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SUPPLEMENTAL AGRELMENT
BtTWEEN,

l AMIZONA BOARD OF REGENTS

[ AND
'

THE U. S. NUCLEAR REGULATORY COMMISSION

THIS SUPPLEMENTAL AGREEMENT, effective the 31st day of May,1965 by
and between the UNITED STATES OF AMERICA (hereinafter referred to as the
" Government"), as represented by the UNITED STATES NUCLEAR REGULATORY COMMISSION
(hereinafter referred to as the " Commission"), 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, including 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 perfomed by the Contractor during the
contract period specified therein.

2. In Article II - The Period of Perfomance, the date " December 31, 1985"
is substituted for the date "May 31, 1985."

3.o In Article III - Consideration, 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.

UNITED STA 0F AMERICA

BY: gj[ u
! V Paulf. Edge rth '

; Con (racting fficer

| (title)
I

j Nuclear Regulatory Commission,,

I 4.nar b d of Regente
| Um.vm of Mana
I Twson. Armme 85 29

BY: uf .

~
*

ot u nt
Floyd Af Swenson
Contracting Officer

(title)

I, James T. Wheeler , certify that I am the

(attester)

Assistant Vice President for Research of the Contractor named

|

f under this document; that Floyd A. Swenson
(signatory)

who signed this document on behalf of said Contractor was then'

| contracting Of ficer of said Contractor; that

this document was duly signed for and on behalf of said Contractor by

! authority of its governing body and is within the scope of its legal

powers.

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

said Contractor.

16 Yb '
t-

' Jees T. Wheeler
(SEAL) /Yast. Vice President for Research

JUL 161985

|

!__________________._________________._________._______________________________________.___.___________.__._____________._____
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APPLf01X A

for the Contract period June 1, 1980 through December 31, 1985

Article A-1 Rl 5E ARCH,,10,8C PLRf 0RJ4CD ,8,Y C0'{T RACTOR

(a) The iniclqssified Scope of Work under this contract entitled, " Sealing
Rock i' asses" is as follows:

R L POR T,5_:

Progress reports' shall be submitted quarterly. An annual topical
report shall be submitted at the end of each of the three (3) periods
of work. A final report shall be submitted upon completion of the
cor. tract performance.

June 1,, 1980 ,throuch,l'ay 31, 1981_:_,

1) I a bo r a t o ry, J.*u rk
'

Develop a test facility for a variety of plugging r:aterialsa) (including clay and cement) under a variety of rocLs erd aThis includes building redial andrange of load conditions.
The budget includes the drillingpolyaxial perceameters.

subcontract for the Subsurf ace 11 ass and Energy Transport project
and for this project,

Use the facility to escertain scaling perforr.ance under idealb) conditions (laboratory simulated field conditions) and develop
a data bank. The primary tests to be performed are rock

-

*

perceability, scalant permeability, seal leal. age (along the,

rock-seal interface) long-term seal durability, and seismic
response.

2) Qeld_tfog
The it.aterials judged best will be used for plugging holes drilled
at the ficid-test facility in cooperation with Stopson, f|cu.un and,

Tho.rpson in their rescarch on 9:nand s.ater in f ractured t.rystallinei
i

rotts. lhe perfor.r..u.cc will be t est ed by t o rparing t r u c r tests
i and fluid injec t ion t est s i.efore i.nd af ter plugging.:

3) Ar.a l y t 1.c a l _St,ud i e s,
,

Rock creep over time util be calculated by two disansional clastici

analysis.

4) (he possibility of using failit les at 11.c I:evada lest site for the
I e

5 odios in other s oci, ty;sd, vill be e> c...ined..

.

k __-_. , _ _ _ _ _ _ _ . _ _ _ . _ - - . --. - _ _ . . -
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.lu,s.e l_ _ 19:41 t hrtul, fi.sy 31 l '.:q :

b '.r .: e t. h our L 1 n be pe e f o n .wd i e 0:n .1..n.. 1 I 9?.() t o !*.sy 31, l'i|Il ui1Ie nnsist pi isc.irily of:

1. Field studies, including detailed comparisons beti.een laboratory
and f.ield perforc.ince,

i 2. Laboratory studies (simulated field conditions) to broaden the
{ experimental data basis.

3. Data analysis.
:

The u.ain es..phasis of the work during the year will be on a systemtic
field ttsling program, it is expec ted that the cyperin.ent al work perfon:..d
during the previous year will provide a solid factual basis for the
final selection of sealing technology, field emplacec. ant tal.niques , end
degree of seal _ing that can be achieved under " ideal" laboratory conditions.
The results obt'ained during the previous year will include specific data
on the permeability of the rock at the location of some of the borcholes
to be scaled and tested during this year. These data are essential for
the subsequent plugging performance assessn.ent.

