries to the
underground disposal area and the
experimental arcas shall be provided and
sized for personnel safety, adequate air
flow, and space for equipment.”

Deformation of excavation remains
within the required limits. The northern
portion of the underground from
approximately N80O was deactivated
during this reporting period because the
area is no longer needed for
experimental purposes. This area is no
longer accessible.

Approximately 1.5 meters (5 feet) of
roof, up to clay G, was removed in the
E 140 drift from S1000 to S1300.

SDD-EMO00. Environmental
Monitoring, Section 2.2.5.1

“Geomechanical instrumentation shall be
provided to measure the cumulative
deformation of the rock mass
surrounding mined drifts. . .."

Geotechnical instrumentation is
operated and maintained to meet this
requirement. Additional geotechnical
instruments were installed in various
parts of the WIPP underground
(including the E140 drift, Room 7.
Panel 1, and'SPDV Room 4) during this
reporting period.

Geotechnical experts agree that the
monitoring program at the WIPP has
been proven adequate. specifically with
regard tothe instrumentation in Room

I:"beam /'despne the'zfact lhat the rate in some‘areas is apprommately‘5 cm/yr (2 ‘“/ yr) These rates

1. Panel ! '(DOE. 1991b).
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