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Radial creep recox’ds (-e3 vs. t) at (0] - 0q) =
(£.9 Mfa), T = 100°C and variable confining Hessuws [$:
test code see Fig., 5).

reer records {g) we. t) at (o, - 93) = L0035 pei
N o
C and variable confining pressure (Tor
c
5

).

pt
Z

2
test code usee Fig,

tadigl creep recox‘d“ (-:3 vs., t) at (01 - 03) = k50D ot
(31,0 Mka), T 22°C and variable conﬁnlnx pressure { for
ie cee

5C3 psi (3.5 ¥Fn),

#zial creep records (eq vs. t} at oq =
differerce (for

7 = 22°C and varieble principal strésn
test code see Fig. 5).

Axial creep veeords (€1 vs. t) At o, = 500 psi (3.5 MFfa),
7= 100°C ané vard 1 stress difference {for
vert code see Tig, 5.

L L

fxial crecp records {¢ €] VS.
(o] - 09) = 1000 psi (£.9 MP
(for ‘n't cole ree }-1@. 5

) at a3 = 500 psi (3.0 ¥Fal,
) and ¥arisble temperature

Azial strain records {e,
ctauge C2 proceeded at (u] - 03)

rain recorés {g)
rrozeeded at (9. - o)
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FIG. Y

bouble: logarithmic plot logley) wn. 1og{t) of test
9-p0% 30,0 fea (29%) {for test code see Fig. 5),

0 1

Ceml lagacink
(P950) (ror b

o

LeAshaAry arecey rates ;_1 for lower level salt in the space
(togi?q), 1/7). Triangular data points are due to PE/SPES,
In 11 a0 = (9 - 03). Itresses are given in poi,
strnin rates in }.  Parentheces denote upper bounds,

Cecendnry areeyn rales ir, zpace logle- 7, loglo) ~ o3}
celt,  Triengular ‘data pointc sre due to

fef. 11). Ctresses are given in psi, strain
Parcptheses dencte upper tounds.

Uecondary creep rates El in the space log(ty), log{oy - o3}
for ugper level salt., Gtresses are given ir psi, strain
rates in (::'] ). Parentheses denote upper bounds.

NS

]
e


http://-jg.it

rerort presents an interim summary of triaxial creep exveriments

teea per“ormed a% “andia lahoratories on rock

flew Mexicn, The dats precented SUPRGrT ongoing

to formulate suitekle constitutive equaticns to predict <he

[ SoTF % from ccutheosrzern llew [axlio

“active waste repositery.

- erenp experiments ¢f thic account are

men iz which wac defined by Sundia Laboratorier

crios and by

Filot Tlant. The relevance 2f all

srorroan wWaste lsolation

war further indieated by site rFrecific results =7 ch.rm

rreceded or accomranied creer exrerimenta-

o* the Sandia program (9-12),

waich »111l bo cescrided nere include £ tests

The pres.nt resultc, combined with carlier data of RE/SPEC, Inc.,

indicate further study is required to completely d2sceride the response

xieo rock sat't under general, time—varying conditions of stress

&nd <emperature. 7To achieve this geal, tests of longer duration are



needed, including creer rupture experiments. Furthermore, extens..n test: and

, Sstracgit-pull tension tests are adviseable., Finally, additicnal

iments chould be rerformed 1o treat data scatter statistieslly,

size <f lew Hexico rack iml

ey thae unenzwn offect:

and o ~tider It 2cre histories,
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ne rature and seguence ¢f creep experiments completed to jete are

inflaenced directly ty observetions which were

ralority

and FERDA #0 a+t 5 rmeagr, 1o

mmage

eonre Lar

& fart because the

neparate gt

tofore 1atoratery tocting remains unknown.

xice reoy

{(7) "he elartic properties of lew

in load/unload/reload cysles provi

arcecurately on

or the renge <

velow the

ratio, v, fall into *he rangez " 3 x 10

a) and 0,17 < v < 0.2€. These data compare vo

u measurements based on records of [~ ani s-wave velccitier arni

neities {13).
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pronounced decrees~ in ultimate gstress and extended the rock salt ductility,

leformetion prior to e loss ir loed bearing

i.e. the amsunt ! rock
auility (Table 1),

(1) Fracture nt ambient tewperature appears brittle and iz followed by

« nesr vertical rost-failure curve up to approximately 250 psi (1.7 4Fa)

less negative, around and above 500 psi (3.5

Cininge proecouve, AL 230°7 uneeniined "railu develorey at (al -a,) = 2100
ol Ll areiof, T

The egcing sunmary cf guasi-static experimentil resulic is based
irimarily on arproximately {ifty triaxial experiments which were performed on

%,4 in {10 em} diameter core spercimens at Candia laboratories, Tt ic supporied

experimente mu2% inf{102.7 ¢m) diameter samples mnd o

in {5.1 ~m) dijuseter samples ty FE/SEEC, Ine. {9, “Moough moct of these short-
~erm data were remarkauly reprcducible both gualitatively and guantitatively,

I that only the unconfined deta of PF/SIEC, -, (Q) might te

~ically. Chertage of like ccre made it possitle tc repeat

experimerts in large rumbers at sll stresses and temperaturec cf interest.