The experimental field work will consist of drilling (coring) additional*

holes in selected rock types, scaling (plugging) with clay end cerventitious|

| products, and performance evaluation with pressurized in,in tion and
{ tracer tests. As part of the proposed field work several holes will be

plugged and tested for long-term perforrr.ance. Some of these tests will
consist of continued steady pressuritation over several rar.ths, others
of intermittent short-term testing at regular intervals of several

| nonths.

Supporting laboratory work for this principal field sequence will include
. per.::-ability and sealing tests on the cores recovered. This will provide
| the necessary reference basis for comparing the actual field perforc.3nce,
I as it is when affected by at-dept h installation procedures, with laboratory

pe r f o r. .$nce .

In addition to laboratory tests fr. dirrct support of the field work, it
is necessary to continue laboratory r.f.udies of plugging performance that
cannot be done in the field. This includes most importantly the changes
in stressfields to which the rock mass can be sobxeted over long periods
of time. Such changes will be sir.wlated in the testing facilities
developed during the previous year.

.lun.e 1,, 198? .tbrough I'ay_31, 198 !,:
,

The noin tu.iphasis of the propm ed rest arch due ing this yt er s.ill be nn
| labara tory test ing, wi th srm.a .opple: ::nt ary field t.uri .
!

! The proposed laboratory work will consist largely of a direct continuation
| of work initiated previously. This will include long ter.a t r*st s, i.e. ,
'

direct creep loading and/or int ernal pressurl/at ion of plucpd cases in
the triaxial frames equipped for long term testing.

**

_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ - - _ _ _ _ .
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The ir.ain einphasis of this I. 51 ycar lab work will be on extending the
experiinental data basis for various rock types and plugs. This will 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 to routine
operations. It will therefore be possible to obtain an extensive data basis
in a time and cost efficient fashion, by systematic studies of the perfonnance
of a variety of scaling products in a variety of rock cores,

field work .will consist of two types: continuation of previously initiated
.long teon test s in already plugged holes, and perfoinnce testing of new
installations suggested by the results from previous fic1d sacesure ents
or lab incasurcments perfonned as part of this c.ontract, or by results or
recounendations boed on rescarch perfonned at other institutions.

J.u,ne 1,, 1983 th. rough Scy,teu1)cr,_30,, ,1984,:

F.csoarch work to be perforined from June 1,1983 to September 30, IW4 will
c.onsist prir.;arily of:

1. Fielo Testing of Corehold plug Perforr.ance |
2. Laboratory Testing of Corchold plug ferfor.cance
3. Scouting ||ork on Discontinuity Scaling

1) Field Testing, of_ Borehole pl,ug_Ferforr.ance
_

field work involves four aspects:

a) Site Selection
b) field Drilling, lloie and Core !4pping and Testing
c) plugging

| d) Plug Ferfonnance Testing

The site selection as nearing completion now for tutt, and one uore
site, probably granite, will be located. Fic1d drilling is cocpicted

'

{ for approximately fitty percenr. Field testing equipoent is seventy
8

~

percent conplete, and field test.ing has been st art ed. A d<tatled ficid

tenting schedule is giveen in Table 1. This schedule is fairly tight,t

consid.4 ring that it involves field work at different loc at .c ns .

".n r o o s .* r , f o r epta l i t y a r.r.o r a nc e r m on s , it in highly desi: thlo to run

the on;.o s t.ents f or a lont; I 1.ae, and t o dupi t eat e I h. t o t '.e :, s o.e t o u t

en t e. n t ponsible.,

!!
| s

.

.

_ _ . - _ _ _ _ _ _ _ - - - - . - - _ - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - ^ ^ - - ' - ^ - - - - - ' ~ ^ - ^ ^
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Tap,1 g 1,
.

poposed Time Table - Fic1d Testing of Borchole Plugs
.

Aug. - tbc. '82 : Oracle Ridge Mine (granite; limestone)

J a n . '' .t p r i l '83 : Oracic Granite

'da y - A u g . '83 : Mc ' ar y L.un Si t e ( ba r.a l t )

; Sept. - Dee! '83 : Tuff Site!

t
! Jan. - April '84 : Second Granite Site

t
Final sequence of f ield t est s (<'.et ails to' Ny - July '84 :
be decided - site, especially sock type

i and plug material to be selected based at
, Icast in part on previous results - leave
.

| cpen possibility of retesting an earlier
|

' plug)

t.
|

!,

2) Lap. ora, tory,_Testino of Borehole Pluo performance
'

The prirt.ary purpose of the laboratory plug testing to he perforted is.

to brnaden the expertraental data base on which one can draw to justify
conclusions with regard to expected and achievable hole plugging
performance. This includes broadening both in terms of the types of
rr.aterials tested, the kind of conditions under which they are tested,
and establishing the repeatibility and reliability of the results

'

obtained.

