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SUPPLEMENTAL AGREcMEnT
BETWEEN
AKIZONA BOAKD OF REGENTS
AND
THE U. S. NUCLEAR REGULATORY COMMISSION

THIS SUPPLEMENTAL AGREEMENT, effective the J1st day of May, 1985 by

and between the UNITED STATES OF AMERICA (hereinafter referrea to as the
“Government"), as represented by the UNITED STATES NUCLEAR REGULATORY COMMISSION
(hereinafter referred to as the "fommission”), and ARIZONA BOARD OF REGENTS
(hereinafter referred to as the “Contractor"),

WITNESSETH THAT:

WHEREAS, the parties desire to modify Contract No. NRC-04-78-271 as hereinafter
provided, and this supplemental agreement is authorized by law, fncluding the
Energy Reorganization Act of 1974, as amended, and the Atomic Energy Act of
1954, as amended.

NOW, THEREFORE, said contract is hereby modified as follows:

1. Appendix A, attached to this supplemental agreement and made a part hereof,
provides for the research to be performed by the Contractor during the
contract perfod specified therein,

2. In Article 11 - The Perfod of Performance, the date "December 31, 1985"
is substituted for the date "May 31, 1985."

3.0 In Article 111 - Conséideration, the sum"$2,197,566.84" is substituted for
the sum "$2,087,937.62."
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IN WITNESS WHEREOF, the parties have executed this document,

ol

rth
fficer

aul 4. q
Con€ractin

{title

Nuclear Regulatory Commission

Aigeoe e of Regents
Urigers ty of Arizona

Tucson. \
Floyd A! Swenson

Contracting Officer

(title)
I, James T. Wheeler , certify that 1 am the
(attester)
Assistant Vice President for Research of the Contractor named
under this document; that Floyd A, Swenson
(signatory)

who signed this document on behalf of said Contractor was then

Contracting Officer of said Contractor; that

this document was duly signed for and on behalf of said Contractor by
authority of fts governing body and is within the scope of its legal

powers.

IN WITNESS WHEREOF, T have hereunto affixed my hand and the seal of

said Contractor.

'oclor
st. Vice President for Research

(SEAL) y/
JUL 16 1985
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CO R tam - AR ZGLHA BOARD OF REGIRLES
ALRDIXY A

For the Cuntract period June 1, 1980 through December 31, 1985
Article A=) RISEARCH TO BE PLRFURIED BY CONTRACIOR

(2) The unclgssified Scope of Hork under this contract cntitled, "Cealing
Rock Masses"™ 1s as follows:

RLPOKTS:

Progress reports shall be submitted quarterly. /An annual topical
report shall be submitted at the end of cach of the three (3) periods
of work. A final report shall be submitted upon completion of the

contract performance.
June 1, 1980 through May 31, 1961:

1) taboratory York

a) Develop a test facility for a variety of pluoaing raterials
(including clay and cemont) under a variely of rocks erd a
renge of load condilions. This includes building redial and
polyaxial permeameters. The budget includes the drilling
subcontract for the Subsurface 1ass and Energy Transport project

and for this project,

b) Use the facility to escertai wealing pervioraance uncer ideal
- conditions (leboratory simulated field conditions) end cevelop
a data tank. The pricary tests to be perioried are rock
permeability, scalent perimeability, seal lealage (2iung Lhe
rock-seal interface) long-term seal durability, and seismic

response.
2) field York

The waterials judged best will be used for plugging holes G illed
at the field-test facility in cooperation with Siapson, Leusan and
Thoopson in their rescarch on giound vater in fraciured crystalline
rocks, The perforcance will be tested by coomaring tracer tests
end 1luid injection tests Lefore cnd aller pluoging,

3) Inelytical Studies

Rock creep over Lime will be calculated by tvo dincnsional elestic

analysis.

4) The possibility of using facilitios at the lovada Test Site for the
studies intdhuruuckt),ud,gnll|w4nf"hwd.
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Rescarch work 1o he per foreed i om dane 1, 10 to Pay 31, 148) will
tuns st jo Vs l]y of:

1. Field studies, including detarled comparisons Letveen lahoratory
and field pervforvance,

2. laboratory studies (simulated field conditions) to Lroaden the
experimental data basis.

