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Dr. Robert J. Wright
Senior Technical Advisor
High Level Waste Technical Development

Branch
Division of Waste Management

r- U. S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Dr. Wright:

BWIP HYDROGEOLOGIC AND WASTE PACKAGE INFORMATION DATA PACKAGE

The enclosed information package covering hydrogeology and waste package was
informally transmitted to DOE-RL by H. J. Miller-NRC on November 23, 1982.
These documents had been provided to NRC as uncleared information during
DOE/NRC workshops held in July and August 1982 covering these subjects.

A review of the documents in, the information data package has been completed
by BWIP, and a determination made that none of the documents have been cleared
for release. Therefore, we recommend that the NRC's use of all referenced
items be restricted to internal use only. Much of the information contained
in these documents is preliminary, first cut evaluations of field or laboratory
measurements, and until these data have been carefully reviewed and documented,
their use should be qualified.

This preliminary documentation falls into the following categories:

1. Complete or Partial Reports

a. Plate "600 Area Borehole Location Map"

b. Copies of borehole stratigraphy from BWIP data package

c. Copy of data package on stratigraphic charts and cross sections

d. Copy of support document on two well tracer tests

e. Draft copy of waste package report
in the Presence of Nuclear Waste:
222-S Hot-Cell Facility"

8302020375 821223 
PDR I4STE

Nm-tO PDR

"Barrier Materials Testing
A Feasibility Study for the
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f. Copy of BWIP drilling procedures

g. Copy of BWIP general hydrologic testing procedures

2. Miscellaneous Hydrologic Items

a. Numerous NRC forms filled with written information from BWIP
notebooks, interval reports and other undocumented sources.

b. Miscellaneous copies of tables listing hydrologic properties
from unidentified source

c. Listing of temperature data from several wells

d. One BWIP interval report letter from borehole DC-12

e. One generalized computer plot of neutron-neutron, temperature
and caliper data from RRL-2

f. Copies of computer printouts listing groundwater head monitoring
data for several basalt wells

g. Table of Kd values - source not identified

3. Miscellaneous internal BWIP and NRC letters/agendas

As stated earlier, these documents are preliminary materials, and stamped on
each individual map, document, or other piece of paper, the notation, "Information
Copy." These documents should be treated as preliminary draft material, and
their use in reaching technical conclusions carefully reviewed.

If you have questions, please call.

Very truly yours,

0. . son, Project Manager
BWI:DJS Basalt Waste Isolation Project Office

cc, /o enclosure:
Ralph Stein, DOE/HQ
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TABLE 2

HYDROLOGIC TESTING RESULTS
DC-7

GROUND SURFACE ELEVATION: 544 . 8FEET

TRANSMISSIVITY
. - .l ; 1,Oo -_2/day
Wt 0 w o t

ALT~~U 48Q-00 937 _0 6_26 TR 02 _ .X

SQ a a < fl U.
Z ~~0 Z .j 2

cc 0W 

Si~~~~~~~lQ =_ _ ae;m = C-L=uxl e5l

SiO Lyn _Uie = _= - .x 
sin~~~~~~~2 _ Le n 1ae:mCPLL .241x

SiO2CD _0 _ w. 

MATEMN 482 ITRAL 80-5008 93.7 0.19+MR__ .x

Si~~~l _____ - - CP-LL -~~~~~~~~~~CDx ___ . Lx

S102 Lyn early tie ____ _ ___ .x

Si 12 Lyne! late ime I CP-LL 9.8x10 2 4l l

1si.D2. LIne late lime £2LL ~.3x10 4.lxl

SiO2 SINC e~l -im CP-LL _____ NOMATCH

S102 -ea. .rl. timpi.. cp-S 360___ __ __ 2.0xl

STATIC HYDRAULIC HEAD
MEASUREMENT (TEST INTERVAL: 4830-5008 ft)

HYDRAULIC HEAD
DAT (FEET ABOVE MSL)

7/18/80 - 8/8/80 391 2

-3

-4

4
-2

-4

-3

EXPLANATION

ALT - AlR LIFT TEST
CRPT - CONSTANT RATE PUMPING TEST
SW - SLUG WITHDRAWAL
Si - SLUG INJECTION
MTR - MODIFIED THEIS RECOVERY

LL - LOG-LOG
CP - COOPER-PAPADOPULOS
SL - SEMI LOG
SC - SPECIFIC CAPACITY

THIs CoPY WILL1 B0E
REPLACED AND MAY U

CHANGED WITHOUT NOTICE
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TABLE 2 (continued)
HYDROLOGIC TESTING RESULTS

DC 7I

GROUND SURFACE ELEVATION: 544.8 FEET

I-_ TRANSMISSIVITY 3-
F tu O o > L ft2ldayW U t 0 = >

Sw01 4830-508 SN0 e -
-l< #:LL 28 _ t

Sw~~~l _ 0ye xee tn im PL 3xO_731

Sw0 _ SI0, zU Z >

Sw0 cc Lnes Crarle CPL 8. w-2

t; I- o ~0. a-J0 

Sw0 l 4 5 ICO cat t m CP-IL' .Oxl 2 45X1 -4

Sw02 Lynes arl line CP-SL 2.5 _ 1.6x1.
_w~ Y . CYL .__ .. x1 1.,1

DATE~~~~~~~~~5 (E ABV MSLI

Sw~l - - ~ *y~3~ jjjj~ CP-SLoc .4 ____

_ _ _ _ L L _ _ _ _ _ _ __ 

SwO2 8050 SINCO, later. t[me CP-LL I_______ 82 ___ 4x 

SwO2 ___n-s, iearyAme C-P-LL 28___ .~1 2 6x 4

Swol Lynes, ad; i me CP-SL 12.54__ .x

STATIC HYDRAULIC HEAD
MEASUREMENT. (TEST INTERVAL: _____ 

HYDRAULIC HEAD
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TABLE 2

HYDROLOGIC TESTING RESULTS
DC- 7

GROUND SURFACE ELEVATION: 544.8. FEET
I
I

L

i-
U)
l'U

-i
I.-w 
Lu>

i,
6 z

z

cc0
W c
1- aa

a:
-

0 La-:
U
c

0.

Z'

CL

U]

:i

W

aWuJ
> ;

C U.I
'n 

z
E3

z 0 
cr0) 

Sz °

C. as 
>0

a
U)

-J

z

TRANSMISSlVITY
ft2 /day

.,
a:~~ . :

I

W
0
LU
a:

-j

a
0 

n 3

z
0

0
D1
U)

a ~

>

z O

a g

0<

U)a

a;

ALT 4115-5008 93.5 1 .4 155 MTR 1 .24 -i .25x1

Siol _ = = U 67 = .75xl

swol I _ U 90 - .lxl

Si02 U

SwD2. = _ _ = = = ====
Si03 _ CP-LL NO M TCH

Sw03 CPLL _ NO M TCH

SA24 SINC, late :ime __ P-L _ _ _1 9

SiO4 Lyne , early time CP-LL 126 .27xl

Sw04 l SINC late line CP-LL 5. 2 - 2xl 0
STATIC HYDRAULIC HEAD
MEASUREMENT. (TEST INTERVAL: 4115-5008 ft

HYDRAULIC HEAD
DAT (FEET ABOVE MSL)
6/23/80 401.4

-2

3

)-I

.3

-3

7/9/80 400.6
- -

EXPLANATION

- AIR LIFT TEST
- CONSTANT RATE PUMPING TEST
- SLUG WITHDRAWAL
- SLUG INJECTION

- MODIFIED THEIS RECOVERY
- LOG-LOG
- COOPER-PAPADOPULOS
- SEMI LOG
- SPECIFIC CAPACITY

Wfflbfifumm

THISCOPYWILLIVOTIE
REPLACEDATO DAYBE

CHANGED IOUT NOTICE
I -
.0

NOTE: Data not corrected for temperature or density of formation water.



. TABLE 2 (continued)
HYDROLOGIC TESTING RESULTS

Dc. 7
-

GROUND SURFACE ELEVATION: 544.8. FEET

.jW <n 2TRANSMISSIVITY
> 2 0 ft2 lday

SiO5 0 > CP-LL N

SiO _ __U 172 . 73 -

Si5 CP in z _

ICO _ L 0 FE 0 TCH0=

. WW ~~._ 0 90 a

_ us > , <z 0 0 < cc a
_j < a LU a- Z U -Z

Uj W cc Cn~~~WDI ( ~ >0
co W~~~U ~ U2a 3 <

=-~~~a .- '== = 

SwO4 L vne_~ early. me~ CP-LL 2.2 __ 2. 2x1 3'

S0 _ _ CP-LL No____

Si51__ _ U __ _ __ _172 __ __ .73x 10

Si 05 __ CP-LL NO KATCH

SwOS - CP-LL NO TUCH

STATIC HYDRAULIC HEAD
MEASUREMENT (TEST INTERVAL: 'l5l O

HYDRAULIC HEAD
OATE IFEET ABOVE MSL)

.I_

EXPLANATION

r - AIR LIFT TEST
IT - CONSTANT RATE PUMPING TEST

- SLUG WITHDRAWAL
- SLUG INJECTION
- MODIFIED THEIS RECOVERY

LOG-LOG
- COOPER-PAPADOPULOS
* SEMI LOG
- SPECIFIC CAPACITY

for temperature or density of

TS COPY WIL NOT BE
REPLACED AND MAY BE

CHANCEDWInROUT NOTICE

0 D LL
CP

SI

SC
NOTE: Data not corrected formation water
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MP ELEVATION - 645.3 FEET ABOVE MSL

APPROXIMATE PRE-PUMPING WATER LEVEL ' 145.g FEET IELEVATION - 39A FEET ABOVE MELt

BOREHOLE DC-7
HYDROGRAPH
TEST INTERVAL GRANDE RONDE

BASALT - COMPOSITE
TEST DEPTH - 2780- 3B482 FEET

1401-

-
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Lii

Li
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29- 3cu

f OWATER A
LEVEL DATA
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2401-

NOTE: MORE DATA OM FILE THAN SHOWN COMPRESSOR ON 2.5 HS
TUBING @ DC-7 PLUGGED
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AIR-LIFT PUMPING AT DC-8
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FIGURE 2. SCHEMATIC DRAWING Of DUAL BOREHOLE RECIRCULATING TRACER TEST
CONDUCTED ON JANUARY 22-24,1182.
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_ N HYDRAULIC PROPERTIES

TEST METHOD METHOD EQUIVALENT
TRAH$WAI~SIVITY HfYDRAULIC TAIVY

FT2ATY CONDUCTIVITY ;TORATIVITY
.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _FT/D A Y

DC-7 (PUMPING (WELL) DRAWDOWN-

CONSTANT DISCHARGE COOPER AND
SUBMERSIBLE JACOB, (1946) .39 .011 7
PUMPING TEST

RECOVERY -

THEIS (1935) .72* .019

AVERAGE .51 .015

THI COPY WILL NOT BE
REPLACED AND MAY BE

CHANGED WITHOUT NOTICE

DC-8 DRAWDOWN-
(OBSERVATION (WELL) THEIS (1935) .78* .021 4.1 x 10-5

CONSTANT DISCHARGE
'SUBMERSIBLE
PUMPING TEST RECOVERY-

THEIS (1935) .84* .023 _

AVERAGE .81 .022 4.1 x 10-5

AVERAGE .61 .018 4.1 x 10-5

BEST ESTIMATE .. 78 .01 4.1 x 10-
(AVERAGE NOTED BY ASTERIK) _ 78__021_4_1_____

TABLE 2. SUMMARY OF HYDRAULIC PROPERTY VALUES DETERMINED FROM PUMPING
TESTS CONDUCTED ON THE McCOY CANYON FLOW TOP (TEST INTERVAL: DC-7,
3410.2 -3477.6 FEET AND DC-8, 3407.0 -3480.4 FEET)
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ANALYSIS - HYDRAULIC PROPERTIES
TEST METHOD ANALYSIS EOUIVALENT

TRANSIAISSIVITY HYDRAULIC STORATIVITY
FT'IDAY CONDUCTIVITY TATVY

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _FT/D A Y _ _ _ _ _ _

DRAWDOWN-
COOPER & JACOB 5.0 4.0 x 10-3

DC-7 (1946)
(PUMPING WELL)

RECOVERY 5.0 4.0 x

ONSTANTTH S(35
DISCHARGE ___
SUBMERSIBLE
PUMPING TEST DRAWDOWN- 4.6 3.6 x 103 1.0 X 10 4

TH CIS (1 935)36x o 1.xl-

D C -8 _ _ _ _ _ _ __ _ _ __ _ _

(OBSERVATION
WELL) RECOVERY- 3

(THEIS 1935) 4.5 3.6 x 10

AVERAGE 4.8 3.8 x 10-3 1.0x 10-

' e
DC-8
(PUMPING WELL)

AI R-LI FT
-DEVELOPMENT

-PUMPING TEST

DC-7
(OBSERVATION

- WELL)

RECOVERY-
THEIS (1935) 4.6 3.6 x 10-3

DRAWDOWN-
THEIS (1935)

4.7 3.7 x 10-3 4.3 x 10-5

RECOVERY -

THEIS (1935) 3.9 3.1 x 10-3
-

0MUN 
%7- 

.... .I

SIMON@
DPW
ov .1- Inc)

AVERAGE 4.4 3.5 x 10-3 4.3X 10 5

I1tiL ' 4 A .

REPLACED AND MAY BE
CHANGED WITHOUT NOTICE

AVERAGE 4.6 3.6 x 10-3 7.2 x 10-5

BEST ESTIMATE 4.6 3.6 x 10 3 7.2 x 10-5
(ALL ANALYSES)

TABLE 2. SUMMARY OF HYDRAULIC PROPERTY VALVES DETERMINED FROM PUMPING
TESTS CONDUCTED ON THE GRANDE RONDE BASALT (DC-7: 2780 - 3948.2 FEET
AND DC-8: 2734 - 4100.5 FEET).

RL,3
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TABLE 2. Summary of Hydraulic Property Values Determined
by Various Test Methods Conducted on the Umtanum

Colonnade/Entablature at Borehole DC-3.

Hydraulic properties

Test method Analysis Equivalent
;nethod Transmissivity hydraulic Storativity

ft2/day conductivity
ft/day

Pulse test Bredehoeft
et al. (1980) 2.7 x 10-6 5.2 x 10-8

Step 1 1.2 x 10-5 2.4 x 10-7 4.6 x 10-5
Constant Jacob and

Step 2 6.2 x 10-6 1.2 x 10-7 4.2 x 10-5
head Lohmnan

Step 3 3.2 x 10-6 6.3 x 10-8 2.9 x 10-5

Step 4 7.2 x 10-6 1.4 x 10-7 2.3 x 10-5

test Average 7.1 x 10-6 1.4 x 10-7 3.5 x 10-5

Average 4.9 x 10-6 9.6 x 10-8 3.5 x 10-5
(for all tests)

11TH COPY WILt ROT E
REPLACEDAND MAYBE

CMANCEDw'rWurecE 

26



4 E C S BO 1+ OL 7Ž, IEW tZP mZ' 'A
�- 1%,

I.

2.

S.

dq.

BaRE:AQLE .,bC
7T;7-,r*L DPT U4 4-

-Dep-ri o CsimG:
RE\II E .. TZ Q^

. ,-%cc_al -> or ISt _o.'a.eV
.- 4- . C p~. v

" S U"

n'4 

G. IPTES 3, 

4al - 4 

* - ._ 4 .

A~t-r 'ry

OSTr T.LIT4OLOGsY 0 Trr

tAc . \ 4 . \\
CS;5~- ese tM-2 0z' cal

-3\r a- NoC\- ;

esucLT - C-tA r S

Cl- ̂ l;

~~~~a \.I-%Q

'RV~~

k-k^";S B

k- % - -r 6" A.k

ii'
�j�LAd�A�LA �-�-A� -�

- � � c l,..A.$A � rv?��&.4.

-I

. wXz
I..;

1 ' t

4* L.,'.
* r 1 % ..- A C'- S ~

-.,, '.



F- 

)
HYDRAULIC PROPERTIES

TEST METHOD METHOD EOUIVALENT
TRANSMISSIVITY HYDRAULIC 6TORATIVITY

(FTLDAY) CONDUCTIVITY

CONSTANT
-DISCHARGE TEST RECOVERY.

THEIS (193) 3.6 8.2 X 102 
AIR-LIFT DEVELOPMENT
PUMPING TEST No. 1

VARIABLE RATE .
HARRILL (1970) 4.6 1.0 X 10.1 

. RECOVERY.
THN(S 1935) 5.6 la X 10' _

AIR-LIFT DEVELOPMENT
PUMPING TEST No. 2

VARIABLE RATE-
HARRILL (1970) 7.5 1.7 X 10_1

RECOVERY-
THEIS (1935) 2.6 5.9 X 10-2 

AIR-LIFT PUMPING
TEST No. 3 VARIABLE RATE-
DEVELOPMENT HARRILL (1970) 3.1 7.0 X 102 -

AVERAGE 4.5 10 X 10 -

SLUG TESTS

_ INJECTION No.1 379 8.6 _

INJECTION No. 2 265 60 _
VAN DER KAMP (1976.'

INJECTION No. 3 268 6.1 -

WITHDRAWAL No. 1 294 6.7 -

AVERAGE 302 6.9

. CONSTANT HEAD
INJECTION TEST

CONSTANT
DRAWDOWN-

JACOB AND LOHMAN
lh952l -57.9 1.3

. .~~~~~~ __ _ __ _ _ __ _ _ i . - . , ._ _ _ _ _ .1 _____________.. _

TH COPY WILL NOT BE
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AVERAGE
(ALL TESTS)

2.8 -

BEST ESTIMATE 5.1 12 X 10'1
(CONSTANT DISCHARGE TESTS 3)-HARRILL METHOD)
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BEST ESTIMATE D.I x iU 1D.D x lu
(AIR-LIFT DEVELOPMENT PUMPING) I

TABLE 2. Sumary of Results Determined From Various Test Methods For
Grande Ronde Basalt #13, 3741-3845 Feet, Borehole DC-1S
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* TABLE 2

HYDROLOGIC TESTING RESULTS
DC-1 5

Frenchman Spgrins Basalt Interval No. 6

GROUND SURFACE ELEVATION: 402.1 FEET

-j TRANSMISSIVITY
UlJI _ ft2/day j 
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< 2 0 x co~ z
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I .~~~~~~~~~~~~~~~~~~~-.
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=_ _ ==== = === <

AL 18418 24 8_KR GsHm
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STATIC HYDRAULIC HEAD
MEASUREMENT (TEST INTERVAL: 1834-1887 ft
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DATE (FEET ABOVE MSL)

r,-% , r:-.,
.--I ,I . II I, 1�$.. -i?, 1D.
LI j

11 Aug 80 386.6 ft -
I.-

EXPLANATION

ALT -AIR LIFT TEST
CRPT - CONSTANT RATE PUMPING TEST
SW SLUG WITHDRAWAL
Si - SLUG INJECTION
MTR - MODIFIED THEIS RECOVERY
LL LOG-LOG
CP - COOPER-PAPADOPULOS
SL aSEMI LOG
SC - SPECIFIC CAPACITY
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TABLE 2 A.

HYDROLOGIC TESTING RESULTS
DC1 5

Frenchman Springs Basalt Interflow No. 5

1.r_

GROUND SURFACE ELEVATION: 402.1 FEET

.J O O I , TRANSMISSIVITY
Uj > L 0 -

S9,nl U _ . ccNIh 0 

Sw l PLL a 0

.. _ CO-

C- .50

Sw02 U3 C- cc

DATE~~ ccEAOVML .. aIc:, f t - U, a

1 w U .
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0 U 0. .. 0> 0

0 > -j
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- __ __ __ __ __ _ CP-LL _ _ _ __ 70 __ _ 0.8

SwO2 CP-LL _____74 1 0.8
STATIC HYDRAULIC HEAD
MEASUREMENT (TEST INTERVAL: 1735-1833 f t r7

HYDRAULIC HEAD
DATE (FEET ABOVE MSL)
1 Aug 80 386.5 ULJJ ~ j

EXPLANATION

ALT -AIR LIFT TEST
CRPT - CONSTANT RATE PUMPING TEST
Sw -SLUG WITHDRAWAL
Si -SLUG INJECTiON
MTR - MODIFIED THEIS RECOVERY
LL - LOG-LOG
CP - COOPER-PAPADOPULOS
SL w SEMI LOG
SC - SPECIFIC CAPACITY
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TABLE 2

Hydrologic Testing Results

Frenchman Springs #2 Interflow
A.

Ground Surface Elevation: 402.1 Feet

3 a_ : TRANSMISSIVITY u -

CRPT~~ ~~ i 2359816MRGSHM

< > 1-- 0 0~~f/day

WW Z ___ _ _ _

sw~~~~l U~ -I6 

Sw@4 ~ ~ .. _ _U2152

0 OZ U 24 z 46

Si2 29 122

>iZ> LA _O _ = U -
MO-i w a 0 J 0 

6iQ4 - = = = = U = lSB8 =u.,88

I- ~~~< u(- ) 0~ (U

S6 _ I = U 2 123

5Sw6 _ == = = U 21957:= 12

ELU U 2705U15
sw I wc 0w C U . 1479>8

sio2 U 2195 122

5iM4 U 119 88188

SM~ U 1268 76

Sit 6 U 1473 82

_-, 

STATIC HYDRAULIC HEAD MEASUREMENT
(TEST INTERVAL: 1481-1506 ft)

HYDRAULIC HEAD
DATE (FEET ABOVE MSL)

6/26/80 386.0 ft
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ALT - AIR LIFT TEST

CRPT - CONSTANT RATE PUMPING TEST

SW SLUG WITHDRAWAL

Si - SLUG INJECTION

MTR - MODIFIED THEIS RECOVERY

U - UNDER-DAMPED CASE
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GRAPHIC
LOG GEOLOGIC DESCRIPTION
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I
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ENTIATED
ALLUVIUM

%Jrt, ufev A A A \J.% Q;X
AWUVW

TOP OF COLUMBIA RIVER BASALT GROUP

;.

. _.

C.-

~~~~ n

a

- 200 -

* 220 -

* 240 -

* 260 -

- 280 -

300-

320 -

- 340

ICE
HARBOR
BASALT

. . \I

'I

. \)
. I

.

('A-_--l.

IgAs

* OPEN HOLE
3.937 In'

A -208 ft -

I_
1,
0

0I--

Il
I-

z

U)l
Il

VESICULAR RU08LY BASALT: SCORACEOUS. IRON-STAINED FRACTURES.
LOCALLY BRECCIATED

DASALT FLOW TOP DRECCIA ANGULAR. VESICULAR FRAGMENTS
IN A BROWN TO BLACK CLAY. LOCAL IRON STAINS

MEDIUI-GRAY. PORPHYRITIC BASALY- 2-5% VESICLES. 1-2 LOW ANGLE
FRACTURES

DARK-GRAY. SLIGHTLY PHANERITIC BASALT: HIGH-AND LOW-ANGLE
FRACTURES AT 12 FT SPACINGS 1-2MM FILLING. SOME
WELL-HEALEO. LESS THAN 2% VESICLES

DARK.GRAY. PORPHYRITIC. RASALT 3-4 FRACTURES/FT.
WELL-HEALEO FRACTURES. LESS THAN 2% VESICLES

DARK GjAI. J t4Z FRACGUIRES/FnLOW-ANO HGH-ANGLE
FLANAR21-2 MM FILLIN I lCAt FIIACTI RES

275 It

N

-j

tr

I.-z
U)UI.,

LEVEY
INTERBED

TUFFACEOUS SILT AND FINE SANDSTONE: ALTEREOE?)COARSER GRAINED IN
PLACES. CRUDE BEDDING

BnOWN TO BLACK SILICEOUS MATERIAL: SOME ASH. CRUDE BEDDING 'I )
_VESICULAR BASALT: 20-30% VESICLES. 2-3 IRREGULAR FRACTURES
_CLAY-FILLEOVESICLES -

DARK-GRAY. SLIGHTLY PHANERITIC BASALT: LESS TqAN 2% VESICLES. 2-3
FRACTUIIES/II. 2-3 MM CLAY FILLING. I BROKEN ANLIVLSICIILAR BASALT Fa323 II

_ HASALT FLOW-TOP lILCCIA IRON-STAINED. GRAY TO GREEN CLAY MATRIX.
\VECULAR TO SCORACfOUS CLASTSJ

VESICULAR BASALT: SCORACEOUS GRADING TO 2% VESICLES. StLIGHTLY
AITlREI). 4- fRACl URES/I

7eJ

pELEPHANT
MOUNTAIN

BASALT

0 T]323 ft
0
C4a

343 tI. A - I I

. *e\ 3 t;2o ; -ov ilo r, tt Viu
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NEUTRON - EPITHERMALbINEUTRON l
!COUNTS PER ECOND

500 ;rOOtG 1.50 GEOLOGIC DESCRIPTION
a I I I I a p I I a I a II __ __ __

4 A

| 7 

417 ft LIGHT GRAY. PORPHYRITIC BASALT: 1-3 FRACTURES/ft.
PLANAR LOW-AND HIGH-ANGLE FRACTURES. 1-2 MM BLACK
GLASSY FILLING WITH SOME PYRITE

SILT AND FINE SANDSTONE: TUFFACEOUS

-I

ob

-I

w

uJ

496 ft

BASALT FLOW TOP BRECCIA: LARGE VESICULAR CLASTS IN
MATRIX OF ALTERED CLAY AND ASH, NUMEROUS VESICLES
FILLED WITH SILICA

MICACEOUS OUARTZOSE SANDSTONE: WEAKLY CEMENTED.
CROSS-BEDDED

VESICULAR TO SCORIACEOUS BASALT: 3-4 FRACTURES/ft.
IRREGULAR. SOME QUARTZ FILLING

r - ,, - -_\%f GRAY BASALT: SCATTERED VGS AND VESICLES. 1-2
J FRACTURES/Itr- a t - *

RCP8009-170

rJ to&J- ^ _ ~ QaoomA¶-t. ~W 1'6 %A{ Q'A ft ~VL~k ov-j�.'_
r*eA, F T .
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TABLE 1

DESCRIPTION OF INTERVALS TESTED IN BOREHOLE DC-2

INTERVAL

1

DEPTH
(feet)

2376.36
to

2409.08

LENGTH
(feet)

32.72

ROCK TYPE

Entablature

GEOLOGIC DESCRIPTION

(1
Moderately fractured, dense, dark, some glass,
some flow banding, scattered amygdules.

2 A and 2343.57
to

2376.29

32.72 Flow top Highly fractured, vesicular (15%) and breccia and
flow rubble with clay matrix, zeolites. Upper
part of interval base of overlying colonnade of
dense, dark finely phaneritic nature; lower part
of interval is top of entablature, moderately
fractured, competent with brown-yellow clay.

4 3018.81
to

3071.46

3068.94
to

3121.59

3116.14
to

3170.30

2954.38
to

3006.54

52.65

52.65

54.16

54.16

Umtanum
Entablature

Umtanum
Entablature/
*Colonnade

Umtanum
Colonnade

Umtanum
Flow top

Dark, dense, aphyric with filled and unfilled
fractures mostly hairline and irregular, rare
amygdules.

As for Interval 4, but zones of moderate frac-
turing with high-angle orientation hairline
fractures.

Moderately fractured rock, high-angle hair-
line fractures, black and glassy zones. More
fractured toward the base.

Flow top consisting of a competent rubble
zone well indurated with little alteration
underlain by a glassy scorla in a well-in-
durated maxtrix, some vugs. The underlying
entablature is a dense, dark aphyric basalt
with some low-angle fractures.

-V

UV)

a)

1Data supplied by Rockwell Hanford Operations, June 1978
S.
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_~ internal Letter Rockwell International
Date: . October 21, 1980 No: , 10120-HSU-80-281

TO: Mem. Organiaation, nternal Address) FROM: (Ntame, Organiralion. Internal Address. Phone)

* F. A. DeLuca * W. W. Pidcoe F. A. Spane, Jr.
* 6-8765 6-6265

Summary of Preliminary Hydrologic Testing Results, Grande
Subject:. Ronde Interflow, Test Interval No. 6 in DC-12.

This letter summarizes the preliminary results of hydrologic tests conducted
in an interflow zone within the Grande Ronde Basalt to evaluate the effects
of drilling fluid on hydraulic property and hydrochemical characterization.
Initial coring contact with the interflow zone was at 27.5 feet. At a
depth of 2831 feet, complete loss of circulation occurre. The interflow
zone was completely penetrated in approximately 3.4 hours.

The testing was conducted in two stages. The first stage of testing was
after the borehole had been cored to a depth of 2843 feet below ground

-surface. At this point the borehole had been cored 181.5 feet using water
without drilling mud. The second stage of testing followed circulation of
drilling mud into the borehole under coring conditions.

The test interval was isolated utilizing a Husky single seal mechanical
packer, seated above the zone of interest. The hole bottom, completed in
dense basalt, formed the base of the test interval.

First Stage of Testing

For the first stage of testing the packer was set at 2818 feet below ground
surface. The bottom of the hole at that time was 2843 feet. Air-lift pumping
to remove drill-cutting debris and to develop the test horizon was conducted
for 349 minutes, at an average discharge rate of 24 gpm. The next day,
following the complete recovery from developmental pumping, a 24-hour air-lift
pumping test was conducted, at an average discharge rate of 25 gpm. Water
levels during the recovery period, following developmental and 24-hour air-
lift pumping, rose above static water level within two minutes from the start
of recovery and then slowly declined toward static, Figure 1. Water level
recovery of this nature is not readily analyzed for hydraulic parameters
by standard techniques. The measured static water level, as determined
from the recovery data was 109.3 feet below ground surface.

Slug tests were conducted and the data analyzed to determine transmissivity
by the underdampening technique for oscillating water level response
(Van der Kamp, 1976). Transmissivity values determined by this technique
ranged from 1.18 x 103 to 1.85 x 103 ft2/day, with an average of 1.53 x 103
ft 2 /day.

The packer was released following the first stage of hydraulic testing.
Drilling mud was pumped into the borehole and 2 feet of basalt was cored
over a period of 150 minutes. During this period-there was no return of
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drilling fluid to the surface and approximately 2000 gallons of fluid was
pumped into the borehole. The mud was allowed to stand in the borehole for
14.5 hours. The next day drilling fluid was again pumped into the hole for
45 minutes with no returns. The total drilling fluid lost into the borehole
was approximately 3000 gallons. The interval was exposed to the mud for
25.6 hours before the packer was re-set and clean-up pumping initiated.

Second Stage Testing

For the second stage of testing the packer was set at 2817.5 feet below
ground surface. The bottom of the hole at that time was 2845 feet. Air-lift
pumping to remove the drilling mud from the borehole and to develop the test
horizon was conducted for 460 minutes at an average discharge rate of 23 gpm.
The next day following complete recovery of developmental pumping, a 24-hour
air-lift pumping test was conducted at an average discharge rate of 23 gpm.
Water levels during the recovery period, following developmental and 24-hour
air-lift pumping, rose above static water level within two minutes from the
start of recovery and then slowly declined toward static, Figure 2. Water -
level' recovery of this nature is not readily analyzed for aquifer properties
using .standard techniques. The measured static water level as determined
from recovery data is 109.4 feet.

Slug testing was conducted and the data analyzed to determine transmissivity
utilizing the underdampening technique for oscillating water level (Van der
Kamp, 1976). Transmissivity determined by this method ranged from 1.32 x 103
to 1.38 x 103 ft2/day, with an average of 1.354 x 103 ft2/day.

Hydrochemical Characterization

Following hydraulic testing for both stages, water samples were collected
to assess the influence of drilling mud on the major hydrochemical character
of groundwater within the test horizon. Samples were collected utilizing
either an argon or nitrogen-lift pumping method. Preliminary analyses for
each stage of testing are shown in Table 1. Examination of data presented
in Table 1 indicates no significant difference in hydrochemical content is
evident for groundwater sampled from the test horizon prior to (First Stage
Testing) or following introduction of drilling mud into the borehole (Second
Stage Testing).

Summary of Test Results

Preliminary analysis of data obtained indicates that no discernible impact
was evident through the use of drilling mud on the characterization of
hydraulic properties and/or hydrochemistry for this ts 2..
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data which supports this conclusion include the similar:

1) measured static water levels (First Test = 109.4 feet, second test =
109.3 feet);

2) average discharge rates during the 24-hour air-lift pumping test
(First Test 25 gpm, Second Test = 23 gpm);

3) recovery water level responses following air-lift pumping; (Figures
I & 2);

4) estimates of average transmissivity (First Test = 1.53 x 103 ft2/day;
Second Test = 1.35 x 103 ft2/day); and

5) hydrochemical content (Table 1).

-$4 AL.n
W. W. Pidcoe F. A. Spane, Jr.
Sr. Scientist Sr. Hydrologist

WWP/FAS/j 1

Att.

~~~~~~~T~~~~~~~~~~li
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First Stage Testing Second Stage Testing
(without Drilling Mud) (with Drilling Mud)

Date of Collection 9-2-80 9-10-80

Test Interval, feet below 2818 - 2843 2817.5 - 2845
ground surface

Anions (mg/L)

Alkalinity as CaCO3
Chloride, C-
Sulfate, S4

Fluoride, F-
Nitrate, N03
Phosphate, PO (ortho)

Cations (mg/L)

Sodium, Na+
Potassium, K+
Calcium, Ca4f
Magnesium, Mg++

163.0
160

2.4
13.6
<.5
<.5

166.6
12.8
1.4

.05

157.4
154.2

3.8
13.7
<.5
<.5

162.5
13.3
1.7
.16

.1 -_I 
f1
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TABLE 1. Comparison Of Major Inorganic Contents For Groundwater Sampled
From A Test Horizon Prior To And Following Introduction of
Drilling Mud
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TABLE 1. Summary of Hydraulic Properties for Various Test
Intervals in Borehole RRL-2 as of May, 1982

Depth Effective Hydraulic Vertical Hydraulic
Interval Thickness Head Gradient Transmissivity

Test Interval (ft) (ft) (ftMSL) (ft) (ft2/day)

Mabton Interbed 1364-1340 50 417.5 20.5 2.9 x 102

Priest Rapids
Interflow 1574-1714 25 401.1 4.1 6.5 x 102

Roza Interflow 1735-1773 23 404.3 7.3 2.4 x 10'

Upper Frenchman
Springs Interflow 1907-2222 32 402.5 5.5 1.1 x 10'

Lower Frenchman
Springs Interflow 2244-2644 65 400.1 3.1 2.1 x 10'

Vantage Interbed 2665-271.3 18 398.9 1.9 1.7 x 10°

Upper Grande
Ronde Interflow 2719-2913 57 397.1 0.1 8.6 x 102

Flowtop of the
"through runner" 2931-3020 10 397 0 1 x 10-2
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. TABLE 2. Summary of Hydraulic Properties for the Upper-
Saddle Mountains Basalt in Borehole DC-16A

Depth Effective Hydraulic Vertical Hydraulic
Interval Thickness Head Gradient Transmissivity

Test Interval (ft) (ft) (ft. MSL) (ft) (ft2/day)

Rattlesnake
Ridge Interbed 668-835 124 448 51 1.7 x 103

Selah Interbed 928-1021 63 439- 42 1.1 x 11

Cold Creek
Interbed 1080-1212 98 418 21 4.0 x 100

TABLE 3. Summary of Predicted Hydraulic Properties for the
Lower Grande Ronde Basalt n Borehole RRL-2

Depth Effective Hydraulic Vertical Hydraulic
Interval Thickness Head Gradient Transmissivity

Test Interval (ft) (ft) (ft. MSL) (ft) (ft2/day)

Middle Grande
Ronde Interflows 3235-3465 60 397 0 1 x 101

McCoy Canyon
Flowtop 3465-3500 30 397 0 1 x 10'

Umtanum Flowtop 3610-3680 50 397 0 1 x l0

Very-High Mg
Flowtop 3825-3845 10 397 0 1 x 100
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REPAEDARDMAYSE
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I TABLE 1. Summary of Hydraulic Properties for Various
Intervals in Borehole RRL-2 as of May, 1962

Test

Depth Effective Hydraulic Vertical Hydraulic
Interval Thickness Head Gradient Transmissivity

Test Interval (ft) (ft) (ft,MSL) (ft) (ft2/day)

Mabton Interbed 1364-1340 50 417.5 20.5 2.9 x 102

Priest Rapids
Interflow 1574-1714 25 4011 4.1 6.5 x 102

Roza Interflow 1735-1773 23 404.3 7.3 2.4 x 10'

Upper Frenchman
Springs Interflow 1907-2222 32 402.5 5.5 1.1 x 103

Lower Frenchman
Springs Interflow 2244-2644 65 400.1 3.1 2.1 x 103

Vantage Interbed 2665-2713 18 398.9 1.9 1.7 x 100

Upper Grande
Ronde Interflow 2719-2913 57 397.1 0.1 8.6 x 102

Flowtop of the
"through runner" 2931-3020 10 397 0 1 x 10-2
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* TABLE 2. Summary of Hydraulic Properties for the Uppe
Saddle Mountains Basalt in Borehole DC-l6A

Depth Effective Hydraulic Vertical Hydraulic
Interval Thickness Head Gradient Transmissivity

Test Interval (ft) (ft) (ft. MSL) (ft) (ft2/day)

Rattlesnake
Ridge Interbed 668-835 124 448 51 1.7 x 103

Selah Interbed 928-1021 63 439-- 42 1.1 x l0

Cold Creek
Interbed 1080-1212 98 418 21 4.0 x 100

TABLE 3. Summary of Predicted Hydraulic Properties for the
Lower Grande Ronde Basalt in Borehole RRL-2

Depth Effective Hydraulic Vertical Hydraulic
Interval Thickness Head Gradient Transmissivity

Test Interval (ft) (ft) (ft, MSL) (ft) (ft2/day)

Middle Grande
Ronde Interflows 3235-3465 60 397 0 1 x l0

McCoy Canyon
Flowtop 3465-3500 30 397 0 1 x 11

Umtanum Flowtop 3610-3680 50 397 0 1 x101

Very-High Mg
Flowtop 3825-3845 10 397 0 1 x 100

I
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1, bc- S

SWIFT INPUT FOR RHO MODEL

LAYER # THITC.:-ESS(ft) -K. (ft/dav) K (ft/dav) POROSITY

1

2
3

4

5
6

4'If- A-1) b 8

li. 4 I 9

LCZ 0,_. G _7 10

tVwj >11

C. 1-s~K : 1b2-

13

300

122

96

366

72

144

462

330

308

350

1150

350

950

qzi

SP 

If- 6

le42

n22 

z r-n-t

Z c &
17V G-

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

x 101

x 10 6

x lo-3

x lo-6

x 10°

x lo-3

x lo-5

x 10°

x lo-6

x 10°

x lo-6

x 100

x 10 6

1.0 x 100

1.0 x 10 3

1.0 x 10 4

1.0 x 10 3

1.0 x 10 1

1.0 x 1 4

1.0 x 10 

1.0 x IO~
1.0 x 10 -

1.0 x 10 31.0 x 

1.0 x 10 1

1.0 x 10 3

.25

.05

.20
.05

.25

.20,
.05

.25

.05

.25

.05

.25

.05

RHO-LD-44 INPUT

LAYER # THICKNESS(ft) K (m/s)
=Fi I- 11 

Kf (m/s)
..

POROSITY

Saddle Mts.

Wanapum

Granue

Ronae

* 984*

115'0*

1.0 x 10-8

3.0 x 10 9
'1

1.0 x 10 '
- 1,3. 0 x 10 -.

-1011. 0 x 10I3280* *1.0 x 10 9 .01
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V.
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Table 3
Current NRC Layering

_ayer Alluvial ater able Acu: r MOQ .

Layer 2 Dense asalt Saddle on F. f:.

Layer nzerteds Saddle Mou.ains :m. §6 f.

Layer ' Dense Basalt Sa:-e 66 ft.

Layer _ ': L'ws Racd'- oun:rs F-. 72 t.

Laver . er s Sadd-e ft.tm:rs . L4 ft.

..aver tense Basal= 'Iara-um .s. - 46 t. I
Larer 3 Irmer'cws ;:aa :F. , 330 '.