During this period, the laboratory borehole plug testing program
shall consist of three rnain aspects:

- cnntinued systenat ic invest igat ion, i.e. evalu.ition of the

influenco of nat orials .ind of test paraaet ers on r eal p rf ue rance
- n r. r .. ;.se n t of the influence of "ununnal" featueet, on 1.t"aule

'

plug posfor..ance
- asser s.:ont of size ef fects on r.oal perf unnance

1

4

_ . _ _ _ _ _ _ _ _ ._ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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The f i r st categon of expertraents cicarly is intended to directly
| enlarge the data ba s i s , wi th wha t are now essentially " routine"
1
l experiment s t variation in rock types, in plug products, in flo.i pres-
I
' sure gradients, and in external stressficids. An essent f at objective of

these exp. rlwents is to a :nure redondc.ncy in icsults in order to obtain

a eutnus put.rible degree of conf ?.dence in the validity of the renuits

I ;,nd of the experimental procedures. Diese exper iment s are a direct
cont inuation of th'e exp.triments r eported on to dat e, in progress reports ,

;

1
: 1.nd in topical report s.
i

Three types of testing included in this category are r.tudies of the
influence of dynamic loading (r.imulated carthquabes) on borehole plug
pe rf or :ance , studies of the dai. aged or disturbed zone about k, r c h ol e s ,

and studies of teenperature ef f ects (i.e. scaling perfor.ance at elevated
| ::bfen't temperatures).

The second class of experinentr: 1s to evaluate the influence of
features that night affect plug perfore.ance but are not incided in the
b.* sic t esting r.oquence in order not to have an exceesive number of
variables in that sequence. %nples of r.uch nor.-standard f eatures that

are censidered include the influence of drilling method (plugs in per-
cussion-drilled holes are presently being tested), the iniluence of
allowing a plug to dry f or a certain time (two tests presently
concluded), the influence of hole wall contamination, the influence of
pressure curing, etc. One perneameter presently is reserved for auch

'

nor.-s t anda rd e x pe r t ra nt s . This might be increaned to two in the future,
, on crindit ion t hat r.uf f t r i ent basic data can he gathered .ithout
t

! f at er f a rence f 4 ori noch oot e operulat t ve e > ;.o ri:.ent s .
|

|

'
i

_ . _ _ _ _ . _ _ _ _ . . . _ _ _ _ . _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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j 3) Scouting Work on Discontinuit,y, Scaling,
i

Sealing of discontinu ties is a fundamental aspect of rock tr. ass scaling,,

i Although considerable experience exists in grouting and rock bolting,
i two practical sealing methods, the perforrr.ance of such methods remains j
| highly upredictable, especially in the ranges of relatively low per-
: mcability, of most concern near Ill.W repositories. The locortance and

3

! compic~iity of this problem with respect to nuclear vtaste ieolation are
such as to warrant a major investigation. Because there is a close link (

j between discontinuity sealing and borehole plugging, especially in terms
,

of experimental equipment, a gradual transition of equipwnt utilitation '

f om one to the.other would seem most appropriate.

j Two basic types of experiments shall be peiforned:
.

I

{ - ri. dial periacArnet er tests on single fracture grouting
i

polfaxial block testing on single . f racture Erooting1

;

these are to be co.uplecented by a series of back-up experi . cot s:
j grouting experiments on controlled-width parallel plate codels,
] prir.arily to assess the groot properties on an e>.perir.,ent sinu-

,

; lating its actual application, and to assess and co.. pare the
.

j validity of parallel plate flov ec,uations for highly viscous
j ru t e ri als
i

- aperture studies on discontinuities in rock blocks

- =aterial property deter:ninations of groots.
1

; 4) Summary of Work
_

,

! The primary work to be performed during the period June 1,1983 through; September 30, 1984 is the in-situ testing of borehole plugs, laboratory
testing of borehold plugs, and scouting work on fracture scaling. The

;

Lorehole plug perforrr.ance assessnent studies will give a breed data; L;esis of esperlm: ental laboratory results, tiacled up by scW ral field i
! ciporta nts. This data will cover three rock types and two flog types
; (as a ninimam), tested under a range of stress and fluid pr. t sure condi-

Lions. These experin. tents will constitute a r.ajor t..idition to the,

(presently very limited) factual data basis on plug perfor.ur.ce. As a
;

! consequence, it will provide a considerably improved fraret. rk within
! which to judge the likely performance of in-situ seals. Cor.s idering

that truly in situ expertracnts will not be available for sor.e timea

I

1
(ulth a very sn.all number of exceptions), and will be $rall in nonher,

'

I
4

- _ _ _ _ _ __ - _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ - - _ _ - _ . _ - - - _ -
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| an experimental, factual framework on which to judge the sealing
perfont.ance 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 assessnents. The
data basis will allow comparisons against 00E data, and provide
factual infon.iation for i.cetings with the scientific cor.cunity,
iith th'c public, and with other regulatory agencies. It will provide