3. Data analysis,

The wain ciphasis of the work during the year will be on & systematic

field tdsting program. It is expected that the crpevivental work pevfori  d
during the previous year will provide a «olid factual Lasis for Lhe

final sclection of scaling technology, field coplaceiont techniques, end
degree of sealing that can be achieved under "idcal® laboratory conditions,
The results obtained during the provious year will include specific data

on the permeability of the rock at the location of soume of the Lorcholes
Lo be scaled and tested during Lhis yoar, These data are essential for

the subsequent plugging performance assessment,

The experimental field work will consist of drilling (coring) additiona)
holes in selected rock types, scaling (plugging) with clay end cenentitious
products, and perforizance evaluation with pressurized injsciion and

Lracer Llests. As part of the proposed field work several holes will be
plugged and tested for long-term performance. Sume of these tests will
consist of continued steady pressurization over several ronths, olhers

of intermittent short-term testing at regular intervals of several

months,

Supporting 1aboratory work for this principal field sequence will include
pericability and sealing tests on the cores recovered. Tnis will provide
ihe necessary reference basis for comparing the actual field periorsance,
@s it is when affected by at-depth installation procedures, with laboratory
perfor. ance,

In addition to laboratory tests ‘. direct support of the field vork, 1t
5 necessary to continue laboratory «tudies of plugging periormance that
cannot be done in the field. This includes most importantiy the changes
in stressfields to which the rock mass can be suby. ted over long periods
of time. Such changes will be simulated in the testing facilities
developed during the previous year,

June 1, 1982 through Fay 31, 198

the pain cophasis of the propood rosearch during this yoar v A1) e on
lalwratory testing, with soss supplerontary fiold wori.

The proposed Taboratory vork will cunsist largely of & éirect continuation
of vork initiated previously. This will include long-tevmn tosts, ..,
divect creep loading and/or internal proscurization of plucc *d cores in
the triaxial frames equipped for long-term tosting,



The wain cuphasis of this lust year l1ab work will be on extending the
experimental data basis for various rock types and plugs. This wvall include
testing in both triaxial and polyaxial conditions, At this stage of the pro-
Ject, the experimental work of both types will have been reduced 1o routine
operations. It will therefore be possible to obtain an extensive data basie
in a Ltime and cost efficient fashion, by systematic studies of the performance
of a variely of scaling products in a variety of rock cores,

Field work will consist of two types: counlinuation of previously initiated
long-tevm tests in already plugued holes, and perforvance testing of new
installations suqguested by Lhe results from previous field mcasurc: nts

or lab measurcoments performed as part of this contract, or by resultls or
reconendations hased on rescarch performed at other institutions.

June 1, 1983 Lhrough Septewber 30, 1984:

fescarch work to be performed from June 1, 1983 to Septesber 30, 1424 will
consist pricarily of:

1.  Fiele jesting of Borchold Plug Perforcance
2. leberetory Testing of Lorchold Plug Ferforvance
3. Scouling YNork on Discontinuity Sealing

1) Field Testing of Borehole Plug Ferfornance
Field work involves four aspects:
a) Site Selection
b) Field Drilling, Hole and Core Vepping and Testing

) Plugging
d) Piug Ferformance Testing

The site selection is nearing completion now tor tutt, and one wore
site, probably granite, will be located. Fleld drtlling 18 cocpleted
for approximately fitey percent, Fleld testing equipsent 1s seventy
percent complete, and fleld testing has been started, A dotatled field
testing sehedule is given in Table 1. This schedule 18 fatsly tight,
considering that 1t invelves t1eld vork at different Jocat cns.,
Yreasety tor quality canuranes reasons, 1t 18 Mghly desic Nle te rua
the cojpirt onts fur o Young viam, and 1o duplicate thea to 1Y Lieatost

extent ponsible,
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Table )

Proposed Time Table - Field Testing of Borchole Plugs

Aug. = Doc, ‘82 : Orucle Fidge Mine (granite; liucstone)
Jan. = Apri) ‘83 ¢ Gracle Grunite

“ay - ‘ug. '8 : MeNary Dum Stte (bosalt)

Sept. -~ Dec. '83 : Tuft Site

Jan., = April ‘B4 : Second Granfte Stte

May = July ‘84 Final sequence of field tests (Zetatls to

be decided - site, especially rock Lype
and plug materfial to be selected hased at
least in part on previous tesults - Joave
upen pousibility of retesting an earlies

plug)

Lavoratory Testing of Rorehole Plug Performance

The primary purpose of the lsboratory plug testing to be performed 15
to broaden the experinental data base on which one can draw to Justify
conciusions with regard to expected and achievable hole pluoging
perforiance. This includes broadening both in terms of the types of
materials tested, the kind of conditions under which they are tested,
m 7:::blnmm the repeatibility and reliability of the results

a :

During this period, the laboratory barehole plug testing program
shall consist of three main aspects:

« continued systematic investigation, f.e. evaluation of the
tnflucnes of catertials and of test paraseters on seal joifor ance

o senensaent of the tnflurnece of “wnusual” featwres wa Yo chmle
plug potfor ance

« assersseont of sire effects on veal perfoinance
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The fiist category of experiments clearly is intended to directy
enlarge the data basis, with vhat are now essentially “routine”
experiments: varfation in rock types, 1o plug products, 1o flow pres-
sure gradients, and in external stressfields. An cssential oblective of

these caperimonts 18 to ssnure redindancy In results In vréder to obtaln

a2 =axinus possible degree of confidence In the validity of the results
«nd of the caperimental procedures. These eaxperiments are a direct
cuntinuation of tkc expuriments 1eported on to date, 1o progress reports
«nd fn topical reports.,

Three types of testing inciuded fn this category are studies of the
influence of dynamic loading (simulated earthquales) on borehole plug
perforzance, studies of the danaged or disturbed zone about Loreholes,

«nd studies of tenperature «ffects (1.a. sealing perfor-ance at elevated

¢ blent temperatures).