~~~~~~~~~~~~~~~~~~~~~~~

Layer e Dense asal: anaoum F. 508 f:.

Layer '0 Intar-lZws r=.e Ronce F. 3so .f

*ayer . 5 Dence Basalt (.- -cr.=t c!_ed) .*

:rver :: .............nm:~r" ..e R z . e f- t.

a-fer 'e-e Basal: :_ .e c -n. | 50ft.
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Table 2..--Cocriptlonn of core mantles fe well Alt4C-1.

llyy. It. SrmAr. 11.tt1ll tol IW nstitute)

Core
p ushe De rfiption

C .... .. CoraInterval 24*112 foi. Noeaored. red feet. A

dense. fne-grained ts glassy, black asalt. 1ighly

i l jointed. with care segnoet aoratltg Incheto

length. A trace tft at- the upper ead of the core

prob y e17 eptestinte ewe'im eithar from the Overlying

Squaw CTeek diatotie equivaltat (a t a depth *7 5--
155t f) ) or f. the ipher Hatton bed (about 40-500

It). Alteratieo tt present s sea.. and joints, le

k e occasional y el fillings occur. Tha (I-T appears

to be Ihe Sand Itellw lev of the vrvnctrsfn Splines

t iweer . (see Itsekin. J. R., 1911. stratstg phte

secti to the Vekina ssalt nd he llensburg Prr

_teto elotlh-cemtrsljaVshingtoal ashlsgton Div.

limes Aa COlaDey ept. of lv. s0. 19.)

..... .tto os WOeV64*4. tbrtt Ml Car%.

. -Cored Inter 83-1St feet. Recovered, a Incheo. A

.ery ine-grained glas?. black basalt. ho flow aP-

pears to be the Gine 11mw of thi treochnan Springs
Webker.

... Coed iterval 118 -.190 feet. Recovered feet

I Volcanic tuft, altered l gely to a bentonitit clay.
*_; tt~ *Hard. emepact, tough and dense. ndicating probably

AIM no fnot a epoettrioel clay but tt-plato lterptio.

The 1041retary bed lao not ptwetously beta desrtbed

oe rotogattoed. it tes betwe what appears to be
the overlying Roc'y Coulee flw and the lwer Dry

ulch w o 1. W. Hackle. (Sol above reference)

S------ Cored Interval 170-9.711.5 teet. Reacvted 2-112

feet. A dense. dark gray. eedtuo-gratnf e basatt.

t color, rain ite. and the length of cofs sea-
mn e tte (u In) I to) In gbctb et-a ch. cre fe

ear the bat of the unnamed lot.

........ Cowed InterVe 1.3S0-IIZ-iISI feet. lersuered 3.5

feet. A oedt..-gca colored. holocryntailtme,

coarse-gral basalt, The color. ryetolliniry.

and lptb of re aeweet (aveging about to

long and up to t to long) eugset probably eassiv

basalt flow. Th geophysical logs oultest a break
(flow top) at about 1,310 feot. frosteity of basalt
of this t o a flow top suggests a thick. masaiv

1 1w.

I..-- . Cored Interval feet. lecovered,

(C t. Identical, t pp ea n e to Core . Here

jointed, but core evidently folmed o. vertical

joint.

a...... -Cored Interval 2.942.93 f teet. eeve ed 11 feet.

h ighly Vesicular %b*It and fle rett torati-

tog a tc of crotie wood. Vesres are v, to

on tech In diameter. Qlr*eeally above 2.90 feet.
$clew 2.950 feat the core bees omc ae l
vesicular. 4nd with contorted v#sicl bandsi. top of
1bsalt flow.

9.....Cored Isterval 3.081).059 feet. Scovered, fate .

Avery fIne-galne. glasey. black basalt. Core in

*egtewts VP to -toot ong. oost 4-inchs lont.

Core barl Maisted oi.

10…--------Cred Interval 3.10-3.103-12 feet . o recovery.
Core barrel tited Ott.

I --... Cored interval .) 1.07-.117 eet. S. recovery.

12.-......Cared lnterval 3. teot. Did not ut. Runed care

he ad.

I1--.---- Cored Interval f2.17S112 feet. tecoverd,

1-111 t. A fe-graised. assy 88black bsealt.

l ........ Cored Interval 3.lS3-3,AS feet. Recovere4.
1-14 toot.

Care
sunboe esriptios

-t
----. -Cared interval 3.1l-3.113.lfl feetL. ltReoerd. 2 feet.

A sandy granule gravel, with well rounded granules of

brasalt Sbout /S nch ti dtor. Carbo.,tced wood
occurred In the asypl. probably carbonted by twat of
the flow overlyit it. he sand has bwe bae by tht

o-..r lyin flow, also Indurated y secondary 4uset..
The ehigher are of the core t a ighly veelcular ba-
salt (of the (Iw vertunnin the lotarbed) in piece
up to 2 nche mmi. lensth. ost of the cre io in
Wou.nded froagort about I inch in diameter.

i...-Cared Interval 316-3.23A feet. eoveeed. 9 feet. A
dar Iray hocrystahtinte. toeree-Fralneb l

Mighly Sninted with h.e average l*t bt ose AhO I
. ithes. Joint a toonly accur a angles to the Core at

Sbout 3-40%, vth sirt atfight angles. e large vot

vaa lined with quseti.

---- . Cored ineervsl 3.23A-3.2tA feet. geoered. fet, A

veicular flow Wreccis with scara. oran rte contact
Sine between Core I 11w ad the flow leeath Cote 1.
Rasp pfees at the Core a I lnch or l a toi r.

One piece 3-inches long cnwains nureou yet uidenti'
lied recolite and also sow chalcedvny.

l -.. ored Interval .4,t13.A21 feet. le.everpd. P./ feet.

a (tre-atalne. dten. blac. Vesicular tfree nesr
the top of the bhelt (tw. The rore rapsdly beroces
les vesicular .. nerd many vesiclee are ine.d with

teolits. Only few vesic le a drawn out o flat-
taned. Tups occur betweca 3.11 and 3,13 feet he*

the t changes* to a normal amwIeelcular basalt.

-. -Cored interval 3.01-3.45 ft. lvcov4eete . feet. A
highly vesilar, fim-gralne basalt. Care lon many

- frenente. 3mw se otes * n ao e of the vasiclas.

20 ..... Cord Isntrval 31.0 .4I feet. S ser-5t tare,

21.------- Cored nterval 39. * refet. ecoveted, A fet.
A basalt 11ew brtsrel 'ro 3.4934.3t17.3 fet with 
tvtfe"Prous atni. Underlati Vy a tIne-gratoed lasy.
black, hhly jotated sselt. Ike breta etay elther
a flw brecta awerlain by a tht tt bed, or oay So en
* t1eced Illowe-palsgonle or brercels-yaslegoe Cnowles.
Whether the brercia represents the beae o the ovrlyig

ftw or the top of the Ier flw cennot be ascertained.

II2.'.... Cored nterval .523-3,3t* feet. e cred, I feet. 
fietgralied, de., glassy, black, highly JoInted basalt.

23. 'C-a---red iorewval 3.33A.SA ftet. ecovere. feet. A

highly veslewlar bsalt Consierale opal, * scoltiso

and chalcV6edn tn vesiclee.

24..-'... Cored interval 3.59y-3.59 feet. Seroedno coca.

23. -... Cored Interval .399- 2 feot. Senovered. inche. A

very teie-gLrn04d, dSe, bleck basalt. Occastoal mail

feldspar 1aeccrysto. Vesicles constitute 10 to 0 pee
tent of fack.

21- -... Cored Interval 3,2.3,39 feet. ocetrd. feet. A

d.eo, dark gray basalt, Locally grenish

gay ton olar ptrbbly owing to chelorttittatl. Ocrcalo
vwlu and vesicles filled with chalcedony, ee quarts.
NigheC cocoa hve Contaled doIie-ntly quotsd andi oflit.e.
Core occurs In c segrto 3-1 Inche* long with scattered

-------- Cored interval 3935.93 ofet; teverd about teet.
A fIne-srained. dark gray to nearly black basalt. eld-

Space to_ aly about I - lon. A few w-cttle. lined with

secondary olra (Mhlorephsaltel) end quarts. %oat of

car 2-4 neh.. long. one piece i-foot lon.

21.' .Cored Interval ,21-4.2l fet. Ieree-red. 2 teet.

29 ...- Cored Interval S.1-,149 tec. *ecovered--i. cara.

0------ Cored literval ttll-2.l34 teet. ecevered. 8 feet. Ve-
siwulr Mesr. tis cte was cut to a devatsed, oat the
ecitgiast bert hole.

It Stratireph nonaciotur dos et reSfr. to U.S. Geological Surey usge.
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Table . -- Smarwy of results tr analsis of Nydraulic date

Collected fOr cones selated by pecers to .e11 AlM-C-I

Apperent un.e turbed
tntervsl Toot, ator * e v Ceuto tneseltvi 1

(depth to feet) numbe
1

(feet lO tnd eurfac) (gpd/.tt /day)
2 

_

]~~~~~~~ Ii _I II_ 
362-418

450-530

540-620

630-712

620-1 .190

'30-,,.

1.130-1,190

1.330-1.520

1.560-I *710

1.760-I *930

1.910-2.160

2.100-2.260

2.170-2.223

2,240-2,420

2 ,610-2, 61

2.600-2.180

2.730-2.910

1.920-3,103

3,146-3,236

3,161-3,191

3.206-3.246

3,320.-3.61

3. 360-3, 597

3.516-3 ,67

3.530-1.539

3.174.3.934

3.9104.070

*.060-4 *83

112
I22

SJ3

IT4

ITS

ITS

ITII

I
T

¶j
S~TJ

IT15
ITtS

ST1U

IT13

ST t

IT,1
ST11

Silo

IIIfl
Slit

u11,1

IT17

STI

5T11
1123 t

1
2 7/ (ff

1123

ST27.

tTnc

5126

1126

5730

31325 1 

1 1 9 7 1 ) s
3130

,V 69. 9

.165.O

163.2

166.2

1170.3I 

.173..

4.,163.3

V1 '68.1
167.1

166.8'

Vies.'

lbl6.3

.....

MISS. 

13.2

-....-oe-

i 16
I..

....

-7
....

IIgb

Vib?.

Kt j b

2'2.6
GS e.1

Low

Low

Low

264
.....

Lw

LOWl66.0

LOW

269.2

I110. 16

160.1

2AIS.3 I

V1C2I.0
19.

I'253.05

162.9

1...

7.1 13.9......

Yt,3.6

206.3

104 .2

LOW

110

Vo. 
2.1

$36

.111.3
6.6

.....

3.3

4.1

-....

13.6

10.1
0.29

.....

2tsl.9
7?.,

0.66

0.U6

.....

LOW

LOw

Low

0.46

0.33

-41

it 71w rrefta IT Indicates m Ijertinn est. ST "etebhng loot.
I Valwo of tran-e.18GaVlty lvee as 'hisit' or "1w" Indblate that ltt woate-level dte could aol e

ued to ,htatos a m rleal value. Fer thee tt results Indicated "low," the tranoolotvlty prob-
cbhp t Iem than 10 pp/ft. (1.3 (t2 fday). Fer these ledicated as Oitsh. the trosateeteity probablp
seceed 500 pdfit ( 1 2Iday).

These vaues are obtained b dgial cooputer plogros.
*I/ The l., ef wtet tevel SItV. to te average obtatned from loceeydurtwt e lo
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WELL LOCATION: HANFORD SITE-

LITHOLOGY: BSLT

SURFACE ELEV(FT): 571

LRTz 46.5761 LONG: 119.5179

HYDROGEOLOGIC UNIT: CBRV

0.50 WELL DEPTH(FT): 4833.00
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Predicted and Observed Stratigraphy in
the Principal Borehole

Fl ow
Predicted

Depth

Elephant Mountain
Rattlesnake Mountain
Interbed

Pomona
Selah Interbed
Esquatzel
Cold Creek Interbed
Umatilla
Mabton Interbed

Predicted
Thickness

85
100

135
50
125
70

225
140

Thickness
Range

Observed
Depth

Observed
Thickness
(as of 6/23/82

10
+ 5

±15
±5
+15
+15
.1 5
±15

603-686
686-783

783-941
941-986
986-1104

1104-1167
1167-1399
1399-1523

83
97

158
45
118
63

232
124

Priest Rapids II
Priest Rapids I
Roza
Frenchman Springs I

Vj 2
Cn ~~~~~3

D;: 4
. .5

6
7
8

Vantage Interbed

_ 1

2
rM ~~~~3

< = S "Through Runner" 4

i _0 
6

A @ kMcCoy Canyon 8
rUmtanum 9

cm | Flowtop
<< I Entablature*

Lower Colonnade
very-high-Mg 10

11

1523-1685
1685-1755
1755-1925
1925-2105
2105-2205
2205-2250
2250-2290
2290-2355
2355-2470
2470-2595
2595-2665
2665-2680

2680-2745
2745-3800
3800-2970
2970-3235
3235-3350
3350-3395
3395-3465
3465-3610
3610-3825
3610-3675
3675-3805
3805-3825
3825-3875
3875

162 ±10 1523-1689
70 +10 1689-1749
170 ±10 1749-1922
180) 1922-2104
100 . 2104-2217
45 2217-2271
40 7465 740

115
125)
70
1 5

+30

5

65
55

170
265 930
115
45
70

145
215
65
130
20
50

2271-2381

2381-2489
2489-2617
2617-2683
2683-2687

2687-2720
2720-2823
2823-2993
2993-3255
3255-3388
3388-3417
3417-3475
3475-3607
3607-3839
3607-3755

3755-3839

166
60
173
182
113
54

110 761 

108
128
66
4

33
103 1
170
262
133
29
58
132
232
148
84
53

±30

±15
±25
±35

0 to 50
±20 3839-3892

3892-3973 TO

All values are in feet

* includes any upper colonnade or tiers (Long, RHO-BWI-S 12Mn| fiUU0 
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-nternal Letter Rockwell International
No . JHL-72100-878-82

FROM: Nome. Oganoaron. InternaI Address, Phone)

. J. H. LaRue

Date. July 19, 1982

TO: Maine. O,1ane*t.uo". Iolni Addvessa

* Those Listed

6-7209

Subject: BWIP/NRC Hydrogeology Workshop, July 21-23, 26, 1982

Attached is the agenda for the upcoming BWIP/NRC workshop.
A list of people who will be responsible for giving pre-
sentations is included. Except for the July 22, 8:30 a.m.
trip to the RRL, all meetings will be held in the Peoples'
Bank Building third floor conference room.

If you have any questions, call L. R. Fitch at 6-7001.

ap X-,
J. H. LaRue
Staff Licensing Engineer

JHL/amd

Attachment

Distribution
R. A. Deju
H. B. Dietz
R. J. Gimera
R. N. Gurley
G. S. Hunt
R. L. Jackson
L. S. Leonhart
W. M. Pidcoe
M. J. Smith
F. A. Spane
S. R. Strait

fl1GTWf&Th@WI
THrS CcPY WItL WtBE
RErLACEDANDMAYBE .

CHANGEDWITHOUTNOTICE
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AGENDA

BWIP/NRC HYDROGEOLOGY WORKSHOP
July 21-23, 1982

July 21, 1982

8:00

9:00

a.m.

a.m.

PBB/Third Floor Conference Room

WELCOME AND INTRODUCTION Squires/Fitch

Overview of BWIP Hydrologic F. A. Spane
Field Testing Program

Review of DC-15 Testing and R. L. Jackson
DATA

10:00 a.m.L 12:00

1:00

2:00

noon

p.m.

p.m.

Lunch

Tracer Testing

Review of DC-7/8 and DC-3

L. S. Leonhart

R. L. Jackson

17
July 22, 1982

8:00 a.m.

a.m

THIS COPY WIL NOT BE
REPLACED AND MAY BE

CHANGED WITHOUT NOTICE

July 23, 1982

PBB/Third Floor Conference Room

Morning Briefing Squires/Fitch

Depart for RRL to Review DC-16, Strait/Pidcoe
DC-14, DC-12, and McGee Well

and/or

Continue Review of DC-15, Spane/Jackson
7/8, and 3

PBB/Third Floor Conference Room

Morning Briefing Squires/Fitch

Continue Borehole Reviews

"Wrap-up" Session with BWIP and DOE/NRC/BWIP
NRC Hydrologists

8:00 a.m.

8:30 a.m.

3:00 p.m.
i

July 26, 1982

10:00 a.m.

PBB/Third Floor Conference Room

Formal Debrief DOE/NRC/BWIP
Management

* Agree to list of data needed by NRC

a Agree on results of visit

* Agree on next visit on Hydrology



Logr, i t u de :
Li thol ogy:
H~)dro unit:
Surface elevation:
Well depth:
Records in file

119.65479826
BSLT
PRIEST RPIDS INTERFLOW

835.68 feet Ceteuav't
968 feet
9

0-P moeqfw 1)

1 rn 81.1016 -73.9200 6 m 81.1123 -78.5600

2 m 81.1026 -73.6000 7 m 1.1211 -79.6700

3 rn 81.1030 -73.3400 3 m 81.1221 -80. 9900

4 m 81.1110 -76.8500 9 m 82.0430 -89.5400

5 m 81.1113 -77.5900

THs COPY WILL ROT BE

REPLACED AND MAY BE
CHANGEDWITHOUT NOTICE
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WLL LTION: RFD ST:IR Lr: 48. 5W? LOtW: LL.415g

LI1HLDE1 BLI HYUPBEuLo3CC U4ITs WTCII INTEPFS

tUMFRC nerV(FTI. *ZU.SI Nf.L TRIFr) 3403.EU

Ji

ma

=

BI-

I

I

7S.S 79 M.5 l 1.U It 55 WI 12.5 i

TM ( I..)

HtinWwr rar. aLL LOC~rn4 ntr sr:tw
rls -4

12 Aug 11:50:48 am

File name
Well location:
Latitude:
Longitude:
Lithologys
Hydro units
Surface elevation:
Well depth:
Records in file.

DB-7
HNFD STsNERR HWY 240
46.4892579629
119.421188342

BSLT
MABTON INTERBED
531.32 feet
812 feet
75

1 m 78.0706
2 m 78.0830
3 m 78.1004
4 m 78.1108
5 m 78.1219
6 m 79.0208
7 m 79.0312
8 m 79.0411
9 m 79.0508

10 m 79.0625
11 m 79.0803
12 m 79.0912
13 m 79.1002
14 m 79. 1108

128.4000
129.5900
129. 5900
128. 9200
128.8400
128. 7600
128.8400
126. 5000
128. 8300
129.1400
129.1100
129.2500
129.4600
129. 3600

39 m 81.1002
40 m 81.1009
41 m 81.1016
42 m 81.1023
43 m 81.1030
44 m 81.1110
45 m 81.1113
46 m 81.1120
47 m 81.1204
48 m 81.1211
49 m 81.1221
50 m 82.0108
51 m 82.0122
52 m 82.0129

130. 7900
130. 9300
131.0400
131.1900
131.2000
131. 1500
130. 9000
131. 6300
130. 9900
131.0200
130. 8800
138.6000
130.6700
130.6600



NM1L T04I RM ST: LI: 48.4 S993 MCI: 1.4212

I1.WYKLOi BLT

NnrmCC LCvcrTIt
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'a
aS
hi

tze.3
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12B.S
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12L.2
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r" rn, ror - - - .

12 Aug 1:24:35 pm

File name
Well location:
Latitude:
Longitude:
Lithology:
Hydro unit:
Surface elevation
Well depth:
Records in file

DB-1 1A
HNFD ST:YAKIMA

- 46.5796133762
119.725159033

BSLT
PRIEST RAPIDS
786.17 feet
1046 feet
39

BARRICADE
UGlMWS
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1 m 79.0310
2 m 79.0907
3 m 79.0912
4 m 79.0924
5 m 79.0927
6 m 79.1008
7 m 79.1017
8 m 79.1106
9 m 79.1109

10 m 81.0612
11 m 81.0619
12 m 81.0626
13 n, 81.0702
14 m 81.0710
15 rn 81.0717

150. 1900
128. 0400
126. 4200

-127.4200
126. 1900
126. 1900
125. 7300
128.0400
128.0400
113.0900
114.3000
115.8200
116.8100
116.1100
117.6600

21 m
22 m
23 m
24 m
25 m
26 m
27 m
28 m
29 m
30 m
31 m
32 m
33 m
34 m
35 m

81. 0828
81. 0904
81.1007
81. 1089
81.1016
81.1020
81.1022
81.1023
81. 1030
81. 1118
81.1113
81.1120
.81.1124
81.1124
81.1211

120.0000
120. 3000
120.4400
121.0900
121. 8900
122. 4500
122.1000
122. 2100
122. 7800
122. 7300
122.2000
122. 3700
122. 2500
122. 2600
116.4000



16 m 81.0724
17 m 81.0731
18 m 81.0807
19 m 81.0814
20 m 81.0821

118.6600
119. 9500
119. 9600
120. 5700
119. 4500

36 m
37 m
38 m
39 m

81. 1221
82. 0108
82.0122
82.0129

116.0500
115.4800
115. 3700
115. 7500

User aspect ratios .054687
Angle = TH(-Aspectratio*Slope)

I WS
| by SPY Wla N01BE

REPIx:£ AND MAY St

ICWNGEDWIl0jOtpROMlE
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641
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KmUn'nF r b3 LI!CN Mt4 f5r: nw.D1
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1:28:12 pm I12 Aug

File name
Well location:
Latitudes
Longitude:
Lithology
Hydro unit.
Surface elevations
Well depths
Records in file

DE-11B
HNFD ST:YfAKIMR BARRICADE
46.5796133762
119.725159833

BSLT
PRIEST RAPIDS
786.17 feet
1210 feet
7

THIS COPY WILL NOT BE
REPLACEDAND MAY BE

CHANGED WITHOUT NOT1CE

I m 82.0331 -132.2700 5 m 82.0603 -126.5000
2 m 82.0429 -132.6600 6 m 82.8611 -125.6900
3 m 82.0520 -130.2100 7 m 82.0617 -123.9500
4 m 82.0528 -126.2600

User aspect ratios .020833
Angle a RTN(-Aspect ratio*Slope)



WEL LATION F sM M LRr 46.5738 LC:_ L5 .7252

LrIHTLOdYt XT.

aRmCC fL9V(FTI .

HlPDSECLIC UNIT PF:(EST RRPIES

P31.27 NW. TU r). Me1I.EU

I
a5
SM

32.3 W.S
-5 -t2..l

2.s52. 81.5 32.4

.r] II-)

Nr"t'H nrn ,WaL LOCARYQ ttC ST: MTh

MMs S-L3

Be. 45

12 Aug 1:32:57 pm

THIS COPY WILL NOT BE
REPLACEDAND MAY BE

CHANGED WITHOUT NOTICE
I

File name
Well location:
Latitudes
Longitude:
Lithology:
Hydro units
Surface elevation:
Well depths
Records In file

DB-12
HNFD ST:BELOW UMTRHUM RIDGE
46.616897644
119.703565984

BSLT
PRIEST RPIDS
486.15 feet
707 feet
62

1 m 78.0828
2 m 78.0927
3 m 78.1103
4 m 78.1219
5 m 79.0206
6 m 79.0309
7 m 79.0416
8 m 79.0507
9 m 79.0801

10 m 79.1112
1 m 79.1206
12 m 80.0207
13 m 80.0305
14 m 80.0410
15 m 80.0620

88. 4300
88. 2600
88. 5900
88. 7200
86. 9700
88. 4900
88.0900
88. 4600
81. 0900
90. 4300
89. 7800
88. 6800
89. 4300
89. 7800
85. 1300

32 m 81.1009
33 m 81.1016
34 m 81.1023
35 m 81.1030
36 m 81.1110
37 m 81.1113
38 m 81.1120
39 m 81.1204
40 m 81.1211
41 m 81.1221
42 m 82.0108
43 m 82.0129
44 m 82.0205
45 m 82.0219
46 m 82.0226

86. 3800
86. 5500
86. 8000
87. 1300
86. 8800
86.6100
87.1400
87.0300
87. 0800
86. 5100
86. 2100
85. 5000
85. 8500
85. 2300
84. 9600



16 m 
17 m
18 m
19 m
20 m
21 m
22 m
23 m
24 m
25 m
26 m
27 m
28 m
29 m
30 m
31 m

81.0612
81. 0619
81.0626
81.0702
81. 0710
81. 0717
81.0724
81. 0814
81.0821
81. 0828
81. 0904
81. 0911
81.0918
81. 0923
81.0925
81. 1002

80.3600
79. 5700
79.8180
79. 2700
78. 0900
79. 1400
79. 6000
88.5000
81.2700
82. 0200
82. 7900
84. 4080
84.9300
85. 5700
85.6300
86. 0000

47 m 
48 m
49 m
50 m
51 m
52 m
53 m
54 m
55 m
56 m
57 m
58 m
59 m
60 m
61 m
62 m

82.0305
82.0331
82.0486
82. 0422
82. 0429
82. 0506
82.'05 3
82. 0520
82. 0528
82. 0603
82.0610
82.0614
82. 0617
82. 0624
82.0701
82.8709

83.9600
80. 8180
81.0400
81. 1200
81. 8200
81. 9500
81.4600
81.1700
80. 6400
80. 3200
80. 3000
80. 3400
80.1200
79. 6500
79. 1200
78. 9500

User aspect ratios .17578
Angle = AMTH-Aspect ratio*Slope)
DB-12 LIN ALL 0 A 2.38E+02 B -1.89E+00 r-2 .3629 angle 18.3641

(myllP'F~m-NW
THSCOPYWILLNOTBE
REPLACED AND MAY BE

CHANGED WITHOuTNOTICE

U1 LT1414 +: F n C1WD L~RT 4~SAIS LOV .:

LX1HLOOi LT FW,717EOLOO'C UNITi FRrE9T RRPICS
RRNCC C.ZV(FTI, 4Bh.3 i. xTIFr)m 'M.Ro

-

.a

t 483

.4a

'93
las 

.-0
hi

12 F

73.1 7 73.3 go U. t 1L.1 e at.S dS

Wz ( -)

W=Or rCK WL LOVIrION HW r: mi
_~~~~~~~~~~~= . _ _ 

lug 1:39:59 PM

File name DB-13



Please note that all surface elevations are well -ground plate figures unless otherwise noted.

-

12 Aug 11:47: 

File name
Well location:
Latitude:
Longitude:
Lithology:
Hydro unit:
Surface elevation:
Well depth:
Records in file

7 am

DB-4
HNFD ST:NEAR WYE BARRICADE
46.5396705877
119.435883764

BSLT
MABTON INTERBED
530.51 feet
1403 feet
75

THMS COPY WILL NOT BE
REPLACED AND MAY BE

CHANGEDWITHOUT NOTICE

1 m 78.0706
2 m 78.0829
3 m 78.1002
4 m 78.1 i06
5 m 78.1214
6 m 79.0209
7 m 79.0313
8 m 79.0411
9 m 79.0508
10 m 79.0625
11 m 79.0801
12 m 79.0904
13 m 79.1002
14 m 79.1116
15 m 79.1207
16 m 80.0204
17 m 80.0305
18 m 80.0410
19 m 80.0505
20 m 80.0618
21 m 80.0806
22 m 80.0905
23 m 81.0612
24 m 81.0619
25 m 81.0626
26 m 81.0702
27 m 81.0710
28m 81.0717
29 m 81.0724
30 m 81.0731
31 m 81.0814
32 m 81.0821
33 m 81.0828
34 m 81.0904
35 m 81.0911
36 m 81.0918
37 m 81.0923
38 m 81.0925

113.0900
112.9900
113.2400
112.8700
112.6800
112.9700
112.8400
112.8400
113.0700
113.3000
113.1400
113.3900
113.5500
113.3600
113.2700
113.5700
113. 2000
113.4200
113. 2300
113.2400
113.4400
113.5000
113.0300
113. 3500
113.3300
113.5300
113.4900
113.4100
113.5800
113.5200
113.4400
113.6100
113.4900
113.4400
113.5400
113.4600
113.5400
113.5600

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

i 81.1002
m 81.1009
n 81.1016
i 81.1023
i 81.1030
m 81.1110
in 81.1113
i 81.1120
m 81.1204
i 81.1211
i 81.1221
i 82.0122
i 82.0129
i 82.0205
i 82.0219
i 82.0226
i 82.0324
i 82.0331
n 82.0408
i 82.0415
i 82.0416
n 82.0422
m 82.0429
i 82.0506
i 82.0513
i 82.0520
i 82.0528
i 82.0603
m 82.0611
m 82.0617
i 82.0624
n 82.0630
i 82.0709
i 82.0715
i 82.0722
i 82.0730
i 82.0805

113.3800
113.4900
113.6500
113. 8700
113. 6500
113. 5600
113. 2900
113.4800
113.6100
113. 5800
113.5100
113.6100
113.6800
113.8700
113. 4950
113.4900
113.4500
113.3000
113.5900
113.6000
113.7200
113.6500
113.6400
113.6500
113.6100
113.6800
113.6300
113.6100
113.4100
113.4780
113. 4000
113. 3500
113.5600
113.4900
113.6800
113.5500
113.6300

User aspect ratio: 2.0089
Rngle = RTN(-Aspect ratio*Slope)
DB-4 LIN ALL 0 A 1.01E+02 B 1.51E-01 rA2 , .5751 angl e -16.8379



tV " , I_d

12

; -* |Pi

Ml

Hyc
Sur
Mel
Rec

U1L LWTIGN: tFOf MM tr. 4a.592 3LCC: 1.711 34

LITHGYi HU HLiDEIO lki-ru PRIEBr RWD19 Img ErFL - , . -.--

,. . ; .- rmc, .~a~~, Ic -I--i m , ..m . , -, .

.~~~~~~~i .Xa 
- --

SI mi z~rc ~r(ii 7. NL rPHm 395

R'ug- 2 26X37s=>v."-t: .'tK~t m~r"°5t=;' -I W12.3?

IL

7hloy 725T- .- 73 -i ---' |III BE 91

dro unitC PRIEST R8PID INTERFLOW 9 1

1 lcaton el -tn 92T4.68L CREEKo*O VALE . TNISC8i'WILLNOT,

,Itde 46.5684 6 45 ' ' -EP-A'EDI'DM-:'

:ord in fileI 76

1 m 79.0123 -10.3800 39 m 81.0731 21.6800
2 m 79.0309 17.5400 40 m 81.0807 22.9600
3 m 79.0724 14.1600 41 i 81.0814 23.4400
4 m' 79.0810 16.8300 , 42 im. 81.6821 22.1300
S in 79.0829 11.8166 ' . 43 m '81.0828 19.5700
6 m 79.0904 10.3000 44 m' 81.0904- 18.6900

7in 79.0905 9.6100 45 m 81.0911 18.4000
8 m 79.0906' 9.2000' 46 m '81.0918, 18.3000

9,,m, 79.0907 9.050 - 47 m 81.0925 - 16.810-
10m 79.0910' 7.4800 48 m 81.1002 15.8200
11 a 79.0912 8. 9100 - 49 n 81.1009' 15.5300
12 m 79.0912 8.2266 ' '' 50 i 81.1016 15.4400;
13' 79.0924 - 6.900 51 im 81.1023' 15.8900 -

14 a 79.092'5 7.2900 52 m 81.1030 16.350
15 in 79.1008 8.9900 . ,, 'm 8i.1110 12.620

16 rc 79.'1821 " '7.9166 ' - '- '54 rn 81.i13W-'11l.866i '

17 m 79. 126"' 8.6586 ' ';, : 55I i. .'1600
1i8 in 79.1161 / 8.1100 99Joe 56 in 81.1264',
19 m' 79.1165 V 7.65806t ; ' 57 m'''81.i211 2^ .9.4600

20 m 79.1166 7.1966 - - 58'm 82.0i29 2 - 5.9800
21' m 79.1107- '-6.996 - : 59 m' 82.8285 ' 5.8360 '

4 ¶ *t'4 ' A9 0 . 2 0



22.m 79,1109 .. 6.1300.. i' 68 'r 82.0219 4.4600
23-rn 79.1412 :-_- :Z.6000 -'61 m 82.0226 4.0800
24 m 79.1121 4.2100 62 m 82.0305 4.0700
25 m 79.1128 3.3800 63 m 82.0312 3.3800
26 m 79.1203 2.1200 64 m 82.0331 2.3800
27 79.1207 , 1.6200 65 m 82.0407' 2.7400'
28 m 79.1213 :.8806, 66 m 82.0415' 2.2000
29 m 80.0708 ' 2.9986 - 67 m 82.0422 2.5406

- V--, '30 m 80.1027 16.2300 ; 68 m 82.6429 1.9266
31 m 81.0125 r '1.5006 ' 69 m 82.0506 1.9668
32 m 81.0612 - 8.8700 70 a 82.0513 ' 4.9900.
33 m 81.0619 10.4900 , ' 71 m 82.0528 8.6300'
34 m 81.0626 '13.1400 72 m 82.0607 1.0400 -
35 m 81.0702 '16.6786' 73 m 82.0610 9.3500
36 m 81.07 i 0 17.130 - 74 a 82.0617 11.0900
37 m 81.0717 19.4306 '- 75 m 82.0630 ' 0.0000
38 'm 81.6724 - 20.8700 76'm 82.0709 .'

': i 'V '' '" 'Us apect' rat i.i 62 5 -- 4- ~
"gi T = TN Aspect rat o*S I ope > * 4

ORD LiN ALL 0 A 6.81E+01- 9.612 61 rA2 .0259 a nge -3.4382

i~~~~~~~~~~~~,j, nn*; Vg .