! dis oct nun.erical guidelines for perforance that con be cAg t ted ,

6ccoa ding to requirements in 10 Cf R 60.133,142. j

j The experinents perf omed to date show that, in the l aborat ory ,

i
cenent borehole plugs, installed in unfractured t.ections of low-

| pern.cability rock (g rani t e, bosalt), will reduce w.!ter ficw along a
I
' diamond drilled borehole to a level not exce . ding by care than one order

of ::agnitude the flos through a reo. et rically thnt tcal s+ction oi,
intact rock. All rock r.7sses h.4ve a per.ncability shich is several

,

I (often SAny) ord.YTS of magnitude greater than that of an intAht, Small
1 rock sample.. Hence borcholes, if rcaled even tipprovirately as
! .

| effectively as those in the laboratory, will not Strnificantly nodif y
the prc-existinC isolation ef f ectiveness of the rock ass.

| '

:

The second major espect of the ef fort is an initial study of

| fracture grouting. It is highly probaWe that grouting will be
necessary around so:ne sections of a repository. First and forcoost'is

the hi h probability of grouting during shaft sinking.. This is anC

| extremely coc.non practice in shaf ts where wat er problens are encountered
t
'

or expected. It is well-known that such shaft, grouting is highly

unpredictable (undnuhtedly to a considerabic ext,ent because of
'

: I o'

inade<tnate nite investigatlons, a nit nat. inn which presucably will not. be ,'

| .v.c c o n t e r e d f o r H 1'.4 r e po s i t o r t .? s ) in nany aspectst groot qu,in t i t i es ,

pressures; tenling per f ornance. It is coimon f or gr out ed sh.4f t s to (
allow visf ble water inflow (the name holds'true f or' t unnel s ) . 4thile

,

this can be accept ed in ordinary mining and const ruct ion pr.ictice, nd
,

ces he handled by draining and po.. ping, noch an .ippi o.ich <'oes not seem
t o be accept aible f o r H 1 '.I r .r pu r. i t r, r i e s .

J.
I

_ _ _ _ - . _ _ _ .- - - _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - - - _ _ _ _ - _ _ _ _ - _ . - _ _ . _ _ - _ _ _ _ -
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| The proposed fracture sealing study will address what probably is
the most fiapo r t ant fracture sealing problem: the sealing of discontinu-

! ities directly about underground excavations. Die blaxt al loading frame
will allow testing of ~ rock blocks under stress conditions si nulating

i that situation. Similarly to borehole scaling, it is t r.;,o r t ant to

! develop a factual experin. ental dita basis, of a broad generic type, in*

: . ,

*

ordn r to develop a rational f raavuork f or eist inat ing the p:r formance
that ir, achievable in practice. Such a f r anewurk will alicu a .olidly

; based engin*eering judgement, bef ore det ailed si t t. -speci f ic war.urt;nent se

can be available, about the potential risks of flou parallel to

! excavatic,ns that might re=ain even after grouting.

October 1,1984 through May 31, 1985:
1

Research work to be performed from October 1,1984 to llay 31, 1985 will

consist primarily of: .

Task 1: Field tJork

Suhtask A_: Heffary Dam Site Field Tout s r,

Three four-inch diameter cement plugs with lengths ranging from
eight to sixteen inches have been Installed at depths ranging from 150

, to 200 feet in vertical boreholes in basalt. The contrt ctor shall
conduct continuous pressure build-up and fluid build-up tests on these'

cen.ent plue,s for a duration of at 1 cast six months, or until as close

to the end of the contract period as possible while allowing
. suf ficient time for site demobillration and return of the
instrumentation to Tucson, whichever is longer. The tests will be ;

perfonned in accordance with the procedures described in
titrREC/CR.3473, or with minor r9odificat.lons therefrom. The data (flow
through er,id esteind the plug, prerrore) will be nnielyzed to dete nine
in pitu perren.vence (equivalent hydraulle conduct lvity) of the plug
syst em (i .e. plug, plug-rock Interface, itamediately surrounding

.

rock). The hydraulle conductivity of the field plugs will be co.1 pared
'

with that, of plugs tested in the Inb, Installed in the case rock type,
and mlked with t he came cetaont and reddit ives. For plugs t hat perform

*

very poorly in the field, re untin1 s.ct ion will leu ntler..pt ed ley
,

< tp1:.cing ad<litional cement on t op nf t he exint inr plur, ..

-- _ - _ --_ _ _--_ __ - -_-_ _ -. - _ _ _ - _ _ - - - - _ - - - - - ._. -- - _ _ _ _ _ _ _ .
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Oracle Ridge Mine tile Field Te st ing.'.uht :.r.k B :

One five inch long four-inch din:.eter cc::ent _ plug h:as h<:en

installed previously in a nearly horizont al hole connecting two mine
-

drifts, thus allowing access to both ends'o'f the plug. The contracor
shall perform continuous cor stant pressure injection' tests and
r<pcated tracer tests (freque ncy deta:rmined, by becAthro;ch tine for

,

ini tial t v-sts) to e valuate - the, fetc.;ibi l i ty and e f f. c tive ner.s of
,

re aling horizontal holes wi th censnt plugs. The dat a -chall be

:.nalyzed to determine the hydraulic conductivity and porosity of' thC I
~

plug system, and tte travel time of water (tracer) through the system.
.