Furthermore the interpretation of experimental results remains incomplete unless

minerniogical an: textural variation of core are accounted for,
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EXPFRIMENTS

Apparatus_and Experimental Procedures

A1l creep experiments were performed in new triaxial apparatus which
) .

accomaodate relatively large cylindricsi samples ~f up to .29 i 110.% o

tinmeter anu 8.5 in (21.7 cm) in length. A

cheratic of this equ

included 25 Flg, 1. Axial helec through the tor of the rressure vesczel

«rd throusn the lomiing riston (Fart L) make it ge ‘le te vent the spec)

also indicate:r the woe cf

o arpropriate cnd-caps. Fig,
multiple heaters to compensate for conducticrn keat losses threough “he flos
tase of the pressure vescel.

Tecting is accomplished according to the following procedurez. Fach

srecirern s ccated with a thin layer of MI'V Gilastie 108 for equivalent),

plzeel between two steel end-caps and enclored in a Viton Jacket. The sre

ard 3,95 in (0,86 - 10.20 cm) in diameter ty

ameler of the

aor; in Ienstth, <uarm, the

ir. (10,2 - 109

ment..

van lcalar oxpe

o ensure good alignment sll sperimen ends are machines tave!l

#7001 in (20,037 mm).  knd effects at the interface tetween sock ralt an!

nicn,

rcaps are minimized by polishing the end-cay taces to a mirr-:

ded between campire

thin Ylayers of molybdenum 1ow fioe (Molykot.) -ire pro

o=

on jankstn ave =

traints which are gen

r *he standnr |

chness, t F .08 in

T,

T = 5L.0 in | kia) of irternal air y

diam - er changes of 128% at the midlength of the jacket and 277 at

irterface approximet :1y 1 in

\
'

ting

cimen

end-

depending cn the final sample

e e
Also,

ant
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plaecsd | ¢ prassure gense]

APt o dacketing, each, crecimern |

a), order, Heat)

ired, in

preccurized hy irnstatically and heated if d

hed in 5077 inaremente over perinds of twe Lours per Somperature

aceonpl

ioral sonk 1ericd

Lhe targe . tempersture Is reached arnoas i

inerement,  fte

shan four hoars loosd-let, Cwerall, regaral temperature, a*

© one

Tcasl twelv.: hours elapse between the time of hydrostatic p-ersurizstion s.o

Lhe time o which a coantant deviatorie ot

5 zuperimposed to

b viatorie loading is achieved rapidly by opening a hand valve betweer, the

) prechiarged

main londing ram (Part ?) in Fig. )} and sets of Y gal (6.02

termiged in oLart b

rate of sevinterie towling

amulntors,

the

of whe i ,u) ram lead {prin

nal shress
fpal shresn

Aepends on temrerature. loading rur

flow resistance o 1/4 in i.7, (60 mm) line «

Typrenlly, the devintorie londing rate falls into Lhe range 3500 to 7070 roi/fmin

(2h.1 - M8.2 Mia/min).

ntainnd conctant unles

mre 8 creep tes uniderway the ram load is ma

reacuraments of specimen arez call for

a0 on Lo omaintaln oan

In turn, confining

approximately fixed walze of prinecipal

ledl rre

oL T

is repulated intermittenlly by means of 2

regulatcr {1k},
In practice the mumber of uyutem updates and therefore, tue gccurzer in
the coutrol or both (cl - 03) and o veries depending on the observed creeyp

pends sensitively on ambient temperature vaviations whickh

influerce <he fecd-back signal of the confining pressure system., In view of
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e delormpriont, e

Halocurain (nihear an

Cotaml oaxinl anmple cherteniny and e average radial "hulging” of enol cpesio

3 by means of an externnlly

wen nre M PO

meante ) Vinene variable di“Cerential transtormer (LYLY). The latter messurc-

beeomiume CdlIatometrie) sdfuntments

rererined cluewhere (101,

weser, ihoin reiterated bere thet recrrds o

Pluie volume ehsn nre diztorted by Aeift (+ 0.8°C in the smbient latoratory

and, therefore

temperature.  Although osuceh 't usually i diumal in natu:

it can result Inoarrors of an

n inng-term erecp tar

i

2nme overr!ling nn lew

whis pagnituw- an

~q=?
5 ox 10 .

ate nequivition ascomplinhed by means of a multirhannel, pactiall

1 ¥honth) and

prosramrable cleclronic data logger (isterline Ang =, mode

tem (Texas Insteuments Tilent 700,

terminal with

ramotoers ara menliorod al

time, ram ioad (Pig. 1), cenfi

ane pour o

ani diletcmewer output, Al) raw date are trans
onte a PDI 11/3L4 laboratory computer for reduction and display on s Tex—

tronix 4010 graphics terminal,
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Inz of

7 general ©ontl gl ereer cpter’

Gt e foenntning g < N
clulng o e rarst jont and nunerically gr npial

WOers mtég] crere Alffer nlight

PIfrerenne

i/min (0.21 - &.b1 MFs/min)