M r ; - ' 3 ; s fi~~~~~~~~~~~~~~~~~nSMr 

THI CCPrWIlL NOTBE
REPLACEDANDMAYSE

CHANCED WIThOLIT NOTIE
WELL LOOYTION. WIFORO STT LRTl. 4t-5813 LGC: ll1.7.14

- - ULITHC Gu SLT HtmCL9IC UNIlT PRIESr RFWE INTWLO-

SruCC CreFTl, 134.= MM. nlTIFlm nw.m

- 1- . .-- .: - .. -. . ;- 14.31

t~ ~ ~ ,~ u. i- ri- i'i 7,'a ' -'S t':'- ""'

-,b .9 ~ ~ ~ 1.9

*, * )tV *' ' w~l _ S :; 12'12 S. 'k1 - IL S'

t 12 '' -' ; rat *a.; LPCR1ZG nronn BIl ,, -P :;

;,12 Aug -2:29.5? pm:' - . ............'.- -: ........--..i -^

.- *, .t' -CX -'.S- ,# ,,



15 m
- -16i m

17 m
18 m
19 m
20 m
21 m
22 m
23 m
24 m
25 m
26 m
27 m
28 m
29 m
30 m
31 m
32 m
33 m
34 m
35 m
36 m
37 m
38 m

79. 1209
80.0207
80.0307
80. 0414
80. 0507
80. 0805
80. 0908
80.1025
81. 0612
81. 0619
81. 0626
81.0702
81.0710
81.0717
81.6724
81. 0731
81.0807
81.0814
81. 0821
81.0828
81. 0904
81. 0911
81. 0918
81.0925

129.4400
129. 2800
129.140
129.1 100
129.00Q0
128.8800
130.0200
129.9200
130. 2200
130. 2800
130. 3600
130. 4300
130. 4900
130. 4500
130.6460
130. 6000
130. 7100
130. 6600
130. 8100
130. 7700
136. 850
130. 8600
130.8100
130. 9200

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

82. 0265
82.0219
82.0226
82.0324
82. 0331
82.0408
82. 0415
82. 0422
82.0429
82.0506
82.6513
82. 0526
82. 0528
82.0603
82.0611
82. 0617
82.0624
82. 0630
82. 0709
82. 0715
82.0722
82. 0802
82. 0805

*130.7700
130.3800
130. 3500
130.3900
130. 2500
130.6100
136. 5200
130. 6600
130. 7200
130. 7600
130. 7400
130. 8200
130. 86600
130.8500
130.7900
130. 9300
130. 9100
130.9300
131.0600
131.0500
131.2160
131.0600
131.2400

User aspect ratio: .5625
Angle = RTN(-Aspect ratio*Slope)
DP-7 LIN ALL 0 A 7.71E+01 B 6.54E-01 r^2 .7577 angle -20.1963

THISCPYWILLNOTBE
REPLACEDANDMAY BE

CHANGED WITHOUT NOTICE

-1 LOTIN: HFW ST:tf Lr: 4S. S3 LM: LO.421

LJ1KLDCTi PBLI KYM3BEL03C iITI WfeTC ITEFRED

mAFrcc S XCs i 3.= ±.L TUirra g22.n

g

9t

121.2

12B.S

127.3 _
D-.
ma

127.3 IL

128.3 1

12E.2 1

125.1 ,

13I.3

INR.3
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THiS COPY WILL fOT E
REPLACEDAND AY BE

CHANGEDWITHOUT NOTCE



-Well--location: --

-Latitude:
Longitude:
Lithology:
Hydro unit:
Surface elevation:
Well depth:
Records in file

-HNFD ST:ON ARMY LOOP ROAD
46.4919810618
119.515558893

BSLT
MABTON INTERBED 0

578.77 feetCeevq'tIr
1292 feet
61

of- ASt f I%) PO)

1 79. 8881 159. 8088 
32 in 81.1823 157. 8880

.C 1

4
5
6
7
8
9

10
1 1
12
13
14
15
16
17
18
l9
20
21

1.22
23
.24
~25
26

;e27
.28
.29
30
31

in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in

7g.0801
79. 0812
79.091 2
79. 1002
79. 1012
79. 1116
79. 1116
79. 1205
80. 0206
80.0305
80. 0410
80. 0619
80. 0806
80. 0905
80. 1025
81.0612
8. .0626
81.0709
81. 0724
81.0731
81. 0807
81.0814
81.0821
81.0828
81. 0904
81.0911
81.0918
81.0925
81. 1002
81. 1009
81. 1016

159. 8000
158. 7900
158. 7900
158. 9400
158. 9400
158. 7100
158. 7100
158.6900
158.0800
158.3200
158.5600
157.6900
157. 7200
157.8700
157. 8000
157. 5800
157. 5900
157. 6200
157. 6100
157. 6200
157. 6800
157. 5400
157. 6280
157. 6080
157. 5200
157. 7800
157.6800
157. 8000
157. 6000
157. 6800
157.8800

32 m
33 m
34 m
35 m
36 m
37 m
38 m
39 m
40 m
4 1 m
42 m
43 m
44 m
45 m
46 m
47 m
48 m
49 m
50 m
51 m
52 m
53 m
54 m
55 m
56 m
57 m
58 m
59 m
60 m
61 m

81. 1023
81. 1030
81. 1110
81. 1113
St. 1120
St. 1204
81. 1211
81. 1221
82. 0108
82.0122
82. 0129
82. 0205
82.0219
82. 0226
82. 0324
82. 0331
82. 0408
82. 0415
82. 0422
82. 0429
82. 0506
82. 0513
82.0e520
82. 0528
82. 0603
82. 0611
82. 0617
82. 0624
82. 0630
82. 0709

157. 8000
157. 8000
157. 8400
157. 5900
157. 7300
157.5900
157.8500
157.6500
157.8600
157. 5400
157. 610
157. 8500
157. 3900
157. 4300
157. 5500
157. 0900
157. 4800
157. 4700
157. 4900
157. 5200
157. 5100
157. 3800
157. 4500
157. 4000
157. 3800
157.2200
157.2700
157. 2200
157. 1900
157. 3300

User aspect ratio: .625
Angle = TN(-Aspect ratio*Slope)
DB-13 LIN ALL 0 A 2.00E+02 B -5.13E-01 rA2 .7882 angle 17.7770

E1L LCCRTI4N: flEEST: 

LfMHLbIf ILT I

LIT: 4841 LOW: 113.5258

tMBE'CGLU MEITI FTON INTEPSO

mA rmc c arecrt,, Is 7 .77 C..L =T NIrm e 22.UU

._.
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.- - I,:

12 Aug

File name
Well locatio
Latitudes
Longitude:
Lithology:
Hydro unit:
Surface elet
Well depth:
Records in f

I

2:16: 5 

ins AN yD SITE-PIPE YARD
5760696972

119.51785691
ESLT
CBRV

'ation: 570.5 feet
4833 feet

ile 48

12 Rug 2:16:4

File name
Well location:
Latitudes
Longitude:
Lithology:
Hydro units
Surface elevation:
Well depth:
Records in file

5 pm

DC-1Q2
HANFORD SITE-PIPE YARD
46.5760696917
119.517856917

BSLT -
CBRY
570.5 feet
3984 feet
46

I

This COPY WIU NOT BE
REPLACED AND MAY E

CMANGEO WITHOUT NOTICE

1 m 72.0629
2 m 72.0706
3 m 72.0713
4 m 72.0720
5 m 72.0810
6 m 72.0817
7 m 72.0824
8 m 72.0830
9 m 72.0907
10 m 72.0921
11 m 72.0928

156. 3400
156. 0200
155. 9400
155.8100
156.3100
156.5200
156.3100
156.4800
156.1900
155.8800
156. 0600

24 m 77.0615
25 m 77.1011
26 m 77.1104
27 m 78.0327
28 n 78.0611
29 m 78.1002
30 m 78.1106
31 m 78.1227
32 m 79.0213
33 m 79.0319
34 m 79.0403

154. 7700
154. 8500
154. 4800
154.4600
154. 4800
154. 8800
155.1100
154. 6900
154. 9300
155. 4900
155. 5000



-'9

a > -t- ^ t

12
13
14
15
16
17
18
19
20
21
22
23

m 72.1005
m 74.1230
m 75.8418
m 75.0903
m 75.1206
m 76.0715
m 76.1215
m 77.0117
m 77.0214
m 77.0314
m 77.0415
m 77.0513

156.1900
154. 5700
153.9100
154.0000
153. 7800
155.2908
155. 2200
155. 3200
155. 2200
154.8588
154.7800
154.7400

. .. 35 f

36 -m
37 i
38 mn
39 m
40 m
41 m
42 m
43 m
44 m
45 m
46 m

79.8511
79.1218
81.1016
81.1023
81.1830
81.1110
81. 1113
81.1211
82. 0331
82.0429
82.0528
82.0624

155. 6000
157.2800
157.9100
158.2300
158.1400
158.2500
157. 7300
156.3600
157.6600
158. 4200
158.3100
159.2700-Z )

I-

12 Rug 2:17:12 pm

File name
Well location:
Latitude:
Longitude:
Lithology:
Hydro unit:
Surface elevation:
Well depth:
Records in file

DC-iR3
HANFORD SITE-PIPE YARD
46.5768696972
119.517856917

BSLT
CBRV
570.5 feet
3240 feet
47

TI'S COPl WILL NOT BE
REPLACED AND MAY BE

CHANCEO WITHOUT NOTIE

1 in 72.8629 156.6988 
25 ci 77. 1811 155.9480

I m 72.0629
2 m 72.0706
3 m 72.0713
4 m 72.0720
5 i 72.0810
6 m 72.0817
7 m 72.0824
8 m 72.0830
9 m 72.0907

10 m 72.0921
11 m 72.0928
12 m 72.1005
13 m 74.1230
14 m 75.0418
15 m 75.0903
16 m 75.1206
17 m 76.0715
18 m 76.1215
19 m 77.0117
20 m 77.0214
21 m 77.0314
22 m 77.0415
23 m 77.0513
24 m 77.0615

156. 6900
156.4000
156. 3000
156. 2000
156. 6800
156.8800
156.7200
156. 8200
156.5600
156. 2400
156.3700
156.5500
154.9700
154. 6500
154. 7400
154.8000
156. 1800
156. 2500
156. 3400
156.3300
155.9700
155. 8600
155.8600
155. 9500

25 m
26 m
27 m
28 m
29 m
30 m
31 m
32 m
33 m
34 m
35 m
36 m
37 m
38 m
39 m
40 m
41 m
42 m
43 m
44 m
45 m
46 m
47 m

77. 1011
77. 1104
78. 0327
78. 0611
78. 1002
78. 1106
78. 1227
79. 0213
79. 0319
79.0403
79. 05t1
79. 1210
81. 1016
81. 1023
81. 1030
81. 1110
81. 1113
81. 1211
82.0226
82. 0331
82. 0429
82. 0528
82. 0624

155.9400
155.5700
1 5. 6600
155.6300
155. 8400
156.1400
155.8400
155. 6400
156. 2800
156. 2400
156.5000
158.2000
158.9800
159. 3100
159. 180
159. 2700
158. 7500
159. 2300
159. 1500
158. 7400
159. 2600
159.4500
158. 1800

12 ug 2:17:36 pm

File name
Well location:
Latitude:
Longitude:
Lithology:

DC-1S4
HRNFORD SITE-PIPE YARD
46.5760696972
119.517856917

BSLT



Hydro units
Surface elevation:
Well depth:
Records in file

CBRV
570.5 feet
2972 feet
46 -;

1 m
2 m
3 m
4 m
5 m
6 m
7 m
8 m
9 m

10 m
11 m
12 m
13 m
14 m
15 m
16 m
17 m
18 m
19 m
20 m
21 m
22 m
23 m

72.0629
72. 0706
72. 0713
72. 0720
72.0810
72. 0817
72. 0824
72. 0830
72. 907
72.0921
72. 0928
72.1005
74. 1230
75. 0418
75.0903
75.1206
76. 0715
76. 1215
77.0117
77.0214
77.0314
77.0415
77. 0513

139. 7600
140. 7200
141.7900
142. 6300
144. 8100
145. 5700
146.1400
146. 6708
147. 2000
148.0800
148.6880
149. 1900
157. 2900
162.0900
162. 4700
163.3500
164.8700
165. 0900
164.7900
166.6700
166. 9900
166. 9400
166. 6600

24 m
25 m
26 m
27 m
28 m
29 m
30 m
31 m
32 m
33 m
34 m
35 m
36 m
37 m
38 m
39 m
40 m
41 m
42 m
43 m
44 m
45 m
46 m

77. 0615
77.1811 
77.1104
78. 0327
78. 0611
78.1002
78.1106
78.1227
79. 0213
79.0319
79. 0403
79.0511
79.1210
81.1016
81.1023
81.1030
81.1110
81.1113
82. 0226
82. 0331
82.0429
82. 0528
82. 0624

166. 6400
166.4900
166.3900
165.9200
165. 7300
165. 1600
165.0600
166.5800
161.4900
161.3600
161.3700
160.4700
163.9500
164.6000
164.8100
164.5500
164.5900
164. 5900
164.2800
163.8800
164.3800
164.4900
164.3800

._.

t12 Aug 2:1:: 5

-.;Fn-le name (DC-105)
We11 location: RAFO SITE-PIPE YARD
Latitude: tA760696972
Longitude: 119.517856917
Lithology: BSLT
Hydro units CBR
Surface elevation: 570.5 feet
Well depth: 2030 feet
Records in file 48

THtS COPYWILL NOT E
REPLACEDANDMAY E

CHANGEDWI T NOTCE

7

1 m 72.0629
2 m 72.0706
3 m 72.0713
4 m 72.0720
5 m 72.0810
6 m 72.0817
7 m 72.0824
8 m 72.0830
9 m 72.0907
10 m 72.0921
11 m 72.0928
12 m 72.1005
13 m 74.1230
14 m 75.0418
15 m 75.0903
16 in 75.1206
17 m 76.0715
18 m 76.1215
19 m 77.0117

161. 4000
161. 2200
161. 3400
161.4000
161.1800
161.2800
161.2200
160.7000
161.2100
161. 2300
161.4600
161. 6200
160. 9600
160. 6400
160. 7000
161. 7700
161. 2700
161.0800
161. 2800

25 m 77.1011
26 m 77.1104
27 m 78.0327
28 m 78.0611
29 m 78.1002
30 m 78.1106
31 m 78.1227
32 m 79.0213
33 m 79.0319
34 m 79.0403
35 m 79.0511
36 m 79.1210
37 m 81.1009
38 m 81.1016
39 m 31.1023
40 m 81.1030
41 m 81.1110
42 m 81.1113
43 n 81.1211

159. 3500
159.9200
160.4000
160.5500
161.0100
160.2700
160.5000
160.7700
161.2600
161.3200
161.6000
163. 5900
164.7900
165.0600
165.3400
165.1400
165.2400
164.8400
165. 3200



20 m
21 m
22 m
23 m
24 m

77.0-214-
77.0314
77.0415
77.0513
77.0615

-161-.2700
-160. 800
160.8300
160.7700
160. 7700

44 m 82.0226 165.3700
45im 82.0331-----165.0300
46 m 82.0429 165.6400
47 m 82.0528 165.6200
48 m 82.0624 165.5200

a.

12 Aug 2:19:17 pm

File name
Well location:
Latitudes
Longitudes
Lithologys
Hydro unit:
Surface elevation:.-
Well depth:
Records in file

EHYRT
HANFORD SITE:COLD CREEK VALLEY
46.5618908217
119.769068701

BSLT
PRIEST RAPIDS INTERFLOW
908.06 feet
1092 feet
41

THIS COPY WILL NO E
REPLACED AND MAY BE

CHANGED WITHOUTR OTICE

I m
2 m
3 m
4 m
5 m
6 m
7 m
8 m
9 m

-10 m
11 Im
12 m
13 n
14 m
l5 m
16 m
1 7 m
18 m
19 m
20 m
21 m

79.0906
79. 0906
79.0907
79.0912
79.0924
79.0927
79.1002
79.1008
79.1017
79. 1026
79.1109
79.1112
80.9114
80. 0508
80.0807
80. 0905
80.1027
81.0821
81.0828
81.0901
81.0904

-6.9300
-9.2300
-8.0900
-6. 9300
-8.0900
-6.9300
-7. 1600
-6.4700
-5.3100
-6. 700
-8.0900
-8.8900

-18.0200
-17. 070

-. 9200
-.8100
-1. 9500
6.3500
3.7900
2.9800
2.9300

22 m
23 m
24 m
25 m
26 m
27 m
28 m
29 n
30 m
31 m
32 m
33 m
34 m
35 m
36 m
37 m
38 m
39 m
40 m
41 m

at. 09I1
81.0918
S1.e925
81. 1009
81. 1016
St. 1030
St.1110e
81.1113
81.1123
81. 1204
81.1211
81. 1221
82.0331
82.0429
82. 0528
82. 0607
82. 061 1
82.0617
82.0701
8e2.0709

2.6000
2.5100
1. 0000

-1.6200
-1. 1600
-2.1000
-3.8100
-4.4100
-5. 4300
-6.2600
-6.8400
-7. 8500

-14. 4100
-14. 9700
-8.2900
-6.6100
-7.3200
-5. 6800

.4000

.3600

User aspect ratio: .072917
Angle = RTH(-Rspect ratio*Slope)
ENYRT LIN ALL 0 A -1.38E+02 B 1.64E+00 r2 .0985 angle -6.8113

bE L7ION: W FOP0 TE: Lr: 461St19 WC#: l.17113
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I11i
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I1l4

35 3.11
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73.1

.12 Rug

'File nam
'.Well loc
Lat itude
Long i tud

j1 LIthoIog
t-ydro un
,.Surf ac e

* d4ell dep
-'ecords

_ .1 -I

-*> ti£.1 *1 Iels £2f.5

, ~ ~ ~ 21 .M , _- . l ncpTwr rcn Hrt Lvelft'r>4 mrono C::- -

2 22 33 pm .

ie (OBRIRt) .

ation: HHFO SITEiCOLD CREEK VALLEY
-6fl868464158

le: 119.781364099

:ur t - pI T -

. THISCoPY.WILtOT8t
REPACEDANDMAY BE

CHANGEO WITHOUT NOTICE

oS

'Ys
it:
elevation:
ths
in file

ESLT
PRIEST RAPIDS INTERFLOW'

90088 feet'U' O
154 -

:I .. . ..

.I . . . ..

I i ,; - I , - .. -
. .I

- ..

.~ ~ ~ ~~~~~~~ j 
.. . .-

2
3m
4m
5 m

9 m
10 m

' 11 in
12 m
13 m
14 m
15 m
16 m

18 in
le 19 i
20 i
21 i
22 In
23 In
24 In
25 In
26 In
27 In

78.0208 25.0800
78.0211 , 24;000
78.0309 19.2400
78.03108 :18.0000
,78.8411 '-25.400
78.0412 ! 9 24. ;00
8.8585: 4-38.1388

78.0507 Z28'.0 2 : 
78.8513 , 29.9800
78.0606 A 39.5708
78.0710 47.0000
78.0712 47.1300
78.0806 45.0000
78.88180 45.5000
78.0906 45.1000
78.09 45.3800
78.111 A- 45.1200
79.0117 ,36.6400
79.0123 36. 1800
79.0221 32.1300
79.0301 33'.0800
79.0323 33.8150
79.0329 33.788
79.0423 -38.1500
79.0510 41.0800
79.0520 46.0000
79.0610 38.2000

78 in 79.1215 49.1400
79 In 79.1216 49.0200
88 In 79..1217 , 48.5700
81 i 79.1218, 4 8 .788t,
82mIn ',79.1219, 2500
83 In '79.1228 .- 481600 ' '
184 . 79.1221 A,47.9500

85 -' A9.1222 48.2600
86 'm' 79.1223 '47.8200 ' ;
87 In 79.1224 47.72008 
88 In 79. 1225 48.0800 A

89 mn' 79.1226 , 48.1900
90 In 79. 1227 -- 48.1300

: 91 'm 79.1228 ,48.800 ' '
92 im 80.0104 .47.0 88 -: A,

93 m 80. 8114 45.6600 A - -
94 80.0115 :45.5888 A A A A

.95 80.0116, 45.4800'
6 In 808.0117 45. 8500 

-97 In 80.0118 '45.9100 A A

98 In 80.0119 45.7700
99 I 80.0120 45.6800

100 m 80.0121 45.6600
101 I 80.0125 45.1500
102 In 80.0126 45.2700
103 In 80.0127 45.2200
104 m 80.0128 45.0600



2in-::79. 0620 ,'61. 00 J3: >-:'G~ 80.'0 129 45.9300
- -- 29 in 79.8818, '%65.2200 -106 in 80.9130- 46.0600
* ~~30 n 79.9829. i68. 009 18? a 80.0131' 45.8800

3 1 n *79.80905" '(77200 i 18 in8,0.8201 .45.7200
32 a ."79.0906 .'57.9300 .' 109 in 0.e'202 '45.5600 §

33 a 79.6907 *157i.$300 110 in .8 203 45. 508
34 in 79.0910 55'600 11158Il Mn 800.,204 45.7400
35 11 '79.0912 :56.4200 .- 12i-.80.0207, 44.060
36 - 79.0912 .56.4500 113 m 8~0. 0288 -43.8900

37n 79.0915 57. 7200 - 114 ai "80.0588 46.3300
38 Mi 79.0924 -55.1400 , 115 en80.8807 63.1700

£23 . ~39 M 79.0925 .55.5000 116 in .80.0905 63.1500 .. -

40 n .79.1008 57.2200 11?am 80.102?- :-64.4100 -- 

41 mn 79.1021 . .56.1300 118 in81.0130 '69.7400
42 in79.1026 57.0800 . -11 m :e81:131 70.2300
-43 vi 79.1101 56.4900 - 120 m 81.020? 49.7500-.
44 in79.1105 .55.9500 -. 121 a81.080? 69.7400
45 mn 79.1106 55.4500 122 m 81.0814 70.2300
46 in 79.1107 55. 1560 123 if 81.0817 69.7400
47 m 79.1109 55.4000 124 en 81.8821 68.8900
48 in 79.1110 54.0300 125 in 81.0828 66.1700
49 in 79.1112 53.8800 126 mi 81.0904 65.3200
50 m 79.1113 54.7800 .127 in 81.6925 .63.4200
51 en 79.1114 53.5600 128 en 81.1002 62.5600
52 en 79.1115 53. 1800 129 in 81.1009 63.8600
53 in 79.1116 52.7500 138 en 81.1016 63.7600
54 en 79.1117 52.2600 . 131 en 61.1023 . 64.2508,
55 mn 79.1118 52.3100 132 in 81.1030 66.9308
56 en79.1119 5.40133 in 81.1110 ' 60.8800
57 mn 79.1120 5260I14AM8111 .60.0400
58 in 79.1121 52.4300 135 m 81.1120 59.4000
59 en 79.1122 51.7800 136 en 81.1204 58R.0900

* . ~~60 en 79.1123 .51.7800 . 137 en 81.1211 57.6200
61 en79.1124 51.3700 . 138 en 82.0129 -54.170 :o-. 

62 n.79.1128, :51.7100 139 mn 82.0205 ,54.0600
63 en 79.1129' 51.'3900 'I-' 40 rA 82.0219 :52.6400
64 in 79.1130 '51.1800 14 n82.0226 .~220

65 in 79.1201 .50.6600 - 4'n8.35 -52.2700

66 en 79.1202 50.2300 . 143 en82.0312 ' 51.5800
6? en 79.1203 '50.4000 . 4 n82.0407 50.9300

68 mn :79.1204 502500 145in 2.422' 50.60
* , . ~69 en 79.1205 *'t0.81I00 146 p 20429 7; '50,1500

7in.7 9 .1 2 0 6 ': 4 9 ,9 3 0 0 14 n'280,'50.3900
71 in 79.1207 ~,~,49.1B8 00 '' 18n'82.0513 -.53.230

72 mn 7 9 1208 <.:"-49.8300 , 149 in82.0528 '-56.2200
73 enJ9. 1289..-'4,9.3900' -'150, n8.67.5.40*
?4'in A?9J210t---49.620 151 mn 8'S2. 0611 57.2900
75 in -' 79.121 .49:500 152 M- 82.0617 - 58.9600
76 in'79.1212- '49.2000 -153 mn 82.0701 ~58.8300
77 en 79.1213 49.0679 ' 154 en 82.0709 . 8.9700

User' aspecrt t 252083.,. .

Rngle"r fIflC-petrati.otSlupeJ )
-0DRItIN ~:LN ALL 0 A -4.27E+02 B 5.96E+00 rA2 - 337

REklACED AND AYCHANCG(DWI,~T ~g
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File name C : 'I' ' 
Well location: SITE:COLD-CRE-EK VALLEY -
Latitude: 46.5888444955
Long i t ude ' 119.65479826
Lithologys BSLT
Hydro un it - PRIESTRAPIDS INTERFLOW
S urtfacei eleivat on:f' ~835.68 feCt~0or~½ k'
Well1 depth:' 978 feet - ,

Records'' in tile 18 '

' : ,' ' ' ,r - I - _ -,. .... , .-,5 -,. 4

,T) I in. 81 . 1016 -71 .61008t -; ,- 6 'm 81.1123 -75. 9180;
2 f 81.1026 -70.6900 7 m 81.1211 -77.2500,'
3 m 81.1038, '-70.2900 '' 8m 81.1221- . -76.6500'
4 ft.i' 81.1110 -73.9900 9 m 82.0331, -84.3200
5 m' 81.'1113 -74.8000 10 'im 82.0430 -85.1700s -

- r ; i .- - ' r '- , ; e" - , Ue aspect; i: 306 .
Angle- AT( .,Aspec rao F.< .'.- .- '- 

.. ..... . . .T COPYwIRL OTBE

7 ~~~~~~~~~~~~~~~~~CHAN0EDV1THOqtN0TiC(

( 0~~~~M.L LOCATION; iFOlD lilTE: LRI' 48 5301 LrW' 113 354e

LlT4.sY liLr ., HtGXtLOBIC tNfT PRIrCr Pf'Th3 ZNTDfLOK
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Jr 

I -

Jhser aspect ratio: . 0625 6
Angle = ATN(-Aspect ratio*S lope)

k 

27 July 4: 6: 27 pm

THIS COPY WILL NOT BE
REPLACED AND MAY BE

CHANGEDWITHOUT NOTICE;

WELL LAHTIIIN: COLD CREEK VA LRr: 4E.59EB LfC: L9.7014
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- -f ~- Ju

2? Jul1y
:- ,.

4: 4:17 pm

File name
Well location:
Lat itude:
Longitude:
Lithology:
Hydro unit:
Surface elevation:
Well depth:
Records in file

FORD
COLD CREEK VALLEY-HANFORD 
46. 5868464158
119. 781364099

DSLT , - , -

PRIEST RAPI'DS NTERFLOW t'
924. 63 -
777 feet
74

SITE

; ,.. NOW
NtrSCOYWR NOT IE
REPLACEDAND MAY BE

- CHANGEDWITHOUT NOTIE

.2

-

.. _

1 m
2 m
3 m
4 m
5 m
C m
7 m
8 n,
9 m

18 m
11 mn
12 m
13 m
14 m
15 m
16 m
17 

19 m
20 m
21 m
22 m
23 m
24 m
25 m
26 m
27 m
28 m
29 mn
30 m
31 m
32 m
33 m
34 bl

35 m
36 m

' 3 7 m
: -. 

79. 8123
79. 0724
79. 0818
79. 8829
79. 8984
79. 985
79. 8986
79. 8987
79. 8910
79. 8912
79. 8912
79. 8924
79. 0925
79. 1888
79. 1021
79. 1826
79. 1101
79. 1105
79. 1106
79. 1187
79. 1189
79. 1112
79. 1121
79. 1128
79. 1203
79. 1207
79. 1213
80. 0788
88. 1827
81.0125
81.0612
81. 0619
8 1. 8626
81. 8782
81.0718
81.8717
81. 724

-10. 3800
14. 1600
16. 8300
11.8100
18. 3000
9.6100
9. 2000
9. 0500
7.4800
8. 9100
8.2200
6. 9000
7. 2980
8. 9900
7. 9180
8. 6500
8.1100
7.6500
7. 1900
6. 900
6.1308
5. 6800
4.2100
3.3800
2.1200
1. 6280

.8800
2.9900

16. 2300
1. 5000
8. 8700

10.4900
13. 1400
16. 6788
17. 1300
19. 4308
28. 8708

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

81.0731
81.0807
81. 0814
81. 0821
81.0828
8 . 8904
81.0911
81. 0918
81. 8925
81. 1002
81. 10809
81.1016
81. 1023
81. 1030
81. 1110
81. 1113
81. 1128
81. 1284
81. 1211
82. 8129
82. 0285
82. 0219
82. 0226
82. 0305
82. 0312
82. 0331
82. 0407
82. 0415
82. 0422
82. 0429
82. 0506
82. 0513
82. 0528
82. 607
82. 0610
82. 8617
82. 8638

21.6800
22. 9608
23. 4400
22. 1300
19. 5700
18. 6908
18. 400
18. 3008
16.8180
15. 8200
15.5300
15. 4408
15. 8908
16. 3500
12. 6200
11. 7800
11.1600

9. 9100
9. 4600
5. 98800
5.8308
4.4680
4. 8808
4.0700
3.3800
2. 3800
2. 7400
2.2080
2. 54080
1. 9200
1. 9000
4. 900
8. 6300

10.8408
9.3580

11.0908
8. 0800 I .4
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U User aspect ratio: 2. 0089
Angle = ATN(-Aspect_r atio*Slope)

, .

.. . .1
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."; O'Ju'y 33:8 p3:38:4 pm

File name
Well location:
Latitude:

- Longitude:
Lithology:
Hydro unit:

I - SUrface elevation:
Well depth:
Records in file

DB-4
HNFD ST DB-4
46.5396705877
1l9.435883764

BSLT
MABTON INTERBED
530.51 feet
1403 feet
71

TIg COPY WILL Nor BI
REPLACED AND MAY BE

CHANSED WITOUT NO"* 

1 in
2 m
3 m
4 m
5 m
6 m
7 m
8 m
9 m

10 m
11 m
12 m
13 m
14 m
15 m
16 m
17 m
18 mn
19 mn

20 m
21 m
22 m
23 m
24 m
25 m
26 m

27. m

29 mn
30 m

t 1m

32 m
33 m
34 m
35 m
36 m

274

78. 0706
78.0829
78. 1002
78. 1106
78. 1214
79. 0209
79. 0313
79. 0411
79. 0508
79. 0625
79. 0801
79.0904
79. 1002
79. 1116
79. 1207
80. 0204
80. 0305
80. 0410
80. 0505
80. 0618
80.0806
80. 0905
81.0612
81.0619
81. 0626
81.0702
81.0710
81. 0717
81.0724
81.0731
81. 0814
81. 0821
81.0828
81.0904
81. 0911
81. 0918

113.0900
112.9900
113.2400
112. 8700
112.6800
112.9700
112. 8400
112. 8400
113.0700
113.3000
113.1400
113.3900
113.5500
113. 3600
113.2700
113. 5700
113.2000
113. 4200
113.2300
113.2400
113. 4400
113.5000
113.0300
113. 3500
113. 3300
113.5300
113.4900
'113.4100
113.5800
113. 5200
113. 4400
113.6100
113.4900
113.4400
113. 5400
113.4600

37 m 81.0923
38 m 81.0925
39 m 81.1002
40 m 81.1009
41 m 81.1016
42 m 81.1023
43 m 81.1030
44 m 81.1110
45 m 81.1113
46 m 81.1120
47 m 81.1204
48 m 81.1211
49 m 81.1221
50 m 82.0122
51 m 82.0129
52 m 82.0205
53 m 82.0219
54 m 82.0226
55 m 82.0324
56 m 82.0331
57 m 82.0408
58 m 82.0415
59 m 82.0416
60 m 82.0422
61 m 82.0429
62 m 82.0506
63 m 82.0513
64 m 82.0520
65 m 82.0528
66 m 82.0603
67 m 82.0611
68 m 82.0617
69 m 82.0624
70 m 82.0630
71 m 82.0709

113.5400
113.5600
113. 3800
113. 4900
113. 6500
113.8700
113.6500
113. 5600
113.2900
113. 4800
113.6100
113.5800
113.5100
113. 6100
113.6800
113.8700
113.4950
113.4900
113.4500
113. 3000
113. 5900
113.6000
113.7200
113.6500
113. 6400
113.6500
113.6100
113. 6800
113.6300
113.6100
113.4100
113. 4700
113. 4000
113.3500
113. 5600

_ '"

-U :



User aspect ratio: .5625
Angle = ATN(-Aspect ratio*Slope)
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-'27 July 3:41:

File name
Well location:
Latitude:
Longitude:
Lithology:
Hydro unit:
Surface elevation:
Well depth:

-,Records in file

9 pm

DB-7
HNFD ST DB-7
46.4892579629
119.421188342

BSLT
MABTON INTERBED
531.32 feet
812 feet
71

.\ , 

DMSCOPY WTLLNOTB
REPLACED MW AY BE-

CAGD WITHO cTw~4

1 i
2 m
3 m
4 m
5 m
6 m
7 m
8 m
9 m

10 m
11 Im
12 m
13 m
14 m
15 m
16 m
17 m
18 m
19 m
20 m
21 m
22 ma
23 m
24 m
25 m
26 m
27 m
28 m
29 in
30 m
31 m
32 m
33 in
34 m
35 m
36 m

78. 0706
78. 0830
78. 1004
78. 1108
78. 1219
79. 0208
79. 0312
79. 0411
79. 0508
79. 0625
79. 0803
79. 0912
79. 1002
79.1108
79. 1209
80. 0207
80. 0307
80.0414
80. 0507
80. 0805
80. 0908
80. 1025
81. 0612
81. 0619
81. 0626
81.0702
81.0710
81. 0717
81.0724
81. 0731
81. 0807
81.0814
81.0821
81.0828
81.0904
81.0911

128. 4000
129.5900
129. 5900
128. 9200
128. 8400
128. 7600
128. 8400
126. 5000
128. 8300
129. 1400
129. 1100
129. 2500
129. 4600
129. 3600
129.4400
129. 2800
129. 1400
129. 1100
129. 0000
128. 8800
130. 0200
129.9200
130. 2200
130. 2800
130. 3600
130. 4300
130. 4900
130. 4500
130. 6400
130. 6000
130. 7100
130. 6600
130. 8100
130. 7700
130. 8500
130. 8600

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
F 7

'
60
61
62
63
64
65
66
67
68
9
70
71

i 81.0918
m 81.0925
i 81.1002
i 81.1009
i 81.1016
i 81.1023
i 81.1030
i 81.1110
i 81.1113
i 81.1120
m 81.1204
i 81.1211
n 81.1221

i 82.0108
i 82.0122
n 82.0129
i 82.0205
i 82.0219
i 82.0226
i 82.0324
m 82.0331
i 82.0408
i 82.0415
n 82.0422

i 82.0429
i 82.0506
i 82.0513
i 82.0520
i 82.0528
i 82. -3603
n 82.0611

i 8 2.0:617
n 82.0624

i 82.0630
i 82.0709

130. 8100
130. 9200
130. 7900
130.9300
131.0400
131. 1900
131. 2000
131. 1500
130. 9000
131.0300
130. 9900
131.0200
130. 8800
130. 6000
130. 6700
130.6600
130. 7700
130.3800
130. 3500
130. 3900
130. 250e
130. 6100
130. 5200
130. 6600
130. 7200
130. 7600
130.7400
130. 8200
130. 8600
130. 8500
130. 7900
130. 9300
130. 9100
130. 9300
131.0600

,. -a-
90

fl
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t'17 July 3: 45: 49 pm

- F i e name
Well location:
Latitude:
Long i t ud e:
Li thol ogy:
Hydro unit:
Surface elevation:
Well depth:
Records in file

DB- I
HNFD ST DPB-11

46.5796133762
119.725159033

BSLT
PRIEST RAPIDS

786.17 feet
1210 feet
46

79. 0310 158. 1900 
24 en 81. 1009 121.0900

1 m
2 m
3 en
4 m
5 m

m
7 m
8 m
9 m

10 m
11 m
12 m
13 m
14 m
15 m
16 m
17 en
18 m
19 m
20 m
21 m
22 m
23 m

79. 0310
79. 0907
79. 0912
79. 0924
79. 0927
79. 1008
79. 1017
79. 1106
79. 1109
81. 012
81.060i
£81.0626
8 1. 0702
81. 0710
81. 0717
S 1. 0724
81. 0731
S1. 0807
S1. 0814
81. 821
81. 0828
81. 0904
81. 1007

150. 1900
128. 0400
126. 4200
127. 4200
126. 1900
126. 1900
125. 7300
128. 0400
128. 0400
.113. 0900
114. 3000
115. 8200
1 16. 810

116. 1100

117. 6600
1 1 S. 6600

119. 9500
119. 9600
120. 5700
119. 4500
120. 0000
120. 3000
120. 4400

24 m
25 m
26 m
27 m
28 m
29 m
30 m
31 m
32 m
33 m
34 m
35 m
36 m
37 m
38 m
39 m
40 m
4 1 m
42 m
43 m
44 m
45 -m
46 m

81. 1009
81. 1016
81. 1020
81. 1022
81. 1023
81. 1030
81. 1110
81. 1113
£1. 1120
81. 1124
81. 1124
81. 1211
81. 1221
82. 0108
82. 0122
82. 0129
82. 0331
82. 0429
82. 0520
82. 0528
82. 0603
82. 0611
82. 0617

121.0900
121. 8900
122. 4500
122. 1008
122. 2100
122. 7800
122.7300
122.2000
122. 3708
122. 2508
122. 2600
116. 4000
116. 0500
115.4800
115.3700
115. 7500

-132. 2700
-132. 6680
-130. 2100
-126.2600
-126.5000
-125Z .4980
-123. 9500

81. 1807 120. 4408 46 en 82. 8617 -123. 9508

Q- - - --~-r -
. t -
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- User-aspect ratio: .17578
Angle = ATN(-Aspect_rat io*Slope)
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I - 27 July
ic . %

Fi'e name
Well locatic
Lat i tude:

3:47:36 pm
.w . . , "

Longitude:
Lithology:
Hydro unit:
Surface elevation:
Well depth:
Records in file

DB-12
HNFD ST D-12
46.616897644
119.703565984

BSLT
PRIEST RAPIDS
486.15 feet
653 feet
62

i THISCOPYWu NOTE f
REPUCED AND MAY PE

CHANGED WMq NOTICE

r.
_, w , . ,

I m
2 m
3 m
4 m
5 m
6 m
7 m
8 m
9 m

I10 m
11 Im
12 m
13 m
14 m
15 m
16 m
17 m
18 m
19 m
20 m
21 m
22 m
23 m
24 m
25 m
26 m
27 m
28 mn
2-9 m
30 m
31 m

-4

78. 0828
78. 0927
78.1163
78. 1219
79. 0206
79. 6309
79. 0416
79. 0567
79. 0801
79. 1112
79. 1206
86. 0267
86. 6305
80. 6410
80. 6620
81.0612
81.0619
81. 6626
81.0702
81.0710
81.0717
81.0724
81.0814
81.0821
81. 6828
81.0904
81.6911
81.6918
81.0923
81.0925
81.1002

88. 4300
88. 2600
88. 590
88. 7200
86. 9700
88. 490
88. 6900
88.4600
81. 0900
90.4300
89.7800
88. 6800
89. 4300
89.7860
85. 1300
80. 3600
79. 5700
79. 610
79. 2700
78. 0900
79. 1406
79. 66000
80.5000
81. 2700
82.6260
82. 7900
84. 4000
84. 9300
85. 5700
85. 6300
86. 0000

32 m 81.1009
33 m 81.1016
34 m 81.1023
35 m 81.1030
36 m 81.1110
37 m 81.1113
38 m 81.1120
39 m 81.1204
40 m 81.1211
41 m 81.1221
42 m 82.0108
43 m 82.0129
44 m 82.0205
45 m 82.0219
46 m 82.0226
47 m 82.0305
48 m 82.0331
49 m 82.0406
50 m 82.0422
51 m 82.0429
52 m 82.0506
53 m 82.0513
54 m 82.0520
55 m 82.0528
56 m 82.0603
57 m 82.0610
58 m 82.0614
59 m 82.0617
60 m 82.0624
61 m 82.0701
62 m 82.0709

86.3800
86.5500
86. 8000
87. 1300
86. 8800
86. 6100
87. 1400
87. 0300
87. 0800
86. 5100
86. 2100
85. 500
85. 8500
85. 2300
84. 9600
83. 9600
80. 8100
81.0400
81.1200
81. 8200
81.9500
81. 4600
81.1700
80. 6400
80. 3200
80. 3000
80. 3400
80. 1200
79. 6500
79. 1200
78. 9500

Ar CW



-User; aspect ratio: .625
Angle = ATN(-Aspect ratio*Slope) -;

User aspect ratio: .625
Angle = ATH(-Aspect ratio*Slope) ~ 

27 July 4: 0:43 pm
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20 July 3:56:21 pm

File name DB-13
Well location: HNFD ST DB-13
Latitude: 46.4919810618
Longitude: 119.515558893
Lithology: BSLT
Hydro unit: MABTON INTEREED
Surface elevation: 578.77 feet
Well depth: 1292 feet
Records in file 61

I

I m
2 m
3 m
4 m
5 m
6 m
7 m
8 m
9 m

10 m
11 mr
12 m
13 m
14 m
15 m
16 m
17 m
18 m
19 m
20 m
21 m
22 m
23 m
24 m
25 m
26 m
27 m
28 m
29 m
30 m
31 m

.%o

79. 0801
79. 0812
79. 6912
79. 1002
79. 1012
79.1116
79.1116
79. 1205
80. 206
86. 0305
80. 0410
80. 0619
80. 0806
80. 0905
80. 1025
81. 0612
81.0626
81.0709
81. 0724
81.0731
81.0807
81.0814
81.0821
81.0828
81.0904
81. 0911
8 1. 0918
81. 0925
81. 1002
81. 1009
81. 1016

159. 8000
158. 7900
158. 7900
158.9400
158.9400
158. 7100
158. 7100
158.6900
158. 800
158. 3200
158. 5600
157. 6900
157. 7200
157. 8700
157. 8000
157. 5800
157. 5900
157. 6200
157. 6100
157. 6200
157. 6800
157. 5400
157. 6200
157. 6006
157. 5200
157. 7800
157. 6800
157. 8000
157. 600
157. 6800
157. 8800

32 m
33 m
34 m
35 m
36 m
37 m
38 m
39 m
40 m
41 m
42 m
43 m
44 m
45 m
46 m
47 m
48 m
49 m
50 m
51 m
52 m
53 m
54 m
55 m
56 m
57 m
58 m
59 m
60 m
61 m

81. 1023
81. 1030
81. 1110
81. 1113
81. 1120
81.1204
81. 1211
81. 1221
82. 0108
82. 0122
82. 0129
82. 0205
82. 0219
82. 0226
82.0324
82. 0331
82. 0408
82.0415
82. 0422
82. 0429
82. 0506
82. 0513
82. 0520
82. 0528
82. 0603
82. 0611
82. 0617
82. 0624
82. 0630
82. 0709

157. 8000
157. 8000
157.8400
157. 5900
157. 7300
157. 5900
157. 8500
157. 6500
157.8600
157. 5400
157. 6100
157. 8500
157. 3900
157. 4300
157.5500
157. 0900
157. 4800
157. 4700
157. 4900
157. 5200
157. 510
157. 3806
157. 4500
157. 4000
157. 3800
157. 2200
157. 2700
157. 2200
157. 1900
157. 3300

_ -
,s c -,4>.
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Lawrence Berkeley Laboratory
University of California

Berkeley, California 94720
R ECE I VED - Telephone 415/486-4000

JUL 26 1982 FTS: 451-4000

F. H.Dove Earth Sciences Division

July 21, 1982

Dr. S. Baker 4,
Rockwell Hanford Operations )Jvq 8 _ -

Energy Systems Group
P.O. Box 800
Richland, WA 9352

Dear Steve:

Per our telephone conversation of July 20 please find below a list of
sucqested items for the agenda of the Modeling Task Force meeting to be held
on July 28 and 29. This list was compiled jointly by the USGS, PNL and LBL
at a meeting held in Tacoma on July 19.