The second class of experiments 16 te cvaluate the influence of
features that might affect plug perforcance but are not inelo‘ed in the
Lesie testing requence in order not to have an excessive nunber of
veriables in that sequence. Tramples of such non-standard features that
are consideind include the fofluence of drilling sethod (plugs fn per-
cussion=drilled holes are presently being tested), the fofluence of
alloving a plug to dry for a certain time (two tests presently
concluded), the influence of hole wall contamination, the influence of
pressure curing, ete. One perneaseter presently 1s reserved for such
non-!tan‘nr‘ experiments, This might be fncreancd to two fn the future,
on condition that sufficient baste data can be pathered <ithout

fnterforence fion such more speendative eojurtoonts,
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Scouting Work on Discontinuity Sealing

Sealing of discontinu ties is a fundamental aspect of rock mass sealing.
Although considerablie experience exists in grouting and rock bolting,
two practical sealing methods, the performance of such wethods remains
highly upredictable, especially in the renges of relatively low per-
wcability, of wost concern ncar WLW repositories. The hpor tance ond
complexity of this problem with respect to nuclcar vaste icletion are
such as 10 warrvant a wajor investication, Because there is & close 1ink
betveen discontinuity sealing and borehole plugging, cepecially in terms
of experimental equipment, a gradual transition of cquipsent utilization
from one Lo the other would scem most appropriate.

Two basic types of experiments shall be performed:

= radial periaeancter tests on single f{racture grouting

= poliaxial block testing on single fracture grouting

These are to be couplenented by a series of back-up esperi-ents:

“ grouting experiments on controlled-width parallel plate zadels,
pricarily to asscss the grout properties on an experinent sjou=
Jating its actual application, and to acsess and cozpare the
validity of parallel plate flow equations for highly viccous
raterfals

“ aperture studies on discontinuities in rock bloeks

- zaterial property determinations of grouts.

Summary of Work

The primary work to be performed during the period June 1, 1983 through
September 30, 1984 is the in-situ test ng of borehole plugs, laboratory
testing of borehold plugs, and scouting work on fracture sezling, The
borehole plug performance assessnent studies wil) give a bried data
Lesis of experimental laboratory results, bachod up by several field
Grparicents.  This data will cover three rock types and tho ug types
(es & wintmom), tosted under a range of stress and flyid o s cure cundi-
Lions,  These coporinents wil) constitute a rajor ¢ddition 0 the
(prosently very limited) factual data basis on plug perforince. As a
consequence, it will provide a considerably improved fracev:rk within
which to judge the 1ikely performance of fn-situ <eals. Co . tidering
that truly in-situ experimonts will not be available for so e time
(with a very swall number of ecxceptions), and will be scall in nuiber,

T = e
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an experimental, fac:ual framework on which to judge the sealing
performance that can be expected should be of considerable value

in guiding internal NRC (licensing requirements) discussions and
reviews. It will provide input for release risk assesc<ments. The
data basis will allow comparisons against DOf data, and provide
factual aforwation for weetings with the scientific community,

with the public, and with other requlatory sgoncies, 1t will provide
dirtect nuerical guidelines for perforiance that can be ¢.pcied
eCcording Lo requircments in 10 CIR 60,133,142,

The experinents perfoined to date show that, in the liboratery,
cenment borehole plugs, installed in uniractured scctions of low-
per eability rock (granite, basalt), will rceduce water flew along a
dianond drilled borehole to a level not excecding by wore than one crder
of zagnitude the flow through a geonetrically id ntteal section ot
fntact rock. All rock masses have a peraseability which fs several
(often maay) orders of magnitude greater than that of an {ntact, small
rock sample. HRence Yorcholes, 1f sealed even approrinately as
effectively as those in the laboratory, will not significantly modify

the pra-existing fsolation effectivences of the roek sass.