‘. R _
[N -o,‘lA ~u,u.c)u al, ’J.‘i_
R PO IR TS AR
N I A T P S

: H 3 3

T=rp
7= 200°

Bolatively

records

Dnotbe zmbiiont

e 4

innr

to LAWZ femrn in an ambient temperature teut. The average tect ogaration

no

Table 3 aloo lisys the tolel axial and radiasl ereep straips whish were

experiment. ThArougncut, strains are

the sample dimens

..

that sor~ redial ctrain data are marked as uncertair either becsuse dats unaiyc

have not teen ~ompleted or »I-»use they requir-~ additional checks. For the same

reason the observed volumetric strains ere deseribed only in a semi-guentitative

amsunis of compaction ich are irdica~ed ir Table 3 may cr may nc:

g to the

In any event, the total volumetric creep correcponid

first stages ¢f tests 9-2083.5 are smell (e > -1%). Generally, the same appears

to apply to all tests where Table 3 now shows question marks.
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ST

Key - DUy : large dilatancy (» 4%); LD :

strain; €
Ques:igzx mMArKs

lin

considerable dilatancy (> 1%); I : some dilatancy (< 1%); C :

iente

e ot Tresp Tes v
and engineeriag strein, resrectively.

trnat daza - or net vet available,

Parentheses denote uncertainties.

some compaction (T

Cample g, -0 Temper.  Test Tura- (r1) max (- €3) max Direction
(Hole# - Depth (ft)) (psi} (l}?ﬁ) (°c) tion (Hrs) (%) 7) of ¢
Upper Level Zalt
9-2078 2000 13.8 00 3.5 22 169 2
9-2078 L3500 310 inn 3.5 22 bo57 DD
9-2083 2950 20.3 570 3.8 22 1.68 joi!
9-2083 4500 31.0 500 3.5 22 >3,58 DD
9-2078.5 1700 1.7 37 2.7 22 {7.,02) 1
9-2078.5 4100 2%.3 3507 0.7 22 2.7 a
9-2083.5 2900 2n,> 2009 0.7 22 ? (c)
0-2083.5 Lhno 3.7 o 2.7 22 (M6 ()
9-2081.5 3600 29,7 300 20.7 22 7 4
Lower Level Salt
92625 1200 8.3 . n
9.-2625 2200 15.2 2 2
9-2625 2300 22.8 g ?
9-2625 2300 1.0 2 °
9-2677 1150 7.9 . . ‘0)
Q-2672.5 1004 6.9 3.2 p
9-262% 1059 Tl .5 )
9-06R6 1509 6.9 .5
9-26,86 2350 16,2 )
9-2671 933 6.h .9 .
9-2671 2249 15.9 T T
9-2688 1590 (ST e
9-2668 1000 [ an.f 3
9-2777 LRON 3.1 W 157




The large velues of dilntancy, ¢ < -h%, of experimentn 9-0043, G-pfh,

gssooiated with accelorated creep sd impending creep frascyre,

It =irald be noticed that the totel axial an< radial creep sirains in tre lntter

test:s are bounded by fracture ctrain velues which were measured in chort-term,

quasi-static tests into the post-failure regime.

Yiles of representative date for all experiments are compiled in an
aprendix. For the time teing these filern are restricted to axiel strain time
data {¢,, .. Otviously, tie number of data points (S ta 12} in these condensed

5 much smaller than in the original files (typieally 750}, Incienticns

of da*d seatter are included deliberately to demonstrate maximum variation~ in
the vreep records, These varimtions are caused simply by experimental scatter
or by the number of updates of ram orce (Fig. ?) to maintain a mean constant
principal stress differenecs. The impertance of these updetes is perticularly

evident in Figc. 2 and b for specimen 9-2777. Here updat = in ram force were

delayed deliperately o esuablish lixely farences inp results between non-
stant Corce tests and constant stress {cveep) experiments. Clearly, these

1% fferences can ke significant. Constant foree tests may alter the coursc of

primary creep at constant stress and may prevent the devrlopment of secondary

Figs, ¢ thrcugh 12 cortain examples of crossplots to explore the effects of
privcipal strees difference, temperature and confining pressure. Indications of
the reproducibility of results are provided by three sets of data, in Figs. ¢
through & and in the digitized dats files 9-2078/.5/22 and 9-2083/.5/22, 9-2078.5/
3./22 and 9-2083.5/3./22 and 9-262L4/.5/100 with 5-2686/.5/100 (Appendix). The
large differences in results cf cxperiments §-262L/.5/100 =2rd 9-2686/.5/10C are
unexpleinel tut deemed exceptionnl.