Suggested Agenda Items

1. Agree on plan for resolution of differences between models.

2. Identify and list conceptual/technical differences between models.

3. Identify procedures for resolving above differences.

4. Specify tasks to be completed in FY-1982 and for presentation at
the September workshop.

5. Review drilling history and test data on hydrologic characteristics,
hydraulic head and chemistry from boreholes DC-14 and DC-15.

6. Review the spatial distribution of existing wells and review the
potentiometric interpretation for the various formations as a
function of time.

We look forward to seeing you on the 28th and 29th. I ll fJ/A J i m

Very truly yours, rHIscOPYwILLNOTBE
REPLACED AND MAY BE

CHANGED WtTHOUT NOTICE

'Brian Y. Kanehiro

Charles R. Wilson

cc. Ct. Dove, PNL
W. Myer, USGS
0. Watkins, LBL
f. Hunt, Rockwell

N~~~~~~~~~~~~~~~ 
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DB-15 DB-13/DC-12(3)| DC-14 DC-15 DC-16
f

RRL-2
A - I I .

U-

0
.9.-

.S-

.U
U)
Qi

Upper Unit
Alternating sil-
ty fine qtz. &
mica. SS & coars
qtz &mi ca. SS -
compact

Lower Unit
Silty clay w/ash

-stringers

Upper Unit
Sand varying fron
coarse to fine
to clayey &/or
silty sand, w/
clay stringers

Lower Unit
Clay

Upper Unit
Clay w/minor sand

Middle Unit
Alternating
coarse sand &
silty very fine
sand

Lower Unit
Clay to silty
clay

Upper Unit
Claystone

Lower Unit
Medium grained SS
w/some claystone
weakly cemented

Silty cl-ay grad-
ing downward to
silty sandy clay

Upper Unit I
Alternating mica
SS w/clay matrix
& clay

Lower Unit
Clay

0CD
ca

-q 4. * 1*

vIt>e".' 1
.9.

ND ND ND ND ND ND
t 4 I

' U
%9.O d

41
94-- 94 152 102 29 121 124

-4 I L. .& 1 4_ t 4 4 I 4

%..- 0

4J
a

C-
U

Flowtop breccia
w/clay matrix &
minor ash (?);
& clay w/minor
qtz. grains

Tuffaceous silty
clay

Clay None Siltstone-&
claystone

c

wj

ND ND ND ND 0. ND

"- - 1 - <1 1<1 = - * . 4-0- I __11~~~~~~ ~ 4a

ND - Not Determined
NP - Not Present
(1) Summarized from original geologic logs
(2) Primarily from RHO-BWI-ST-14
(3) Mabton from DB-13; Vantage from DC-12

6 .

,V
0 c F

-q T. 



Variabl

Kd for Am
In host rock

Kd for Pu
in host rock

Kd for U
in host rock

Kd for Np
in host rock

Kd for fission
products in host

rock

Kd for Am
in aquifer

Kd for Pu
in aquifer

Kd for U
in aquifer

Kd for Np
in aquifer

Kd for fission
products in

aquifer

Solubility limit

for Am

Solubility limit
for Pu

Solubility limit

for U

Solubility limit

for Np

Solubility limit

for Tc

Solubility limit
for fission
products 

L

Dispersivity 
Li

Radionuclide
release time 

Lc

Normal 
8.5E1 - 6.0E2 ml/g

Normal 
5.OE - 3.9EI ml/g

Normal 
l.OE - lIlEl ml/g

Normal 
2.OEO - 1.8E1 ml/g

Normal

Normal

Normal

Normal

Normal

Normal

Lognormal

Lognorma1

Lognormal

Lognormal

Lognormal

ognormal

ognormal

ognorma7

4.2E1 - 3.0E2

2.5E2 - 18E3

5.0E2 - 3.5E3

1.E1 - 1.2E2

1.2E1 - 8.8E1

5.OE1 - 3.5E2

3.7E-18 - 7.2E-10

5.4E-16 - 4.4E-7

5.7E-12 - 6.9E-5

l.lE-21 - l.lE-7

.4E-13 -6.7E-8

1.5E-11 - 5.7E-8

5.OE-1 - 5.0E2

3.2E2 - 3.2E5

ml/g

ml/g

ml/g

ml/g

ml/g

g/g

gig

g/g

g/g

g/g

9g

ft

yr

1 Corrado

Corrado

Corrado

Corrado

Corrado

Corrado

Corrado

Corrado

Corrado

Corrado

rWise

Wise

Wise

Wise

Wise

Wise

Verma

Cook



-- . - A. __ - - - r1 r In *

'it - _-

,c 
9

I

Variable
Person

INrxre hl - 2L Distributfin WMHT s1IIPC II-4, L 
n-'li 3 I w 4A uwt UPI t> Responsibl we

Conductivity in
* aquifer
(legs A & B)

Porosity in
aquifer
(legs A & B)

Lognormal

Lognormal

1.OE-4 - 1.0E3

S'
1.0E-iZf- 1.0E-1

ft/day
Verma/
Logsdon

Verma/
Logsdon

Conductivity in
host rock
(legs C & D) Lognormal 1.OE-4 - 1.OEO

Verma/
ft/day Logsdon

Porosity in
host rock
(legs C & D)

Gradient in
host rock

Gradient in
aquifer

Canister life

Lognormal

Lognormal

Lognormal

Lognormal

1.OE-5 - 1.0E-3

1.OE-5 - 1.OE-2

1.0E-5 - 1.OE-3

1.OEO - 1.OE6

Verma/
Logsdon

ft/ft

ft/ft

yr

Verma/
Logsdon

Verma/
Logsdon

Cook

THrS COPY WILt NOT BE
REPLACED AND MAY BE

CHANGED WITHOUT IOTICE







THIS PAGE IS AN
OVERSIZED DRAWING OR

FIGURE,

THAT CAN BE VIEWED AT THE
RECORD TITLED:

"600 AREA BOREHOLE LOCATION
MAP HANFORD SITE, PLATE 1"