Sub_t_ask C: Cargadero Canyon Site

The contractor shall install four four-inch di.oeter c< ment pluts

with 1cntths not less than four inches, at' depths between 10 ar.d 40 f t
in verlical holes in granite. .' The cont.ract.or shall perform constant

! -

(cumulativepressure injection tests and tracer tests to obtain data
flow,*flowrate, travel time) to arsess in-situ scaling perforr.ance of

'i

cs-:acnt in grani te. The data shall be analyzed to determine in-situ

prcp< rties of the plug system (e.g. hydraulic conduc t.ivi t.y.
- porosity). The results shall be cor.. pared to previously obtained

; laboratory resutis for cement plugs in granite.

a

Results Expected from Field Tests

- data: the data obtained from the field tests will provide direct

input for repository sealing performance assessments, and3

will provide a direct comparison-for the evaluation'off the

appropriateness of' sealing data used by the applicant irl~

license application perforrance arsersaents (effective or
i

equivalent hy,draulic-conductivity .nd porosity of;the.Iotal-
ss *

., s s.
in-situ scaling system). The dr.t.a will assist in talesting

\

whether the sealing data used by ;the applicant are realistic.
,

'D ' '

p ,

I't , y

'
- ' ; ( {S g: .? ( -

3
'

( } ,'

'
t , ,

1

'h Ig

t s
s

,
,

t b

'
..

'
g

__ .. \ . _._ t( ' _,



. .

Page 10'

,
.

,

::alysis: field correction factors: ens;nrison of the field rer.ults
.

with laboratory results will provide a tool for evaluating to

what. cxtent para:neters rneasured on tr.aterials (cen.cnt) in the
laboratory need to be adjusted for field perforrtance

.

assessments.'

-- repeatibility, reliability: a comparison of perfot7:ance results from
identical installations in the same conditions (e.g. t.hree

plugs a t Mc ','a ry d:<m, four at C::rgadero Canyon) will 3.revide
, data on the repe.atibility of field performance t hat <. ,n be

achieved, and hence on the reliability of data.

- ide ntificatinn of plugging problems: it is prnbable, based on past

experience, that not all plugs will pcrform fully

satisfactorily. Identification of problents encountered

during plutging is a high priority of this project, because

it allows pointing out specific problems that might be

encountered during actual repository .;ealing. Such problems,
.

and their resolution, need to be addressed'in a license
E

application, and the adequacy of.the resolution proposed by
the applicant confia.med by UFC staff during license
application review.

<

*

Task 2: Laboratory _ Work

Subtask A: Radial perir.eameter Testing
_

Radial pern.cameter testing allows scaling performance
nicasurements of borehole plugs under a wide range of stress conditions
applied to the plugged rock cample and of injection pressures applied

I
to the plug. The contractor shall conduct radial pernemneter tests on
cement and bentonite plugs (1" dia:r.eter, 1" to 4" long) in granite and

basalt rock cylinders (6" diameter, 12" long). Two tests on cement
plugs shall utilize stepwise increased and decreased injection
p.ns arcs f r:m 300 psi to 1500 psi (at room te.:peratures i.ebreen
65 F and 73 F). One test on bentonite shall utilize injection

pressures from 3 psi to 1500 psi, with the . upper limit t.o be d1.cided

7
.

1 ,

4

'. \

.
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L:s.:d on init ial result s, at s oom I s ::.p.f r:.t u r. :: (65 F t o 13 F).

The rock ra:i.ples shall be stressed :.xially and it.terally in the 500.

psi to 3000 psi stress range. All tests shall be conducted in

accordance with procedures summe rized in NUREC/CR-3473, unless initial

results suggest minor modifications therefrom (e.g. change in outflow '

collection system, control methods, monitoring procedures). All tests
shall be cor ducted for a minimum of six months, unicss premature
failure of r ither plug or rock precliM s t his, in which case an

essentiall'y ide nt ic: 1 t <.st will be started. One I . st on a (c: -nt plug

rhall 1.e . .,nduct ed at t e 9 perat ure s of .ppi ra:i.u.tely 45 C t nd 's0.

(see suhtask C fo,r details).

. . ubt a.sk_B: Size Ef fects on Dor <: hole Plug P( rformance"

The contractor shall perform constant pressure and/or f alling

head injection tests on cen.cnt plugs ranging in diameter from I inch
^

to 9 inches and with length to diameter ratios ranging from 1 to 2.

The, flew data r. hall be analyzed to assess whether size affects

significantly the performance of cc. ment plugs.