Figs. 5 thrcugh 12 assume that streir history has no

major influence on creep as stress difference is increasel. Therefore, no

distinction was made between experiments which were performed on the same

16




sapple 1 the specimen was subjected to successively inereesing levelo !

ripcipal stress difference. Etrain history effects with decrea~ing 1r

rel siress difference will be discutsea Later,

arison of the reaults for rooz sslt fren tor

ke]

A cursery oz

lnllenter v

{2000 - 2100 fY and 2F52 ~ 273 oo}

ir - reeyp tehavior are .nderendent of depth. Therefore, tue

simn: will not consider depth a2 & varisble althowh tue futa jrrtsic) .-
he uprer and Zower levele (Table 20 w net =ecunlly Yo mixel, The gorers

creep and certiary ‘mcrelerated)

et radinl strain dats {

reityre,

7 omypesrs L6 ivoreef wivh litrle change n re-

4/ar high

ffercnce, crall streline

- o] is raised,

first exanmingticus in

study UvaggesT thas

iz important crly in the control of tertiary

Ferio rewsurements on deformed sarples &

corclusicn that essentially eil creep strain was irreversibl

wez strengthened by monitoring the azial and radial dimencions cof +wo

continuously for pericds of twenty days. o recovery was rerclved city

i7
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mesns cf dial gauges (axial strain) or Ly means of strain gaupe [notrumentes

clip-cn gauges (radisl straing .

Effo.ts were initiated t¢ describe primary creep of New NMexico rock ralt
objectively. Freliminary work consisted of fitting axial strain-time data

(cl, t) <o logarithmic and power relations of the form

= A log{t) vi)
e o=t (33

where A, ¢, and n are constrnts. Typical log-log and semi-log plotr of the
dats nr» given i Figs, 15 and 16. Although the Toregoing equaticns are
empirical they have been used widely nnd often previde ry-ellent nprrezimaetion:

utive

tc experimental data &t eonstant stress, These equations are not conoti

infinite

equatiors, and it is recognized thes enquaticrs (i) nad
strain rates at zero time, Obviously the interpretntion of Figs, 1% and 16

requires considesable judgment. For this preliminary analysis two sosumpticons
were made which permit compnrisons of the present renults among one anchier and
with published primary creep Jatn for rock nalt. First, primary creep, & and

1 utaneously such that = + 53
ss? A utancously such th “eotal cp L. (15,

It was also assur»d thar total creep is goverred by rrimary cree; at less than
aprroximately €0 hours.
In some cases (Fig., 16) it appeared that primary creep might be describer

Test as lagarithmic creep. However, in the majority of experiments maximum

statistival corr “ations were otteined bty meanc of power relations whi

surmarized in Table L in terms of the "constants™ C and n. For the rake of



cth(in/in); ¢

styeas and enginsaning atpein, vasrasti-ely,

Ny L

Sample a, - 03 03 . Ctrein Yeacures et 10" hrs

(Eoles - Tepth) fpsit (vPa) (psi) (~Fa) N N n e (™ e fe,

cals

9-00'18 2060 13.8
0-2078 L500 £ D)
1-2083 2050 20,3
L500 1.0

5.9 1700 11.7
9-2078.5 k120 283
0-2183.5 2000 0.0
9-2083, Ligo 303
9-2083.5 3200 oL

[SHSNSEN

9-262Y L o 1. 2 L.
APy 1.2 oA 22 €.2
ERAIN 20 50 20 21.%
9-0625 5. 50 22 - -
' 3000 22 Jar =
a-26772.5 . 3 10 L
y=2Ceh R s . 1 N
¢ Lt kl j‘ N
. . - -
i s
i, ‘L -
v e . M Uy :
t . - : '

ol
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consictency all fits were made within the time interval 1 < t (hrs) < o,
With three eXceptions the selection of thiv time intervel ernsured the highest
correlations between mstual citts and the aprroximations ty means of equation

#nc [CWEr Creer, o.§. LN cp' + L‘D" N

iratIcns of logar:

ars» poscible but have not yet been considered in detail.

1} 10 a "rewer lav" oreer fermu.atisa is eccurate for consiant séress, thern

T an. the *ime exronent n appear to te varisble. Jccording to

Tutle bk, n increaces up to a fecior of five with ineresses in principal stres:

e values of n

diference and terperature, Censiderable differences in ¢

ar~ made for the inrfluence o7 se-nndsry creer carti-

eeded L~ “etermire whether the

at clevrated teomperature. lore work

n zre independent @ Ceupling totseen ¢ oand o

o earlior data for artificlal and natiral rock salt (3,

‘n¥luence ol confining pressure on axisl ~reep (s.,, x)

N 14

7ail, particulary at lcw (¢, from corpari-

1@ empliricsl varintles © and o. It also follows f

sang oI th

a comparison

of norma which were calculsted from €)= €

‘e axizl stralin date, 51/

ver, ~eution skould te exercised In generali-

at t = 100 hours (Teble k).

zing this resui- <o chear strain (t:l - 53), i.e. befern consi-dering furthsr

1 is difficult to establish wihhout Adoubt.

seccndary cree

mates of cecondary creep rates in Table £ 1re tased on two

More objectively, it was required that the slope r of plots in the space

loB(s*o*al)’ 1cg{t) incressed with time from the value r = n during primary

plots had to contain what "laoked like" straight iine porticms.
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TABIE 5

Summary of Seconlary Creep Estimates
(i arentheses denote upper bound values)
Stress and strain represent true stress and engineering stirein, respectively.