WITHIN THIS PACKAGE

D-01



. I

I i , ^.t:0

I- -.- ax

~~~~~~~~~~~~~~~~/ S 

BARRIER MATERIALS TESTING IN THE PRESENCE OF NUCLEAR WASTE:
A FEASIBILITY STUDY FOR THE 222-S HOT-CELL FACILITY

Staff
Research and Engineering

M. J. Apted
Waste Package Department

'I'i --

June 1982

Prepared for the United States
Department of Energy under
Contract DE-AC06-77RL01030

MOUM VILHOM

THIS COPY WILL NOT BE
REPLACEDAND AY BE

CHANGEDWITHOUT NOTICE

I 

Rockwell International
Rockwell Hanford Operations

Energy Systems Group
Richland, WA 99352



r

a a -

CONTENTS

1.0 Introduction . . . . . . . . . . . . . . . . . . . . . .
1.1 Test Program Objectives . .. . . . . . . . . . . .
1.2 Report Organization . . . . . . . . . . . . . . .

2.0 Overview of Hydrothermal Testing . . . . . . . . . . . .
2.1 Need for Hydrothermal Testing . . . . . . .. . .
2.2 General Approach to Hydrothermal Testing . . . . .
2.3 General Requirements.for Hydrothermal Test

and Analytical Equipment . . . . . . . . . . . . .
2.4 'Statistical Approach to Hydrothermal Testing . . .
2.5 The Role of the Materials Characterization Center

and BWIP Waste Package Overview Committee.

3.0 Materials, Experimental Parameters, and Test Matrices
for Radioactive Hydrothermal Testing . . . . . . . . . .
3.1 Test Materials ...........
3.2 Test Parameters ...........
3.3 Test Matrix .......... ........

4.0 Selection of Hot-Cell Facility for Radioactive
Hydrothermal Tests ..
4.1 Candidate Hot-Cell Facilities.
4.2 Selection Criteria . . . . . . . . . . . . . . . .
4.3 Selected Hydrothermal Hot-Cell Test Facility
4.4 Cost and Schedule for 222-S Hydrothermal

Hot-Cell Test Facility . . . . . . . . . . . . . .

.. 1-1
.1-1

.1-2

. 2-1

. 2-1
. 2-5

. 2-8
*. 2-10

*. 2-12

*. 3-1
.3-1

*. 3-5
* 3-12

.4-1

.4-1

.4-1
* 4-6

*. 4-6

. 5-1

.5-1

. 5-6
5-11

. 5-23

. 5-23

. 6-1

.6-1

.6-1

. 6-2

.6-2

.6-3

. 6-7

.7-1
7-1
7-1

. 7-2

8-1

5.0 Hydrothermal Test Facilities
5.1 Introduction . . . . .
5.2 Hot-Cell Facility . . .
5.3 Analytical Facilities .
5.4 Sample Flow Diagram
5.5 Analytical Equipment

6.0 Quality Assurance . . . . .
6.1 General . . . . . . . .
6.2- Technical Control . . .
6.3 Test Plans . . . . ..
6.4 Operating Procedures .
6. 5 Data Management . . . .

-6.6 Reports . . . . . . . .

7.0 Safety.
7.1 Introduction
7.2 Material Assessment
7.3 Equipment Assessment

8.0 Bibliography . . . . . . . .

in the 222-S Building .
. . . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . . .

.

I
THIS COPYl WIG Bf

. ~~REPtACEd AND MO Ot
. ....CHED THUT TC[ 

- . . . .!

. . . . . . . . . . . . .

Appendices:
A. Waste Package and Site Geochemistry Issues and Plans
B. Scientific Rationale for Barrier Material Testing
C. Hydrothermal Equipment and Procedures.
0. Analytical Equipment Requirements and Availability

. A-1

. B-i

. C-i

. D-1

ix



.~ * 

FIGUS ES:
2-1. Groundwater Intrusion Through a Waste Package

in Basalt . . .
4-1. Work Schedule for Preparation and Startup of

Hot-Cell Testing . . . . . . . . . .. .
5-1. 222-S Laboratory Facility . . . . . . . . . ... . .
5-2. Hanford Site Map Showing Location of

222-S Laboratory Facility . . . . ..

5-3. 222-S Laboratory Facility Showing Radiation
Zones and Hot Cells . . . . . ..

5-4. The 222-S Basement Plan Showing Radiochemical
Counting Facilities . . . . . . . . . . . . . . . . .

.2-6

4-9
5-2

5-3

5-4

5-5

5-5. Laboratory Space Available for Basalt Waste
Isolation Project Hydrothermal esting . . . . . . . 5-7

5-6. Laboratory lE . . . . . . . . . . . . . . . . . . 5-8
5-7. Laboratory lE Hot Cell . . . . . . . . . . . . . . . 5-9
5-8. Laboratory lB ...... ....... . 5-10
5-9. Laboratory lD . . . . . . . . . . . . . . . . . . . . 5-12
5-10. Laboratory GA . . . . . . . . . . . . . . . . . . . 5-13
5-11. Laboratory 1J, JA, and lH . . . . . . . . . . . . . 5-14
5-12. Laboratory IJ Shielded lCP-AES . . . . . . . . . . . 5-15
5-13. Laboratory 1K, Shielded MAS Laboratory . . . . . . . 5-17
5-14. The AAS Open-Face Hood and Off-Gas Scrubber

System ... 5-18
5-15. Laboratory 4K, Chromatographic Laboratory . . . . . . S-19
5-16. Laboratory 4E, Proposed Layout of SEM and

X-Ray Laboratory . . . . . . . .. . . . . . . . . . 5-20
5-17. Laboratory 4M, Proposed Layout for STEM

Laboratory . . . . . . . . . . . . . . . . . . . . . 5-21
5-18. Laboratory BA Counting Room and Laboratory BC

Sample Storage Vault . . . . . . . . . . . . . . . . 5-22
5-19. Analytical Sample/Data Flow Chart Through

222-S Building .... . . . . . . ... 5...... .. . 5-24
6-1. Flow of Material and Data for the 222-S Building . . 6-4
6-2. Sample Data Card for the 222-S Building . . . . . . . 6-5
6-3. Sample Data Card for the Scanning Transmission

Electron Microscope . . . . . . . . 6-5
6-4. Sample Data Card for the Scanning Electron

Microscope. .6-6
6-5. Sample Data Card for the Electron Microprobe/

Petrography . . . . . . . . . . . . . . . . . . . . . 6-6

TABLES:
2-1. Summary of Waste Package Functional Requirements
3-1. Provisional Matrix for FY 1984 Hot-Cell Testing
3-2. Provisional Matrix for FY 1985 Hot-Cell Testing
3-3. Provisional Matrix for FY 1986-87 Hot-Cell

Testing . . . . . . . . . . . . . . . . . . . . .
3-4. Test Matrix for Tracer-Doped Groundwater.

Experiments . . . . . . . . . . . . . . . . . . .
3-5. Test Matrix for Simulated Waste Form Experiments

. . 2-2

. .3-14

. .3-15

. .3-16

. .3-17

. .3-18

x



S

TABLES (contd):
3-6. Test Matrix for Fully Loaded Waste Form

Experiments Grouped by Waste Form . . . . . . . .
3-7. Test Matrix for Flow-Through Experiments .
4-1. Facilities Considered for Hydrothermal Testing
4-2. Comparison and Rating of Candidate Hot-Cell

Facilities for Conducting Radioactive
Hydrothermal Tests ..

4-3. Cost Estimates for 22-S Building Tracer-Doped
and Fully Loaded Waste from Hot-Cell Hydro-
thermal Testing Program . . ..

4-4. Operating Costs for 222-S Building ..
4-5. Total 222-S Building Costs . . . . . . . . . . .

' I r

. . 3-19
* . 3-20
. . 4-1

. . 4-2

. . 4-7

. . 4-8

. . 4-8

- n n M

THIS COPY WILL NODT BE
REPLACED AND MAY BE

CHANGEDWITHOUT NOTICE

xi



THISCOPY WILL NOT BE
RELACED AND MAY BE

EXECUTIVE SUMMARY |GANGED WITHOUT NOTICE

The U.S. Government, through the National Waste Terminal Storage

(NWTS) Program of the U.S. Department of Energy (DOE), Is actively

studying the technical feasibility of permanent disposal of high-level

waste in repositories excavated in deep geologic formations. Geologic

strata presently being considered include bedded salt, tuff, and Columbia

Plateau Basalt. Individual waste packages will be emplaced in reposi-

tories mined in one or more of these strata in accordance with emerging

Nuclear Regulatory Commission (NRC) and Environmental Protection Agency

(EPA) regulations. The component materials, or barriers, of a waste

package have the individual and integrated functions to provide initial

containment and eventual uniform slow release of radionuclide to meet

these regulatory criteria.

Migration of contaminated groundwater has been identified as the

principal mechanism for radionuclide transport from a repository to the

biosphere. Over the lifetime of the repository, groundwater will

become contaminated as the result of hydrothermal reactions and in-

teractions within and near waste packages. Knowledge of hydrothermal

reactions of repository groundwaters with candidate waste forms and with

waste package components is vital to the successful design of waste

packages that, in conjunction with site geochemical and hydrological

characteristics, insure compatibility with NRC and EPA guidelines, as

well as acceptable isolation performance. For such hydrothermal re-

actions to be tested successfully and on schedule, a dedicated hot-cell

laboratory facility is required. It is imperative that the laboratory

be of suitable size and configuration, equipped with state-of-the-art

testing and analytical instrumentation, and staffed by highly trained

professionals. The analytical instruments, hydrothermal test apparatuses,

and hot-cell facility all should be accessible and located near one

another to maximize cost-effectiveness and minimize transportation of

hazardous materials and chemically unstable solutions. Taken together,

these features will permit mmediate startup of hot-cell testing to meet

the current, accelerated DOE schedule for design and licensing of nuclear

waste repositories.

i i I
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thermal tests and analyses with various actual and tracer-doped waste
forms, either alone or in the presence of other candidate waste packages

components, in the hot cells and laboratories of the 222-S Analytical
Laboratories (222-S Building) in the 200 West Area of the Hanford Site.
The 222-S Building is the optimal location for such a testing program as

the following conclusions point out.

I I

e Hot cells and laboratories in the 222-S Building are ade-

quately sized and.well suited to the hydrothermal tests

required by the Basalt Waste Isolation Project (BWIP).

* Sufficient hot-cell and laboratory space in the 222-S Build-

ing can be committed to BWIP and other NWTS program hydro-

thermal testing programs for as long as needed.

* The 222-S Building is located on the Hanford Site where vi-

tally needed communication between hydrothermal test "planners/

data analyzers/modelers" and "doers" is facilitated.

a All instruments, including an analytical scanning transmission

electron microscope, required to analyze solid products from

radioactive hydrothermal tests are either already installed in

the 222-S Building or are available for installation.

* Sufficient state-of-the-art (e.g., Dickson-type autoclaves)

equipment is available now to begin radioactive hydrothermal

tests in the 222-S Building. Additional equipment, currently

* used by the BWIP for simulated waste materials testing, will

be made available for use in the 222-S Facility as needed.

* The trained scientific and technical staff needed to conduct

and evaluate radioactive hydrothermal tests successfully is

already assembled at Rockwell Hanford Operations (Rockwell).

* The currently scheduled BWIP radioactive hydrothermal test

program can be performed at a lower cost in the 222-S Build-

ing than in any other facility.

iv
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The 222-S Building is a major intermediate- and high-leve ra io-

chemistry facility. The laboratory has 10,600 ft2 of laboratory floor

space divided into 35 rooms, 4 hot cells, support facilities, and a

modern below-ground counting room. Nine laboratory rooms totaling

4,000 ft2 and a 42 ft2 general purpose hot cell are available and ca-

pable of performing the testing program proposed by the WIP.

The radioactive hydrothermal tests proposed for this program will

utilize tracer-loaded and fully loaded commercial high-level waste

(CHLW) forms. The current reference CHLW forms are spent fuel and, for

reprocessed fuel, borosilicate glass. Crystalline ceramic forms as an

alternate to borosilicate glass could also be tested if directed by the

NWTS Program. Sufficient space is available at the 222-S Building to

accommodate an increased scope of work to include other geologies, should

such a request be made.

Test matrices using both l

techniques have been developed. These techniques will be applied to

sequential combinations of basalt, groundwaters, waste forms, canisters,

and backfill material under repository conditions. Conditions to be

simulated are:

* Temperature

* Pressure

* Groundwater composition

a Groundwater pH and Eh

* Groundwater flow rate

* Surface area of host rock

X Ratio of groundwater mass to solid mass.

It is planned that as many as eight Dickson-type autoclaves will be

available and operationaldfor hot-cell testing starting in October 1983.

In the following year, more autoclaves will be added, up to a total

of 14. Completion of these tests is scheduled in FY 1986.

The standard Dickson rocking autoclave design has been modified by

the BWIP to a rolling design to save valuable floor space, and simplify

closure of the apparatus containing hot waste. Both the rolling and

V
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ystems provide static tests of waste package compo-

nents and, thus, do not simulate the movement of groundwater through a

failed waste repository. A flow-through hydrothermal testing apparatus,

now in the procurement stage, will simulate a waste repository in basalt

by placing waste-rock-water systems under expected repository conditions

including fluid flow velocities appropriate to a nuclear waste reposi-

tory located in basalt. Experiments using both static and flow-through

equipment are scheduled. This state-of-the-art equipment yields supe-

rior results since liquid phase sampling is permitted at experimental

temperatures and pressure conditions, thereby avoiding quench effects

in solutions sampled from autoclaves that have been cooled and depres-

surized. Detailed procedures outlining hydrothermal test operation will

be written for use in the 222-S Building.

A complete complement of modern analytical equipment, installed to

perform under intermediate- and high-level radioactive conditions, is

available in the 222-S Building. In addition, an analytical scanning

transmission electron microscope, analytical scanning electron micro-

scope, and X-ray diffractometer are available for radioactive service

installation. These instruments are key to the solids characterization

effort required by this program.

The proposed radioactive hydrothermal tests will be performed in

full accordance with established Rockwell quality assurance and safety

procedures. A systematic data validation approach for designing and

performing all tests will be used to assure accuracy, responsibility,

and traceability for all the test data generated. A baseline safety

assessment will be completed before the initiation of these tests and

any changes to the baseline will be approved before implementation.

The professional staff, equipment, and facilities described in this

proposal are adequate to perform the proposed test program. As early as

the beginning of FY 1985, additional hot-cell hydrothermal tests spe-

cific to other potential geologic repositories could be performed

simultaneously with the proposed work, if a full complement of 14 sam-

pling-autoclaves were made available. Indeed, it is possible that some

of the early waste form-groundwater tests, made specifically to support

Vi
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the performance of a nuclear waste repository in basa W

applicable to waste form performance in other silicate-rock repositories.

Obvious benefits in cost reduction and schedule acceleration for the
NWTS program can be derived from the consolidation of this work in a

single facility such as 222-S Building.

vii
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1.1 TEST PROGRAM OBJECTIVES

The U.S. Government, through the National Waste Terminal Storage

(NWTS) Program of the U.S. Department of Energy (DOE), is actively

studying the technical feasibility of permanent disposal of high-level

waste in repositories excavated in deep geologic formations. Geologic

strata presently being considered include bedded salt, tuff, and Columbia:

Plateau Basalt. Individual waste packages will be emplaced in reposi-

tories mined in one or more of these strata in accordance with emerging

Nuclear Regulatory Commission (NRC) and Environmental Protection Agency

(EPA) regulations. The component materials, or barriers, of a waste pack-

age have the individual and integrated functions to provide initial con-

tainment and eventual uniform slow release of radionuclides to meet these

regulatory criteria.

Migration of contaminated groundwater has been identified as the

principal mechanism for radionuclide transport from a repository to the

biosphere. Over the lifetime of the repository, groundwater will become

contaminated as the result of hydrothermal reactions and interactions

within and near waste packages. Knowledge of hydrothermal reactions of

repository groundwaters with candidate waste forms and with waste pack-

age components is vital to the successful design of waste packages

that, in conjunction with site geochemical and hydrological character-

istics, insure compatibility with NRC and EPA guidelines as well as

acceptable isolation performance.

This report address overall feasibility of performing hydrothermal

tests with fully loaded and tracer-doped waste forms, either alone or in

the presence of other candidate waste package components. These tests

will be performed in the hot cells and laboratories of the 222-S Labo-

ratory Facility (222-S Building) in the 200 West Area of the Hanford

Site. The 222-S Building is operated by Rockwell Hanford Operations

(Rockwell), a prime contractor for DOE. The report focuses on the

utility of 222-S Building for conducting the hydrothermal test matrices

deemed necessary as part of the Basalt Waste Isolation Project (BWIP).

1-1
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itories mined in other geologic media (i.e., tuff, salt, etc.). The

general applicability of 222-S Building facilities for conducting hydro-

thermal tests under expected repository conditions is described at ap-

propriate places in this report.

1.2 REPORT ORGANIZATION

The general characteristics of hydrothermal tests with nuclear

waste forms and other waste package materials are briefly considered in

Section 2.0. Materials, experimental parameters, and test materials

are discussed in Section 3.0. Section 4.0 summarizes advantages and

features of conducting the BWIP radioactive hydrothermal tests in the

222-S Building. A schedule and estimated costs are also included. The

long-term commitment of suitable hot-cell and ancillary space in the

222-S Building to the NWTS Program hydrothermal test needs is specifi-

cally noted. Section 5.0 describes the general features and layout of

the 222-S Building and details hot cells and laboratories presently

earmarked for the BWIP hydrothermal tests. Section 6.0 describes the

quality assurance (QA) program that will be applied to this proposal by

Rockwell. The QA program ncompasses various manuals and procedures

specific to the BWIP hydrothermal testing program. The QA program will

document the tracibility and accuracy of all test data. Section 7.0

details the Rockwell health, safety, and environmental regulations under

which the proposed hydrothermal testing program will be performed. The

technical basis of facility, equipment, and procedure details have been

included in Appendices C and D.

1-2
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2.1 NEED FOR HYDROTHERMAL TESTING

The NWTS Program is currently committed to a strategy for isolating

nuclear wastes in deep geologic repositories. The major parts of such

repository systems will be the natural geologic host rock and a waste

package consisting of multiple engineered barriers (NWTS, 1981a, 1981b,

and 1981c). The goal of the BWIP is to evaluate the feasibility of

permanent storage of nuclear waste in a geologic repository excavated in

Columbia River Basalt. This evaluation must be based on proposed regu-

latory criteria (NRC, 1981; EPA, 1982) that determine the required long-

term performance of a nuclear waste repository in basalt (NWRB). These

regulatory criteria will be compared with the performance of the repos-

itory system, including the natural geologic barriers of the repository

site plus the manmade, engineered barriers of the waste package. Where

the natural barriers of the repository cannot meet the regulatory per-

formance criteria, the engineered barriers must provide the necessary

containment performance. This expected performance sets the waste

package design requirements that, in turn, must be based on data from

site-specific hydrothermal tests of waste package components, both

individually and as an integrated assembly (NWTS, 981d; Anderson,

1982). The scientific rationale for this approach to barrier material

testing is presented in Appendix B. A summary of the functions of

the various components developed from the design requirements and re-

lated hydrothermal test data is given in Table 2-1.

Currently proposed regulatory criteria require that waste packages

provide containment of all waste for as long as 1,000 yr and contribute

to an acceptable, slow release from the engineered system (i.e., as low

as 1 part in 105 of each isotope per year) thereafter (NRC, 1980). In

the absence of a clear definition by the NRC, and for design purposes,

the BWIP has defined the engineered system as the maximum extent of the

i 1000C isotherm surrounding repository in basalt. The engineered system

thus consists of a volume of rock approximately 20 m in radius that con-

tains a waste package and a portion of the repository waste emplacement
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Barrier Functional requirement IHydrothermal data requirement

Waste form- -

Canister

-* Tailored backfill

Geology .(basalt)

Prevent or-retard re-
lease of radionuclides
should containment be
breached during
shipping, handling
and after emplacement
in the repository

Physically contain the
waste form after em-
placement in the re-
pository

Control release rate
of radionuclides in
the very near-field
of the repository

Control release rate
of radionuclides in
the near-field and
far-field of the re-
pository

-Measure steady-state-solution
compositions

Evaluate dissolution mecha-
nisms

Identify alteration phases

Measure corrosion rate

Determine corrosion mecha-
nism

Determine precipitation re-
actions with radionuclide-
bearing groundwaters

Identification of these
phases and their solubili-
ties

Determine reaction with
groundwater chemistry

Establish pressure-tempera-
ture stability field for
swelling clays (irreversible
dehydration)

Measure sorption properties
of backfill material

Determine precipitation reac-
tions with radionuclide-
bearing groundwaters

Identification of these
phases and their solubilities

Determine buffering of
groundwater chemistry, in-
cluding pH and Eh

Measure sqrption properties
of basal ,c phases
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panel [Anderson, 1982; WIP, 1982a (Chapter 15)2. Tic limi41ft 4eW TIengineered system is the boundary at which the NRC release ..criterion is
applicable. The EPA has also proposed that the release of specific

1'radionuclides over 10,000 yr be below certain established limits (EPA,

1982). The purpose of the NWTS program for hydrothermal testing of

barrier materials s to provide the site-specific information necessary

for designing a waste package and assessing its performance in meeting

these regulatory criteria.

Containment of nuclear waste for up to 1,000 yr requires total

isolation of the waste form from groundwaters that will eventually fill

the repository. Conceptually, such containment is achieved by a com-

bination of a metal canister, which functions as a primary impenetrable

physical containment barrier for the waste form, and a backfill ma-

terial, which functions as a flow barrier to groundwater reaching the

canister. Therefore, the hydrothermal stability of canister materials

(i.e., corrosion rates) and backfill materials (i.e., dehydration re-

actions, solid-state phase transformation) are important parameters in

determining the necessary composition and thickness of these materials

that will insure compatibility with the containment requirement called

for In the present draft regulations.

, F ' to ( Regardless of the exact length of the containment period, the

/4 ft O nature of the test designed to demonstrate containment remains the

same and so will not affect the scope and direction of the tests called
(7S <a; for in this report. Conservative design practices mandate some period

of waste containment within the waste package during the period of

maximum thermal output.

The criterion of acceptable slow release of radionuclides after

the containment period is met conceptually by a combination of the waste

form, which must limit the rate at which radionuclides are released to

groundwater, and the backfill material, which functions as a flow bar-

rier to radionuclide-bearing groundwater exiting the waste package. The

backfill material also may reduce radionuclide concentration levels by

chemical reactions, such as sorption and precipitation. Near-field

radionuclide release rates can be defined usefully as the product of the
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j "'rilonucltratin in the groundwater reacted with the waste

form and the hydrologic flow rate of the groundwater. Previous hydro-
thermal testing on waste forms has emphasized the collection of short-
term, time-dependent, leach rate data (e.g., Friedman et al., 1980;
McVay et al., 1981). It has been argued recently (BWIP, 1981; NWTS,
1981d; MCC, 1981) that time-independent solubility limits or steady-
state reactions* are probably more realistic and iAsefuL data for eval-
uating long-term radionuclide release rates, particularly for slow flow-
rate crndition expected in a repository (NWTS, 1981d; MCC, 1981).

Hydrothermal testing on the stability of candidate barrier ma-
terials, including waste forms, is vital for design and evaluation of
waste package barrier materials. Testing to date has centered on
generic studies (e.g., Westerman, 1980; Fullam, 1981), although certain
studies have been performed under rigorous site-specific conditions
(e.g., Holloway et al., 1981; Braithwaite et al., 1980). The approach
to hydrothermal testing of barrier materials developed and endorsed by
the NWTS (NWTS, 1981d) and supported by site-specific waste package
testing programs is discussed in the following sections.

The need for hydrothermal testing and other testing is supported by
studies done for the Site Characterization Report (SCR) prepared by the
BWIP (1982a). The SCR is the first prelicensing document that the BWIP,
through the DOE, will submit to the NRC. Chapter 15 of the SCR contains
an in-depth analysis of waste package and site geochemistry issues, and
plans. In Chapter 15, the BWIP staff carefully analyzed all applicable
regulatory and programmatic criteria and then determined the work required
to satisfy waste package design criteria, define site geochemistry, and
fulfill testing and performance confirmation criteria. Where controversy
or debate about available information or technology existed, issues were
defined to highlight these facts. The issues and applicable criteria
relating to hydrothermal testing (particularly the use of radioactive
materials for testing) form the basis for the BWIP's need for materials

Under steady-state reaction conditions, solution compositions are
controlled by simultaneous dissolution and growth of primary and secondary
alteration products, respectively (Mottl and Holland, 1978; BWIP, 1981).
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testing (Table A-l, Appendix A). They thus provide a basis for all testing

in support of waste package design, waste package performance evaluation,

and geochemical characterization.

A logic diagram for the work on waste package design, site geochem-

istry, and performance evaluation is also included in Figure A-3 of

Appendix A. Activities requiring radionuclide handling facilities are

highlighted on the logic diagram.

2.2 GENERAL APPROACH TO HYDROTHERMAL TESTING

The NWTS Program has endorsed the concept of a sequential hydro-

thermal testing program for waste package barrier materials (NWTS, 1981d),

based.on the progressive penetration of barriers by intruding ground-

waters (Figure 2-1). This approach emphasizes early hydrothermal sta-

bility tests of individual waste package components and on the compo-

sition of coexisting solutions under site-specific repository conditions.

Results from these early tests, in turn, are compared with results on

successively more complex hydrothermal interaction tests of multiple

waste package components. Data from these earlier tests serve also as

input into later tests to model more realistically the chemical evolution

of hydrothermal reactions within the waste package. This step-wise or

\t ksequential approach enables the test program not only to isolate chemical
degradation reactions specific to individual waste package components,

but also to identify synergistic effects that may develop between multi-

component systems as required in 10 CFR 60 (NRC, 1981). Building from

data on chemically simple systems to progressively more complex systems

is fundamental experimental methodology well documented in the scientific

Lliterature (Bowen, 1928; Ernst, 1976; Lerman, 1979; Berner, 1980).

The currentBWIP hydrothermal testing program for waste-barrier-

basalt interactions has followed the NWTS systematic approach for sequential

testing of barrier materials (8WIP, 1981). Present test activities have

focused initially on determining radionuclide solubility limits (or
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'44LPI BACKFILL

FIGURE 2-1. Groundwater Intrusion Through a Waste
Package in Basalt.

steady-state conditions) of simulated* waste forms and the long-term

stability of waste package barriers under site-specific hydrothermal
conditions. The resulting data on solution compositions and solid
alteration products have been used to evaluate waste form degradation
under basalt-specific repository conditions (Apted, 1981; Holloway et al.,
1981). Radionuclides that are not strongly sorbed or precipitated from
solution and that, therefore, may require special attention to ensure
their isolation within the waste package (Barney and Wood, 1980) have
been identified. Isothermal, time-invariant compositional data on
sampled solutions can a flow
data for near-field and far-field modeling for calculation of meaningful

radionuclide release rates (Wood and Rai, 1981). Taken together, these
hydrothermal test data have been used to establish design requirements
for waste packages located in basalt (Anderson, 1982).

*~~~~~~~~

Simulated waste forms are fabricated with stable isotopes or analog
elements substituting for radionuclides normally found in nuclear waste.)

2-6
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Use of simulated waste forms for initial testin uS Xo8E

several reasons. Measurement and evaluation of the

of temperature, pressure, Eh, pH, the proportion of reacting phases, and

many other testing variables define a large number of required tests.

Because of the high cost and operational difficulties for conducting

tests in strong radiation fields, it is cost effective to use waste

forms containing nonradioactive chemical analogues rather than radio-

active elements for initial tests. Many fission products occurring in

spent fuel assemblies have nonradioactive isotopes that can be incor-

porated into simulated waste forms. From a chemial standpoint, the

bonding interactions are essentially identical for all isotopes of the

same element. It can be expected, therefore, that use of simulated,

nonradioactive waste forms in testing will provide meaningful initial

performance evaluation information for most elements in proposed waste

Tests with simulated waste, however, do not eliminate the need for

testing with tracer- and fully loaded nuclear waste. Fully radioactive

waste form-rock-barrier interaction tests supported by a hot-cell

facility are needed to:

* Test the reliability of data from experiments using simulated

waste forms by comparison with the results of experiments with

actual waste forms

* Study the key (i.e., potentially hazardous) radionuclides in

actual waste (e.g., technetium, plutonium, americium, neptunium)

that cannot be represented by stable isotopes and thus are not

c te

* Determine the effects of a radiation field on barrier per-

formance

a Simulate conditions more closely to those expected in the

repository (e.g., radiolysis).

The direct information gained from testing radioactive waste forms,

and the possibility that simulated waste forms will not prove to be

2-7
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| US ,I8nalogu s for actual waste (thus requiring testing with simu-

e waste fam to be abandoned), impart a high priority to the se-

lection of a hot-cell facility and initiation of fully radioactive

tests. The question of whether or not simulated wastes are a suitable

analogue to actual wacte is-pivotal-to crediblewaste packa d and

materials testing.

2.3 GENERAL REQUIREMENTS FOR HYDROTHERMAL TEST
AND ANALYTICAL EQUIPMENT

The basic testing requirements for the evaluation of barrier mate-

rials performance under hydrothermal test conditions are:

* Complete chemical isolation of the barrier material(s) from

reaction with extraneous materials (e.g., reaction vessel

walls)

* Control and/or monitoring of test parameters that mimic

expected repository conditions

* Accurate analyses of solution samples, taken both during and

after the test

* Detailed characterization of solid reaction products

* Characterization of all starting materials.

Standard hydrothermal test equipment and operating procedures have been

developed and assembled as part of an earlier phase of the hydro-

thermal testing program to meet these testing requirements. These

earlier tests used simulated rather than radioactive waste forms.

Testing with radioactive waste forms, however, both alone and in the

presence of other barrier materials, will not entail significant modi-

fications to existing equipment. Indeed, there are analytical advan-
tages to be gained from employing radioactive waste forms, since

radioisotopes often can be analyzed at lower concentrations then their

nonradioactive counterparts.

The best available apparatus for hydrothermal testing of barrier

materials is the Dickson-type, sampling autoclave (Dickson et al., 1963;

2-8
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Seyfried et al., 1979). This apparatus consists of a gold reaction cell

contained in a pressure vessel and heated by an external electric furnace.

The aqueous fluid can be sampled at the pressure and temperature of the

experiment at any point during the test. Fluid and reacted solids can

also be obtained at the conclusion of each experiment. The entire

assembly of reaction vessel plus furnace is agitated, either by a roll-

ing or rocking motion, to accelerate reaction rates. The chemical

inertness of the inner gold cell, the agitated motion of the assembly,

and the ability to sample solutions during the experiment makes the

Dickson autoclave ideal for monitoring and interpreting hydrothermal

reactions with time.

Techniques for controlling or monitoring pH and Eh in solutions at

temperatures below 3000C have been developed (MacDonald, 1978; Niedrach,

1980; Danielson, 1980) and modified to be compatible with Dickson-type

autoclaves. These controling and monitoring devices have been tested at

conditions up to 2850C and 80 bars (Niedrach, 1980). Measured ratios of

dissolved redox couples (Cherry et al., 1979; Jacobs and Apted, 1981)

may also be used to compute the Eh condition of sampled solutions.

A variety of chemical analyses are required to characterize aqueous

samples. Both cationic and anionic aqueous species concentrations must

be determined completely. Room temperature pH values must be coupled

with total concentration data and charge balance considerations to

recalculate the solution speciation and pH value at the temperature

conditions of the test. Selective ion determination for dissolved

elements wit Iltiple oxidation states is required to evaluate the

prevailing Eh conditions of the solution as buffered by the reactive

solids. The concentrations of dissolved radionuclides are very low

(Barney and Wood, 1980; Wood and Rai, 1981) and prevent precise deter-

mination by conventional chemical analysis. Radiation counting devices

are the most sensitive method of measurement of radionuclides in these

aqueous samples.

Analysis of reacted solids entails a multiple approach of both

chemical and mineralogical (structural) characterization. Use of the
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electron microscope (SEM) has some value but is ultimately unable to

provide analysis on the very minute (often less than 1 wm) grains of

precipitated alteration products that occur in hydrothermal tests.

A scanning transmission electron microscope (STEM) is the only existing

instrument that combines quantitative chemical and mineralogic analysis

with the necessary spatial resolution. Particulates and colloids sus-

pended in solution may also be an important mechanism for radionuclide

migration in groundwaters. Because of the small size of such colloids,

typically less than 1 m (Krauskopf, 1979; Buxton et al., 1982), their

isolation by proper filtration techniques is a vital ruirent in the

hydrothermal testing program.

Anticipated approximate personnel dose rates are 0.4, 1.4, and

5 R/hr at 30 cm per gram of unshielded spent fuel, borosilicate glass,

and tailored ceramic waste forms, respectively. It is clear that the

handling, loading, and storage of the radioactive materials require the

sealed containment and remoteoperational capabilities of a hot-cell

facility. Required shielding of hydrothermal apparatus and analytical

equipment will be a function of operator exposure time, solubilities of

radionuclides, and volume of sample required for analysis. The analytical

instruments, hydrothermal test apparatuses, and hot-cell facility all

should be accessible and located near one another to maximize cost

effective operation and minimize transportation of hazardous materials

and chemically unstable solutions.

2.4 STATISTICAL APPROACH TO HYDROTHERMAL TESTING

The current draft of 10 CFR 60 requires that there be "reasonable

assurance" that proposed criteria for pre-l,OO0-yr containment will be

met by the waste package and post-l,000-yr controlled release of radio-

nuclide will be met by the waste package plus the geologic repository r.-o*/
(NRC, 1981). Barrier materia s

requirement of "reasonable assurance" will be limited, however, to test

durations that are extremely short relative to the regulatory time

period over which barrier materials are expected to remain functional.

2-10
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terials could be achieved by elevating laboratory physicochemical pa- j5_

rameters to values that accelerate the expected degradation mechanisms t

(DOE, 1981). The results from such short-term, accelerated testing

could then be used to establish reasonable assurain fortbarrier ma-

terial performance over much longer time periods.

Accelerated tests, however, must be devised to take full advantage

of statistically guided experimental design. Statistical approaches to

the design and interpretation of barrier material test data recently

have been studied by the NWTS Program (NWTS, 1981d). One advantage of

a statistical approach is that the number of test conditions and tests

can be minimized without degrading the quality of the experimental data

and subsequent predictions of expected lifetime for barrier materials

under normal conditions. Such an approach, if predicated on scientific

theory, can utilize both inter- and intratest comparison of data for

support and verification of waste package performance assessment.

Development f a statistical approach to accelerated barrier ma-

terial tests (NWTS, 1981d) is based on expert scientific opinion.
Sefore any testing is performed, it is necessary that a scientific,

quantifiable model for barrier degradation be constructed from expert

judgment. The model is the connective link between the experimental

testing and the performance assessment programs for any repository site

(see Appendix B). This model must include the various types of degra-

dation mechanisms for barrier materials. The relative importance of

these mechanisms as a function of environmental parameters of the re-

pository (e.g., temperature, pressure, radiation field, groundwater

composition) also should be incorporated.

From the degradation model and identification of environmental

parameters of "stresses" that affect degradation, a complete factorial

design (Hoel and Levine, 1964) omprised of all possible combinations of

high and low values for "stresses" can be formed. Expected values for

degradation rates can be assigned for each of these factorial combi-

nations, based upon either expert scientific opinion or previous ex-

perimentation. In the simplest case, these ratings may only be relative
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of degradation as a function of the several tests parameters under
investigation.

There are several important uses for this statistically developed

factorial tree. First, the parameters that provide the greatest in-

crease in degradation rate can be easily dTitied. This is useful for

establishing priorities among experiments in an accelerated testing

program. Second, the factorial tree permits elimination of combinations

of test parameters that can be expected to provide only minimal accel-

eration in testing. This capability is crucial for test programs with

finite human and equipment resources and limited time for testing.

Finally, the factorial tree is a graphical representation of the deg-

radation model. New test data can be used to revise the severity rating

of combinations of test parameters on degradation rate. Thus, earlier

degradation models can be continually updated and improved as new data

are obtained.

In summary, the development of statistical factorial analysis,

based on expected degradation models of barrier materials, can assist in

establishing and refining experimental design for accelerated testing.

Further study on statistical approaches to experimental design and

testing is needed to ensure that barrier material testing is rapid-yet

cost effective. Factorial design provides for repeated verification of
initial models with each subsequent test result and permits revision of

initial models to accommodate newer, conflicting data. In this manner,

the scientific models for barrier material degradation can be used to

extrapolate short-term laboratory tests to 1,000-yr regulatory per-

formance requirements with reasonable assurance.

2.5 THE ROLE OF THE MATERIALS CHARACTERIZATION CENTER
AND BWIP WASTE PACKAGE OVERVIEW COMMITTEE

For the successful development of waste packages for geologic dis-

posal, laboratory data generated by waste package materials testing

groups must be readily accessible and acceptable to the scientific and
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central agency that collects experimental data, techniques, and proce-

dures from the appropriate research and development groups and issues

such information to outside technical experts for review. The Materials

Characterization Center (MCC) is expected to fulfill this role under the

direction of the Waste Package Interface Control Group (ICG).

The major functions of the MCC are to:

a Transfer technology across repository projects

* Hold workshops on key technology issues

* Develop test protocols (i.e., define generic bounds such as

temperature ranges, sample preparation techniques, common-

approaches to analysis, and definition of key standards)

* Participate in waste package overview committee reviews of

test procedures and critical data

* Catalog reference waste form and barrier materials and properties.

The role of the BWIP Waste Package Overview Committee is to review

developed experimental procedures before they are submitted to the MCC.

The Overview Committee also will independently review critical data

should conflicts arise. Adequate completion of these responsibilities

will greatly enhance the acceptability of the experimental data base

upon which waste package design if founded.
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3.1 TEST MATERIALS

The test materials specified here are those that comprise the

entire repository system, including both geologic and manmade materials.

The barrier materials of the engineered waste package consist of the

waste form, canister, and tailored backfill. Grande Ronde and Basalt

groundwater are the relevant geologic materials for the NWRB. Host

rocks and associated groundwaters for other geologic repositories, once

they are defined, could also be employed for separate, site-specific

hydrothermal testing in the same hot-cell facility used with the NWRB

materials.

3.1.1 Basalt (Host-Rock)

The basalt that will be used for hydrothermal experiments has

already been obtained at a surface outcrop of the Umtanum flow within

the Grande Ronde Basalt, the flow most likely to be used for a repos-

itory at Hanford. Chemical and mineralogic comparison of surface

samples and drill cores shows no difference within analytical uncer-

tainty. The material has been cleaned by hand picking, crushed, and

sieved into various fractions; its composition is well documented

(Myers et al., 1979; Myers and Price, 1981).

3.1.2 Groundwater

By definition, water is a necessary phase in all hydrothermal

tests. Ambient groundwater chemistries are available from samples from

a number of wells that penetrate the Grande Ronde Basalt. Water samples

have been analyzed in the field, and, more extensively, in the labora-

tory. Field measurements include determinations of pH, Eh, alkalinity,

temperature, and turbidity. Laboratory measurements include pH, alka-

linity, conductivity, cation analysis by inductively coupled plasma

spectrometry (ICP)], and anion analysis (by ion chromatography). Cation-

anion balances are generally better than 2 for the, dater analyses.
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for prsparation of synthetic Grande Ronde groundwater, based

tural groundwater analyses, have been deve ape lood and

Sutter, 1982; Ho loa-et-al., 1981). Natural groundwaters are imprac-

tical for hydrothermal testing because of the logistical problem asso-

ciated with collecting and dispensing groundwaters of rigorously stand-

ardized composition, and the instability of groundwaters once removed

from the ground.

The composition of groundwater will be perturbed as it flows through

a NWRB and undergoes hydrothermal reactions with waste package compo-

nents. Successive interactions with backfill and canister during ingress

and successive interactions with waste form, canister, backfill, and

basalt during egress define a complex chemical system for groundwater.

This complex system can be simplified greatly by identifying several key

hydrothermal reactions that dominate groundwater chemistry.

.

*1 11' -
: I 

Basalt, as the repository host rock and probable component of the

backfill, will buffer and control the chemical composition of ingressing

groundwaters at temperatures up to 300%C (Apted, 1981; Jacobs and Apted,

1981). Revised groundwater composition from hydrothermal tests on

basalt and Grande Ronde groundwater, therefore, are an integral part of

the hydrothermal corrosion tests on canister materials. These corrosion

tests are fundamental in the demonstration of waste package/repository

compliance with the 1,000-yr total containment criterion. It should

also be noted that canister materials are relatively inert with respect

to chemical reaction with groundwater. Because of this and the much

larger mass of basalt relative to the canister, it can be expected that

corro i of t ter will ave only a sligh-ef-ect on the groujd_

water chemistry reaching the waste form.

In a similar manner, hydrothermal reaction between the waste form

and groundwater will determine the composition of egressing ground-

waters. Subsequent interaction of these radionuclide-bearing waters

with backfill materials (including basalt) and then with the host rock

can be used to determine near-field and far-field radionuclide release

rates. Thus, the hydrothermal interaction of radionuclide-bearing

groundwater with backfill/basalt becomes a basic test for demonstrating

h1
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3.1.3 Backfill

The backfill reacts with the intruding groundwaters to reduce the

Eh in the groundwater, thus inhibiting degradation of the canister by

corrosion. Backfill also will restrict groundwater flow. After 1,000 vr,

the backfill is intended to be a diffusion barrier to egressing water

and to act as a chemical barrier (sorbent/reactant) to nuclide trans-

port. A reference backfill (Anderson, 1982) that consists of 25% sodium

bentonite and 75% crushed basalt has beenspecified. Compacted bentonite

is an established water barrier (Pusch, 1979), and basalt is highly

reactive (Smith et al., 1980) with certain radionuclides (e.g., cesium

and strontium).

3.1.4 Canister

The canister s designed to be the primary barrier for isolation of

radionuclides over the first 1,000 yr after repository closure. The

refe mild steel.

Alternative materials being considered include stainless steel, cupro-

nickel, and Inconel (or other nickel-based alloys). Early hydrothermal

testing in the absence of a radiation field will eliminate some mate-

rials, greatly reducing the number of necessary hot-cell corrosion

tests.

Hydrothermal corrosion testing of canister materials will use

unstressed coupons, stressed U-bend coupons, and cold-bent/restraight-

ened coupons. This will permit evaluation of a large range of corrosion

mechanisms, including uniform, pitting, crevice corrosion, and stress

corrosion cracking (NWTS, 1981d). It is especially important that

corrosion tests under strong radiation fields be performed in the

presence of basalt. Umtanum basalt has an enormous capability for

chemical buffering of groundwaters at low Eh (i.e., reducing) and mod-

erate pH conditions (Apted, 1981; Jacobs and Apted, 1981). This buffer-

ing capability may miti ate deleterious effects of groundwater radi-

olysis on canister corrosion (Glass, 1981).
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renD reference commerical high-level waste forms are spent

fuel and, for reprocessed fuel, borosilicate glass. Crystalline ce-
ramics are an alternative to borosilicate glass (NWTS, 1981d). Because
of the large amount of previous research (e.g., Johnson et al., 1980;
Vandergraaf, 1980; Norris, 1979; McVay and Buckwalter, 1980; Coles,
1981; Fullam, 1981; Burns et al., 1982) with alternate waste forms, the
hot-cell testing program discussed here is oriented toward radioactive
spent fuel and borosilicate glass under conditions specific to the NWRB.
Two levels of radioactive loading can be used to classify hot-cell
tests: tracer-loaded waste forms, and fully loaded waste forms.

Many of the key hazardous radioactive elements in nuclear waste
(Barney and Wood, 1980; Wood, 1980; Bird, 1979) occur in trace or minor
amounts. Some, such as carbon, technetium, plutonium, neptunium, and
americium, have isotopes that decay by low-energy alpha or beta proc-
esses. The energies associated with these decay processes are far lower
than the ganna and beta decay energies associated with many other, more
abundant, radionuclides found in nuclear waste (especially strontium and
cesium). In addition, stable isotopes can be substituted for more
energetic radionuclides (e.g., stable 8Sr for radioactive 9 Sr).
A tracer-loaded waste form can be fabricated with these lower-energy

radioactive and stable isotopes. The advantage of such a tracer-loaded
waste form is that the dissolution behavior of key radionuclides can be
studied, yet the overall radiation field is not so high to require thick
shielding and more difficult handling procedures. A Pacific Northwest
Laboratory (PNL) 77-260 borosilicate glass with a tracer-loaded PW-7c waste
stream developed by the BWIP (Ross et al, 1978) is currently available
for early hot-cell testing. A synthetic spent fuel waste form developed
by the BWIP containing thorium and depleted uranium is also available
(Woodley et al., 1981). These tracer-loaded waste forms will be tested
early to confirm and refine hydrothermal and nuclear analytical test
procedures for later performance assessment of radioactive waste forms.
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Fully loaded borosilicate glass and actual spent fuel assembli.es

will be procured for hot-cell testing. Currently, there are several

possibilities for the reference borosilicate glass and also several pos-

sible waste stream compositions (Ross et al., 1978; MCC, 1981). Actual

10-yr-old spent fuel from a pressurized water reactor will be obtained

for testing.

3.2 TEST PARAMETERS

To assess barrier material performance in meeting design require-

ments for isolation of nuclear waste, test parameters must be estab-

lished. Site-specific repository conditions (Jacobs and Apted, 1981;.

NWTS, 1981e), including radiation fields, must be understood to de-

termine the environmental parameters that must be used in this assess-

ment. Experimental parameters that affect test data also must be un-

derstood. It is anticipated that earlier tests with simulated wste

forms can and will be used to evaluate the parameters. A large number

of tests under varlable test conditions are possible at a far lower cost

by using simulated waste forms.

Environmental parameters can be divided into those arising from

chemical interactions of groundwater with the basalt of the repository

(i.e., Eh, pH, groundwater composition) and physical parameters (i.e.,

flow rate, temperature, and pressure). These repository physicochemical

parameters will be perturbed significantly from their initial ambient

values by emplacement of radionuclide-bearing waste packages.

3.2.1 Temperature

Heat transfer analyses have been performed for emplacement of a

variety of waste package configurations in a repository in basalt

(Altenhofen, 1981). These analyses are updated continually as new data

become available, but several general features of the temporal variation

in temperature can be summarized here. The excursion in repository

temperature is most extreme in the first 100 yr of the re ository life

span, when the radionuclides with short half-lives decay. The temper-

ature in the repository will increase from ambient (590C) to approximately
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is time. Subsequently, modeling predictions show that