The second major espect of the effort is an initial study of

fracture grouting. It 1s highly probanie that grouting will be

necovsary around sose sections of a repository. First and f{orenost i&
the high probability of grouting during shaft sinkin,. This 4s an
extrenely coumon practice in shafts wvhere vater prohlens are encounterod
or expected, 1t {8 well-knowa that such shaft grouting is highly
unpredictable (undoubtedly to a considerable extent Yecause of
fandequate site Investigations, a sftuation «bich prosucadly vill not be
sncountercd for WU cepositories) in many aspects: giout quantities,
pressures, sealing perfornance, It s covnn for prouted shialis o
allov vis‘ble water inflow (the sane holds true for tunnels) While
this can Ye accepted in ordinacy mintng and construetion practice, and
con be Yundled by dratnlng and pooptog, such an oppreach Zocs not sees
te he accoptable for MW ropunitortes,
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The preoposed fracture sealing study w11l address <hat probably s
the most fwportant fracture sealing problem: the scaling of discontinu~
fties directly about underground excavations. The biaxtal loading frame
vill allow testing of rock blocks under stress conditions sinulating
that sitvation. Similarly to borchole scaling, 1t is frjortant to
develop a factnal experfuental data basis, of a Wroad zencric type, in
ordur to develop a rational franmcvork for estivating the jerformance
that 1s achievable 1n practice. Such a framcsork <111 alicw a solidly
based engincering jJudgement, before detatled sitc -npectfiic seanuicnents

can be avallable, about the potential risks of flow paraliel to

excavations that might rezain even after grouting.

October 1, 1984 through May 31, 1985:

Research work to be performed from Jctober 1, 1984 to May 31, 1985 will

consist primarily of:
Task 1: Field Work
Subtask A: MeNary Dam Site Field Toot: g

Three four-inch diameter comwent plugs with Jengths renging from
“ight to sixteen inches have been installed at depths canging (rom 150
Lo 200 feet in vertical boreholes in Lasalt. The contractor shall
conduct continuous pressure build-up and fluid build-up tests on these
cement pluss for a duration of at least six months, or until as close
to the end of the contract period as possible while allowing
sufficient time for site demobilization and return of the
instrumentation to Tucson, whichever is longer. The tests will be
pecformed in accordance with the procedures described in
FUREG/CR- 3473, or with minor modifications therefrom, The data (flow
through nd sioomd the plug, precenre) will e anslyzed te ¢ torrine
in sty perfo, rance (cquivalent hydreulic conductivity) of the plug
system (i.e. piug, plug-rock intecface, inmediately surronding
rock). The hydraulic conductivity of the field plugs will Le curpared
with that of plugs tested in the lab, installed in the sate rock type,
and mised with the came cenent and wdditives. For plugs that perform
very poercly in the field, roiodial setion will be attenpted by
placing additional coment on tap of the cainsting plug.
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“ubtack B:  Oracle Ridpe Hine Site Field Testing

One five inch long four-inch dimncter conent plug has been
installed previously in a nearly horizontal hole connecting Lwo mine
drifts, thus allowing access to both cnds of the plug. The countracor
shall perform continuous constant pressure injection tesls and

repeated tracer Lests (frequency Getormined by beceskilcosgh tine for

inilisd Lests) to ¢valuate the feauibility and effoctiveness of
“ealing horizontal holes with cement plugs. The data zhall be
analyzed to delermine the hydraulic conductivily and puresily of the

plug system, and the travel time of water (tracer) tlawough the system,

Subtask C: Cargadero Canyon Site

The contractor shall install four four-inch diameter cement plugs
with lengths not less than four inches, at dopths Lotween 10 snd 40 It
in vertical holes in granite. The contractor shall perform constunt
yreséure injection tests and tracer tesls to obtain data (cuwlative
flow, flowrate, travel time) to asscss in-situ sealing perfurence of
cenent in granite. The data shall be analyzed to determine in-situ
propecties of the plug system (e.g. hydraulic conductivily,
porosity). The results shall be conparcd to previously obtained

laboratocy resutls for ccment plugs in granite.

Results Expected from Field Tests

- data: the data obtained from the field tests will provide direct
input for repository sealing performance assessments, and
will provide a direct comparison for the evaluation of the
appropriateness of se22ling data used by the applicant in
license application perfoirance arsersients (effective or
cauivalent hedraulic conductivity «nd porosity of the total
in-situ scaling system). The dite wiil assist in . :a! sting

whether the sealing data used by the applicant are realistic.
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- =ralysis: fie)ld correction factors: corparison of the fiecld rosults
with laboratory results will provide a tool for evaluating to
what extent paraimeters measucred on nalerials (cement) in the
Jaboratory need to be adjusted for field performance
assessments.

- repeatibility, reliability: a comparicon of performance rcsults from
identical installations in the cume condilions (e.g. three
plugs at ¥ty dom, (our at Cacgedero Cuauyon) will jaovide
Gata on the repestibility of field performance that can be

achicved, wnd hience on Lhe reliashility of data.

- identificstion of plugping problems: it is proboble, based on past
experience, that not all plugs will perform fully
satisfactorily. Identification of problems c¢ncounlered
during plupging is a high priority of this project, because
it allows pointing out specific problems that might Le
encountered during actual rcepository scaling. Such problems,
and their resolution, need to be zddcresced in a license
application, and the asdequacy of the rcsoiution propozcd by
the applicant confirmed by NRC staff during license

spplication review.