Estimated
Carple u1 -0, 03 Sacondary Creep
(Hole# -~ Depth (ft)) (MFa) (p31)  (MPa) Rate &1(10"5/5)

Upper level Zalt

9-2078 2070 13.8 500 3.5 22 {r ok2)
a_287h hy00 31.0 500 3.5 »? {z.02
n-2033 2950 2 533 3.5 22 (0.16)
2-2083 h500 500 3.5 22 (5.8)
2-2078.5 17700 3000 20.7 22 (0.012)
n-2078.5 Loy 28,3 3000 20,7 22 (2.25)
122083, 0 2000 20.0 3000 20.7 22 (0,23)
n-20%3.5 Whao 30.3 3000 20.7 2 (1.10)
A-20%%.5 000 el i 3000 20,7 22 0.018
Lowner level Ealt
570 3.5 22
500 3.5 22
500 1.5 A
500 2.5 22
3000 2n,7 np
.5 30 o, 130
w00 2.5 100
Lo 3 1
g, 5.0 B D)
=} T3 onaon 10
A 3600 20.7 107
GupfBR L3 3.7 e
n-gfry I 23,7 00
-k adt 500 3.5 o7




ceccrndary rreep Loccmes

sreep (Talle a) toward: v i

contrit it

tarc st Indicate thas

nrect ctraln (s inercaning, I the e

mates of creep ratf in Table © mre e

rot o savisfisd elearl;

Lovrred crcep caten wh Lhe opd ol cach 4Legt,

L.unes arg see VIo%ed In parenth

wne secopdary ereep results of Dow Mexieo rock nalt quiskly,

1t inns were made RKlat the total creep is thermally activaced, AN

0 ntrens, temparature and prarsure are separable and et the

a cingle activation energy.

ce ~ay be deceri

lated that secondary creep rates are proportional to B power

stress {120}, Then, Tcllowing standard proccdures the graphs of

function o

17 wnd 1%

conut rueted

ceglorting

Torn oenersy 11 into tie relstively narrow range betwveen L=

anl & = 7.+ keal/mole. The nunier of Ada*s available does not caffice to

tosne resultc

Bre

rizons consider~d, Heeping diffcrent groups of tev

exprrients vary congiderably between 3.1 anl

ircluded in a particuler

ne

»p rabes corresgond to m = 2.1

seccnidary

aining values crnly correspond t¢ secondary creep estimates (cmallest

e e

cbserved creep rates).

Tertiary Crcep and Treep Fracture

periments at 500 psi (3.5 MPa)

Teroiary creep was measured i four o

ure and T = 22°C and at T = 100°C with confining pressures of

confining pr



0, 500 and 3000 psi (0, 3.5, 20.7 MPa), Except in one case, oy = 3000 pei
(20.7 MPsa; sample 9-2671), tertiary creep terminated in creep fracture
associated with & considerable amount of dilatancy much like that which is
meazured at the ultimate stress in guasi-static tests. At 3000 psi (20.7 *Fa.

accelerated creep started at £ = 13.5% and continued to €y * 29% cver several

hunired hours and with en approximately 10-fold increase in creep rate,

aver, no fracture was imminent at the peak strein before the experivent was

termineted for inspection of the specimen.

ffect of Streseg or Strair Eistory

+ was stazed in an earlier section thet the cata representetions cf

s ioapnd 5 implied no effect of stress or strain history under increasing
ctress difference. This assumption appears acceptable in the light of pub-
lished creep results (5, 10, 11) but guestionable in view of recent short-term
juta Pur varistle stress paths which may or may not be relevant for creep (12).

o evaluste the influence ¢f more complicated hiztories and partly to check

ueeuracy of some sceondary creep retes in Table 5, two sets of tests were

nerfors in nuceessive Steges of Increaning and decreasing stress. For one

Fig. 13) the rrircipal stress difference waz changed

“Fa fer 1088 hours) to LLCG psi (3.3 MPa for 12%€ hours!

{(20.7 MFa for 675 ncurs). Tn the recornd exrerirernt

{c

%0 3320 pril (22.7 MPa for 3%£ hours) znd sgain to £370 psi (i€

i+ letails of these tests are listed in Tables 3-5. The

result is that the estimated secondary creep rates st aprroximately 3000 psi
(20.7 MTa) and 2300 psi {15.9 MPa) dropped bty neerly one order of megnitude
after creep had occurred at higher values of principsl stress difference, i.e.,
L5y (27,3 MPa) and 3390 psi (22,7 MPa), respectively (steges C2 and C2 in thre

carticns of Figs. 13 ard 1L),

23
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FRELIMINARY CUMEAKION OF HECULTC WITH RE/SPEC CATA AL DISCUSSION

In view of limited qnta and dats scatter it is important to compare the
present resulte with the resulus of PE/UFEC Tne, {10, 11). &Given the comple-
mentary nature of all tests, satisfactory egreement would automaticmlly broden
+“gn overali date tase available Yor constitutive modeling and :xedel validation,

wualitatively, availatle recults demonstrate that !lew Mexico rocx salt
unuergees all stages of creep from primary creep through creep fracture., !NMore
important, all of thesc stages wore observed at levels of stress and temperature
which are of interest to the WIPP., This means that pasi modeling efforts which

Lave concentrated on the prediction of primary creep must be extended.

r¥ and teconiary creep are recognized readily in a qualitative cence.