temperatures will fall slowly toward the ambient value, requiring

perhaps several thousand years to fall below 100'C. The exact variation

in temperature with time is, of course, dependent on a multitude of

variables such as waste loading, canister spacing, etc. Altenhofen's 

(1981) analysis indicates that 500C to 300'C is the relevant temperature

range for hydrothermal testing of barrier materials. Specifically,

3000C and 1500C are selected as values representative of repository

temperature during the initial high-temperature thermal stage, and the

later, much longer, lower-temperature stage.

Temperature will control the types and rates of chemical reactions

that regulate the geochemical environmental parameters of the ground-

water. Chemical reaction rates increase exponentially with increasing

temperature. Temperature, therefore, can be viewed meaningfully as a

master variable, driving the changes in most environmental parameters,

other than pressure.

3.2.2 Pressure

The NWRB will be at atmospheric pressure during excavation and

waste package emplacement. After closure, pressure will increase from

1 atm and return to ambient hydrostatic (11.4 MPa = 114 bars) or litho-

static (30 MPa = 300 bars) pressure. This transition should occur

independently of covariation in temperature, solution chemistry, or any

other physicochemical parameter. Because changes in pressure do not

significantly affect chemical reactions between condensed phases (Denbigh,

1966; Ernst, 1976), a single pressure of 300 bars (30 MPa) is selected

for all hydrothermal interaction tests.

3.2.3 Flow Rate

The ambient hydraulic conductivities for the Umtanum flow within

the Grande Ronde Basalt have been measured (Gephart et al., 1979).

Calculations based on these data and data on hydraulic head and ef-

fective porosity (Arnett et al., 1980; Arnett et al., 1981) indicate a

range in hydraulic conductivity of 109 to 10-12 m/sec for colonade/

3-6
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conductivity of 10'2 to 109 m/sec in the interflow zo
resent reasonably static flow conditions within the reference repository
horizon.

The flow rate of groundwaters can exert a strong control on the

rate of solid dissolution (Berner, 1978; Dibble and Tiller, 1981a).
Flow rate can also affect the sequence of alteration minerals formed
arising from dissolution of primary solid phases (Dibble and Tiller,
1981b; Potter and Dibble, 1981). The NTS Program has recognized
(NWTS, 1981d) that hydrothermal tests of barrier materials must be
performed over a range of controlled flow conditions. Because high flow
rates promote the attainment of the most stable (i.e., long-term) assem-
blage of alteration phases (Potter and Dibble, 1981), it may be desir-
able to use flow rate as an experimental parameter in accelerated
testing (DOE, 1981).

3.2.4 Groundwater Chemistry

Because dissolution/corrosion mechanisms and rates will vary as a
function of groundwater chemistry (e.g., Westerman, 1980; Bradley et al.,
1979), site-specific groundwater chemistry should be considered an
experimental parameter. Groundwater chemistry can be divided usefully
into three separate parameters: pH, Eh, and groundwater composition
(i.e., other dissolved species). Preliminary experimental evidence on
basalt and simulated waste forms indicates that pH, Eh, and steady-state
solution compositions are controlled effectively by solution reaction
with coexisting primary and alteration solids (Apted, 1981; Jacobs and
Apted, 1981; Holloway et al., 1981; Holloway et al., 1982).

3.2.4.1 Groundwater Comosition. The ambient Grande Ronde groundwater
has been described previously. The composition of intruding groundwaters
will change in response to successive hydrothermal reactions with natural
and manmade barriers at elevated temperatures. The hydrothermal degra-
dation of waste forms, and subsequent interaction of radionuclide-
bearing groundwater with backfill and basalt barriers, are particularly
important to post-l,000-yr containment criteria. Early hot-cell hydrothermal
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turation levels (e.g., Rai and Strickert, 1980; Langmuir, 1978) with

basalt under repository conditions. These tests will document the time

variation of radionuclide concentration levels and bracket long-term,

steady-state radionuclide concentration levels in groundwater. These

latter data can be used directly in calculating radionuclide release

rates. Characterization of precipitated, radionuclide-bearing alter-

ation phases will also be a key part in the interpretation of this

steady-state solution data.

3.2.4.2 .2H. In the repository host rock, solution pH is controlled by

interactions between groundwater and the reactive glassy portion of the

Grande Ronde Basalt (Smith et al., 1980; Jacobs and Apted, 1981). In

situ measurements and experimental data for this system indicate that

equilibrium or steady-state solutions are saturated with respect to

silica at ambient temperatures and above (Smith et al., 1980; Deutsch et al.,

1981). Silica saturation and the low total dissolved carbonate concen-

tration indicate the pH may be-controlled by the dissolution of the

basalt glass (silica-rich) with subsequent buffering by the silicic acid

buffer. At higher temperatures, carbonate, sulfate, and water dissocia-

tion reactions may contribute to or control the final pH values. A lin-

ear regression of experimental pH values as a function of temperature

(T) taken from hydrothermal basalt groundwater experiments yields the

following empirical equation:

pH = 1.64 + 2540 (1)

Under the static flow conditions anticipated for a NWRB (NWTS,

1981d; MCC, 1981.), the reactive solids that the groundwater contacts

will basically buffer pH and other chemical solution parameters. Thus,

it is somewhat misleading to speak of external regulation of pH in

experiments when, actually, the hydrothermal reactions of barrier ma-

terials at any given temperature control pH, both in the actual repos-

itory and in laboratory tests. Therefore, the relevant pH values for

hydrothermal testing of barrier materials should not be set arbitrarily
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over a broad range (e.g., Table 6-1 of NWTS, 1981d), but a CWOWJffifOUTNiCE |
situ value of pH at the pressure and temperature of the test (Niediati,
1980; MacDonald, 1979) should be monitored. Hydrothermal reactions with
individual or multiple barrier materials should be allowed to buffer
groundwater chemistry, including pH, at the actual site-specific con-
ditions that will prevail in the repository system.

3.2.4.3 Eh. The effects of oxygen on waste dissolution (e.g., Grandstaff,

1976) and canister materials (e.g., Molecke, 1981) are expected to be
significant. The Eh of the basalt-groundwater system is controlled by
interactions among basalt glass, groundwater, and secondary minerals, in
an analogous manner to control of pH. Jacobs and Apted (1981), in
developing a model for Eh control, used field data on secondary miner-
alization, carbon dioxide/methane dissolved gas ratios, and dissolved
sulfate/bisulfide ratios. Their conceptual model, which predicts the
indirectly measured, ambient Eh conditions very well, is based upon the
dissolution of Fe(II)-bearing glass (expressed as an iron-pyroxene
component in the glass) with subsequent oxidation of Fe(II) in solution
to Fe(III), and precipitation of secondary magentite and silica. This
Eh-buffering reaction has been designated the quartz-pyroxene-magnetite
buffer (Jacobs and Apted, 1981).

Using available compositional data (Myers and Price, 1981) and
thermodynamic data (Robie et al., 1978), the quartz-pyroxene-magnetite
buffer can be used to estimate Eh (in volts) as a function of temperature
(in degrees Kelvin) and pH:

Eh = 0.270 + T(-1.984 x 104 pH - 3.459 x 104) (2)

Values for Eh at elevated temperatures calculated by this equation agree
closely to Eh values derived from preliminary results on sulfate/bisulfide
ratios from hydrothermal experiments in the system basalt and water at
2000C/300 bars and 3000C/300 bars (Apted, 1981). The hypothesis that
the quartz-pyroxene-magnetite buffer, representing an equilibrium among
the basalt glass, groundwater, and secondary minerals, controls the Eh
of the system at ambient temperature and above, appears valid.
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undwater reactions will control Eh in the repository

use of the large mass and chemical reactivity of basalt. Under slow

or static flow conditions, however, individual barrier materials may

buffer the Eh of coexisting groundwaters locally. The exact Eh value

exerted by a given barrier material will be a function of the number and

proportion of multivalent elements present in the solid. A further

complication is that radiolysis of groundwaters (Glass, 1981; Draganic

and Draganic, 1971) may contribute a steady flux of oxidizing or re-

ducing species. Those species could impose a completely different and,

as yet unknown, Eh condition. Therefore, site-specific hydrothermal

testing must attempt to measure and monitor Eh values (Danielson, 1980)

in groundwaters coexisting with barrier materials, rather than seeking

to impose Eh conditions artifically.

One possible experimental perturbation of the Eh control of ground-

waters by coexisting barrier materials is the initial oxygen content of

synthetic groundwaters. Synthetic groundwater solutions used in hydro-

thermal tests generally will be saturated with respect to air, giving

rise to an initial Eh of approximately +640 mV at 250C and pH of 10.

Because the basalt-groundwater reaction, at the same temperature and pH

conditions, will buffer the Eh at approximately -420 mV, use of air-

saturated groundwater seriously misrepresents initial groundwaters that

will eventually fill and flow through a NWRB. Use of degassed water,

with approximately 1.0 ppb 02 (e.g., Peters and Diamond, 1981), does not

eliminate this problem. These concentrations of dissolved oxygen still

correspond to a very oxidizing Eh of 560 mV at 250C and pH of 10.

However, given the great amount of reactive mass exposed by test ma-

terials and the rather low concentrations of oxygen dissolved in so-

lution, the initial oxygen contribution of synthetic groundwater to the

test system should not cause any significant or long-term change in the

relevant hydrothermal reactions. This is supported by test data on

groundwater-basalt reactions that indicate reducing conditions are

imposed within the first few hundred hours (Apted, 1981).
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Experimental hydrothermal studies have well doc hted the effect

of variable water-to-rock mass ratios on observed hydrothermal reac-

tivity. Ratios of 5:1 to 20:1 are used commonly in geochemical studies

using similar sampling-type autoclaves (e.g., Mottl and Holland, 1978;

Seyfried and Bischoff, 1981). These water-to-rock mass ratios are

relatively high compared with those typical of natural water-rock sys-

tems. Such large ratios are necessitated by the repeated sampling of

small volumes of water during the experiment. Because of this solution-

sampling procedure, the water-to-solid mass ratio will decrease slightly

with each water sample taken. The gradual decrease in this experimental

parameter is not likely to create serious consequences until more than

50X of the initial water has been removed.

The inherently different chemical reactions and buffering capac-

ities of the various barrier materials toward groundwater make the mass

ratio between coexisting solids in any test an important experimental

parameter. Similar hydrothermal tests on basalt-groundwater and waste

form-groundwater reactions will undoubtedly lead to different steady-

state groundwater chemistry, including pH and Eh (Apted, 1981; Holloway

et al., 1981). Hydrothermal tests on the combined system basalt-waste

form-groundwater will produce a variety of results* based on the rela-

tive mass ratio of basalt to waste form. Both parameters, water-to-

solid mass ratio and, where appropriate, solid-to-solid mass ratio, have

been examined in the early stages of testing with simulated waste forms,

and only confirmatory tests are planned for hot-cell testing.

These results would not necessarily be expected to straight-forwardly
interpolate the two end-member tests (i.e., basalt-groundwater and waste
form-groundwater). This is because of the possibility of new reactions
arising from interaction of the dissolved solution species from the differ-
ent solids. For example, cesium released from spent fuel dissolution could
react with aluminum and silicon released from the basalt dissolution to
form a stable precipitate of pollucite (cesium, rubidium, sodium)AlSi206O
(e.g., Holloway et al., 1981). Because there are only trace amounts of ce-
sium in basalt and essentially no aluminum or silicon in spent fuel, the
formation of this potentially important precipitate could not be anticipated
from the end-member tests.
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Grain size of reactive solids is another experimental parameter

related to mass ratios. In hydrothermal reactions, the important mass

property of a solid is its reactive surficial mass, the mass of solid

that is accessible to the coexisting water. Therefore, the surface

area, and by extension the grain size of solids, is an experimental
parameter related to the mass ratio parameter.

Standard experimental hydrothermal studies of geologic materials

use powdered samples, typically in the +60 to -400 mesh range (e.g.,

Liou et al., 1974; Mottl and Holland, 1978; Moody and Meyer, 1979). The

accepted rationale for this procedure is that effectively increasing the

reactive surface area (or surficial mass) of the solid reduces the time
required for reaction and formation of new alteration phases. For

powdered samples, the large ratio of surface area to mass of the solid

ensures that essentially the entire mass added will be the effective

reactive surficial mass. Interpreting and extracting meaningful kinetic
data from monolith tests is difficult. Estimating reactive surficial
mass of monoliths is uncertain, and the surface area of monoliths changes

uncontrollably during a hydrothermal test because of cracking and spallation.

A grain size fraction (+250, -325 mesh) will be specified for
powdered solids. Previous testing has shown that this size fraction

promotes rapid reaction with hydrothermal solutions (Holloway et al.,
1981). Preparation techniques for powders must include a procedure for
removing minute particulates, often less than 1 m in size, that adhere
to the surface of solids even after they have been sieved (Schott et al.,
1981). These particulates are highly reactive and may produce spurious

changes in groundwater chemistry that might lead to the formation of an
initial assemblage of highly metastable alteration products (Dibble and
Tiller, 1981b).

3.3 TEST MATRIX

The current BWIP schedule calls for startup of hydrothermal testing

the 222-S Building hot-cell facility at the beginning of FY 1984. The
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following test matrices (Tables 3-T to 3-3) are presnted u a yeai-by

year basis from this startup date. Recognizing the possibility of

earlier initiation of hot-cell testing, and acknowledging the periodic

reevaluation of future testing based upon test results as they are

received, a rigid matrix schedule for testing is neither feasible nor

desirable. Instead, these matrices chart the overall WIP and NWTS

approach to hot-cell testing (see Appendix ). Use of early test

results guide testing of simple barrier systems toward final hot-cell

performance evaluation rapidly, progressively, and cost effectively.

Tables 3-4 to 3-6 regroup the hot-cell hydrothermal tests presented in

Tables 3-1 to 3-3 on the basis of waste form.

, ,_

Table 3-7 presents the proposed test matrix for flow-through

hydrothermal testing in a hot-cell facility. The key parameters for

evaluation in these tests are the combined effects of temperature and

flow rate on the dissolution, migration, and subsequent precipitation

and sorption of radionuclides from actual waste forms. It may be de-

sirable to demonstrate overall performance of an assembled waste package

in a repository located in basalt with early (FY 1984) flow-through

tests. Such tests will be made through a column packed with the as-

sembled waste package components, including an actual waste form

(borosilicate glass) and basalt. It must be stressed, however, that

such early testing of a chemically complex, multicomponent system does

not imply that the necessary data will be available to provide adequate

interpretation of these test results. The expectation is that multi-

component flow-through tests can only be understood fully on the basis

of results from simpler component testing.

It is also expected that early evaluation of the relative effects

of environmental and experimental parameters on hydrothermal reactions

will probably lead to a reduction in the scope of later testing. For

example, replicate tests may demonstrate that the change in the water-

to-waste form mass ratio over the experimentally practical range of 5:1

to 20:1 does not lead to significant change in the long-term, steady-

state solution concentration. If so, then a single water-to-waste form

mass ratio could be selected for future tests to limit the total number
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TABLE 3-1. Provisional Matrix for FY 1984 Hot-Cell Testing.

Barrier | Water: waste: Tempera- Duration Coments
material barrier ratio ture (C) (months)

Tracer-loaded borosilicate glass

- 10:1:0 300 4 Technetium, plutoni-
- 10:1:0 300 2a um, neptunium, amer-
- 5:1:0 300 3 icium radiometric
- 20:1:0 300 3 analyses, in addition
- 10:1:0 150 6 to analyses of stable

10:1:0 150 3a elements in solution

Spent fuel

10:1:0 300 4
_ | 10:1:0 300 2a
_ 5:1:0 300 3
_ 20:1:0 300 3
_ 10:1:0 150 6
_ 10:1:0 150 3a

Tracer-doped groundwaterb

8salt 10:0:1 300 4 Reinjection of fresh
Basalt 10:0:1 300 2a tracer-doped ground-
Basalt 20:0:1 300 3 water may be per-
Basalt 10:0:1 150 4 formed to study rate
Basalt 10:0:1 150 2a of return to steady-
Basalt 20:0:1 150 3 state conditions
Basalt 40:0:1 150 6
Bentonite 20:0:1 150 6
Bentonite 40:0:1 150 6

Total 78 testing versus
96 (maximum) of available

autoclave operating time
(assumes 8 autoclaves)

NOTE: Test durations are conservative estimates. Actual time ne-
cessary to attain and demonstrate steady-state conditions should be less.

aReplicate test.

bSource of radionuclides.
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TABLE 3-2. Provisional Matrix for FY 1985 Hot-Cell Testing.
Barrier | Water: waste: Tempera- | Ouration | Comments
material barrier ratio I ture C) I (months)

Tracer-doped groundwatera

Backfill 10:0: 300 2 Backfill
Backfill 10:01 SO 4 75S basalt 

25S bentonite

Simulated spent fuel

Basalt 10:1:1 150 6
Basalt 10:1:1 300 3

Tracer-loaded borosilicate glass

Basalt 10:1:1 150 6
Basalt 10:1:1 300

Spent fuel

5:1:0 150 6 Comparison with
5:1:0 150 3b simulated spent

Basalt 10:1:1 150 6 fuel tests will de-
Basalt 10:4:1 150 6 termine need to
Canisterc 10:1:1 1SO 6 continue hot-cell
Canister 10:1:1 1SO 3 b testing or return
Canister 10:1:1 300 6 to simulated waste
Basalt 10:1:1:1 ISO 4 form testing

Canister

Borosilicate glassd

10:1:0 SO 6 Comparison with
_ 10:1:0 150 3 tracer-loaded boro-

Basalt 10:1:1 150 6 silicate glass
Basalt 10:4:1 1SO 6 tests will deter-
Canisterc 10:1:1 1SO 6 mine need to con-
Canister 10:1:1 1SO 3b tinue hot-cell
Canister 101:1 300 6 testing or return
Basalt 10:11:1 1SO 4 to simulated waste

Cinister form testing

Total 104 testing versus
120 (maximum) ofT available

autoclave operating time
(assumes 10 autoclaves)

NOTE: Actual time to attain and demonstrate steady-state condi-
tions should be less.

'Source of radionuclides.

'Replicate test.
3Canister present as a monolithic coupon.

*'ully loaded.
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T E 3-3. Provisional Matrix for FY 1986-87

Hot-Cell Testing.

Barrier Water:waste: I Tempera- f Duration
materi al barrier ratio | ture (C) (months) Coments

Spent fuel

10:1:0 300 4
_ 10:1:0 300 2a

Basalt 10:1:4 150 6
Basalt * 10:1:1:1 300 3

Cani ster
Basalt 10:1:1:5 150 12

Canister
Basalt 10:1:1:5 150 44

Canister
Basalt 5:1:1:1 150 4

Canister
Canister(II) 10:1:1 150 6
Canister(II) 10:1:1 150 3a Canister(II)
Basalt 10:1:1:1 150 4 represents

Canister(II) alternate
Basalt 5:1:1:1 SO 4 material for

Canister(II) canister
Basalt 10:1:1:5 150 4 barrier

Canister( II)

Borosilicate glassb

_ 10:1:0 300 4
10:1:0 300 2a

Basalt 10:1:4 150 6
Basalt * 10:1:1:1 300 3

Canister
Basalt 10:1:1:5 150 12

Canister
Basalt 10:1:1:5 150 4

Canister
Basalt 5:1:1:5 150 . 4

Cani ster
Canister(II) 10:1:1 150 6
Canister(II) 10:1:1 150 3a
Basalt 10:1:1:5 150 4

Canister(It)

Total 85 testing versus
240 (maximumT of

available auto-
clave operating
time (assuming
10 autoclaves)

NOTE: Test durations are conservative estimates. Actual time to
attain and demonstrate steady-state conditions should be less. Ratio of
water to waste barrier is 10:1.

aReplicate test.
bFul1y loaded.
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TABLE 3-4. Test Matrix for Tracer-Doped

Water: Tempera- Duration Scheduled

material ture (C) (months) date (FY)material ratio

Basalt 10:1 300 4 1984

Basalt 10:1 300 2* 1984

Basalt 20:1 300 3 1984

Basalt 10:1 150 4 .1984

Basalt 10:1 150 2* 1984

Basalt 20:1 150 3 1984

Basalt 40:1 150 6 1984

Backfill 10:1 300 2 1985

Backfill 10:1 150 4 1985

Bentonite 20:1 150 6 1984

Bentonite 40:1 150 6 1984

Replicate test.

TABLE 3-5. Test Matrix for Simulated Waste Form Experiments.

Barrier | Water: waste: Tempera- | Duration | Scheduled
material | barrier ratio ture (0C) (months) | date (FY)

Spent fuel

Basalt 10:1:1 150 >6 1985

Basalt 10:1:1 300 3 1985

Borosilicate glass

10:1:0 300 4 1984

10:1:0 300 2* 1984

5:1:0 300 3 1984

_ 20:1:0 300 3 1984

10:1:0 O150 >6 1984

_ 10:1:0 150 3* 1984

Basalt 10:1:1 150 >6 1985

Basalt 10:1:1 300 3 1985

Replicate test.
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BLE 3-6. Test Matrix for Fully Loaded Waste Form Experiments
Grouped by Waste Form. (Sheet 1 of 2)

Barrier Water:waste: Tempera- Duration | Scheduled
material barrier ratio ture (0C) (months) date (FY)

Spent fuel

10:1:0 300 4 1984

10:1:0 300 2* 1984

5:1:0 300 3 1984

20:1:0 300 3 1984

10:1:0 150 6 1984

10:1:0 150 3* 1984

10:1:0 300 4 1986

10:1:0 300 2* 1986

5:1:0 150 6 1985

5:1:0 150 3* 1985

Basalt 10:1:1 150 6 1985

Basalt 10:4:1 150 6 1985

Basalt 10:1:4 150 6 1986

Canister 10:1:1 150 6 1985

Canister 10:1:1 150 3* 1985

Canister 10:1:1 300 6 1985

Canister(II) 10:1:1 150 6 1986

Canister(II) 10:1:1 150 3* 1986

Basalt + 10:1:1:1 150 4 1985
Canister

Basalt 10:1:1:5 150 12 1986
Canister

Basalt + 10:1:1:5 150 4* 1986
Canister

Basalt + 10:1:1:1 300 3 1986
Canister

Basalt + 5:1:1:1 150 4 1986
Canister

Basalt + 10:1:1:1 150 4 1986
Canister(II)
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Test Matrix for Fully Loaded Waste F
Grouped by Waste Form. (Sheet 2 of 2)

TABLE 3-6.

Barrier Water:waste: Tempera- Duration Scheduled
material barrier ratio ture (C) (months) date (FY)

Basalt + 5:1:1:1 150 4 1986 --
Canister(II)

Basalt + 10:1:1:5 150 4 1986
Canister(II)

Borosilicate glass
Y 

Basalt
Basal t
Basalt
Canister
Canister
Canister
Canister(II)
Canister(II)
Basalt +

Canister
Basalt +

Canister
Basalt +

Canister
Basalt 

Canister
Basalt +

Canister
Basalt +

Canister(II)

10:1:0
10:1:0

10:1:0

10:1:0

10:1:1

10:4:1

10:1:4

l0:1:J

10:1:1

10:1:1

10:1:1

10:1:1

10:1:1:1

10:1 :1:5

10:1:1:5

5:1:1: 5

10:1:1:1

10:1: 1:5

300
300

150

150

150

150
150

150

150
300
150

150

150

150

1 50

150

300

150

4
2*

6

3
6

6
6

6

3*
6

6

3*
4

12

4*

4

3

4

1986

19 86

1985

1985-.

1986

1985

1985

1985

1986

1986

1985

1986

1986

1986

1986

1986

Replicate test.
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TABLE 3-7. Test Matrix for Flow-Through Experiments.

Barrier Flow rate Tempera- I Scheduled
material (m/yr) ture (C)Duration date (FY)

Tracer-loaded borosilicate glass

10 1 150 2 wk 1984
1.0 150 2 mo 1984

Basalt 10 300 2 wk 1984
Basalt 1.0 150 1 mo 1984

Borosilicate glass*

Canister + 10 150 2 mo 1984
Backfill +

Basalt
Canister + 1.0 150 4 mo 1985

Backfill +
Basalt

10 150 1 mO 1985
1.0 150 2 mo 1986

Basalt 10 150 1 mO 1986
Basalt 1.0 150 2 mo 1986

Tracer-doped groundwater

Basalt 100 300 2 wk 1984
Basalt 10 300 1Ma 1984
Basalt 1.0 300 2 mo 1984
Basalt 100 150 2wk 1984
Basalt 10 150 2 mo 1985
Basalt 1.0 150 6 mO 1986

Fully loaded spent fuel

Canister + 10 150 2 mo 1985
Backfill +

Basalt
Canister + 1.0 150 4 mo 1985

Backfill +
Basalt

10 150 1 mO 1986
1.0 150 2 mo 1986

Basalt 10 150 1 mO 1986
Basalt 1.0 150 2 mo 1986

*

Fully loaded.
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1981. indicates the actual time necessary to achieve i Seedy tste so 

lution concentration will probably be less than the time allotted in

these test matrices.

The test matrices in Tables 3-1 to 3-7 are based on certain lo-

gistical assumptions. For the initial year, 10% of the total time

available for autoclave testing is reserved for recycling of test runs

(i.e., time required for unloading one run and loading the next run).

Another 10% is conservatively reserved for time lost to testing because

-of unforeseen problems in hydrothermal testing with radioactive mate-

rials. At later stages of testing, both of these time penalties are

expected to decrease because of operator experience. It is anticipated

that up to eight Dickson-type autoclaves will be available for hot-cell

testing in the first year. In the following years, more autoclaves may

be added, up to a total of 14, based upon the availability of autoclaves, _

funding levels, and the scope of testing. With regard to this last

item, it may be desirable, because of savings in money, manpower, and

time, for the BWIP to provide hot-cell testing for the entire NWTS

-barrier materials testing program. As early as the beginning of FY 1985,

an appreciable number of hot-cell hydrothermal tests specific to other

potential geologic repositories could be performed simultaneously if a

full complement of 14 sampling-autoclaves were available. Indeed-, it -s-

possible that some of the early waste form-groundwater tests, made

specifically to support the performance of a NWRB, will be broadly

applicable to waste form performance in other silicate-rock repositories.

2-21



I l

I

I

4�b

1�

x4wA' I lMI, W I I tt4116

1o0U1401iM30bI

#b~~~~~~~~~ _s PMmam _U won ,acww__& ~ ~ wlloneo 10_" I I glM g-"^ 

II.C. Kllfimafif 3-an I

IAl -" AMM

8a 

Ad 2'
=:z I 

°~ ° F=

A; M

FIGURE 4-1. Work Schedule for Preparation and Startup of Hot-Cell Testing. (Schedule is based
on FY 1983 funding programs.)

I.



I'

7 U~tlDVIII bTD
5.0 HYDROTHERMAL TEST FACILITIES IN THE 222-S BUILDIN 3-VutE I"Unr

CHANGEDWITHOUT CE

5.1 INTRODUCTION

The 222-S Building laboratory facility is located in the 200 West

Area of the Hanford Site (Figures 5-1 and 5-2). Facilities in the

200 West Area portion of the Hanford Site are currently operated for the

DOE by Rockwell.

The 222-S Building, a major laboratory facility, was built in 1951

to support the analytical and process chemistry requirements of the

Redox nuclear fuels reprocessing plant. The building is 322 ft long by

107 ft wide. It has two stories and a partial basement. The main floor

has 35 laboratory rooms devoted to radiochemistry and is divided into

3 sections (Figure 5-3). The west end contains a conference room, two

offices, a lunch room, and two personnel change rooms. The center

section contains 22 laboratory rooms and various service areas. These

laboratory rooms are designed to perform low- and intermediate-level

radioactive service. The east end of the building contains 13 labo-

ratory rooms and 4 heavily shielded hot-cells designed for intermediate-

and high-level radioactive work. The basement of the building contains

a modern nuclear radiation counting room. The counting room supports

radioassay work for the entire building (Figure 5-4).

In more than 30 yr of service, the 222-S Building has successfully

accommodated an extensive list of analytical and process development

programs. These programs have included Redox and PUREX process devel-

opment activities, promethium and neptunium pilot purification process

development, and research in support of interim and long-term management

of Hanford defense high-level waste.

In the building's current configuration, receipt testing, analysis,

and disposal of highly radioactive materials are possible. At present,

research, development, and analytical work on radioactive materials from

a wide variety of programs are performed in the 222-S Building. Major

programmatic activities are segregated by space assignment within the

building.

5-1
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X3 \\he hot-ce , support, and analytical facilities and equipment that

"i ~L&ededicat to the performance of hydrothermal tests are described

~lowing section (Figure 5-5).

5.2 HOT-CELL FACILITY

Laboratory E contains two hot cells plus space for'two shielded

autoclave installations (Figure 5-6). The hot cell, lE-l, will be

assigned to support the proposed BWIP hot-cell hydrothermal testing

program. Hot cell E-l measures 5 ft high, 6 ft deep, and 7 ft long and

is constructed of 8-in.-thick mild steel walls (Figure 5-7). It is

equipped with two airlocks that provide ingress and egress from the main

cell area. The smaller airlock is used to introduce items with dimen-

sions not exceeding 9 in. wide, 16 in. high, and 24 in. long. It is

equipped with a hand-driven traversing table for moving items through

the airlock. The large airlock is 5 ft high, 5 ft long, and 2 ft wide.

The airlock is equipped with a motor-driven transfer table 2 ft2 capable

of handling up to 500 lb.

The main cell is serviced by two master-slave manipulators capable

of handling 20 ft-lb torque with wrist and mechanical fingers. The

manipulators are capable of vertical lifts of up to 50 lb with a special

wrist hook. An in-cell jib crane provides additional lifting capacity

of 500 lb.

In-cell services include water (distilled and sanitary), vacuum,

90 lb compressed air, and 110-V and 220-V electrical receptacles. Sev-

eral spice inlets to the main cell provide access for additional serv-

ices that might be required.

Laboratory B is a full-service fission product laboratory (Fig-

ure 5-8). It is equipped with nine open-face hoods that will be used to

prepare radioactive solid and liquid samples for analysis. The open-

face hoods will also be used to house balances, pH meters, and other

required miscellaneous instruments. These hoods will also be used to

store and archive small samples from both the fully loaded and tracer

tests.

5-6
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Laboratory 10 (Figure 5-9) is presently being u ed for EP9EdAfNDTNMAYCEi

active hydrothermal testing with simulated waste f in ucKsoin-type

rocking autoclave systems. The laboratory has been completely renovated
for this task and has been totally dedicated to the WIP for waste

form-barrier material-rock hydrothermal studies.

Laboratory 10 is equipped with three open-face hoods used to load

and unload hydrothermal test materials. The open-face hoods are equipped

with portable radiation shielding and have operating procedures for

handling radioactive materials producing dose rates of .100 mR/hr whole

body exposure.

Also available in Laboratory D is a shielded barricade that will

accommodate three Dickson rocking autoclave systems (six autoclaves).

This barricade system will provide adequate radiation protection for the

maximum sample size (10 g) of the most radioactive waste form to be

tested (borosilicate glass).

5.3 ANALYTICAL FACILITIES

The 222-S Building laboratories that will be assigned to support

hydrothermal tests are: GA, 1H, JA, J, 4E, 4M, and counting room,

BlA/C (see Figures 5-4 and 5-5).

Laboratory GA has 540 ft2 of floor space (Figure 5-10). This

laboratory will be assigned to provide chemical separation, speciation,

and analytical measurement support. It is equipped with radioactive

service.hoods and a full complement of analytical equipment.

Laboratories H and lJA will provide sample preparation support for

the inductively coupled plasma atomic emmission spectrometer (ICP-AES)

(Figure 5-11). These laboratories contain the radioactive service hoods

and bench space to provide adequate support for the ICP-AES.

Laboratory J contains the shielded Applied Research Laboratory,

Model 137 ICP-AES equipment. The ICP-AES is designed to measure cations -

in highly radioactive samples up to 5 R/hr, and to discharge the asso-

ciated liquid and gaseous wastes safely (Figure 5-12). The ICP-AES

5-11
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| 'OJi iI be used measure the majority of cations required by this testing

| ltptt~ 4ram. Ref~r to Tables -1 and 0-2 (Appendix D) for the specific

ociated detection limits.

Laboratory 1K, with 285 ft 2 of floor space, contains adequate hood

and bench space to support the installed shielded atomic absorption

spectrophotometer (AAS) (Figure 5-13). The MS unit (Jarrell-Ash,

Model AA-6) has been designed to measure cations safely in samples

having dose rates up to 5 R/hr (Figure 5-14). The AAS unit will be used

to measure make cesium, arsenic, selenium, tin, lead, antimony, and

tellurium for this testing program..

Laboratory 4K, with 475 ft2 of floor space, will be devoted to ion

and gas chromatographic measurement and development (Figure 5-15).

This laboratory is equipped with an' assortment of hoods, bench space,

and equipment to analyze radioactive samples for anions using ion

chromatography. During the course of testing, fluoride, chloride,

nitrate, phosphate, and sulfate measurements will be completed in this

laboratory.

Laboratories 4E and 4M, each have 475 ft2 of floor space. Labo-

ratory 4E will be modified to accommodate a Model Rigaku /MAX-rA

shielded XRD unit and Model JEOL JSM-35C shielded SEM. Adequate hood

and bench space is available to support the measurement activities in

this laboratory (Figure 5-16). Laboratory 4M will be modified to

accommodate a JEOL 200CX shielded ANSTEM. Adequate sample preparation

and darkroom space will also be provided (Figure 5-17).

Laboratory BA is a modern radiation detection counting room and

sample storage support facility (Figure 5-18). It is equipped with

state-of-the-art equipment for rapid and accurate neutron, alpha, beta,

gamma, and X-ray measurements on solid and liquid samples. The facility

is designed to measure radioisotopes ranging from low-level effluent

concentrations to highly radioactive process plant and reactor samples.

Lag and archive storage is available in a nearby multicompartment

concrete storage vault, Room BIC (see Figure 5-18).
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Figure 5-19 diagrams the flow of solid and sol on reaction rod-

uct samples, produced during the hydrothermal test program, through the

222-S Building. The analytical measurement process applied to each

sample is also shown. The pathway taken by the resultant analytical

data from laboratory to the final location in a retrievable stage reposi-

tory is also shown.

5.5 ANALYTICAL EQUIPMENT

The following operating Rockwell analytical equipment will be

assigned to support research under this proposal. All of this equipment

is currently in radioactive service except the STEM, SEM, and XRD.-

A simple laboratory relocation for these three items will complete the

necessary array or radiation service equipment needed to support the

hydrothermal test program. Analytical equipment is discussed in further

detail in Appendix D.

* Optical microscope

- 2 stereo-zoom (WILD M-8) microscopes

- 2 polarizing (Leitz Orthoplan) microscope

- - X-ray powder diffractometer system

- Rigaku microdiffractometer

* Scanning electron microscope

- Scanning electron microscope (JEOL-JSM-35C)

- Energy dispersive system (Tracor Northern TN-2000)

e Analytical scanning transmission electron microscope

- ASTEM (JEOL-20CS TEMSCAN)

- Energy dispersive system (PGT-3000)

- on thinner (Gatan Dual Ion Mill)

* Inductively coupled plasma atomic emission spectrometer

- 29 Channel Polychromator (Applied Research

Laboratories Model 137)

- Scanning monochromator (Interactive Technology)
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* Atomic absorption spectrophotometer
- MS (Jarrel-Ash Model AA-)

* Ion chromatography

- IC (Dionex Model 10)

,

* Carbon analyzer

- Couloinetrics Model 5020

* Gamma energy spectrometers

- Gamma energy systems (Canberra Industries JUPITER)

- 30% efficient gamma energy detector

- Low-energy gamma system (Tracor Northern 4500)

- Multidetector array system

* Alpha spectrometer

- High-resolution alpha spectrometer

- (Oak Ridge National Laboratory - PERALS)

* Liquid scintillator counter

- Packar Tri-Carb Model 450C

* Miscellaneous equipment
- Gas chromatograph

- Liquid chromatograph

- Mass spectrometer (thermal emission)

- Thermogravimetric instrumentation

- Ultraviolet-visible spectrophotometer.
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Rockwell operates under a comprehensive Quality Assurance (QA) pro-

gram. The procedures and responsibilities for this program are described

in the QA Manual, RHO-MA-150 (Hammond, 1978). This manual describes the

following QA controls:

* Management

e Program

* Design

s Procurement

a Construction

a Material

a Operations

* Nonconforming conditions

* Documentation.

In addition, the BWIP QA Program Plan, RHO-QA-PL-3,-specifically

describes the applicable quality requirements and methods of imple-

menting the quality program for the BWIP (Nichol, 1982). Quality as-

surance for work in the 222-S Building is governed by these policies,

and administrative controls and the required elements are incorporated

into its procedures in the Basalt Operating Procedures (BOP) Manual,

RHO-BWI-MA-4 (Deju, 1979).

6.2 TECHNICAL CONTROL

The 222-S Building uses a systematic approach design and perform

all tests. This systematic approach ensures that the maximum amount of

information is obtained during testing and that its quality meets the

standards and objectives of the program. Experience with nonradioactive

hydrothermal testing and characterization of geological and barrier

materials provides the basis for a sound experimental design. Rockwell's

long experience with hot-cell operations, radioactive waste management,

and radiochemical analyses provides an established system of handling

6-1
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develop efficient and meaningful experimental designs and to evaluate

the validity of the results. A formal controlled documentation system

maintains data traceability.

6. 3\ TEST PLANS

Test plans are used by Rockwell to identify:

* Objectives and purpose of the test

s Conditions and materials used in testing and their control

requirements

* Measurements, both test and analytical, necessary during

testing

v Procedures used for carrying out testing and measurements

e Level of standardization required for measurements (Na-

tional Bureau of Standards, U.S. Geological Survey, Amer-

ican Society for Testing and Materials, etc.)

* Accuracy and precision of measurements

* Calibration requirements and freq4ency

M Sampling requirements and frequency

a Documentation requirements and method of reporting.

6.4 OPERATING PROCEDURES

The waste package materials included in this program will be tested

and analyzed according to established procedures in the BOP Manual,

RHO-8WI-MA-4. These procedures describe testing, equipment, and anal-

ysis operations in a step-by-step sequence. These procedures follow the

general format given below:

* 1.0 Objective

* 2.0 Responsibilities

* 3.0 Safety

6-2
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* 6.0 Applicable Documents.

Each procedure includes instructions for collecting and documenting

required data. These procedures are a part of the formal documentation

system managed by Rockwell in the BWIP Document Control System, RSD-BWI-SO-002,

and are subject to periodic review and audit (BWIP, 1982b).

6.5 DATA MANAGEMENT

The importance of data traceability is recognized by Rockwell and

the BWIP. A data management and material control system is used by the

222-S Building to control reference materials used in testing and to

provide a system for identifying, tracing, and collecting data and

records generated during testing. The present flow of material and data

for the 222-S Building is shown in Figure 6-1 and described in BOP C-4.3,

"Laboratory Material and Data Management System for Basalt Research

Laboratory," and can accommodate the requirements of radioactive hydro-

thermal testing.

The system is based on the interaction of three major functions.

Material Management is responsible for storing and dispersing all refer-

ence materials. It maintains the central file of characterization data

for these materials, and collects information generated on these mate-

rials during testing. Experimental Studies is responsible for carrying

out the test according to the prescribed procedures, analyzing data, and

issuing reports. Characterization analyzes samples generated by the

experimental groups and characterizes reference materials.

Data traceability is maintained through the use of multiple copy

data cards such as those shown in Figures 6-2, 6-3, 6-4, and 6-5. These

cards identify the materials used (Reference Sample No.), test number

(Run No.), and samples generated during experimentation (Experimental

Sample No.). They contain the exact location of the source information

in laboratory notebooks or computer files. They also contain experi-

mental conditions, data, and other information such as photographs

6-3
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FIGURE 6-5. Sample Data Card for the Electron
Microprobe/Petrography.
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ratory notebooks are considered the source of all data except for those
techniques where the data volume is so large that computer files are
required. A copy of each card is returned to the central file of the
Material and Data Custodian.

6.6 REPORTS

Data from tests are summarized in monthly, quarterly, and topical

reports. These reports contain detailed descriptions of the materials

tested, experimental conditions, analysis, and conclusions. They also

keep the project informed of the progress of testing and evaluate the

results in terms of the project objectives.
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7.1 INTRODUCTION

Rockwell's Health, Safety and Environment Function (HS&E) is

charged with ensuring the protection of employees and related work

forces, facilities, the environment, and the general public. It directs

and monitors activities to ensure compliance with applicable federal,

state, and local health, safety, and environmental regulations, cri-

teria, and requirements.

All hydrothermal tests in the 222-S Building will be performed in

compliance with previously approved procedures and regulations. In

addition, all new procedures will be in accordance with accepted-radi- _

ological, industrial, and environmental safety practices as reflected in

the previously approved manual, RHO-MA-223, Health, Safety and Envi-

ronment Policy and Procedure Manual. To ensure that new procedures are

in accordance with these accepted practices, HS&E will review and ap-

prove all procedures developed for hydrothermal testing. Health, Safety

and Environment will also review and approve the design of all new

equipment and facilities. Compliance with these approved procedures and

designs will be audited by HS&E. In additon, HS&E will determine the

necessity of submitting a safety analysis report, and will compose such

documentation, as required.

7.2 MATERIAL ASSESSMENT

Hydrothermal tests in this program will be performed to investigate

three types of materials:

* Glass that has been doped with radioactive trace elements

(tracer-doped gass)

* Unprocessed spent fuel waste (spent fuel)

* Borosilicate glass containing fission products, activation

products, and residual actinides (fully loaded glass)
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CEpLCfl serlaed glass will be low in radioactivity relative to

; waste materials. The isotopes and their quantities in the

tracer material are presently being adjusted to minimize hazards within

the constraints imposed by analytical detection sensitivity. No radio-

logical hazards are expected from the planned use of this material.

Spent fuel contains higher levels of radionuclides and, therefore,

presents higher radiological safety hazards. Preliminary calculations

have estimated that spent fuel waste will produce an exposure level of

0.4 R/hr/g at a distance of 1 ft. The reference pressurized water

reactor assembly that is presently being used for calculations weighs

657.9 kg, 461.4 kg of which is uranium. This reference assembly is a

15 by 15 array with the following characteristics:

* Power - 37.5 MW(t)/MTHM

* Average burnup - 33,000 MWd/MTHM

* Fuel residence at 80% capacity factor - 1,100 d

* Cooling time - 10 yr.

Except for the heavy elements, the fully loaded glass material will

contain the same isotopes as the spent fuel material. Preliminary

estimates indicate that an exposure level of 1.4 R/hr/g at 1 ft is to

be expected from fully loaded glass.

Preliminary analyses indicate that the systems in place or planned

for use in the 222-S Building will accommodate these materials without

undue risk to personnel or the environment. Prior to startup of hydro-

thermal tests, the exposure levels expected at each stage of the process,

the occupational doses expected, and the hazard to the general population

in the case of an accident will be analyzed in more detail.

7.3 EQUIPMENT ASSESSMENT

The spent fuel and the fully loaded glass material initially will

be handled remotely in the Laboratory E hot cell. The material will be

loaded into a gold bag that will be loaded into an autoclave. Special

transfer equipment has been designed to shield personnel during the trans-

fer. The tracer-doped glass will not require this degree of shielding.
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personnel will be maximized by the use offorceps an

avoid potentially high-extremity doses. An open-face hood will be used

for the initial loading to minimize the danger of contamination and

inhalation. The hood(s) will have its own high efficiency particulate

air (HEPA) filter, and will exhaust into an exhaust system with its own

HEPA filter.

The autoclaves will operate at pressures up to 4,500 psi and tem-

peratures up to 3000C. Catastrophic failure due to overpressurization

will be avoided by the installation of a rupture disc. The Dickson-type

hydrothermal system has three levels of safety interlocks to prevent

overpressurization due to overheating:

* Furnace controller

V Rupture disc

* Audio alarm, which is sounded when pressure exceeds the

manually set upper limit

The only condition that can increase pressure in the Dickson-type

'hydrothermal system is increased temperature. The furnace controller

is designed to shut off all power to the furnaces when the manually set

maximum temperature is exceeded.

The third control to prevent overpressurization is a rupture disc

located inline to evacuate the autoclave pressurizing fluid and possibly

the reacting fluid when the pressure exceeds 10,000 ± 100 psi. This

event, when involving nonradioactive materials, simply allows the fluids

to escape to the atmosphere via the rupture disc. During tests with

radioactive materials, pressurizing fluid and radioactive fluid from the

gold bag will be collected in a filtered manifold attached to the

rupture disc assembly. The fluid will be collected behind the shielded

barricade and will not present a radiation problem. Personnel will also

be restricted from close contact with the autoclaves while the auto-

claves are operating to avoid injuries due to the operating temperature

of the autoclaves, as well as to minimize the exposure to radiation.

The autoclave assembly is also shielded. Calculations indicate that all
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'~ST~ljfi ;!4sufficient to reduce the radiation dose to acceptable

levels. During the withdrawal of liquid samples, or the quenching of

the apparatus, protective clothing will be worn to avoid injury from

the inadvertent release of radioactive fluid.

Material will be prepared, loaded, and unloaded only by authorized

personnel who have been trained to use this equipment. Similar re-

strictions of access will apply to the operation of any experimental

equipment associated with this project.
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ISSUES AND PLANS

CRITERIA, ISSUES, AND WORK ELEMENTS

The criteria and associated work elements and issues that directly or

indirectly support the need for radiological testing have been reproduced

-(Table A-) ..from Chapter 15 of'the Site Characterization Report (BWIPE

1982). The broad scope and pervasiveness of material testing requirements

clearly demonstrate that the hydrothermal and other materials test -

programs-are necessary.to the adequate design, testing, and performance

verification of a waste package for inclusion in a nuclear waste

repository in basalt (NWRB)..

Regulatory and technical requirements were analyzed by the Basalt-----

Waste Isolation Project (BWIP) to identify the information needed to meet

the criteria in 10 CFR 60, NWTS-33(1), NWTS-33(2), NWTS-33(3), NWTS-33(4),

40 CFR1-91-,-and other criteria documents. The requirements were.divided.

into one or more elements of work which satisfy a specific portion of the

criteria.

A "work element" is defined as a technical activity required to-

satisfy all or part of a criterion and/or to resolve an issue

identified for siting and/or designing a NWRB.

Work elements can be further broken down into the specific items of data
needed and into specific analyses required to translate or interpret

* - -- ~-data. When there was some uncertainty or controversy as to whether a

-- -. criterion, or portion thereof, could be clearly resolved or whether
-- -uncertainty surrounds the present state of knowledge, these items were

described as issues in question form.

: .. .. An Tissue" is defined-as a technical question about which there

- ~--~-~~ - is debate or controversy.' Issues are technical questions that

arise when.the available information or technology is insuffi-

cient to make a specific decision or come to a specific con-

clusion about some aspect of repository siting or development.
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TABLE A-1. Cr1 teria, Issues, and Work Elements for Waste
(Sheet 1 of 16).

Package and Site Geocheuistry

Technical criteria Issues Iork lement

W.1 - Design
* ,

- -4 

a F~ J - r G

C7 o - 1_ M -Ug.1<

X_

General Requirewents of Design

The design of the waste package
shall nclude t following ele-
ments:

Containment of astes

The engineered'systen shall be de-
signed so that even if full or par-
tial saturation of the underground
facility were to occur. and assuming
anticipated processes and events.
the waste packages will contain all
radionuclides for at least the first
1 000 years after permanent closure.
This requirement does not apply to
TRU waste unless TRU waste is
emplaced close enough to ILW that
the TRU release rate can be signifi-
cantly affected by the heat gener-
ated by the ILW.

For clarification see:
HIS 33(1), 3.4.2
HUTS 3314), 3.1
HWTS 3314), 3.2.1
HUTS 33(4), 4.3.2.1

HLU Releases i

For ILW. the engineered system
shall be designed so that. after
the first 1000 years following
permanent closure. the annual release
rate of any radionuclide from the

W. l.A

Does the near-field nteraction be-
tween the waste package and ts ce-
ponents. the uderground facility.
and tile geologic setting copromise
waste package-or engineered system
performance?

U.l.l.A 11dentical to .l.l8.O)

Determine the maximum operating t-
perature limits for waste form.
tckfill, canister, and host rock.

U.1.2.A (Related to U.1.7.A.
includes discussion of
U.l.ll.A)

Determine conditions that affect
design of waste packages. ncluding
thermal loading, mechanical loading.
and chemical environment, during
handling. shipment eplacement, and
retrieval, and after repository de-
commaissioning.

U.1.3.A (Identical to .2.7.A
includes discussion of
U.1.8.A)

Determine the effect of radiation
on near-field geochemistry, waste
package, and barrier material
performance.

U 1.4.A Ildentical to .2.5.A.
1.2.9.U)

Determine the projected solubili-
ties, kinetic behavior, and distri-
bution of aqueous species for key
radionuclides released frow the
waste package during solation.

fL: = ^
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TABLE A-1. Criteria, Issues, and Work Elements for Waste
(Sheet 2 of 16).

Package and Site Geochemistry

Technical criteria Issues Work element
t. .~~~~~~~~~~~~~~~~

:31.

engineering system nto the geologic
setting' assuming anticipated pro-
cesses and events. is at most one
part In 100000 of the aximum amount
of that radionuclide calculated to be
present In the underground facility
(assuming no release from the under-
ground facility) at any tire after
1 000 years following permanent clo-
sure. This requirement does not
apply to radionuclides whose contri-
button s less than 0.1 percent of
the total annutl curie release as
prescribed by this paragraph.

For clarification see:
10 CFR 6.l1llb)(2)(11i)(A)

TRU Releases

For TRU waste, the engineered system
shall be designed so that following
permanent closure the annual release
rate of any radionuclide from
the underground facility into
the geologic setting. assuming
anticipated processes and events,
Is at most one part in 100,000
of the aximum amount calculated
to be present In the underground
facility (assuming no release
from the underground facility) at
any time following permanent closure.
This requirement does not apply to
radionuclides Ohose contribution Is