Task 2: Laboratory Work
Subtask A: Radial Permeameter Testing

Radial permeameter testing allows secaling performance
measurements of borehole plugs under a wide range of stress conditions
applied to the plugged rock sanple and of injection pressures applied
to the plug. The contractor shall conduct radial permeuneter tests on
cement and bentonite plugs (1" dianeter, 17 to 4" long) in granite and
tasalt rock cylinders (6" diareter, 12" long). Two tests on cement
plugs shall utilize stepwise increzsed and decreased injection
proceures frim 300 psi to 1500 psi (at room tepzraturcs helveen
65°F and 73°F). One test on bentonite shall utilize injection

prescures from 3 psi to 1500 psi, with the upper limit Lo be d-cided
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Loted on initial results, at coum Veiperatures (5°F to IJOF)

he rock roaples shall be stressed axially and laterally in the %00
psi to 3000 psi stress range. All tests shall be conducted in
accordance with procedures summn ~ized in NUREG/CR-3473, unless initial
resulls suggest minor modifications therefrom (e.g. change in outflow
collection system, conlrol methods, monitoring procedures). All tests
shall be conducted for a minimum of six months, unless premature
failure of ecither plug or vock preclud s this, in which case an
vatﬂ(i\IXy identical test will be stacted. One tost on a ¢o nt plug
“hall be cocducted at teoperstures of ~pprox) ately 45%c rnd «0°

(sce sulitusk € fer detlails).

Tulitask B: Size Effecls on Rerehole Plug Performance

The conlractor shall perform constant precsure and/or falling
head injection tests on cement plugs ranging in diameter from 1 inch
to 9 inches ond wilh length Lo diameter ratios ranging from 1 te 2.
The flew data shall be analyzed to assess whelher size aifects

significantly the performance of cement plugs.

Sublask C: Teuperature Effects on Rorchole Plug Performance

Using Lhe radial permcareler (sce cubtask A, and the proccdures
and refercnce given there), the contractor shall conduct constant
pressure injection tests on a cement plug at teaperatures of
zpproximately ASOC and 90°C. The contractor shall conduct flow
tets in unconfined rock samples (at 45°C und 90°C) to assess
sealing performance under the most severe stress conditions (i.e.
internal injection pressures, no external confining pressures).
Experiments will be performed at ASOC and at 90°C on cement plugs
in steel] cylinders to determine cement and cement-steel intecrface
kydraulic conductivities at Lhese tenperatures. Data analysis will

include coparisons with results at room te:perature,

Subtask D: Drilling Latiage Studies

The conlractor shall sulmit a final toupical rcport on the

influence érilling diirwpe might have on borchole «caling perfo: ance.
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fublark E: Dynamic Effects on Cooent Plug Pecformance

The contractor shall submit a final topical report on the
influence of dynamic effects (simulaled earthquake loading) on the

pecformance of cement borehole plugs.

Subtask F: Scouting Experiments on the Sealing Performance of Fracture
Crouting
The conlractor chall conduct tosls to 2scess the cealing
perforiance Lthat can be oblained from grouling fractures in rock.
Water injection tegsts chall be perforiacd on the fractures prior to #nd

#fler vrouting. The c¢xternal (unjiaxial) stiess on the = ple s1all Le

varied from ncar 0 to 2,000 psi during the pre-groutling tests. The
fraclure aperiure will be determined as a function of normal slress
from these tests, and an appropriate stress level selected for
zpplication to the cample during grout injection. Grout injcction
pressure will be applicd somewhat less than the externally applied
stress, most likely in the range of 200 to 500 psi. The rezults shall
be analyzed Lo make an asscssment of the hydraulic conductivity of Lhe
fraclures hefore and after grouting, and to assess the validity of
lews predicting fluid (vater, grout) penclration along the fractures.
Grout distribution along the fracture planes will be obzerved
post-mortem by visual inspection. Data analysis shall provide a
preliminary assessment of the predictability of rock discontinuity
grouting fecasibility and of grouting performance, Lopics about which
very contradictory statements can be found in the literalure. This in
turn will assist NRC in establishing whether grouting perforrmance data
used in license application performance assessments can be provided by
the applicant with rezsonable assurance that the clained pecrfornance

can be met in practice.

Subtask G: Sealing Performnance of Bentounite and Crushed-Rock Mires

The contractor shall perform water injection tests on plugs
const,ucted of crushed basalt znd bentonite. A range of btentonite to

rock ratios (10% to S0%), extending somewhat beyond the ranyes that
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Ve Yoot counsidercd for conc plual shafd and Orift plug desipng,
<hall Le considercd for the initial tests, and more detailed Lests
<hall focus on ranges with the most encouraging initial results.
Sizes of crushed rock to be considered shall range from 1/4" to 27.
Detailed tests shall be pecformed on the largest size range that show
the hest initial results ond allow a reasonably uniform plug
construclion with available equipient. A1l initial tests are to be
perforaed on plugs installed in steel cylinders. A few concluding
t.2ls on nives vith vory good jperforiance wight he t rioi ¢ en
Loreloles in rock blocks. Data analysis will include determinstion of
rlele

flow charecteristics (hydranlic conductlivily), even though inee

s»turation cowplications are expected, and of zxial intecface sticn Lh.