C Inec, indicate indemen-ently

cry the vombined data of Candia and HE/CE

ait.  Particular

5 of these phenomena are dif

what unawhiguous dege
difficalties arine beeause primary and secondary crecp appear Lo be overlapping,
becnuse primary creep o asmall time probably depends upon the initial icading

rate and becnure most recondary creep rates are only upper bounds. As 2 result,

the description of primary creep in terms of piwer creep, for example {Table M},
i5 se ive te the time Interval whiecnh is chosen to I'it the experimental date

in the cpace log (e i, tng{t). ¥urthermcre, thr power creep relation whicl was
used here renders poor Pits Lo experimental meoaouromente ot times 1ess Lhan

approximately one hour. At elevated temperature prim.ry creep interpretaticns
are dintorted by fast secondary creep which is going on simultaneously. What-
ever the reason, ambiguitier in the interpretation of crecp data probably pro-

» exanmple, bssed on Tables

or. and predierions.

du-ed err

icted total axial creep strain -0l =

if e =e_+ € as suggesied

H after 500 hou

rxhure ot doutle loguritimic plots. 'This value overpradicts the actusl

by the

strain ac~umulation (el = 12.5%) after that time by approximately 30%.



Jome qualitetive disagreement between various sets of reculls arisec
suncerning the influence cof rressure. dvaileble data (11, 12} led to the cnrme

men conclusicn that pressure enters as a first order effect intc the

¥ tertiery creep and creep fracture. However, rreliminary epalyses cof <he

precent results suggest thet the influence of pressure on tran

ate creep is negligible. Thic observation runs contrary to eurlier

dsta and to the rezults of short-term {quasi-static) experiments. To ~larify

thie poirt more deteiled examinations should be made of existing radial strair

duta, plso, further tests should ke conducted particularly telow 50C s (2

r.ing preesure,
Yreliminary quantitative comparisons of Sandia and FE/FPRC datu are not

tatally o metory. One power rreep decceription of PRE/SFEC Ine. (11) appears

't cope iderably larger creep strains than thece which are indiceted b

tle b and 5. For example, for primary creep pericdr of 100

roquire cheecks znd

r of average not

renge 7.3 < .
(:ig, 17,. 7he majority of data it & % 13,3 keal/mele.
It dir ant point how sericur the observations of histcry

effosts mignt, be if they are proven tyrical under decreasing

1ifferance.  Lowever, history effects might influence strers calculations and
therefore affect the likelihood of creep fracture.
Tertiary creep and triaxial creep fracture develored at I0CTC and

o

stresses and temperatures are likely

25
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Thenomena are significant enough to require mdditionsal study. For lack of
ectablished thecries it will be nec-»ssary in paert to cornduct very long experi-~
ments. However, creep fracture predicticns nay elso be aided by empirizcal
correlations btetween creep f{racture st:. 35 and quaci-static complete stresc-
strain characteristics (22, 23). Triaxial tests on granite, sandstune and
marble suggested that complete quasi-static stress-strain records can be used
to estatlish loci of limiting stable creep strains, OSpecifically, it sappears
that the total nonelastic (time-dependent) strain st any stress will nos
exceed t he nonelastic strain to fracture at the same confining pressure and
orincipal stress difference in quasi-stmtic testn. Although this procedurs

isn strictly cmpirieal it appeals to the notiun that nonelastic strains are

int

4 measure of damage and that the limiting strain establizhes a maximum am
of damige as a function of stress state before an instability occurs with
asaociated loss in load bearing ability. The foregning empirical prediective
scheme for creep fracture is invoked here tecause it correlates remarkably

wzll with the aveiiable creep fracture observations in thkis report.



An ointerim summary of triaxial creep experiments on rock calt

2

o

were carried 2ut et fand

Isolation Pilot Flant

~myodlameser,

cr. relat

ely large samples reasuring 3.0
Letaiis of relevan: experimental procedures and measurements were aer-rited,

Fesults shown inelude Qigital date in condensed data Tiles andd

for raock salt from two horizo 207 -~ 21049 ftoand

— Fihmy B17 - %75z as a function of prinziral strecs

wationr

stitutive equation, fontrary to earlier result

otudy appear 49

cury
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The analynis of teous which are descritea isn continuirg ant lnoludes

wxarinat iong of eXisting radial

b

o

paricon of data with cerlier

mrerison which is ineluded ir

struin data, It also includes a aefirivtive
results of K./SPEC Ine, beyond r rursory

thic report,
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Fig. 1

Triaxial compression apparatus

Darts key: (1) load frame (2) hydraulic actuators
(3) pressure vessel {4) loading ram (5} heaters
(€} insulatian
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PRINC. STRESS DIFE 103 (psi)