less than 0.1 percent of the annual
curie release as prescribed by this
paragraph.

For clarification see:
10 CFR 60.111(b)(2)(iHB))

Determine the extent of control of
Eh-pfl and groundwater composttion
by the host basalt after reposi-
tory closure.

l.1.6.A (Includes discussion of
H l.ll.A)

Determine the susceptibility of
candidate canister materials to
degradation (i.e., corrosion,
hydriding. fatigue) n the reposi-
tory near-field environment.

RA.7.A (Related to U.1.2.A)

Determine design properties, n-
cluding thermal. physical, mechani-
cal, and chemical for waste package
component materials and host rock.

t1.1.8.A (Included In .1.3.A)

Determine the effect of radiation on
the performance of the waste form,
backfill, and near-field host rock.

N.1.9.A (Included In W.1.12.A)

Determine the release rate (per-
formance) of candidate waste forms
in the repository near-fleld en-
vironment.

V.1.5.A (Identical to .2.2.A)

i

i

I

i
I

iI
I

I .
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TABLE A-1. Criteria, Issues, and Work Elements for Waste
(Sheet 3 of 16).

Package and Site Geochemistry

Technical criteria Issues I ork element

:P

EF laeatEnv romant

The waste package shall be esigned
so that the in-situ chemical, physl-
cal. and nuclear properties of the
waste package and ts Interactions
with the efimplaceaent nviroment do
not comprmise tle function o tbe-

Incld but not be limited to con-
sideration of the following factors:
solubility, oxtdatioa/redaction
reactions. corrosion, hydridinq. gas
generation, thermal effects. mechani-
cal strength. mechanical stress.
radlolysis. radiation deage radio-
nuclide retardation. leaching, fire
and explosion haxards. thermal
loads. and synergistic interactions.

For clarification see:
10 CFR 60.1351a)ll)

Uaste Packave Effect on the Under-
ground Facillty atural arriers

t iJ{aZI) 7 

The waste package shall be designed
so that the n-situ chemical, physi-
cal. and nuclear properties of the
waste package and Its interactions
with the emplacement environment do
not comprouise the rformance of
the underground facility or the
geologic settin. The design shall
1nclu1de butIotne limited to con-
sideration of the following factors;
solubility. oxidation/reduction

Determine the forgation and stabi-
1ity of radiouwclide complexes
and/or colloids over expected
repository near-field and far-field
conditions.

U l.ll.A lIncluded n U.1.2.A and
U.1.6.A)

Determine the chemical properties
and nflow rate of te groundwater
and their effect on canister corro-
sion during the I ,OOO-year contain-
went period.

U.l.10.A Ildentical to U.2.6.A0
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TABLE A-1. Criteria, Issues, and Work Elements for
(Sheet 4 of 16).

Waste Package and Site Geochemistry

Technical criteria Issues ..Mork element

reactions. corrosion, hydriding, gas
generation, thermal effects, mechani-
cal strength, mechanical stress,
radiolysis, radfition damage, radio-
nuclide retardation, leaching, fire
and explosion hazards, thermal loads,
and synergistic interactions.

For clarification see;
10 CFR 60.135(a)(2)

U.1.12.A (Identical to U.2.3.A
and U.1.19.D, ncludes
discussion of W 1.9.A)

Determine the extent to which the
interaction between the canister
materials, waste forn, backfill,
and host rock n a saturated
environment results n retardation
of radionuclides.

4'-

1.1.R

Is a borehole backfill required?

U'1

WI.1.13.D

Assess the impact of waste storage
In a borehole with no backfill.

IF A OREHOLE ACKFILL IS REQUIRED,
THE FOLLO1I FACTORS ARE HEEDED.
SCME OF THESE FACTORS MAY HEED
C011PLETION TO DECIDE ISSUE 11.1.D.

14.1.14.5

Determine need for special tailor-
Ing agents in backfill to moderate
the corrosivity Eh and pH) of the
groundwater contacting the canister.

W.l.lS.R

Define the characteristics of the
backfill materials required to re-
tard the flow of groundwater to the
canister. Identify potential back-
fill aterials with these character-
istics.

I

I E

2t E

I.



TABLE A-1. Criteria, Issues, and Work Elements for
(Sheet 5 of 16).

Waste Package and Site Geochemistry

Technical criteria Issues I rk element

I

z -. i $ j

-I ws -'- _ _:

Define the characteristics of the
backfill material required to
reduce the rate of radioauclide
release from the waste package.
Ideatify backfill materials with
those characteristics.

W.1.17.B (Identical to U.l.8.A,
included il U.l.3.A)

Determine the effect of radiation
damage on the performance of the
waste torm, backfill, and host rock.

U.l.18.B (Identical to U.l.I.Al

Determine the maxinum operating tem-
perature limits for waste form.
backfill, canister, and host rock.

U.1.19.U (Identical to .1.12.A and
U.2.3.A)

Determine the extent to which the
interaction betweea the canister
material, waste form, backfill, and
host rock In a saturated environment
results In retardation of radio-
nuclides.

U.1.20.0 (Included n U.2.l3.0

Determine if a waste package back-
fill s required to provide accep-
table containment n the event of
premature canister failure.
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TABLE A-1. Criteria, Issues, and Work Elements for
- i (Sheet 6 of 16).

Waste Pckage and Site Geochemistry

Technical criteria Issues Work element

Raste Form Requireent

Radioactive waste that is employed "one
in the underground facility shall
meet the following requirements:

(1) Solidification , U.1.21

All such radioactive wastes Develop waste package acceptance
shall be in solid form and specifications for waste solidi-
placed n sealed containers. fication which neet U.S. Nuclear

ftegulatory Coimission requirements.

(2) Consolidation R.1.22

Particulate waste forms shall None Develop waste package acceptance
have been consolidated (for specifications for consolidation
example, by ncorporation into which oeet U.S. uclear Regulatory
an encapsulating matrix) to Commission requirements.
limit the availability and
generation of particulates.

DP

(3) Combustibles

All combustible radioactive
wastes must have been reduced
to a noncoobustible form unless
it can be demonstrated that a
fire nvolving a single package
will neither compromise the n-
tegrity of other packages, nor
adversely affect any safety-
related structures. systems or
components.

W.1.23

Ilone Develop waste package acceptance
specifications for combustibles
:h1ch meet U.S. Nuclear Regulatory
Commission requirements. r
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TABLE A-1. Criteria, Issues, and Work Elements for
(Sheet 7.of 16).

Waste Package and Site Geochemistry

Technical criteria Issues I Work element

-a
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Waste Package Requirements
lW.1"IJCli

The waste package design shall meet
the following requirements:

T"A Pe 2P ."I1) Explosive1 Pyrophorct and
!Iil!FiTT geact e a er als

Mow U. 1.24

The wast pckae shall not coan-
t&a OxDloa ve r pyrophoric
Paterials or chemically reactive
materials that could interfere
with operations In the under-
ground facility or compromise
the ability of the geologic
repository to satisfy the per-
formance objectives.

Determine the impact of the re-
processing technique (including
waste fractionation) oA waste
package design.

U.1.25

Develop waste package acceptance
specifications for explosive,
pyrophoric, and chemically reac-
tive materials which tet U.S.
Nuclear Regulatory Commission
requirements.

. ,

.-
(2) free Liquids .1.26

The uaste package shall not con- None Develop waste package acceptance
tain free liquids n an amount specifications for free liquids
that could Impair the structural i91ch meet U.S. Nuclear Regulatory
Integrity of waste package com- Comaission requirements.
ponents (because of chemical
interactions or formation of
pressurized vapor) or result in
spillage ad spread of contami-
nation ln the event of package
perforation.

(3) Handling

Waste packages shall be designed
to maintain waste containment
bkring transportation, emplace-
ment, and retrieval.

U.1.27

None Determine the waste package
handling. shipping (including drop
tests), emplacement, and retrieva-
bility requirements.

1



I .. ~~~~~~~~~~I . ."1 .

TABLE A-1. Criteria, Issuesi and
p 

I
Work Elements for Waste Package and Site Geochemistry
(Sheet 8 of 16).

Technical criteria Issues Work element

(4) Unique Identification V.1.28

A label or other eans of identi- llone Develop waste package acceptance
fication shall be provided for specifications for dentification
each package. The identification which meet U.S Nuclear Regulatory
shall not impair the ntegrity of Coewnission requirements.
the package and shall be applied
in such a way that the nform-
tion shall be legible at least
to the end of the retrievable
storage period. Each package
identification shall be consis-
tent with the package's perna-
nent written records.

For clarification see:
JMTS 33(l). 2.7
INTs 3311), 3.2.3
"ITS 33(1). 3.4.1

HlTS 33(1). 3.4.2
INTS 33(2). 3.2.2
RIWTS 3312), 3.4
IWTS 33(4), 3.2

1HITS 33(4), 3.2.1
INTS 33(4). 3.2.3
H1lTS 33(4) 3.3

10 CFR 60.1321d)13)

W.2 - Site Geochemistry

.
to

Favorable Conditions n the Geologic
5ettinn ,
To. 122

The geologic setting shall exhibit an
appropriate cobination of these
favorable conditions so that, together
with the engineered system. the favor-
able conditions present are sufficient
to provide reasonahle assurance that
performance objectives will be met.

W.2.A

Are the geochemical and hydrologic
properties of the geologic setting
(In conjunction with the waste
forms) sufficient to meet or exceed
U.S. Ihiclear Regulatory Comisslon
waste-isolation requirecents?

M.2.1.A (Related to M.2.4.A)

Determine the effect on radionuclide
nobility on changes to the primary
and secondary ineralogical condl-
tions n the near field and far
field of the repository along the
expected pathway to the blosphere.

I
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TABLE A-i. Criteria, Issues,' and Work Elements for Waste Package and Site Geochemistry
(Sheet 9 of 16).

: CR

- =4 GE-1 D E O.
_ X. -Z

n 2 CDTechnical criteria Issues Iork element

For clarification see:
10 CF 60.122

U.2.2.A Identical to U.1.S.A) .

Determine the time-dependent contro
of Eb. pl. and groundwater composi-
tion by the host basalt after re-
pository closure.

D

Id) The nature and rates of geo-
chemical processes that have
occurred since the start of the
Quaternary Period are such that
wen projected, they would not
affect or would favorably affect
the ability of the geologic
repository to isolate the waste.

(9) Geochemical conditions that ))
praote precipitation or sorp-
tion of radionucides; 2) inhi-
bit the formation of particu-
lates. colloids. and norganic
and organic complexes that In-
crease the mobility of radio-
nuclides; and (3) nhibit the
transport of radionuclides by
particulates colloids, and
complexes.

(it Mineral assemblages that ion
subjected to anticipated thermal
loading. will remain unaltered
or alter to mineral assemblages
having ncreased capacity to
Inhibit radionuclide migration.

U.2.3.A (Identical to U.1.12.A and
U.1.19.9)

Determine the effects of waste/
barrier/rock/water Interactions on
the performance of the underground
facility or geologic setting.

U.2.4.A

Demonstrate that geochemical condi-
tions In the near and far field are
such that transport of radionuclides
is retarded for sufficient time to
satisfy waste-isolation require-
ments.

U.2.5.A (Identical to U.1.4.A and
U.2.9.0)

I,

I. 
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TABLE A-1. Criteria, ssue$,
i.

and Work Elements for Waste Package and Site Geochemistry
(Sheet 10 of 16).

Technical criteria Issues Work element
. . , , ..~~ i 

For clarification see:
10 CR 60.123(b)

(m) Conditions n the host rock that
are not reducing conditions.

In) Groundwater conditions n the
host rock, including but not
limited to high onic strength
or ranges of Eh-pH, that could
effect the solubility and chemi-
cal reactivity of the engineered
systems.

lo) Processes that would reduce
sorption. result in degradation
of the rock strength. or ad-
versely affect the performance
of the engineered system.

For clarification see:
HWrS 33(2), 3.2
IITS 3312). 3.2(1)

1HWIS 33(2). 3.2(2)
ITS 33(2). 3.3(1)
HWTS 33(2), 3.4(1)

IhTS 33(2). pg. 7.3.3
1ii4TS 3313), 4.4.3

0.2.7.A (Identical to W.l.3.A)

Determine the effect of radiation
on near-ffeld geochemistry, waste
package, and barrier material
performance.

U.2.8.A

Determine acceptable release rates
of key radlonuclides from the engi-
neered system based on 1 .000-year
grogondwater travel time.

I-
--A

14.2.R H.2.9.5 (identical to W.1.4.A and
H. 2.5.A)

What Is the relative importance of
waste-form leach rates versus solu- Determine the projected solubilities
bility (steady-state) of key radio- and distribution of aqueous species
nuclides n the near-field environ- for key radionuclides released from
ment for controlling release? the waste package during isolation.

W.2.C

Can valid Eh easurements for the
repository horizon in the reference
repository location be made either
by potentiometric measurement or
Indirectly by measurement of
dissolved redox couples?

W.2.10.C

Determine the method and technique
which can be utilized to provide
valid in situ Eh measurements for
the reference repository location.

_ .

__tigate Inpacts of Failure of
Engfieered yste

During the containment period. the
geologic setting shall mitigate the
Impact of premature failure of the
engineered system.

For clarifIcatior see:
10 CFR 60.1111h)(3)(il)

-1 I.

11.2.11.0 (DIscussed n 11.2.13.n)

Determine how the geochemical and
physical properties of the geologic
setting mitigate the impact of pre-
mature failure of the waste package;

I one '~ ~ ~ -ct

- a.
id n m

I

I.
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TABLE A-1. Criteria, IssuPs, and Work Elements for Waste Package and Site Geochemistry
(Sheet 11 of 16).

Technical criteria Issues [ Work element

-C-_ (~

o -

-4C co 
Isolation
TlET.lTE1)i3(11)3

Following the containment period.
the geologic setting. in coniunction
with the engineered system as long as
that system is expected to function.
and alone thereafter. shall be capa-
ble of Isolating radioactive waste so
that transport of radionuclides to
the accessible environment shall be
in amounts and concentrations that
conform to such generally applicable
environmental standards as may have
been established by the Environmental
Protection Agency.

For clarification see:
huTS 33(1). 2.1
HWTS 33(4), 2.1
HWTS 33I4), 3.1

V.2.D

To what degree does the geolog1c
setting retard migration of key
radionuclides from the engineered
system In meeting U.S. Environmental
Protection Agency release criteria?

U.2.12.0 (Related to U.2.11.C)

Determine o a radionuclide-
specific basis hether U.S. Nuclear
Regulatory Commission repository
release rates or U.S. Environmental
Protection Agency dose limits are
the limiting repository require-
Cents.

.

U.2.13.D (Includes discussion of
U.1.20.B and U.2.11.C)

Determine to what degree the
characteristics of the geologic
setting cowplement the engineered
system.I

fla

W.3 - Testing and Performance Confirmation

Performance Confirmation
(01403

General Requirements:
(60.140)

Ia) The performance confirmation
program shall ascertain Oi*ether:

(1) Actual subsurface conditions
encountered and changes in
those conditions during con-
struction and waste emplace-
went operations are within
the limits assumed In the
licensing review.

None

U.3.1

Determine and conduct field and
in situ testing as may be appro-
priate to meet U.S. Nuclear Regula-
tory Commission performance require-
ments.

M.3.2

Determine suitability of using non-
radioactive chemical analogues for
actual waste forms in the hydro-
thermal testing program.

I .

1.



TABLE A-1. Criteria, Issues, and Work Elements
(Sheet 12 of

for Waste Package and Site Geochemistry
16). 

- Technical criteria IIssues Work element
. i -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-I)

(2) Natural and engineered
systems and components
required for repository
operation. or hich are
designed or assumed to
operate as barriers after
permanent closure are
functioning as Intended
anticipated.

(b) The program shall have been
started during site characteri-
zation andit will continue
until permanent closure.

{c) The program will Include n-
situ monitoring, laboratory and
field testing, and n-situ ex-
periments, as may be appro-
priate to accomplish the ob-
jective'as stated above.

Id) The confirmation program shall
be Implemented so that:

(1) It does not adversely
affect the natural and en-
gineered elements of the
geologic repository.

12) It provides baseline nfor-
mation and analysis of that
information on those paran-
eters and natural processes
pertaining to the geologic
setting that may be changed
by site characterization.
construction, and opera-
tional activities.

U.3.3

Determine what natural analogues of
waste package components can be used
to verify the copatibility of the
waste package with the repository
environment.

i
I
I
i

I

I
I

ii

.



TABLE A-1. Criteria, Issues, and Work Elements for Waste Package and Site Geochemistry
(Sheet 13 of 16).

Technical criteria Issues hork element

13) It monitors and analyzes
changes froa the baseline
condition of parameters
that could affect the per-
foraunce of a geologic
repository.

(4) It provides an established
plan for feedback and
analysis of data. and i-
plementation of appropriate
action.

b

for clarification see:
IjUTS 3314), 3.1
1UTS 3314). 3.4

Design Testing

4-

(a) During the early or develop- Ilone
mental stages of construction.
a program for n-situ testing
of such features as borehole
and shaft. seals, backfill, and
the thermal Interaction effects
of the waste packages, backfill,
rock, and groundwater shall be
conducted.

lb) The testing shall be nitiated
as early as is practicable.

1c) A backfill test section shall
be constructed to test the
effectiveness of backfill place-
ment and compaction procedures
against design requirements be-
fore permanent backfill place-
Ment is begun.

. 4 .
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TABLE A-1. Criteria, Issues, and Work Elements for Waste Package and Site Geochemistry
I (Sheet 14 of 16).

Technical criteria Issues Work element

{d) Test sections shall be estab-
lished to test the effective-
ness of borehole and shaft
seals before full-scale opera-
tion proceeds to seal boreholes
and shafts.

For clarification see:
10 CFR 60.130(b)(0)

u'

Standardized Testing
(J3141, 341

$tandardized reproducible testing
that is based upon sound statistical
principles shall be developed to
support predictions of waste package
and waste forn performance under
conditions postulated for the opera-
tional and long-term containment
and isolation phases.

la) Conditions

The tests shall simulate ex-
pected or design basis condi-
tions and conditions resulting
from Interactions with other
disposal system components
within practical limits.

lb) Extrapolations

Where extrapolation of test data
Is required. test results shall
be applied conservatively to
the verification of the caste
package and waste form perfor-
mance models used n-judging
waste package acceptability.

None
Develop an acceptance test proce-
dure for waste packages.

W.3.5

Determine the thermodynamic and
kinetic arguments that can be used
to extrapolate short-term (less
than 2 years per experiment)
materials test (hydrothermal) data.

.3.4
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TABLE A-]. Criteria, Issues, and Work Elements for Waste Package and Site Geochemistry
i (Sheet 15 of 16). !

;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Technical criteria Issues Work element

(c) nondestructive Testing

Nondestructive testing shall be
provided for a statistically
significant number of waste
canisters prior to emplacement.

For clarification see:
HUTS 33(4), 3.4
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Waste Package lionitoring Program
loU.14j) .

W.3.6

(a) A program shall be established
at the repository for monitoring
the condition of the waste
packages. Packages chosen for
the program shall be represen-
tative of those to be emplaced
in the repository.

Ilone
Determine requirements for oni-
toring. Define parameters, method-
ology. interpretive criteria. and
actions.

-a.

_ .
Ch 

Ib) Consistent with safe operation
of the repository. the environ-
oent of the waste packages
selected for the waste package
monitoring program shall be
representative of the emplaced
wastes.

(c} The waste package monitoring
program shall include laboratory
experiments which focus on the
internal condition of the waste
packages. To the extent prac-
tical, the environment experi-
enced by the emplaced waste
packages within the repository
during the waste package moni-
toring program shall be dupli-
cated In the laboratory experi-
nents.

. I
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TABLE A-1. Criteria, Issues, and Work Elements for Wastp Package and Site Geochemistry
(Sheet 16 of 16).

Technical criteria Issues York element

Id) The waste package monitoring
program shall continue as long
as practical up to the te of
permanent closure.

For clarification see:
IINS 33(1), 2.3
INTS 33(4), 3.4

_S .



T wt~esnce of i sues does not eliminate from consideration the location

fowtAo~sdg9for a NW B. Rather, the existence of an issue allows the
CHANGED D I4OUT NOTCE

regimte nf rknna w to be focused onto areas of controversy or

uncertainty. A logic diagram for the development of issues and work

elements and the respective information needs as utilized in this Appendix
are shown in Figure A-1. The organization of criteria and work elements

that drive waste package development are shown in Figure A-2.

WASTE PACKAGE ACTIVITIES LOGIC

The design activity is the key work element that will determine the

requirements data- and information-gathering activities for the waste

package and site geochemistry and performance confirmation tasks. A wide

range of material-testing activities has been identified (Barnier Materials

Test Program) to define the near-field repository environment, far-field

repository and environment, waste-form stability, waste/barrier/rock

interactions, and to provide waste package design verification. The

successful completion of design activities require significant amounts of

radiologic testing. The materials data will provide the basis for the

preparation of site-specific waste package design specifications to support

the National Waste Terminal Storage (NWTS) Program waste package design

effort and the BWIP repository design efforts.

SUMMARY ACTIVITY NARRATIVES

A summary flow-chart of the overall Hydrothermal testing program is

presented in Figure A-3. The following is a description of the current

status of the elements of this program.

1. Prepare Input to Basalt Waste Isolation Project Plan

The inputs to the BWIP Plan summarize the work that will be performed

by the Waste Package and Site Activities. This work will ultimately

produce detailed waste-package system specifications to ensure that

the NWTS Program waste package designs meet NWRB requirements.

A- 18
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FIGURE A-1. ILogic for Definition of BWIP Issues/Work Elements/Data Needs.
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WASTE PACKAGE

REQUIREMENTS
(60.135c))

LEGEND

- ~ DIRECTLY AFFECTS DESIGN

- - __ -INDIRECTLY AFFECTS OR
CONFIRMS DESIGN RCP9203-51

FIGURE A-2. Key Criteria
Chapter 15.

Governing the Issues and Work Elements for
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The BWIP updates technical plans annually. The woEk elemM-NO'TICE
the basis of the work required to meet regulatory criteria.

2. Define Physical and Chemical Properties of Candidate Waste Forms

The work on the Waste Package Activity will be initiated by defining

the physical and chemical properties of candidate waste forms. This

is necessary because they will determine the design complexity of the

waste packages required to prevent release of unacceptable amounts of

radionuclides to the accessible environment. This design approach is

the result of variations in the stability of the candidate waste

forms being evaluated currently by the NWTS Program.

Applicable Work Summary

Work completed (Smith et al., 1980, Section 6).

3. Establish Waste Package Preliminary-Performance

Requirements for Conceptual Desian

Preliminary performance requirements will be established for waste

packages to be emplaced in a repository constructed in basalt. The

preliminary performance requirements will be based on an assessment

of the maximum permissible release rates of radionuclides from the

near field of the repository. The release rate assessment will, in

turn, be based on a 1-dimensional transport model, which assumes-

equilibrium sorption/desorption behavior of all radionuclides. The

transport model will calculate the maximum rate of release for each

radionuclide that would keep concentrations in groundwater, dis-

charging to the accessible environment, below acceptable levels as

defined by federal regulations.

Applicable Work Elements

Work completed, see Anderson (1982).
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The preliminary waste package performance requirements will provide

the basis for the development of waste package concepts and functions

for spent fuel, transuranic wastes, and high-level wastes. These

will permit required canister/overpack and backfill/buffer materials

characteristics to be defined from which data requirements for

materials hydrothermal testing can be identified. Development of

waste package concepts and functions will also support the preparation

of waste package conceptual design specifications for the NWTS

Program waste package design effort.

Applicable Work Elements

Work completed, see Anderson (1982).

S. Modify and Use National Waste Terminal Storage

Program Waste Package-Deqradation and -Release

Model for Basalt

The NWTS Program waste package-degradation and -release model will be

modified by the SWIP to meet the waste package-modeling requirements

for basalt. The model will incorporate waste-form leaching and

reactivity, dehydration/rehydration of the waste package backfill and

adjacent host rock, metallic corrosion, and mechanical loading of the

canister and possible backfill-degradation mechanisms.

Applicable Work Elements

W.1.2.A, W.l.9.A, W.l.ll.A, W.2.8.A, W.1.13.8, and W.1.16.8.

6. Candidate Waste Package Materials, Test

Methods, and Parameters Selected

Candidate waste-package materials will be selected for testing, based

on the materials characteristics required for compatibility with the

waste package/basalt environment, while maintaining maximum compat-

ibility with the remainder of the NWTS Program transportation, waste-

handling, and repository system. Test methods and parameters will be

selected for materials evaluation activities.

I .
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Development of techniques for controlling Eh and pH { the rffg%,ND

values expected at elevated temperatures- in the re0oL1
the precise determination of waste package-materials performanceiYy
laboratory (cold) and hot-cell testing.

Applicable Work Elements

W. L
MAY E
n NOTICE

Work completed, see Sections 11.2.2.1 and 11.3.2.3.

7. Conduct Laboratory-Screening Tests of
Candidate Waste Package Materials

Early laboratory testing will determine the hydrothermal reactions
between basalt, simulated waste, and groundwater, and, with the
results of laboratory-screening tests of candidate canister/overpack
and backfill/buffer materials, will be used to develop site-specific
waste package preliminary design specifications for the generic NWTS
Program waste package design effort. The basalt/groundwater
hydrothermal reaction experiments will be used to determine the
effectiveness of Eh control by the repository host rock.

Applicable Work Elements

W.1.5.A, W.9.A, and W.2.2.A.

8. Prepare Waste Package Preliminary
Desian Specifications

Preliminary design specifications for waste packages to be emplaced
in a repository in basalt will be prepared, based on the current
understanding of the waste-form performance, repository environment,
and waste package-materials interactions. These specifications will
support the NWTS Program-design effort for waste packages to be
emplaced in a repository at Hanford.

Applicable Work Elements

Document will be prepared.
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JARNG E t 0' Basalt Waste Isolation

Project Site Characterization Report

The Waste Package and Site chapters of the Site Characterization

Report (BWP, 1982) will be prepared to reflect the current status of

waste package-technology development as it affects the reference

repository site at Hanford.

Applicable Work Elements

Work completed.

10. Characterize Repository Environment

Geochemical characterization activities include the definition of

host rock properties, such as the composition and petrology of pri-

mary and secondary minerals, as well as groundwater compositions in

the repository near and far fields. This information will becoupled

with laboratory and field hydrothermal tests and radionuclide-

migration results to provide input to the assessment of radionuclide

retardation.

Applicable Work Elements

W.l.l.A, W.1.2.A, W.4.A, W.1.7.A, W.l.l0.A, W.2.1.A, W.2.4.A,

W.2.5.A, W.2.6.A, W.1.18.8, W.2.9.B, W.2.10.C, W.2.11.C, W.2.13.0,

W.3.5.A., and W.3.l0.S.

11. Determine Sorptive Capacity of

Backfill and Host Rock

Sorption experiments will be conducted to determine the sorption/

desorption and kinetic behavior of key radionuclides in the host

rock (geohydrologic system). Evaluation of these data, plus data

being developed on the solubility of key radionuclides (see

Section 12), will define the performance requirements for the waste

package backfill. Static and dynamic (flow-through) experiments will

be used to determine the'sorption behavior of key radionuclides in

the repository geohydrologic system and candidate backfill materials
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use in transport modeling. - c

Applicable Work Elements

W.1.3.A, W.1.4.A, W.1.8.A, W.l.9.A, W.l.lO.A, W.1.12.A, W.2.l.A,

W.2.3.A, W.2.4.A, W.2.5.A, W.2.6.A, W.2.7.A, W.2.8.A, W.2.9.B,

W.3.5.A, W.1.16.B, W.1.17.B, W.l.19.8, W.2.9.B, W.2.1t.C, W.2.12.D,

W.2.13.D, W.3.2, and W.3.5.

12. Modify and Use National Waste Terminal

Storage Proaram Geochemical Model

An initial assessment of radionuclide behavior in the repository

near-field environment will be made, based on a '-dimensional trans- _

port model that assumes equilibrium sorption/desorption behavior on

the basaltic host rock. Data on the solubility and kinetic behavior

of radionuclides in basalt will provide site-specific information- to

modify the geochemical model being developed by the NWTS Program.

Additional data for a geochemical assessment of waste/barrier/rock

interactions, to support an update of the model, will come from

studies of natural analogues of potential waste package components.

Thus, it is anticipated that information on materials interactions

can be obtained from studies of metallic copper and iron deposits in

basalt and on secondary clay and zeolite mineralization of basalt.

Applicable Work Elements

w.1.9.A, W.1.13.B, W.2.8.A, W.1.16.8, W.1.20.8, W.24, W.2.11.C,
W.2.12.D, W.2.13.D, W.3.3, and W.3.5.

13. Prepare Hot Cell

Hot-cell facilities will be identified and prepared for waste

package-materials testing in the presence of actual waste forms.

These tests are needed, although limited in number, to (1) simulate

conditions in the repository more closely; (2) test the reliability

of experiments using simulated waste forms, by comparison with the

results of experiments with actual waste forms; (3) study the key
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; >NGE0|;uh~lcontan simulated waste; and (4) determine the effects
of a radiation field on materials performance.

Applicable Work Elements

Work completed, report being prepared.

14. Quantify Waste Package-Component Materials

Interactions Using Simulated Waste

The bulk of materials-interaction studies will be conducted using

simulated waste forms. In this way, the majority of the materials

evaluation data will be developed at a significant cost savings.

This advanced hydrothermal testing will be conducted to quantify the

performance of candidate waste package materials under-conditions

expected in a repository in basalt. Static and flow-through tests
will measure the interactions between the waste package components

over a range of conditions (temperature, pH, and Eh) expected in the

repository. These tests will also help define the role of Eh in

changing the solubility of key radionuclides.

Applicable Work Elements

W.1.1.A, W.l.2.A, W.1.3.A, W.l.4.A, W.1.6.A, W.1.7.A, W.l.8.A,
W.1.9.A, W.1.10.A, W.1.11.A, W.1.12.A, W.1.13.A, W.1.14.8, W.1.15.B,

W.1.16.B, W.1.17.3, W.1.18.B, W.1.19.8, W.1.20.8, W.1.24, W.2.1.A,

W.2.3.A, W.2.5.A, W.2.6.A, W.2.7.A, W.2.8.A, W.2.9.8, W.3.2, W.3.3,

and W.3.5.

15.- Quantify Waste Package-Component Materials

Interactions Using Actual Waste

Upon completion of hot-cell preparation, hydrothermal testing will

be initiated on waste package component materials to quantify their

interaction in the presence of actual waste forms. The purpose of

these tests will be to determine quantitatively: (1) variations in

groundwater pH, Eh, and composition as a function. of temperature and
the solid phases present; (2) location of key radionuclides that may
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initial solid phases. With the ability to control Eh. F" pH w.t111
the autoclaves, the full range of anticipated repository conditions

can be simulated.

Applicable Work Elements

W.l.l.A, W.1.2.A, W.1.3.A, W.1.4.A, W.1.6.A, W.1.7.A, W.l.8.A,

W.l.9.A, W.l.lO.A, W.l.ll.A, W.1.12.A, W.1.13.B, W.1.14.8, W.1.16.B,

W.1.17.8, W.1.18.8, W.l.19.B, W.1.20.B, W.1.24, W.2.3.A, W.2.5.A.-

W.2.6.A, W.2.7.A, W.2.8.A, W.2.9.B, W.3.2, W.3.3, and W.3.5.

16. Prepare Repository Waste Package Preliminary

Design Upgrade Specifications

Results of the waste package component materials interaction studies

will permit definite comparisons between the behavior of various

candidate package materials. The comparison will refine design

limits (their proportions, dimensions, and composition) to support

the preparation of site-specific repository waste package preliminary

design upgrade and specifications to support the NWTS Program waste

package design efforts.

Applicable Work Elements

A specifications document will be prepared in support of waste

package preliminary design upgrade.

17. Quantify Waste Package Assemblage

Interactions Using Simulated Waste

For this stage of hydrothermal testing, partial waste package

assemblages will be exposed to expected repository conditions in the

presence of simulated waste forms. uring this stage, it is the

responsibility of the hydrothermal testing program to ascertain the

ability of the NWTS Program performance model, as modified by the

BWIP, to predict correctly the effectiveness of the waste package in

retarding radionuclide transport. -Therefore, experimental results

that do not corroborate the model will lead to upgrading the model

which could, in turn, lead to minor changes in the barrier thick-

nesses. Both static and flow-through experiments will be used to

test the waste package designs.
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... P, .i 4.A, W.1.6.A, W.1.7.A, W.l.lO.A, W.l.ll.A, W.1.12.A,
W.l.15.B, W.1.16.B, W.1.19.8, W.1.20.B, W.2.1.A, W.2.3.A, W.2.5.A,

W.2.6.A, and W.2.5.8. W.2.9.B.

18. Quantify Waste Package Assemblage

Interactions Using Actual Waste

Engineering-scale waste package assemblages, using actual waste,

will be exposed to conditions simulating those expected in the repos-

itory. This will identify waste/barrier/rock/groundwater inter-

actions that are likely to occur over time. The data will provide

support for preparation of the repository waste package final design

specifications and repository Environmental Report/License Applica-

tion, and will include: (1) finalization of proportions, dimensions,

and compositions of the various waste package components, with a

quantifiable assessment of the factor of safety needed for the final

waste package design; (2) evaluation of the waste package system's

ability to meet containment criteria (containment of all radio-

nuclides), especially for the case of early failure of the canister/

overpack components; (3) evaluation of waste package performance in

meeting the post-containment controlled-release criteria; (4) confir-

mation of performance of complete waste package by means of scaled

flow-through testing, simulating anticipated repository conditions;

and () documentation of waste package performance to aid in licensing

of a NWRB.

ADolicable Work Elements

W.1.2.A, W.1.4.A, W.1.6.A, W.1.7.A, W.l.l0.A, W.l.ll.A, W.1.12.A,

W.1.16.B, W.l.19.B, W.1.20.B, W.2.3.A, W.2.5.A, W.2.6.A, and W.2.9.8.

19. Determine Effects of Waste Emolacement

on Repository Environment

The process of verifying the effectiveness of a waste package

requires an understanding of the effects of the emplacement of waste
on the repository environment. This information also provides input

to the waste package-design process, since not only does the emplaced
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package must be designed to obviate potehtial negativ CHANGED UT
repository geochemistry and thermomechanical effects. This task

collects geochemical data from-thermal-modeling efforts (Activities 4,

8, and 21), radiation-effects studies (Activities 15, 18, and 24),

and waste/barrier/rock nteraction studies (Activities 7, 14, 15,-17,

and 18) (Fig. 15-4), as well as information from rock mechanics (see

Chapters 4 and 14) and documents them into an integrated assessment

of waste emplacement on the repository environment.

Applicable Work Elements

Document will be prepared on the effects of waste emplacement on the

repository environment.

20. Conduct Waste Package Enaineering-Scale

Field Testing

Concurrent with the hot-cell testing, engineering-scale waste

packages will be field tested to support the preparation of the waste

package final design specifications and aid in verifying the designs

for waste packages to be emplaced in basalt.

Applicable Work Elements

W.3.1 and W.3.4.

21. Prepare Repos1tory Waste Package

Final esign Specifications

The results of preliminary waste package performance evaluations,

using the modified (for basalt) and verified (NWTS Program) perform-

ance model, together with data accumulated from hot-cell and field

testing, will provide support for the preparation of the repository

waste package final design specifications. These specifications will

ensure that the designs being developed by the NWTS Program waste

package design contractor meet the needs of a repository in basalt.

By this time, a sufficient waste package data base will have been

developed to support repository Title I design effort and the pre-

paration of the Environmental Report/License Application for the con-

struction of a repository at Hanford.
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22. Prepare Waste Package Input to Basalt

Waste Isolation Project Environmental

Report/License Application

Data and information from materials interaction studies and model-

ing activities will provide support for the preparation of the

Environmental Report/License Application for repository construction.

The waste package final design specifications will form the bulk of

the support information.

Applicable Work Elements

Input to project document will be prepared.

23. Prepare Waste Package Inaut to

Repository Title II Oesign

Repository Title II design will be conducted to reflect the NWTS

Program- and WIP-approved final designs for waste packages to be

emplaced in a repository constructed at Hanford.

Applicable Work Elements

Waste package final design specifications will be prepared.

24. Conduct Preliminary Enqineerinq-Scale

Tests (Hot Cell)

Hot-cell tests, using engineering-scale waste packages, will be

scoped to measure and verify those hydrothermal interactions between

the waste package components and the environment identified in

earlier laboratory and hot-cell testing.

Applicable Work Element

W.l.9.A, W.1.12.A, W.1.19.8, and W.2.3.A.
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Preliminary waste package-design-verification studies wi i.
ducted in parallel with the hot-cell testing of engineering-scale

waste packages. Test data from this activity, together with that

from earlier laboratory and hot-cell testing and from field and

in situ testing, will be reconciled with model predictions. This

will lead to a preliminary verification of the WTS Program waste

package performance model for basalt.

Applicable Work Element

Document will be prepared.

26. Complete Waste Package-Design Verification

- The final results of the in situ testing will be reconciled with-

performance-model predictions and will be documented for final'verifi-

cation of the performance model. At the completion of performance

model verification, a benchmarking procedure will be initiated to

provide management of codes and models for the licensing activities.

The verified waste package will be used to predict the long-term

performance of waste packages to complete waste package-design

verification. Completion of the waste package-design verification

will be documented to support the preparation of the Updated License

Application (Final Safety Analysis Report/Environmental Report) for

the repository constructed at Hanford.

Applicable Work Elements

Appropriate documentation will be prepared.

27. Predict Waste Package Long-Term Performance

To complete design verification, the waste package performance model

will be used to predict the long-term performance of waste packages

emplaced in a repository in basalt. The waste package performance

model will consist of two major submodels: (1) a geochemical model

that describes the behavior of radionuclides within the waste package

and near field; and (2) a degradation model that describes the phys-

ical, thermal, and chemical processes involved in the degradation of

the waste package.
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Documentation .will be prepared that contains a description of

and appropriate analyses to support the use of a waste package-

performance model for the licensing process.
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SCIENTIFIC RATIONALE FOR BARRIER MATERIAL TES.Im

INTRODUCTION

The principal goal of the Basalt Waste Isolation Project,(BWIP) is

to evaluate the feasibility of.permanent storage of nuclear waste in a

geologic repository mined in basalt. This evaluation must be based on

proposed regulatory criteria (NRC, 1981; EPA, 1982) that determine the

required long-term performance of a nuclear waste repository in basalt

(NWRB). These performance criteria can be used to evaluate the perform-

ance required of the engineered repository system. The geolog1c bar- .

riers of the repository site plus the manmade, engineered barriers of

the waste package comprise the total barrier to release of materials to

the biosphere. Where the natural barriers of the repository itself

cannot meet or exceed the regulatory criteria, the performance of engi-

neered barriers must supplement the performance of the geologic barriers

to insure regulatory compliance and to insure isolation of waste materials.

DISCUSSION

The BWIP and the'National Waste Terminal Storage (NWTS) Program

have adopted an approach to performance assessment of barrier materials

that relies on site-specific, hydrothermal testing of waste package' -

components, both individually and as an integrated assembly (NWTS,

1981). It is neither economically nor experimentally feasible to con-

duct such hydrothermal tests for durations approaching containment times-

(1,000 to 10,000 yr) demanded in currently proposed regulatory criteria.

It is, therefore, imperative that expert scientific judgment guide the

design and interpretation of such a testing program. Laboratory tests,

coupled with 'expert professional opinion, are key to the meaningful

extrapolation of short-term-laboralrydata to the much longer time

periods expected during the functional life of a NWRB.
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ACEDWAND MTAoh1S e apolation of results from barrier material testing is
ld to the common dilemma encountered by geoscientists who

-attempt to- extrapolate similar laboratory data (tests of less than 2-yr

duration) to natural geochemical and mineralogic processes that occur

over hundreds to millions of years. Geochemists and experimental pet-

rologists have accordingly developed several theories, based on chemical

thermodynamic and kinetic reaction principles, to address this extra-

polation problem. These theoi.ez s have been validated by observation of

repeated agreements between theoretical predictions and oerved-natural

examples in a variety of geochemical systems. These interpretive theo-

ries, already in common use by the geochemical community, should serve

as the basis for expert judgment regarding extrapolation of waste/barrier/

basalt test results to time scales appropriate to regulatory isolation

criteria.

The long-term stability and performance of candidate barrier mate-

rials is chiefly, though not exclusively, determined by their chemical

interaction with the groundwaters that will eventually fill the reposi-

tory. The dominant process for hydrothermal-dataracions in the waste/

barrier/ basalt system is radual dissolution nf cexisting primary

solid phases. Dissolution will be accompanied by precipitation and

growth of an assemblage of secondary, alteration phases that are more

stable under the given repository conditions. These dissolution and

precipitation processes represent an overall irreversible reaction

(Helgeson, 1968; Giggenbach, 1981) that may be summarized by the

expression:

Solutioninitial + Primary (unstable) Phases -

Solutionfal + Secondary (stable) Phases

'- The OStW I a rule is a useful, albeit empirical, observation

from natural and experimental studies of hydrothermally altered rocks

(Fyfe and Verhoogen, 1958). It states that the transition from an

unstable to a stable phase(s) generally occurs through the formation of

a series of intermediate metastable phases, and that the thermodynamic
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in ablity f these intermediate phases will decrease is the reaction 

progresses. The thermodynamic parameter measuring the relative stabile- 

ity of a phase in a hydrothermal system is its free energy, hat s., the

total driving force for reaction between solids and solutioa l

energy is also a direct measure of solubility of a solid ph se (Garr l s 

and Christ, 1965; GigoenbhclhUS.UJ Jhe relative hydrothe 1 sta4,lywlLNT9E

ity of phases, therefore, can be determined directly from r lative REPAED E
CHANGED W11HOUT NOTICE

solubilities (i.e., the most soluble phasewjlljbe the lees

At any point during a step-wise alteration-reaction process, the-com-

position of the solution will be governed by the relative solubilities

of coexisting phases.

In the limiting case, in which only the most stable solid phases

are present, solubility data can be measured directly od aidRa ,

1981; Ra et al., 1981) from solution composition or evaluated from

--thermodynamic data, when available (Pourbaix, 1966; arrels and Christ,

1965). It is important to stress that such solubility data is defined

to be independent of time and reaction pathway because of the assumed

equilibrium nature of the system. Because all chemical systems evolve,

toward equilibrium (i.e., an assemblage of stable phases), and because

of the very low flow rates of groundwater expected in a nuclear waste

-'------ repositories (NWTS, 1981; MCC, 1981; Arnett et al., 1981), the use of _

solubility limits models to predict long-term release rates of radio-

nuclides from a waste/package/repository system is justifiable.

The application of thermodynamic solubility constraints can be

extended to a more general model for hydrothermal reactions--between--

solution and metastable solids. In this case, there is assumed to be

one (or more) metastable solid phases coexisting in solution with--- - -

- ~~ -compositionally related phases that are thermodynamically more stable.

Note, these more stable phases are not necessarily the most stable of

all compositionally related phases. Initially, the less stable and more

soluble phase begins to dissolve (Point A and B, Figure B-1) toward its

own, well-defined solubility limit. The solution concentration will

first exceed the solubility limit of the more stable (and less soluble)

compositionally-related phase. At this juncture, the more stable phase
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CHANGE iow as its solubility limit is exceeded. Thus, the

disolution rate of lesS..stabl--pase and the concurrent growth rate of

the more stable coexisting phase are opps npypcesses seeking to

establish their own solubility control of solution composition

(Holloway et al., 1981; Apted, 1981; Berner, 1978; Mottl and Holland,

1978).

For example, if the irreversible dissolution of an unstable phase

such as glass is rapid relative to the growth of a more stable alter-

ation phase, the solution composition will reflect mainly he solubility

of the glass (for equal areas of glass and alteration phase). If the
relative reaction rates were reversed so the alteration phase grows much

faster than the primary phase dissolves, then the bulk solution composi-

tion will be determined primarily by the solubility of the alteration

phase (Berner, 1980; Oibble and Tiller, 1981a). Intermediate, steady-

state reactions (note, these are not equilibrium reactions) exist between

these extremes (Figure B-1, Point C). These reactions represent a bal-

ancing of the rates at which chemical components are being dissolved

r: mefrom unstable primary phases and the rates at which the same components

are removed from solution into more stable, secondary phases. -teady-

state conditions will eventually change with time, as more stable phases

nucleate and grow or unstable phases become totally consumed. This, in

turn, will cause the solution to attain new steady-state compositions

(see Figure B-1, Points 0 and E). The concentration of dissolved compo-

nents represented by these evolving steady-stat ecin utdces

with reaction rogress (i.e., because each new

phase must be more stable, hence less soluble, than the previous phases.

It can be expected, therefore, that if hydrothermal tests are conducted

for durations sufficient to attain a steady-state reaction, this data

will provide conservative radionuclide-release rates relative to equili-

brium solubility expected to control the actual long-term release rates.

The length of time needed to attain steady-state (or solubility)

conditions in static, hydrothermal tests at expected repository condi-

tions could, in some cases, be greater than that feasible for labora-

tory testing. In these instances, these dissolution and growth rates
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CHNGEWrWEdTctions f several variables (Dibble and Tiller, 1981b), including
tempelature, reaction activation energy, reactive surface area (or
reactive surficial mass), solution concentrations, and the available
free energy of the system, which is the difference in free energy (or
solubility) between the unstable reacting phase(s) and the stable pro-
duct phase(s). This kinetic model, based on the energetics and mechan-
isms controlling dissolution and growth processes, serves as the justi-
fication for a variety of experimental techniques that can be adopted to
accelerate actually the test. By speeding up the rates of dissolution
and growth, the results of short-duration laboratory tests can be made

-'., .>t'osto approach a state of reaction identical to that achieved in nature
over much longer time periods.

The Interface Working Group on Accelerated Testing (DOE, 1981), for
example, has suggested that increasing the temperature of laboratory
tests can dramatically increase the reaction rates of hydrothermal
interaction tests on waste package components. This same technique is
in common use in chemical engineering technology (e.g., Boudart, 1968)
nd in geochemical/petrological research (e.g., Mottl and Holland,

1978). The assumption that the same dissolution/growth mechanisms are
operative at both high and low hydrothermal temperature is, however,

A4 |often not justified. This is particularly true for hydrothermal studies
of gl ais-rations, which apparently are dominated initially at low
temperature (25*C) by ion-exchange (surface leaching) (White and Classen,
1980) and controlled at high temperature (2U00C) by matrix dissolution
(Karkhanis et al., 1980).

Standard experimental studies of alteration products and resultant
water chemistry of basalt/water reactions utilize powdered samples of
basalt (e.g., Seyfried and Bischoff, 1979, 1981; Mottl and Holland,
1978). The accepted rationale for this procedure is that by effectively
increasing the reactive surface area (or surficial mass) of the basalt,
relative to the mass of the coexisting solution, the time required for
reaction and formation of new solid phases is greatly expedited. For

powdere samples, the hgh surface-areas-to-mass ratio Fthesample
ensures that the entire mass added will be the effective reactive
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surficial mass. Uncertainty in estimating reactive surfilal ma Y EDANOMAYBE

monoliths, and uncontrollable changes in this parameter
cracking, create problems of interpreting or extracting meaningful

kinetic data from dissolution or solubility tests.

Finally, it has been shown recently that nonthermodynamic param-
eters such as porosity and permeability (i.e., flow rate) may affect the
alteration mineral assemblage produced in hydrothermal systems (Dibble

and Tiller, 1981; Potter and Dibble, 1981). High flow rates of solution
through a rock system thoroughly mix interface and bulk solutions,
permitting a relatively greater portion of the available free energy of

the system to be used in surface detachment and attachment processes.