' Sublank C: Ten.perature Ef fects on Dorchole Plug Perfornance

Using the radial permeameter (see subtask A, :.nd the procedures
and reference given there), the contractor shall conduct constant

pressure injection tests on a cement plug at temperatures of

spproximately 45 C and 90 C. The contractor shall conduct flow

tets in unconfined rock samples (at 45 C and 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 45 C and at 90 C on cement plugs
in steel cylinders to determine cement and cement-steel interface

hydraulic conductivities at these t<faperatures. Data analysis will

include comparisons with results at room temperature.

Subtask D: Leilling Dan.sge Studies

The contractor sl.all submit a final topical report on the

influence drilling d::ar.ge might have on borehole r.caling perfo: tance.

..

-.
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Suftaf.k E: Dynr.mic Ef f ec t s on Ce r:ent Plug Perf or.Saracef

. . .

The contractor shall submit a final topical report on the

influence of dynamic effects (simulated carthquake loading) on the

performance of cement borehole plugs.

Subtask F: Scouting Experiments on the Scaling Performance of Fracture
Grouting

The c7lntract or shall cc.nduct losts to assess the sealing

perf ort..ni cc that can be obtair.ed f rom grout ing f rac tures in rock.
L'ater injection tysts shall be performed on Llie fractures prior to and
af te r grouting. Tfie' external (uninxial) stress on the c: wple shall be

varied from near 0 to 2,000 psi during the pre-grouting tests. The

fracture aperture will be determined as a function of reormal stress
from these tests, and an appropriate stress-level selected for

application to the saniple during grout injection. Grout injection

pressure will he applied somewhat less than the externally applied
stress, most likely in the range of 200 to 500 psi. The results :: ball
be analyzed to make an assessment of the hydraulic conductivity of the
fractures before and after grouting, and to assess the validity of

laws predictint fluid (cater, grout) penet. ration along the fractures.

Grout distribution along the f racture planes will be observed

post-mortem by visual inspection. Data analysis shall provide a

preliminary assessment of the predictability of rock discontinuity
grouting feasibility and of grouting performance, topics about which

.

very contradictory statenients can be found in the literature. This in
turn will assist NRC in establishing whether grouting performarice data

used in license application performance assessments can be provided by-
the applicant with reasonable assurance that the clair..ed performance
can be met in practice.

Su_btask C: Scaling Performance of Bentonite and Crushed-Rock P.ixes

The contractor shall perform water. injection tests on plugs

co: st.uct ed of crushed basalt and bentonite. -A range of hentonite to

rock ratios (10% to 50%), exter. ding somewhat beyond the rantes Ll.at

-, - _. - _
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- ..c.c '..en si,nsidered for c<..nr.ploal shaft r.i.d dri f t p l ug d. r.i gt.s .

shall 1,e considered for the initial tests, and more detailed tests
shall focus on ranges with the most encouraging initial results.
Sizes of crushed rock to be considered shall range from 1/4" to 2".

Detailed tests shall be performed on the largest size range that show'

the best initial results snd allow a .reasor ably uniform plus
const ruc ti2n with available equip:..ent . All initial tests t.re to be

A f ew conc 1'viingp, rforc.ed on plugs iristalled in st eel cylinders.
t es t s c,n r i yes wi th ve ry good pe rfor. .:.n< e .i ,ht he p..-rf or. ed c.nt

boreholes in rock blocks. Data analysis will include det . r.mi n:.t icn of

flow char ct.cristics (hydraulic conductivity), even though it.<... plete

saturation co: plications are expected, and of axial interf ace str<: . th.'

June 1, 1985 through December 31, 1985

The following work is to be performed by this contract 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 cbntractor 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 perfonnanco.

Subtask B: Oracle Ridge Mine Site .

The contractor shall continue monitoring (see note below) of the

5" long, 4" diameter cement plug installed 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 holes 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 perfonnance 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: All 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 j

all installed plugs for inspection and detailed examination. The
results of the examinination shall be included in the technical

,

report for each subtask.
|

h. --, c ,
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Task 2: Iahoratory Testing

Subtask A: Temperature Effects on Borehole Plug Perfonnance

The contractor shall conduct and complete experiments on plugs

emplaced in rock blocks and steel pipe to obtain flow data and3

strength and swelling data for assessing sealing performance at
elevated temperatures. Specifically, the tests will include constant
iiressure water injection tests (at pressure of 500 psi,1000 psi and
1500 psi) and variable pressure water injection tests (pressures up
to 1000 si) 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 terperatures 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 - crushed rock mixes (proportions to be-

determined from work under progress)-for temperatures from
ambient up to 250*C (intermediate temperatures, e.g., 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 comonly used
in commercial well plugging, e.g., bailer dumping, displacement
cementing, and dropping of bentonite pellets. 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
The data shall be analyzed to assess the significanceequal to one.

of the installation procedure on borehole sealing performance.