June 1, 1985 through December 31, 1985

The following work is to be performed by this conilract extension. The work has
been broken into two tasks: Task 1, Field Testing, and Task 2, Laboratory
Testing. Task 1 is further divided into subtasks according to the test site
location and Task 2 into subtasks according to the test type. Field and
laboratory equipment to be used for this research, as well as the tests and
testing procedures, and composition of and techniques for the installation and
testing of cement and bentonite plugs etc., are those described in the various
annual contractor reports from FIN B6627.
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Task 1: Field Work

Subtask A: McNary Dam Site

The contractor shall install three additional 4" diameter cement
plugs, 8" to 16" long (three similar plugs were installed previously)
at depths of 150 feet to 200 feet in vertical boreholes in basalt.
The contractor shall conduct pressure build-up and fluid build-up
tests (see note below) on these and previously installed cement plugs
to obtain data for analysis, to assess in-situ sealing performance.

Subtask B: Oracle Ridge Mine Site

The contractor shall continue monitoring (see note below) of the
5" long, 4" diameter cement plug instalied in a nearly horizontal
hole. The contractor shall perform constant pressure and variable
“pressure water injection tests and tracer test to evaluate the
feasibility and effectiveness of sealing horizontal hcles in the
field.

Subtask C: Cargadero Canyon Site

The contractor shall continue monitoring (see note below) the 6"
diameter and between 8" and 12" long cement and bentonite plugs
installed in vertical boreholes in granite. The contractor shall
continue to perform constant and variable pressure water injection
tests and tracer tests in order to obtain data to assess in-situ
sealing performance in granite. The results shall be compared to
previously obtained laboratory cement and bentonite plug performance
data to evaluate the effectiveness of field plug installation

techniques.

NOTE: A1l field monitoring for subtasks A, B, and C shall be
completed at the conclusion of this contract extension. The
contractor shall, before the expiration of the contract, drill out
all installed plugs for inspection and detailed examination. The
results of the examinination shall be included in the technical

report for each subtask.
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Task 2: laboratory lesting

Subtask A: Temperature Effects on Borehole Plug Performance

The contractor shall conduct and complete experiments on plugs
emplaced in rock blocks and steel pipe to obtain flow data and
strength and swelling data for assessing sealing performance at
elevated temperatures. Specifically, the tests will include constant
pressure water injection tests (at pressure of 500 psi, 1000 psi and
1500 psi) and variable pressure water injection tests (pressures up
to 1000 psi) on 1" diameter, 1" to 2" long plugs of the following:

- 3 to 6 cement plugs for temperatures from ambient up to
250°C (intermediate temperatures, e.g., 60°C, 100°C, 150°C,
200°C shall be included).

- 3 to 6 bentonite plugs for termperatures from ambient up to
250°C (intermediate temperatures, e.q., 60°C, 100°C, 150°C,
200°C shall be included).

- 3 to 6 bentonite - crushed rock mixes (proportions to be
determined from work under progress) for temperatures from
ambient up to 250°C (intermediate temperatures, e.q., 60°C,
100°C, 150°C, 200°C shall be included).

Subtask B: Laboratory Investigation of the Influence of
Installation Procedures on the Sealing Performance of
Cementitious and Earthen Borehole Plugs

The contractor shall conduct and complete a systematic
laboratory investigation of the installation procedures commonly used
in commercial well plugging, e.g., bailer dumping, displacement
cementing, and dropping of bentonite pelliets. The experiments
(constant pressure water injection tests at 500 psi, 1000 psi and
1500 psi, variable pressure water injection tests at pressure up to
1000 psi) shall be conducted for each procedure, and shall involve
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plugs ranging in diameter from 1" to 4" with length/diameter ratio
equal to one. The data shall be analyzed to assess the significance
of the installation procedure on borehole sealing performance.

NOTE: The precise number of plugs will be dictated by the results
obtained as the testing progresses.

Subtask C: Size Effects on Borehole Sealing Performance

The coniractor shall complete constant pressure water injection
tests (at pressures of 100 psi, 250 psi and 500 psi) on cement plugs
ranging in diameter from 1° to 9" with a length to diameter ratio of
one. The flow data shall be analyzed to assess if size effects
influence the sealing performance of cement plugs in the laboratory.

NOTE: The precise number of plugs tested will be determined by the
results obtained from the tests.