3,5 i T T T T T T
3 9 - 2625
2.5
2 L
L5\
B v
5
0 | | | - 1 | 1 |
0 1
3
TIME 10° (hrs)
Fig. 2

Typical variations of principal stress difference
with time for creep tests at S00 psi (3.5 MPa)
auriining pressure (Semple 9-2625).
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STRESS 10° (psi)

3.3

2.2

L1

9-2177

1

0 2 40 60 80
TIME (hrs)

Fig. 3

Plet of principal stress JdiCference and oonfining rrescure
geraun time for sampis (<0717, lote cxtreme varciations in
loy - 03) during pericds of consiant applied ram ioad
{(rig. 17.
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TIME 103 {hrs)

Fig. oo
Pyiial creep records {-
(6.0 wpa, T=1" !
test code see Fig. ),
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. | ) ! ! ]
50 75 1.0 1.25

TIME 103 (hrs)

Axial creep records {e) va. t) st {g; - o3} = h500 psi
(31.0 Min), T = ;°r and varighle confining pressure { for
test code see Fig, 4).
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TIME m3 (hrs)

Badial creep records (-gq ve. t) at (o, - 0,) = L500 psi
{31.0 74}, T = 22°C and varisble confiuing pregsure {for
test code swe Yig. 9).
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Axinl rreep precords (51 vs. t) oat g5 = 530 pai (3.5 tFa),

T = #2°C and variable prinecipal stréss difference (for
test code see Fig, ©).
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Fig. 10

Axial creep records {cy ws. t) at o3 = 500 psi (3.5 MFal,
T = 100°C and varisble principal stress ditference {for

test code see Fig, 57
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Semi logarivamic plot €4 vo. log(t) of test 9-2803/.5/22 (Pas50}
{for test ccde cee Fig. %)
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= 3000, A 0 = 1000
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03 = 50,4 0 = 2200 \
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Fig. 17

.
Cecondary creep rates e, for lower level calt in the space
£9), 1/T), Trispgiler date points are due to RE/SPEC,
. (Ref, 11), 4o = {6: - 93). Strusses are given in psi,
strain rates in (s~1), Parentheses dencte upper tounds.
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LOG (él)

T-10C

-11 | ! ] I I J

2930 3.5

LOG (01-03)

Tig. 18

Secondury creep rates ¢y in space log(e;), log(u; - o3)
for lower level salt. Triangular data points are due to
RE/GPEC, Inc. (Ref. 11). Stresses are given in psi,

strain rates in (5-1). Parentheses denote upper bounds.



LOG ((1)

=27 |

LOG((J1 -03)

Pig. 10

llecondury erecp rates ¢
for upper level salt,
rates in {s”1).

1 in the space log(e), 1ogloy - 03)
Stresses are given in psi, strain
Parentheses denote uprer bounds.
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TEST 1.D. Ci1-9-2078-.5-22
PRINC. STRESS DIFFERENCE 2008 PSI (13.8 MPA)

TIME El
(HRS) %
3 )

3.911 152
g.889 164
20.267 174
24.889 187
192.356 25
227 .556 256
261.689 262
284.889 .267
318.756 272

TEST 1.D. Car9-2ers’.5.22
PRIMC. STRESS DIFFERENCE 4588 PSI (31.8 MPA)

TIME El
(HRG) (&
a a
8.2 1.822
24 2.63
33.4 3.92
45 3.867
61 4.623
72.8 4.932
g6 9.066
193.8 5.981
125.2 6.514
142.8 €.944
165.2 v.477

\n
w



TEST I.D. C1-95-2083-.5-22
PRINC. STRESS DIFFERENCE 2950 PSI ¢20.3 MPA)

TIME EL

(HRS> (&7

9 e
35.778 .698
185.778 .99
253.556 1.241
412.222 1.406
449 556 1.534
497.778 1.605
095.778 1.718
737.333 1.845
841 .556 1.95
942.667 2.851
1878 2.18
1222 .67 2.34

TEST 1.D. C2-9-2083~/.5-22
PRINC. STRESS DIFFERENCE 4588 PSI (31.8 MPR)

TIME El
(HRS) %>
<)
9.778 1.242
24.444 2.812
3.938
183.111 9.978
150.222 6.68
219.667 7.875
25v.333 9.07
.667 10.43
331.556 11.766



TEST 1.D. C1/9-2078.5/3.0-22
PRINC. STRESS DIFFERENCE 1¢@@ PSI (11.7 MPA)

TIME EL

CHRSD o
9 9

D.689 .87
20.978 .a79
24 889 .689

1968.933 .11
206.933 116
226.1332 118
.889 118
2680.889 122
381.511 123
310.756 125

TEST 1.D0. C2-9-2078.5-2.8/22
PRINC. STRESS DIFFERENCE 4198 PSI (2B.3 MPA)

TIME El
C(HRS) %
8 a

12.8 1.269
31 1.831
93.4 2.254
83.2 2.738
182.8 2.969
i2v.2 3.244
1496 3.45
161.8 3.613



TEST 1.D. Cl,5-2083.5-/3.@/22
PRINC. STRESS DIFFERENCE 2900 PSI (20.8 WPA)