The precise number of plugs will be dictated by the resultsNOTE:

obtained as the testing progresses.
4

Subtask C: Size Effects on Borehole Sealing Perfomance

The cont'ractor shall complete constant pressure water injection1

1

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

The flow data shall be analyzed to assess if size effectsone.
influence the sealing perfomance of cement plugs in the laboratory,

,

The precise number of plugs tested will be determined by theNOTE:t

results obtained from the tests.

4.0 REPORTING REQUIREMENTS:

The contractor shall submit monthly financial status reports within 151.
days of close of each month.

The contractor shall submit Quarterly Progress Reports within 30 days of2.
The Quarterly Progress Reports shall sumarize allclose of FY-Quarters.

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 infomation 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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3. 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 Sununary that sununarizes 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 10 the licensing staff and the agency as a whole. Determination
of topics and reporting schedules shall be n.ade by the NRC project manager

'

andcontractor{ointly.

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

5. 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

Regulatory Research I copy
Chief, Waste Management Branch,

Division of Radiation Programs

i and Earth Sciences, Office of Nuclear

Regulatory Research I copy
Director Div. of Waste Management,

Office of Nuclear Material Safety
and Safeguards 1 copy

|
|

t

.
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1,

1

Document Control Center, Office of
Nuclear Material Safety and

1 copy
Safeguards

Monthly Financial and Quarterly Administrative Reports(b)

.

1

I copy
Technical Project Manager

(c) Microfiche
-

Microfiche is required of all reports to be published as NUREG or
The specifications for this microfiche are

NUREG/CR documents.

1,isted on the last page and the distribution is as follows:

Document Management Branch

Division of Technical Information
1 master

and Document Control,

Document Control Center
Division of Waste Management, Office of

1 duplicate
Nuclear Material Safety and Safeguards,

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 (i.e., interpretations, analyses, computations, methods, etc.),,

developed under the contract shall be performed under an adequate quality
Quality assurance comprises all those planned andassurance program.
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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 should address the following areas as appropriate:

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

I

4

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

accuracy and precision;

4

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)
4

recording / certifying data;

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

1

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 data, stating actual accuracy
and precision of results achieved.

In addition, if' standards tests or calibration procedures are employed (e.g.I

|
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:

L
The contractor and subcontractor shall present the technical progress of the

i

f project at NRC headquarters at least annually. Any travel to be charged

! against project funds requires prior approval by the NRC project manager.
i

|

| 7.0 DOE FURNISHED MATERIALS:

!

I None

i

! 8.0 NRC FURNISHED MATERIALS
'

,

None
i

9.0 CAPITAL EQUIPMENT:
3

All capital equipment expenditures require the prior written approval of the
;

NRC Project Manager.

10. SU8 CONTRACTS.

Subcontracts require the prior written approval of the NRC Contracting Officer,

,

f

-,
-

-_- -, , - - - - , . , , - . ,-- -m +---
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11. DISPOSAL OF PROPERTIES:
1

Not applicable
.

12. TECHNICAL DIRECTION

}
} J. Philip, NRC Project Manager (FTS 301-427-4604) will be responsible for

directing this project.

~.
$

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

| Jaak J. K. Daemen: June 1,1980 through May 3),1982: 20s of nis time
during each of the academic years and 100% of his time during each of the;

i summers. June 1, 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 J1,1985: 100%'

of his time during the academic year. June 1, 1985 through December 31, 1985:
100 percent of his time during the academic yer.r.

:
,

I

i

i

e

!
I
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(a) items for ut.ich support will be pi evided as inditoted in /- ii *. , below
.

515,689.68
(1) Salaries and llages 3

(2) Equip;;ent to be purchased or
fabricated by the Contractor 5 252,611.00

June 1,1980 , !<ay 31. ,198l_:
.

in Escess-of 51,000,.00 Triaxial Vessel with 4 :.dified piston

Pusi a Cas and I.iq'uid Perc 2:ater Crrep lo; ding f ra. .s (3) and long term
,

pressure r.aint onni.ce and < ontrol syste.:
i

t:niursal Foro ::5ter
' Universal flat Iced (clis(3)

Per cision liigh-Ps essu.c low-flow pump -

Electronic Calonce
i*anual Grc.ut .ng pump (1cw-pressure,
i cu- vol u.:.e) Oven wi th teinperat ure -hu.aidi ty t enti ol s :

I arge-dia::.eter sel f-feeding dia:;iond l'ulti-ci.arinel dat a e etorder
SaW

Enerpac handpumps (2)
.

Eadial perm:cmeters
fla s s fl ow ..e t e r r.> t e r wi th 1.a t c h c ont ro

Tolyaxial permrai.eters (3)
Diae:ond core drill bit s

Computer terminial
Accessories and auxiliary equipment

pH r.eter

Jun,e, ,1, 1981, , l',ay 3,1, 1_982,:
, ,_

In Escess of $1,000.00

- 6" core barrel
hole caliper and inclinometer-

accessories for borehole preparation and inspection-

integrated multiplc-packer isolation unit with de:cn-hole '
-

pressure-teir.perat ure- flow recorder
' tracer detector and i:.onitor-

strain monitor and servc-tontrol system-

accessories for laborat ory equipir.ent-

June 1,1982 - I'.a v 31, 1983:

.I" E5.C"55. Of_ 51 .P QR .0 Q.-

.

multiple-packer unit with built-in tracer datector, r.ionitor
i

-

and pressure-flow e ecorder )
- - lab tracer detector !

acessories for field equipment-

,

_ -_ - ___--_ -_ __ _ ____ _____ - ___ ___-___________- _
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.