4.0 REPORTING REQUIREMENTS:

1. The contractor shall submit monthly financial status reports within 15
uays of close of each month.

2.  The contractor shall submit Quarterly Progress Reports within 30 days of
close of FY-Quarters. The Quarterly Progress Reports shall summarize all
technical tasks conducted during the corresponding quarters. Significant
problems encountered, findings and conclusions pertinent to the objective
of the project should be highlighted in the Quarterly Progress Reports.
Budgetary and administrative information shall be provided in a separate
Quarterly Administrative Report which includes the comparison of actual
and projected expenses, and other related administrative activities.
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The contractor shall submit Technical Reports at the conclusion of
research tasks. Technical Reports shall be self-contained, and will be
suitable for publication as a NUREG/CR report. Technical Reports should
include an Executive Summary that summarizes the research results with
regard to the project objectives as defined in the Statement of Work or
contract. This is specifically designed to enhance the usability of
reports fo the licensing staff and the agency as a whole. ODetermination
of topics and reporting schedules shall be made by the NRC project manager

and contractor jointly.

A copy of all written and oral presentations given at professional
meetings and technical papers submitted for pul.ication in technical
journals which is related to or funded by this project will be transmitted

to the NRC technical project manager,

Report Distribution:

(a) Topical and Quarterly Progress Reports

Technical Project Manager 7 copies
Chief, Earth Sciences Branch,

Division of Radiation Protection

and Earth Sciences, Office of Nuclear

Requlatory Research 1 copy
Chief, Waste Management Branch,

Division of Radiation Programs

and Earth Sciences, Office of Nuclear

Regulatory Research 1 copy
Director, Div. of Waste Management,

Office of Nuclear Material Safety

and Safeguards 1 copy
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Document Control Center, 0ffice of
Nuclear Material Safety and
Safeguards 1 copy

(b) Monthly Financial and Quarterly Administrative Reports

Technical Project Manager 1 copy

(c) Microfiche

Microfiche is required of all reports to be published as NUREG or
NUREG/CR documents. The specifications for this microfiche are
listed on the last page and the distribution is as follows:

Document Management Branch
Division of Technical Information
and Document Control, 1 master

Document Control Center
Division of Waste Management, Office of

Nuclear Material Safety and Safeguards, 1 duplicate

QUALITY ASSURANCE:

The contractor shall develop and submit to NRC for review of quality assurance
(QA) program plan for work to be performed under the contract or shall indicate
that a previously approved, applicable Q.A. program will be applied to the work

under this contract.

Any work (fi.e., interpretations, analyses, computations, methods, etc.).
developed under the contract shall be performed under an adequate quality
assurance program, Quality assurance comprises all those planned and
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systematic actions necessary to provide adequate confidence that the research
has been satisfactorily performed. Quality assurance includes sufficient
documentation to assure the reproducibility of the results of the research.
That is, the methods and techniques used to collect, reduce, and interpret data
produced by research are sufficiently accurate, traceable, and articulate so
that other researchers could duplicate the work done and independently evaluate

the results,

An adequate QA program shouid address the following areas as appropriate:

experimental design, and rationale--sample selection, number of samples,
sampling frequency, controls;

ctatistical evaluation of experimental design-assessment of statistical
power, of sampling scheme and measurement techniques, including expected
accuracy and precision;

sample prepartion-selection of sample type, treatment of samples, sample

identification;

measurement techniques used--description of measurement process,
description/identification of equipment used;

calibration methods--frequency, techniques, standards, traceability;

date recording--method of recording data, identification of person(s)
recording/certifying data;

data reduction--methods and codes(s) (including identification of
modifications and updates);

data analysis--description of techniques used, methods of data
verification (e.g., spot checking of measurements, calculations, etc.);
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records management-identification, location, and retention time of data,
analyses, associated records, duplicate data and/or records; and

statistical evaluation--interpretation of date, stating actual accuracy
and precision of results achieved.

In addition, if standards tests or calibration procedures are employed (e.g,
ASTM standards) these should be cited in the program. Finally, if appropriate
to the size and nature of the contract, the work and results should receive
exposure in the scientific community through publication of results in referred
journals, or through peer reviews, or both.

6.0 MEETINGS AND TRAVEL:

The contractor and subcontractor shall present the technical progress of the
project at NRC headquarters at least annually. Any travel to be charged
against project funds requires prior approval by the NRC project manager.

7.0 DOE FURNISHED MATERIALS:

None

8.0 NRC FURNISHED MATERIALS

None

9.0 CAPITAL EQUIPMENT:

A1l capital equipment expenditures require the prior written approval of the
NRC Project Manager.