TIME E1
(HRS) (&%
a

€0

146 .667
238.667
364

494 . 667
624
766.667

914.667
1685.33

N e
geapgERt

TEST 1.D. C(C2-9-2983.5-3.8-22
PRINC. STRESS DIFFERENCE 4480 PSI (30.3 MPA)

TIME El
(HRS> (&

) U
26.444 2.396
88.667 4.831
188.444 5.344
389,556 6.544
466 .667 7.688
693.333 8.756
857.11¢ 9.694
1867.11 10.669
1247.36 11.325



TEST I.D. C3-5-2083.%-3.0-22
PRINC. STRESS OIFFERENCE 3000 PSI (28.7 MPA)

TIME El

(HRS) %>
a a

6.844 -.083
83.867 .983
155.644 .ea?
219.111 .012
.4 .n16
364.178 .21
425.378 .825
510 .ez29
963.644 .B32
584.8 836
673.956 242

TEST I.D. C1-9-2625~/ 5,22
PRINC. STRESS DIFFERENCE 1208 PSI (8.3 MPA)

TIME El
(HRS? %>
)
192.222 .131
.163
922.222 168
788.889 179
953.333 184
.197
1328.89 199
1433.33
1648.89 213
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TEST YI.D. C2s9-262%/.5-22
PRINC. STRESS DIFFERENCE 22@9 PSI (15.2 MPA)

TIME 1
(HRS)> (&
e e
16 .424
83.556 .716
176
308.444 1.193
451.556 1.41
675.556 1
906 .667 1.8324
1153.78 2.833
1438 .22 2.246

TEST I.D. (3-9-262%~.5722
PRINC. STRESS DIFFERENCE 3380 PSI (22.8 MPA)

TIME El
(HRS) %
a 0
i9 1.833
3.6 1.654
68.8 2.363
187.2 2.868
196.8 3.351
209 3.789
255.2 4.288
308.4 4.673
355.2 5.823




TEST 1.0. C4-9-2625/.5-22
PRINC. STRESS DIFFERENCE 2308 PSI (16.1 MPA)

TIiME EL

(HRS) %)
o e
22.844 .84
71111 .B54
137 .956 .875
209.067 .889
303.644 .183
393.244 .114
469.333 119
0984.178 .12
544 .131
593.778 .13t

TEST 1.D. C1/9-2677/3.0-/22
PRINC. STRESS DIFFERENCE 1158 PSI <8.8 MPA)

TIME E1
CHRS)> 3

9 2]
29.467 .893
182 115
195.689 131
282.578 135
385.332 143
500178 .148
639.956 152



TEST 1.D0. C1/9-2672.35/.83/108
PRINC. STRESS DIFFERENCE 10350 PSI (7.3 MPA)

TIiME EL
(HRS) (&
] 8

19.2 .2es
63.289 .5as
146.489 .99
215.467 1.37
310.044 1.84
398.933 2.23
4986.4 2.62
683 733 3.17

TEST 1.D. C1-9-2624-.5/108
PRINC. STRESS DIFFERENCE 1098 PSI (€.9 MPA)>

TIME E1l
(HRS)Y (%>
e 8
18.889 .319
44 578 .9le
78.578 .¢31
127.689 1.041
2688.978 1.348
327.196 1.772
399.689 2.82
494,133 2.31
2.58
2.78

[AT=-8

578
652.8



TEST 1.0. C1-9-2686-.5-100
PRINC. STRESS DIFFERENCE 1008 PSI (6.9 MPR)

TIME El

(HRS? %>
L 2]
53.2 .11
128.756 .196
268.133 .286
297.244 .398
413.778 .985
929. 467 .618
636.711 731
737.2 823

TEST 1.0. C2/9-2686-.5/100
PRINC. STRESS DIFFERENCE 23%8 PSI (16.4 MPA)

TIME El
C(HRSO %)
4 G/

38.8 2.79
64.4 4.781
95.822 6.281
125.0867 7.313
154 .933 8.79
184.489 18.486
218.4 12.986
247 .333 16.963
268.4 17.625
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TEST 1.0. C1/9-2671-/3.8-/100
PRINC. STRESS DIFFERENCE 930 PSI (6.4 MPA)

TIME El
(HRS) (%)
0
69.333 .116
.Jes
417.333 413
556 .52
7895.333 e
982.667 .798
1865.33 .
1172 .978

TESY 1.D. C2-9-2671/3.8-100
PRINC. STRESS DIFFERENCE 2258 PSI (15.5 MPAD

TIME El

(HRS? 12
2 U
23.467 2
69.422 3.55
127 111 5.15
317.778 9.5
407 .733 18.75
536.8 13.35
677.6 18.15
773.422 23.1
866.311 2.1



1680 PSI ¢(6.9 MPAD

C/9-2688~ .35-200

PRINC. STRESS DIFFERENCE

TEST 1.0.
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TESY 1.D. C/?-2777/.%-22
PRINC STRESS DIFFERENCE 480@ PSI (33.1 Pa>

(HRS) C
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