June 1.1983 - Sep,tepher, 30, 193,4_:
.

In Dcess of $1,000.00
,

|
'

Biaxial loading frame
Viscometer
Pressurized consistoneter

(with calibration device)
1.3boratory vane shear tester
High precision heliurn Icak det ect or,

or portabih gas chronarograph
Trailer-=ounted hoist with winch,

cor..:rator and air compressor
Saap)ing purap for deep vells t

E, ore)iole TV CAMERA (with recorder)
,

-

1

i

October 1,1984 - May-31,1985:

In Excess of $1,000.00 |

Plug-testing short-stub packers
(2 0 $2,500 each)

>

Straddle packer
pH ceter with electrodes
Injection / collection systems for
Cargedera canyon field tests

t

(4 9 1,250 each) !

F.$ dial permeceter control consoles
|

4 9 $1,400 c a h)

Automatic data gathering system for
Cargodera Canyon field tests -

Air injection permeability measuring
system

,

Hydraulic accumulators (3 0 $500 each)
Radial permeameter (9'* diameter ID) '

Cac-over-water pumps (3 0 $2000/each)
Viscosimeter
Borehole TV camera i

>

J

r

.

4

k s

!

>

. - _ _ __ __ .- , . __ - _ . _. , __ _ _ , _ , _ ..
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F

(3) Travel
- (i) r,anestic ! .64,600 00

,

(ii) foreign 5 -0- ;

(4) Other direct costs including staff benefits
I

(5) Indirect costs based on a predetermined rate of 44 percer.t' applicable
to direct costs excluding equiprnent

(b) ':. ems, if any, siunificant to the perior:.ance of this contre::, but
escluded f rom comput ation of Support Cost cred f r om consscerition in
proportioning costs: 1;one

~. ,
,

- i

(c) Tirae or effort of Principal Investigator (s) including-indirNI costs '

and fringe benefits contributed by Contractor but excluded f wrr. (.cc-
putation of Support Cost and from consideration in proporti:::.ing
costs: !!one '

Article t.-Ill

The total estin.ated cost of items under A-1)(a) ;.bove for the (.o..roct period
stated in this Appendix A is $2,197,566.84 the Co;enission will- pay 100 percent
of the actual costs of these items incurred <!uring the contract : ariod stated
in this A;cendix A, subject tc the provisions of Article 111 and * rticleE-XXVlli. The estiinated I;RC Support Cost

j .this. App:-ndix A is $2.197,566.84. for the contract perinc stated in
,

The ettir.ated !!RC Support Cost is funded as follows:

(a) E: tin.ated unexpended t,alance f rom prior period (s)
5. ....0.. ....

(b) !!cw funds for the current period ! 109,629.22

(c) The new funds being added in A-Ill(b) constitute the basis fcr advance
payments provided under Article B-X.,

!

3

|

|

t :

4 *

i

!
'
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MICROFORM SPECIFICATIONS FOR
WASTE MANAGEMENT CONTRACTS

Microfiche used for submittal purposes shall conform to the following
specifications:

1. Micr.gfiche containing source documentation shall conform to the NMA
Type 1 format (ANSI /NMA MS.5) consisting of 98 frames arranged in
7 rows and 14 columns.

2. The reductiqn ratio shall be 24:1 for all microfiche.

3. The microfiche shall be standard 148 mm x 105 m.

4. The microfiche shall be one silver-halide master and one diazo placed
in individual acid free envelopes.

5. Diazo duplicates may be either blue / black or black.

6. The microfiche shall be titled in the following manner:
'

FIN No. Title of Report Date
Contract No.
Nureg/CR No.
Fiche No.

Fiche number refers to 1 of 2, 2 of 2, etc. information.

7. Title infonnation shall be eye readable on a clear background.

8. The submittal of microfiche containing proprietary material shall be
coordinated with the Document Management Branch, Division of
Technical Infonnation and Document Control, U.S. Nuclear Regulatory

.

Commission, Washington, DC 20555, to set format and procedures for

( submittal.

t 9. Foldouts, if any, shall be segmented and filmed in logical order.

10. The first frame shall be blank, and the second frame shall contain
the resolution target (NBS 1010A).

11. Questions on microfiche specifications should be submitted in writing
to:

Document Management Branch, Division of Information and Document
Control, U. S. Nuclear Regulatory Comission, Washington, DC
20555

1

m_ ,.
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