10. SUBCONTRACTS

Subcontracts require the prior written approval of the NRC Contracting Officer,
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11. DISPOSAL OF PROPERTIES:

Not applicable

12. TECHNICAL DIRECTION

J. Philip, NRC Project Manacer (FTS 301-427-4604) will be responsible for
directing this project.

The Principal Investigator expects to devote the following approximate amount(s)
of time to the contract work:

Jaak J. k. Daemen: June 1, 1980 through May 3i, 1982: 20% of nis time

during each of the academic years and 100% of his time during each of the
summers. June |, 1982 through May 31, 1983: 10% of his time during the
academic year and 50% of his time during the summer. June 1, 1983 through
September 30, 1984: 20% of his time during the academic year and 100% of

his time during the summer. October 1, 1985 through May 31, 1985: 100%

of his time during tie academic year. June 1, 1985 through December 31, 1985:
100 percent of his time during the academic year.
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|
! Eaendd ¥ LoRT WRYS LU 2 ARG OF PLEMECUNCE
i (a) iiems for which support will Le provided es indicaled n A-3il, beiow
| . . . 515,589.68
' (1) Salaries and Vages L P -
; (2) fquipment to be purchased or
. fabricated by the Contractor ¢ 252,611.00
; Jure 1, 1980 - May 31, 1981:
In [rcess of $1,000.00 Triexial Vessel with . =dified piston
. Puste Cas 2nd Liquid Pere aucier Cicop No=ding fieo s (3) and long-term
v pressure raintinince end control systes
_ Universal Poro wcter
| Univirsal Flat 1rzd €211s(3)
frecision High-Pressuie low-flow punp
Electronic Ba2lance
Ponwal Creutling puwp (low-piessure,
icw-voluia) Oven with terpereturs -huaidity conliois
lerce-diczeter self-feeding dicnond Multi-channel date recorder
| W
r Cnerpac handpurps (2)
' fedial perimcemsters
Fess flow meter veter with Latch contre
folyaxial periacamsters (3)
Dicoond core Jdrall bits
| Computler teominal
F hecessories and auniiiary cquipeont
, pH rzter
:
June 1, 1931 - Fay 31, 19382:
| _
| In_Cxcess of $1,000.00
| - 6" core barrel
. - hole caliper and inclinometer
' - accessories for borehole preparation and inspection
E - inteagrated myltiple-packer isolation unit with do.n hole
I pressure-iouperature-{low recorder
, - ' tracer detecior end nonitor
F - strain monitor and serve-control system
| - accessories for laboratory equipoent

June 1, 1982 - May 31, 1983:

.
—

In [xcess of $1,000.00

- multiple-packer unit with built-in tracer dotector, ronitor
and pressure-flow recorder

- 1ab tracer detector

acessories for field equipient




June 1, 1983 - Septosber 10, 1924

In [xcess of $1,000.00

Blaxial loading frawe

Viscowmeter

Pressurized consistometer
(vith calibration device)

Taboratory vane shear tester

High-preciston heltum leak detector

or portablé gas chrosatograph
Trafler-sounted hotst with winch,

trrerator and alr conmpressor
Saz:plng pump for decp wells

burcjiole TV CAMERA (with recorder)

October 1, 1984 - May 31, 1985:

In Excess of $1,000.00

Plug-testing short-stub packers

(2 @ $2,500 each)

Straddle packer

+H reter with electrodes
Injection/collection systems for
Cargedera canyon field tests

(& @ 1,250 each)

f-fial permcu.~eter centrol consoles
4 @ $1,300 esch)

Automatic data gathering system for
Cargodera Canyon field tests

Air injection permeability measuring
system

Hydraulic sccumulators (3 @ $500 each)

Fadial permeameter (9" diameter 1D)

Gas-over-water pumps (3 @ $2000/each)

Viscosimeter
Borehole TV camera
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(3) Trevel
(1) Bosestic ¢ 64,600.00 ;
(vi) Tforeion &, oML, 2 T

(4) Other direct costs including staff benefits

(5) Indirect costs based on a predetermined rate of 44 percern: applicable
to direct costs excluding equipment

-

(b) 2iems, 7Y any, siuniiicent 10 the perivroence of this conivezs, but
excluced from commutetion of Support Cost enc Trom consicerétion In
preportioning costs: lone

(c) Time or effort of Principal Investicator(s) includine indir=ii costs
énd fringe bLenefits contributed by Contracior but excluded 7 om com-
putaetion of Support Cost and from consiceration in prodoriic: ing
costs: lone

Artaicle 2-111]

ihe total estinated cost of item :

g bl esi : $ under fi-11(a) zbove for the o iract period
;;a?gd 0 ts Appendix A s $2,197,566.84 ¢ he Comission will ray 100 Doizvn:
i; ;:c aifyfl costs of these vtems incurred during the (Oﬂtfﬂ(l'vainﬂ stated

1S Rppindix A, subject te the provisions of Article 1)) end ~riicle

E-XXVIN). The e¢stimatec WRC Su; .
2 = 4 A ~ U Ort ( f |' K . .' . e
this ppendix A is $2,197,866.84. = Uo 'O the contract perioc sieted in

‘
The et ses

..... <led LRC Support Cost is funded as follows:

() Eztimated unexpended talance from prior period(s) $ -0-

(b) Mew funds for the current period

L]
"
3
.

~
-]

~N N
'YN
i '

(c) The new funds being added in £-11]1(b i :
v constitute th s ‘&
peyments provided under Article B-X.) ity ¥ N T ey
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