This increases the rates of dissolution and growth, resulting in more

rapid formations of most of the stable phases (Dibble and Tiller, 1981a).

The great advantage of this technique Is that use of variable flow rate

to accelerate kinetic reaction rates will not involve any change in the

operative reaction mechanism.

CONCLUSION

The current use of nonflow-through (static) tests in the rocker-

type autoclaves for the bulk of the experimental program is justified by

lower cost, simplicity'of operation, greater experimental control, and

the fact that the relatively slow rates of solution flow in natural rock

(1-to lO0 in/yr in the Umtanumn basalt) are probably well arnQxjmjeiad
by the confined flow in a rocker-type autoclave. Flow-through hydro-

thermal autoclaves are, however, being developed and constructed by the

BWIP. The freedom to vary flow rate and temperature (300%C) with

minimal loss of scientific relevance between experiments will permit a

thorough examination of alteration under hydrothermal conditions, mini-

mizing the need for long experiments. Promoting rapid attainment of

more stable phases using high flow rates, will make it possible to

confirm-the range in flow rates over which the steady-state results from

static tests are applicable to the long-term performance of a waste

pacKage located in a NWRB.
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TEST EQUIPMENT REQUIREMENTS

Hydrothermal experiments have been conducted from the viewpoint of

a host of different scientific disciplines (e.g., chemical engineering,

metallurgy, chemistry, and petrology). There is a commonality in approach

and apparatus for hydrothermal experimentation. Major considerations

are listed below.

o The material under study (e.g., borosilicate glass plus

groundwater) must be isolated from any other. reactive com-

ponents. This generally means material must be encapsulated

in noble- or inert-metal containers.

* There must be a method for controlling and monitoring environ-

mental parameters, such as temperature and pressure, at desired

experimental conditions.

a The ability to sample periodically solutions directly from an

experiment at the prescribed experimental-conditions is

desirable. This capability enables the experimenter to docu-

ment and interpret reaction kinetics of the hydrothermal

system under study.

Direct sampling is difficult because the hydrothermal apparatus

usually must be cooled and depressurized before samples can be taken.

"Cold-seal" pressure vessels are an example of this type of apparatus

(Boettcher and Kerrick, 1971). Cooling and depressurization of an

experiment, or quenching, invariably leads to a certain degree of

retrograde reaction and chemical readjustment between solution and

coexisting solids. This reaction is highly undesirable, particularly

for solution analysis, because the sampled solution at room conditions

will not represent the solution composition at the desired experimental

conditions. Therefore, experiments using cold-seal apparatuses (e.g.,

Barnes and Scheetz, 1979) have limited utility in the determination of

the stability of waste package components.
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TRfSCPYW,,I Waste ackage Studies Department (WPSO) has adopted the use ofRIPLACEDAND Mr
_CHANEOMMfif 'autocl yes for barrier materials-testing (Holloway et al.,

1981; Patera et al., 1981; Apted, 1981). These types of hydrothermal
apparatuses use gold (Dickson-type), titanium, or Teflon (E.I. du Pont
de Nemours Co.) inner reaction vessels. The entire cylindrical assembly
of reaction vessel and outer pressurizing vessel (Figure C-1) can be
agitated continuously either by a rolling motion parallel to the cyl-
inder axis or by a rocking motion perpendicular to this axis. This
agitation promotes more rapid reaction between the solids and solution
as they mix. Dickson-type autoclaves have a special sampling valve
(Dickson et al., 1963; Seyfried et al., 1979; also see Figure C-1)
that enables the experimenter to take direct solution samples at the
pressure and temperature of the experiment, while also permitting the
examination of the solid alteration products at the conclusion of the
experiments. These sampling autoclaves are ideal for obtaining data on
barrier material stability and associated solution composition under
expected repository conditions. Procedures for conducting hydrothermal
tests in such apparatuses are available in existing literature (Dickson
et al., 1963; Mottl and Holland, 1978; Seyfried and Bischoff, 1981) and
have been documented by the WPSD (Holloway et al., 1981).

Flow rates of groundwater have been identified as a possibly im-
portant environmental parameter in the testing of barrier materials
(NWTS, 1981; Coles, 1981). In particular, it has been demonstrated
experimentally that by increasing flow rate, it may be possible to
accelerate the kinetic rate of reactions in hydrothermal systems (Potter
and Dibble, 1981; Potter, 1981). The Dickson-type autoclave, despite
the acknowledged effect of agitation on reaction rates, still more
closely represents the static flow conditions anticipated for a nuclear
waste repository in basalk (NWRB). A flow-through pressure vessel,
using a Teflon-lined or gold reaction tube surrounded by a hydrostatic
pressurizing vessel, has been designed from an existing apparatus
(Potter, 1981). An operational prototype will be constructed by the end
of FY 1982, and will be available for use with radioactive waste in a
hot-cell facility by the end of FY 1983. With this flow-through appa-
ratus, Basalt Waste Isolation Project (BWIP) personnel will confirm
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CHANGED 1URR5& eSts i Dickson-type autoclaves are applicable to the long-term

solution behavior anticipated for waste package-basalt interactions.

Temperature and pressure of hydrothermal apparatuses are controlled

and monitored by a combination of electric furnaces, hydraulic pumps,

and supporting thermocouple and-pressure gauges (Dickson et al., 1963;

Ulmer, 1971). For data validation, temperature and pressure readings

should be periodically recorded and automatically logged on either a

printed tape or magnetic tape filing system. Data logging can also be

used to determine the variation of temperature and pressure in tests

over time, especially during off-work hours.

Techniques for in situ monitoring of pH and Eh under high-tempera-
ture and high-pressure hydrothermal test conditions have been proposed

and tested (MacDonald, 1978; Niedrach, 1980; Danielson, 1980). Cur-

rently, the BWIP is developing these solid-state probes and modifying

their design to be compatible with Dickson-type autoclaves. Direct

monitoring of these environmental parameters during testing improves the

experimental design. The monitoring eliminates the difficulty of pre-

serving the actual pH and Eh values of groundwater solutions once they

are removed from reactive barrier materials and brought into the ambient

atmospheric conditions of the laboratory.

A supplemental technique for monitoring groundwater Eh is to meas-
ure coexisting redox couples dissolved in the solution, such as bi-

sulfide/sulfate or Fe(II)/Fe(III). Recent studies (Cherry et al., 1979)

indicate that monitoring groundwater Eh by speciation analysis of

naturally occurring arsenic is possible. Work currently underway in the

Basalt Material Characterization Laboratory suggests that this technique

can be extended to provide information about-the prevailing Eh during

hydrothermal tests. Trace amounts of arsenic (<50 ug/L) can be predoped

into the solution phase. Arsenic (III) and As(V) undergo rapid redox

reactions under hydrothermal conditions, so a measurement of their

relative abundance in solution indicates the prevailing Eh. Other redox

couples involving selenium, antimony, or tin are also being considered

as possible redox indicators.
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Dickson Rocking Autoclave System

As mentioned previously, the Dickson rocking autoclave system

(Figure C-2) is an established experimental apparatus for testing

materials at elevated temperatures and pressures. A Dickson rocking

autoclave system includes:

a Two furnaces

o Two autoclaves

a A high-pressure pump

a A furnace controller.

The system uses a small-volume reaction chamber (250-mL gold bag) that

permits sampling while the experiment is at temperature and pressure.

The small volume makes this system ideal for use with highly radioactive

materials. The Dickson rocking autoclave system, by virtue f its
design, supplies shielding and distance from radioactive materials.

The furnaces, auxiliary pressure gauges, plumbing system, rupture

disc assembly, and furnace controller of a Dickson rocking autoclave

system are shown in Figure C-2. The furnaces are free standing and

separable from either the controller or the pump apparatus (Figure C-3).
This arrangement facilitates barricade-type shielding required for

operation with fully radioactive waste forms. The furnaces are low-

temperature (<5000C) resistance types, which operate on 110 V. They are

24 in. long, 24 in. in diameter with 6 in. of insulation and an outer
shell of /8-in.-thick steel. The ends are closed with /2-in.-thick
transite. The furnaces are rocked 1800 around midpoint trunions by a

gear-driven electrical motor. The furnace controller has pressure and

temperature alarms to prevent overpressurization. The rupture disc

represents a third level of protection against overpressurization.. For

tests with radioactive materials, a liquid collection manifold will be

plumbed to the rupture disc assembly. The manifold will collect any

pressurizing or radioactive liquids produced during overpressurization.
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- iSCPYWILL gstainfs steel autoclaves (Figure C-4) are approximatelyREPLACED AND st fi
CHANGEJ4T."J}nofgE by' proximately 4.5 in. in diameter with a 0.55-L capacity.

The autoclave lid has three openings that accommodate a sampling tube, a

type K thermocouple, and plumbing associated with the primary closure

valve. A delta or flat ring closure is used to seal the autoclaves.

All autoclaves to be used in the hydrothermal tests are U-stamp cer-

tified corresponding to American Society of Mechanical Engineers (ASME)

certification of construction standards. The autoclaves are subjected

to hydrostatic pressure tests of 17,000 psi for 1 hr before acceptance

for use with radioactive materials.

The high-pressure pump assembly (see Figure C-3) consists of a

fluid reservoir, miscellaneous valves and plumbing, a certified Heise

pressure gauge, and a high-pressure air-driven fluid pump. The entire

assembly is portable and can be used to service several autoclave systems.

The furnace controller (see Figure C-2) is equipped with a dual

system of digital thermometers and power variacs to control two auto-

clave systems effectively. A high-pressure audio alarm is triggered

when a manually set pressure is exceeded. This alarm must be manually

deactivated by releasing the excess pressure via the primary closure

valve. The furnace controllers are designed to maintain a desired

temperature to within ±50C.

Dickson Rolling Autoclave System

The Dickson rolling autoclave system is a modified version of the

Dickson'rocking autoclave system, designed specifically by Rockwell

Hanford Operations for use with actual high-level waste forms. Floor

space is minimized by stacking three furnaces, which rotate a maximum of

2100 in a horizontal position. The autoclaves can be transported safely

to and from hot-cell facilities using a shielded dolly (Figure C-5)

and loaded into the furnaces using a specially designed shielded loading

fixture (Figure C-6). The shielding consists of about 4 in. of steel.

This device permits autoclaves to be loaded into the furnaces reliably

and shields personnel from radiation. The rolling autoclave system,

shown in Figure C-7, uses the same high-pressure pump and furnace

controller assemblies as the rocking autoclave system.
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FIGURE C-5. Cutaway Illustration of Rockwell-
Designed Shielded Autoclave Transport Dolly.

Flow-Through Autoclave System

The rolling and rocking autoclave systems provide only static tests

of waste package components and thus do not simulate the movement of

groundwater through a failed waste repository. A flow-through apparatus.

(Figure C-8), now in the design phase, will simulate a failed waste

repository by placing waste-rock-water systems under repository con-

ditions and allowing the fluid phase to flow through the systems at

approximately 0.01 /mimn.

TESTING PROCEDURES

Tracer Procedure

Initial hydrothermal experiments will use powdered tracer-doped

waste forms. All tracer level tests will be performed in Laboratory ID

(see Figure 5-9) -and will include the following operations (Figure C-9):

* Loading test materials

e Heating autoclave to desired temperature and pressure

* Hydrothermal solution sampling

a Quenching.
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Loading. Preparation Of the Dickson autoclave for trac -level YUtNOTCE

ments will be performed in open-face hoods in Laborator -l- of the

222-S Building. The gold bag and titanium lid assembly (see Figure C-4)-'

is loaded with the solids and synthetic groundwater via'the sampling

tube opening. After loading, the sampling tube is attached to the

titanium lid and to the autoclave lid. This assembly is then placed on

the autoclave, which has been filled with water. The closure sleeve is

screwed into place and the closure bolts torqued. The assembled auto-

clave is then placed in a preheated furnace, and the pressurizing lines

and liquid collection manifold are attached.

Pressure within the autoclave increases with thermal expansion of

the water. When the temperature is within 100C of the desired run

temperature, the power to the furnace is turned off to prevent over-

shoot. When the temperature stabilizes, the power is turned on again, 7
the controllers are set, and the pressure is adjusted to the desired

value.

Sampling. Fluids are sampled using respiratory protection and with'th'e '

laboratory cleared of all unnecessary personnel. The furnace is stopped

in the upright position, and a disposable sampling assembly is screwed.-

onto the sampling valve. The sampling assembly consists of a two-way

plastic valve, with two disposable syringes attached. The sampling

valve is opened very slowly, and a -mL rinse sample is taken in one of-

the syringes.' About 5 mL of solution is then taken into the second

syringe over a period no shorter than 10 min. Following sampling, the

syringes are removed and placed in the open-face hoods. The room tem-

perature pH of the solution sample is measured, the temperature re-

corded, and samples are then prepared for radionuclide and other

analyses. The sampling assembly is removed and placed in a proper

receptacle for radioactive disposal.

Quenching. Upon completion of an experiment, the autoclave must be

quenched by'removing it from the furnace (under pressure) and placing it

in an open-face hood. Cooling is accelerated by a fine spray of water

or compressed air. The autoclave is disassembled in the open-face hood,

and the solution and solid run products are separated by filtering.

Finally, samples are taken for solution and solids characterization.
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facility and, thus, are more involved than the tracer procedures.

Present plans call for the majority of the full-level tests to be per-

formed in Laboratory E (see Figure 5-7); however, if the test program

is extended, Laboratory 1D also will be used. Testing of actual waste

forms will include the same sequence of operations as the tracer tests

(Figure C-10).

Loadinq. Materials for experiments with actual waste forms are intro-
duced into the gold bag via a glass funnel passed through the titanium

lid of the gold bag assembly. The gold bag and titanium lid is closed

with a gold-lined stainless steel sampling tube. The autoclave lid is

then connected to the sampling tube, and the entire apparatus rinsed

with water to remove any loose radioactive contamination.

The next operation involves loading an autoclave onto the trav-

ersing table in the large airlock of the hot-cell (Figure C-l1).. With

the access door closed and the isolation door opened, the table is then
moved into the main cell area so that the autoclave is in position to

receive the gold bag assemblage. Using the manipulators, the gold bag

assemblage is moved to the autoclave and then lowered into it. The

traversing table is moved to the access door position, and the isolation

door is closed. A radiation reading of the loaded autoclave is obtained

through the inspection door. The access door is then opened, the clo-

sure sleeve is placed on the autoclave, and the closure bolts are torqued.

The autoclave is pressurized and leak tested while it is still in the

airlock.

The autoclave is removed from the airlock via an air hoist and

loaded into a shielded transport dolly (see Figure C-5). The dolly is

placed near the barricade housing the furnace, and the shielded loader

(see Figure C-6) is used to remove the autoclave from the transport

dolly and place it in the furnace. The autoclave is bolted securely

onto the furnace and the pressurizing lines attached, including the

connection of the rupture disc assembly to the liquid collection mani-

fold. The rupture disc-manifold system prevents the introduction of
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radioactivity into the laboratory if an experiment f uls by o essurE

ization. Finally, the autoclave is brought to the d sed t OTCE

and pressure.

Sampling. Hydrothermal solutions are sampled at temperature and pressure

with respiratory protection. All unnecessary personnel are excluded

from the laboratory.

The furnace is halted in the upright position, and a disposable

sampling assembly is screwed onto the sampling valve. The sampling

assembly consists of a two-way plastic valve with two disposable.

syringes attached. The sampling valve is then opened extremely slowly

to allow the collection of a -mL rinse solution, followed by collection

of about 5 m of sample into the second syringe. This sampling proce-

dure should take approximately 10 min. Radiation readings are taken

during sampling to prevent overexposure. The solution sample will be

handled either in the hot cell or in an open-face hood, depending on

radiation. The room temperature pH is measured and samples prepared for

radionuclide counting and other'analyses. The sample assembly is re-

moved and placed in a proper receptacle for radioactive disposal.

Quenching. When the decision is made to terminate an experiment, the

autoclave must be quenched. The autoclave (under pressure) must be

removed from the furnace with the shielded loader and placed in the

shielded transport dolly. The autoclave is then placed in the hot-cell

airlock. Cooling is accelerated by directing compressed air over the

surface of the autoclave until ambient pressure and temperature is

reached. At this point, the closure sleeve is unbolted and removed.

The access door is closed, the isolation door opened, and the transfer

table moved to the main cell where the gold bag assemblage is removed

from the autoclave. The transfer table is returned to the access door,

and the isolation door is then closed. The gold bag is disassembled

within the hot cell, and the solution and solid run products are sepa-

rated by filtering. Aliquots of solution and splits of solids are

obtained for characterization, and the remaining materials are archived

in the hot cell.
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ANALYTICAL EQUIPMENT REQUIREMENTS

Hydrothermal barrier materials are analyzed chemically to assess in

detail the interactions of groundwater with the components of the nuclear

waste repository in basalt (NWRB), including the host rock, the manmade

barriers, and the waste form. The purpose of the repository system is

to prevent unacceptable release of radionuclides to the biosphere (EPA,

1982). Analyses of hydrothermally reacted groundwater and associated

solid alteration phases, therefore, are key to confirming the ability of

the repository system, particularly the engineered barriers of the waste

package, to meet or exceed performance criteria under expected repos-

itory conditions.

Three types of analyses are required of hydrothermal tests products:

Characterization of solids

* Solution analysis of stable elements

* Radioassays of solutions.

Each part requires distinct analytical instruments and techniques.

Taken together, data from all three analytical parts are needed to

evaluate the relevant hydrothermal interactions and the implications of

these reactions for long-term behavior and performance of a NWRB.

SOLIDS CHARACTERIZATION

The primary goal in analyzing solids is to identify the phases al-

tered significantly by hydrothermal reaction and the secondary phases

that are formed. Of particular interest are those radionuclide-bearing

phases that may impose solubility limits on the concentration of radio-

nuclides in solution. The identification of these phases is required in

the geologic modeling of the long-term release of radionuclides from a

NWRB.
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graphy, X-ray diffraction (XRO), and use of scanning electron microscope

(SEM) with an energy-dispersive spectrometer (EDS). The information

gathered from these analyses are complementary, and cover a wide range

of macroscopic and microscopic properties, as well as chemical and
mineralogic characterization. However, the fine-grain size ( um) of

many alteration phases, the poor resolution and large excitation area of

conventional micrbprobes (>I m), and the interferences in the response

of EDS detectors from gamma radiation preclude the use of conventional

microprobes or SEM/EDS systems for characterization of solids from a
hot-cell testing program.

Only the SEM with a wavelength spectrometer and an analytical
scanning transmission electron microscope (ANSTEM) with energy loss

spectrometer, shielded EDS, and conventional electron diffraction modes
can analyze fine-grained alteration phases adequately. Only these

instruments combine the necessary chemical using wavelength dispersive

spectrometer (DS) or shielded EDS*J and mineralogic (using electron
diffraction) techniques with the required spatial resolution (0.1 um

for SEM/'WDS and 20 um for ANSTEM). Other analytical techniques for

surface analysis, such as Auger spectroscopy and extended X-ray absorp-
tion fine-structure (EXAFS) spectroscopy, cannot provide the necessary

3-dimensional spatial resolution nor the necessary mineralogical data

that can be obtained from SEM/WOS and ANSTEM analyses. Without these

two instruments, dedicated to hot-cell operations, hydrothermal al-

teratiod phases cannot be analyzed adequately.

SOLUTION ANALYSIS

A combination of sensitive, rapid, and species-specific analytical
techniques are required to analyze hydrothermally reacted groundwaters.

*
EDS shielding from gamma radiation can be successful in the STEM

only because of the extremely small sample size. It is not an effective
measure in a SEM. Wavelength dispersive spectrometer systems can be used
in a SEM because they do not suffer from the interfering effects of gamma
radiation.
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An inductively coupled plasma (ICP) spectrometer, capable of ana-

lyzing the maximum number of elements, will be required. The ICP-spec-'--

trometer will be used to obtain the maximum number of elemental analyses, --

with minimum sample (consistent with the small sample size) and manpower

requirements. The ICP is also the only available instrument for the

rapid, sensitive determination of the rare earths in the radioactive

waste forms.

An atomic absorption spectrophotometer (AAS) with a heated graphite

atomizer is also required to complement the CP spectrometer. This AAS

will analyze-those elements expected at very low concentrations that

cannot be analyzed by the ICP spectrometer. Atomic absorption spec-

troscopy is a very sensitive technique for a number of elements that

may be important (e.g., aluminum, cesium, molybdenum, and selenium). ' -

The anion composition (Cl, F, HS, SO42) of the solution samples

from hydrothermal testing will be analyzed by an ion chromatograph

and/or selective ion electrode. Dissolved carbon will be determined by

a total carbon analyzer. Titrations-of small volumes of samples will

then be needed to determine the proportions of acid-base related species

(i.e., HCO3 and C032 ). The pH will be measured by a conventional pH

meter equipped with a glass electrode. Solid-state pH probes will also

monitor the pH during testing (see Appendix C).

RADIONUCLIDE ANALYSIS

The most important information about solutions sampled from hot-
cell hydrothermal tests will be the concentration of radionuclides that

appear in solution. Steady-state concentration values for these radio-

active elements are necessary for the calculation of meaningful, long-

term release rates. The rate of change in radionuclide concentrations,

whether approached from oversaturated or undersaturated conditions, can

also be used to define the types and rates of dissolution and growth

processes that will govern radionuclide solubility. Alpha, beta, and
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requisite concentration data. In many cases, careful chemical sepa-

ration, by standard procedures, will be required before meaningful

radioassays can be made. Because such separations necessitate signi-

ficant sample volumes (perhaps as much as 15 mL for an entire stable and

radioactive element analysis), certain radioassays may be made on an

alternating basis. Solution radioassays will focus on those particular

isotopes that have been identified as key, hazardous radionuclides

(Wood, 1980; Barney and Wood, 1980).

Gamma spectrometry using a multichannel analyzer will be used to
determine the radionuclides 06Ru, 1l1mAg, ll3mCd, 125Sb, l2smTe,
126Sn, 26Sb, 1291, 34Cs, 137Cs, 1 44ce, 44Pr, l52Eu, 154Eu, and IS5Eu.

It will be necessary to separate the cesium from the other radionuclides

to determine the nuclides of low activity and low gamma energy. Sepa-

ration of cesium is the only chemical procedure necessary to allow

determination of these gamma emitters. Depending on the exact activ-

ities in the waste form, it may not be possible to determine all of the

gamma activities listed above. If necessary, additional chemical sepa-

rations and additional counting techniques will be applied to a limited

number of samples.

The beta activities of 4C, 79Se, "aSr, 99Tc, 11 0Pd, 15 ISm, 93Zr,

and 93Nb will be determined. Each of these elements will be separated

by radiochemical techniques followed by beta counting. The activities

of 237Np, plutonium, americium, and curium isotopes will be determined

by radiochemical separation techniques, followed by alpha spectrometry.

Total alpha, beta, and gamma analyses of samples will be performed

before chemical separation. Some solution samples in the hydrothermal

experiments may contain essentially no activity because of extremely low

radionuclide solubilitles (e.g., Rai and Strickert, 1980; Rai et al.,

1981). Identification of individual radionuclides, therefore, may not

be necessary.
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Chemical and physical analyses of hydrothermal test -ronantc ant

reaction products are necessary to qualify an engineered barrier system

for nuclear waste isolation in a geologic repository. This section

describes sample flow, instrumentation, and equipment available in the

222-S Building for measurements identified in Chapter 3.0.

iUT NOTICE .

EQUIPMENT AND INSTRUMENTATION

Three classes of analyses are required for evaluation of hydro-

thermal tests:

* Solids characterization

* Solutions characterization

* Radionuclides analysis.

Appropriate analytical instrumentation and operating procedures are

available in the 222-S Building to provide data for evaluation of

relevant interactions that occur under hydrothermal conditions.

SOLIDS CHARACTERIZATION

Physical and chemical changes may occur in solid phases, i.e., basalt,

backfill, and waste forms, during hydrothermal testing. The objective

of characterizing the solids is to identify microalterations that may

change the solubility of radionuclides, thereby affecting the long-term

release from a NWRB.

Instrumentation with unique capabilities has been assembled in five

Rockwell Hanford Operations (Rockwell) laboratories to satisfy the

characterization objective. A progressive sequence of analyses, each

level producing more detail, has been developed to provide required data

cost effectively.

The characterization sequence is initiated with tools that provide

"bulk" information. Thus, use of an optical microscope (OM) and ana-

lytical scanning electron microscopy/energy dispersive spectrometry

(ANSEM/EDS) provides qualitative information about the shape, size,
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-identify crystal phases in the sample and the volume fraction of each

phase. Using the information obtained from this preliminary exami-

nation, microgram quantities of phases of interest from the samples are

prepared and analyzed using the ANSEM and ANSTEM. The ANSEM/WOS quan-

titatively and chemically analyzes the individual phases in particles

from 40 to 0.5 m, and determines the size, shape, and morphology of

grains that contain specific phases identified with the XRD. The ANSTEM

is used to identify, structurally and chemically, significant micro-

phases in reacted and unreacted particulates. The detailed data for the

ANSEM and ANSTEM are used to help unfold the complex XRD patterns and

some of the ambiguous OM observations. The process is iterated until a

consistent data set is obtained with the old and new phases identified

and analyzed.

The following sections detail instrumentation, unique capabilities,

and sample preparation necessary for solids characterization. This
equipment is currently available at Rockwell in the 222-S Building.

Optical Microscope

Most barrier test starting materials and products will be charac-

terized initially by OM. Information that can be derived from such

studies includes initial qualitative phase identification, grain size,

texture and gross structure of bulk (unpowdered) specimens. For highly

radioactive samples, only grain mount work will be performed using

submilligram quantities of material to minimize dose to the operator.

Two Wild M8 stereozoom microscopes and two Leitz Orthoplan research

polarizing microscopes are available. They are equipped for transmitted

and reflected light work with both dry and oil immersion objectives, and

with photographic formats from 35 mm to 4 in. by 5 in. One of the

petrographic microscopes is also equipped with a Quantimet to produce

more quantitative data; another is equipped with a hot stage.

Contamination and radiation doses are minimized during sample

preparation and analysis by dispersing the particulates in deionized

water. A slurry is transferred to a slide prepared with heat-activated
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no smearable contamination. A typical optical grain mount 0 -AI f-1°TOTC

loaded nuclear waste glass will weigh less than 0.5 mg and have an es-

timated unshielded dose rate of 2.8 mR/hr at 6 in., a dose rate easily

managed. The microscopes will be placed on lead bricks and lead shadow

shielding placed in front of the microscope stage (Figure D-1). In this

configuration, the operator's hands will receive a dose of about 11 mR/hr

while moving the sample stage, but the operator's body will receive less

than 0.5 mR/hr at all times except when placing or removing a sample in

the microscope. These dose rates are well within existing Rockwell

limits.

X-Ray Powder Diffractometer System

The XRO is a basic characterization tool in materials science.

Minerals and other crystalline materials can be identified easily, both

singly and in combination, by their characteristic diffraction patterns.

Ionic substitutions within an individual mineral phase can, in many

cases, also be identified by comparison of the diffractograms of un-

substituted and doped minerals.

In geologic studies, XRD supplements petrographic work, and is

complementary to the electron microprobe (EMP), ANSEM, and ANSTEM. It

is especially valuable for the identification of layered silicates

(clays and zeolites). In previous experimental studies with waste forms

and basalt-water hydrothermal reactions, XRD has been the primary

analytical tool. Preliminary phase identification by XRD has permitted

more rapid analyses by the EMP, ANSEM, and ANSTEM in waste package

studies. These analyses can be extended to small samples of material,

or small particles, using the microdiffractometer.

The powder diffractometer available for this work is a Rigaku /MAX-rA

system (Figure D-2), which employs a 12-kW constant potential rotating

anode X-ray generator and a wide-angle horizontal goniometer. The

rotating anode can provide X-ray intensities 8 to 15 times greater than

those from a conventional sealed X-ray tube. The greater intensities

provided by the rotating anode system allow detection of low-intensity
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FIGURE -1. Optical Microscope.
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peaks that normally would be lost in the background. De ection Ichef

low-intensity peaks allows multiphase mixtures to be analyzed more

easily and increases the rate at which such analyses may be produced.

The wide-angle goniometer (range: -5° to +1600 2a) allows diffraction

peaks at very low and very high Bragg angles to be examined, providing

enhanced capabilities for identifying minerals such as clays (which have

major diffraction peaks at very low Bragg angles). The diffracted beam

graphite monochromator eliminates k peaks and greatly reduces back-

ground noise produced by sample fluorescence and stray amma radiation
from radioactive samples. This reduced background improves the ability

of the diffractometer to resolve low-intensity peaks.
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__

FIGURE 0-2. Rigaku Powder X-Ray Diffractometer.
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It a ffractometer can be controlled from either a programmable

-microprocessor-controller or a dedicated PP 11/34 computer system.

Automated dffractometer control (scan start and stop, step scanning,

shutter opening and closing, etc.) is possible with both systems. The

microprocessor-controller has data reduction capabilities that include

background subtraction, peak search, and intensity integration, with

data output either on a strip chart recorder or an X-Y plotter.

More detailed data analysis is available when the system is con-

trolled by a POP 11/34 computer. The diffractometer scan is controlled

on a time-sharing basis, allowing data to be placed directly in hard

disc memory while the computer is simultaneously used for other anal-

yses. Diffractograms stored on disc are analyzed using system routines

for quantitative data analysis and search-match using a stored file of

standard diffractograms (Powder Diffraction File). Reference mineral

and reaction product diffraction data stored in the disc memory are

easily overlaid and compared, providing rapid identification of changes

in the reference materials or trends from one experiment to the next.

This ability is particularly important in comparing data obtained from

experiments using simulated waste forms to those utilizing actual

radioactive material.

The Rigaku diffractometer is also equipped with a microdiffracto-

meter attachment that allows examination of samples down to 30 m in

diameter. This unique feature allows small samples (or segments of a

sample) typical of waste package-basalt reactions to be analyzed. Using

the microdiffractometer, individual grains within a petrographic sample

or a point of interest on an ANSEM sample may be analyzed for phase

chemistry. The unique detector geometry of the system virtually eli-

minates analysis biases caused by preferred orientation effects.

A high-temperature sample stage attachment allows direct XRD analyses to

be conducted on basalt minerals and waste package materials at tempera-

tures that may be encountered in the repository system. With this

attachment, phase transition and lattice parameter changes as a function

of temperature, including those caused by dehydration, may be observed

directly. Other accessories are available for this system that can
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minerals such as clays. If desired, an automatic sample changer that

can accommodate up to 43 samples is also available.

The primary standard used is National Bureau of Standards (NBS)

silicon, which may be used as both an internal and external standard.

Secondary standards include -quartz, corundum, spinel, tungsten, and

gold. The diffraction patterns of these materials are known to very

high accuracies. A wide range of standard mineral and metal specimens

is also available for the production of standard diffraction patterns.

These patterns are stored in a separate diffraction file within the

computer system. The basalt mineral standards file provides a unique

capability to compare unreacted reference materials rapidly with those

that have undergone hydrothermal reaction with other parts of the waste

package.

Radioactive samples pose no significant problems for the Rockwell

XRD system. A standard diffraction mount requires a maximum of 20 mg

of material, with typical samples of about 10 mg. The goniometer mount

and radiation enclosure of the diffractometer provide adequate shielding

for XRD measurements on most samples from experiments with actual waste

forms. However, some additional portable shielding may be added to

reduce radiation levels from highly radioactive samples.

If adequate shielding cannot be provided in the diffractometer to

reduce the radiation emitted from a conventional diffraction mount to

acceptable levels, a very small sample (0.5 mg or less) may be examined

on the microdiffractometer. Such small specimens reduce radiation

levels 20-fold or more from the levels emitted by a conventional dif-

fraction mount of the same material. The small size of such a sample

greatly reduces requirements for shielding in the diffractometer system

when scanning highly radioactive samples.

Preparation of radioactive powder samples for analyses will be

similar to the procedure used for OM. The powder is suspended in

collodian-amyl acetate solution and transferred to an aluminum slide.

The collodian dries, fixes the powder on the slide, and provides a

stabilized sample mount.
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Scanning Electron Microscope

The 222-S Building SEM is shown in Figure D-3. When equipped with
an EDS and/or a WS, it can do quantitative chemical analyses. The
interaction of the electron beam with powder or other solid sample

produces secondary electrons (morphological information), back-scattered

electrons (morphological and chemical information), and characteristic
X-rays (chemical information).

FIGURE D-3. JEOL Scanning Electron Microscope.

The available SEM is a JEOL JSM-35C. It is a state-of-the-art

instrument capable of secondary and back-scattered electron detection,

split-screen imaging, topographic and compositional contrast, and

stereo micrographs production.

The EDS is a Tracor Northern TN-2000 system. The detector is a

lithium-drifted silicon.[Si(.Li)] solid state device protected by a

D-12
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beryllium window. A PP-l1 32K computer controls the ystem anHAr

all spectral information on floppy disk. The SEM/EDS ystem a1 $H

duces X-ray dot maps and line scans. The computer con st satef 

the-art data reduction techniques for production of quantitative anal-

ysis on elements from sodium to einsteinium.

The WS is a JEOL system capable of analyzing elements from boron

through plutonium. The combination of both EDS and WDS on the same

instrument allows the comparison of quantitative data from both tech-

niques. This cross-checking capability gives more reliable composi-

tional estimations. The EDS will not function properly in a high

radiation field; therefore, the WDS provides the only examination

possible.

LNOTBE. '
MAYBE - --

LIT NOTICE

Magnification and composition must be standardized for the SEM/EDS/

WDS system. Materials supplied by the NBS are available for both appli-

cations. In-house standards, such as latex spheres for magnification

and known minerals for composition, will also be used. The system will

be calibrated and standardized on a regular basis as well as before any

critical analysis on special samples.

One of the major advantages of this analytical technique is the

ease of sample preparation. Radioactive sample preparation techniques

are similar to those used in OM because powders (0.5 mg) are suspended,-

in absolute ethanol, transferred to a stub, dried, and coated with

carbon or gold. Loose contamination is thereby stabilized. Monolithic-

materials will be as small as possible to reduce dose rates to person-

nel. Sample weight of monoliths is not expected to exceed 100 mg. An

airlock assembly on the SEM will provide shielding of a sample during

loading operations. The column will provide sufficient shielding during

examination.

Analytical Scanning Transmission Electron Microscope

As described in Chapter 3, the surficial mass of solids used in

hydrothermal tests will be high to reduce reaction times. The ANSTEM

can be focused on very small areas, making the technique imperative in

the characterization of alteration phases.
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CHANGED WIT OTOTIOihe Roc Hell ANSTEM, JEOL 200CX TEMSCAN (FIgure 0-4), is fitted

with-a high-resolution scanning attachment that allows 2.04 A resolution

in the transmission electron microscope (TEM) mode, 25 A resolution in
0

the STEM mode, and 40 A resolution in the SEM mode. A high-resolution
annular back-scatter detector is mounted above the pole piece to allow

phases with elemental differences as small as one atomic number to be

imaged. Some phases will be identified with selected area electron

diffraction, convergent beam electron diffraction or micrometer dif-

fraction on areas from 100 A up to 5,000 A. Careful calibrations have

been performed to standardize the camera length parameters in the mi-

croscope. The JEOL 200CX unit is equipped with a variable voltage power

supply that allows selection of accelerating voltages from 40 to 200 kV.

This enables optimization of analysis conditions.

, 

4

FIGURE 0-4. JEOL Analytical Scanning
Electron Microscope.
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Several sample holding stages are used for the var ous appIldM nrE

A liquid nitrogen cooling stage will be eployedor be siXCnuNoTICE

samples such as clays and zeolites. A ,0000C variable

will be used to observe specific phase changes as they occur. A ther-

mocouple gauge is used for both of these stages to monitor the specimen

temperature. Other stages, such as the Faraday cage stage and carbon

sample stage, will be used for quantitative analysis of samples.

The column is fitted with a PGT-3000 Energy Dispersive System.

This consists of a Si(Li) solid state detector with 30 mm2 of active

area, a resolution of 155 eV at 5.9 keV, and a 0.3-mil beryllium window.

These features allow high sensitivity for small samples, minimal overlap

problems, and excellent detection limits for elements as light as sodium

and-analysis-of areas as small as 200 A in diameter. The analyzer is a

computer-based microprocessor system that is programmed in FORTRAN.

Quantitative EDS programs for particle and thick flat specimens will be

employed for elemental analysis. These programs were developed at

Arizona State University for the PGT-1000 system and are currently being

adapted in the 222-S Building for the 3000 system. Typical accuracies

are 3 to 4 relative for major elements in thick samples and 5 to

8% relative for particulate samples (Aden, 1981). Considerable work has

been done using similar systems at Arizona State University and minimal

problems have been experienced adapting this microscope configuration to

solve barrier materials testing analytical problems.

Experience has proved the ANSTEM invaluable to the characterization

task. The 200-kY accelerating voltage is sufficiently high to penetrate

the observed semithin crystal edges permitting electron diffraction and

crystal identification of phases. The high resolution TEM mode has

allowed direct 'Imaging of zeolite and clay lattice planes, permitting

the evaluation of mixed layer effects. High-resolution SEM mode has

been used to determine morphology of various phases. The STEM mode has

allowed accurate placement of the electron beam, thereby permitting

quantitative chemical analysis and mcrodiffraction of phases as small
0

as 200 A (e.g., an albite phase that forms during the hydrothermal

reaction of bentonite).
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d techniques developed at the Particle Handling Laboratory

at Arizona State University will be used to prepare nonradioactive

samples. Particle standards are prepared on the bench using a boron

carbide mill to minimize particulate contamination. Particle standards

and samples are mounted on beryllium mesh grids with 200 A carbon films

for ANSTEM examination. Removable thin section samples are removed from

their glass slides, and areas of interest mounted on 3-m beryllium slot

grids. These samples are ion thinned in a Gatan Dual Ion Mill until the

regions of interest are between 200 and 1,000 A thick. Laser nterfer-

ence thickness monitors with automatic termination control the sample

thickness. Samples are then either gold coated in a sputter coater or

carbon coated in a high-vacuum carbon coater. Liquid nitrogen baffles

are used to minimize contamination.

Special handling techniques were developed for the fully loaded

samples because of the potentially high dose rate. These samples con-

sist primarily of fine particles and will be treated in a manner similar

to the preparation for OM'. The particles will be suspended in absolute

ethanol, transferred to SEM stubs and beryllium grids, and coated with

carbon, thus fixing the radioactive particles in place. Samples pre-

pared in this manner typically contain less than 0.2 mg of material.

The dose rate from this quantity of material is manageable.

SOLUTION CHARACTERIZATION

Chemical interaction between groundwater and the solid components

of a NWR8 can be identified only if the groundwater is characterized.

As-described in Chapter 3.0, the complex system can be simplified by

identifying several key hydrothermal reactions that dominate groundwater

chemistry. Stable element concentrations, naturally occurring or added

as analogues to radioactive species, are monitored precisely. Ion

species present in solution provide a basis for understanding the ef-

fective pH and Eh of a barrier system as described in Chapter 3.0.
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Stable element concentrations will be measured in queous s NOg L~TBEStable jI~~~~rLRLLLJR~0 ND MAYBE
by an inductively coupled plasma atomic emission spectr eter 

or an AAS. Each instrument has increased sensitivity and selectivity

for certain elements of interest. The instruments operate on suffi-

ciently different principles to provide supplementary methods for

quality assurance (QA) monitoring. No chemical separations are required

before concentration measurement by one or the other of these techniques.

Inductively Coupled Plasma Atomic Emission Spectrometry System

The Rockwell CP-AES system consists of an Applied Research Labo-

ratories Model 137 fixed-channel polychromator and dedicated Digital

Equipment Company 11/03 computer, in a configuration depicted in Figure -5.

The concentrations of 29 elements are measured simultaneously on the

polychromator and one additional element can be measured simultaneously

by using an attached scanning monochromator (200-800 nm). An additional

30 elements can be analyzed sequentially using this monochromator.

E
..

FIGURE D-5.- Plasma Analytical System.
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ion limits in micrograms per milliliter are delineated in
-andD-2. The monochromator also can be used in the scanning

mode to detect possible spectral interferences arising from complex
sample matrixes such as those containing the rare earths (Homi and
Manabe, 1979).

,

TABLE 0-1. Polychromator Elements.

Element Approx. detection Element Approx. detection
limit (ig/mL) limit (Ug/mL)

Ag 0.005 Mn 0.02
Al 0.01 Mo 0.03
B 0.005 Na 0.02
Ba 0.005 Nd 0.05
Bi 0.10 Ni 0.02
Ca 0.10 P 0.2
Cd 0.01 Pb 0.10
Ce 0.03 Pd 0.05
Co 0.01 Si 0.01
Cr 0.003 Sn 0.2
Cu 0.002 Sr 0.0002
Fe 0.002 Ti 0.005
K 0.10 Zn 0.1
La 0.01 Zr 0.005
Mg 0.001

TABLE 0-2. Single Element Capabilities of Scanning
Monochromator.

Element Approx. detection Element Approx. detection
limit g/mL)E limit (g/mL)

As 0.4 Sc 0.03
Au 0.1 Se 0.1
Be 0.005 Ta 0.1
Ga 0.05 Te 0.1
Ge 0.2 Th 0.03
Hf 0.1 Tl 0.2
In 0.1 U 0.03
Nb 0.1 V 0.05
Pt 0.1 W 0.02
Rh 0.02 Y 0.002
Sb 0.02 Lanthanides 0.05
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The conventional nebulizer has been replaced with a nodifiedwcoPYWILLNOTBE

Babington, nebulizer for introduction of samples high in d ssolve6ACd oNABE
This unit has been in routine service for more than a year anat unlike

conventional cross-flow and concentric glass nebulizers, s virtually

free from plugging by deposits of salts. This sample introduction

system also renders the measurement independent of sample viscosity.

Atomic Absorption Sectrophotometer

Flame AAS is more sensitive and therefore provides improved de-

tection limits than ICP-AES for certain elements. The stable analogue

of 137Cs included in tracer-loaded waste form will require detection by

MS. In addition, hydride-forming elements, i.e., arsenic, selenium,

tin, lead, antimony, and tellurium, are detected with excellent sensi-

tivity by this method.

Rockwell operates a Jarrell-Ash Model AA-6 flame AAS. This system

has been modified with significant shielding for dose rate and contam-

ination control and'a wet and dry off-gas filtration system for envi-

ronmental release control (Harnly, 1973).

Ion Chromatography

Anionic species can affect the transmissivity of cations through

barrier materials, corrosion resistance or enhancement, and chemical

reactions possible during extended storage periods. Ion chromatography

has proved invaluable for rapid and efficient multianion analysis of

solutions from basalt-bentonite-synthetic water interactions sampled

from existing, nonradioactive hydrothermal tests at Rockwell. Fluoride,

chloride, nitrite, phosphate, nitrate, and sulfate ions are sequentially

detected and determined by comparison to matrix-matched standards from a

single injection of approximately 1 mL (100 L sampling loop).

A modified Dionex Model 10-ion chromatograph is used for analyses

of radioactive samples to support other Rockwell programs (Curfman and

Johnson, 1979). This instrument has been modified so that components

that become contaminated during the analysis of radioactive samples are
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isolated in an open-face hood. Electronics and controls remain outside

the hood for ease of maintenance operation and to reduce personnel dose

rates.

Carbon Analyzer

Inorganic carbon concentrations will be measured by a carbon ana-

lyzer although this instrument is not currently in place. This instru-

ment will distinguish organic carbon from inorganic species, thereby

providing some specificity. Standard titration methodology for dis-

tinguishing between carbonate and bicarbonate ions in place.

Miscellaneous Equipment

A large inventory of analytical instrumentation is available in the

222-S Building to meet new needs on either radioactive or nonradioactive

samples as they arise:

* Gas chromatography measures the concentration of volatile

organic compounds. Gas sampling and analysis capabilities are

available.

e Liquid chromatography separates nonvolatile organic compounds

for analyses. Detectors are available for identification of

many compounds.

* Mass spectrometers for identification of isotopes by mass are

available for selected measurements. The units available are

not designed for high sample throughput nor high beta gamma

activity fields but can provide exceptional quality data.

V Thermogravimetric instrumentation can be used for special

studies. Capabilities include differential thermal analysis,

thermogravimetric analyses and differential scanning calor-

-- - imetry. Each technique provides data on interactions of

weight and heat that occur when a sample is heated.

* Ultraviolet, visible, and infrared spectroscopy instruments

measure species contained in a sample qualitatively and

quantitatively.
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tation analyze samples for selected oxidation r _tion MIT_______

of ions and trace constituents.

a Several laboratory polarizing and stereomicroscopes are

available.

* Common laboratory equipment, e.g., balances, pH meters, etc.

are available.

RADIONUCLIDE MEASUREMENTS

Radionuclide concentrations of isotopes that emit gamma rays can be

measured on either solution or solids. Isotopes with only alpha or beta

emissions must be in solution before their concentration can be measured.

Major analytical systems required for measurement of radionuclides

identified earlier in the section on "Radionuclide Analysis" to support

waste package studies are:

* Multichannel gamma energy analyzers

* High-resolution alpha spectrometery system

a Liquid scintillation counter.

In addition to these radionuclide specific measurement systems,

standard gross alpha/beta proportional counters are also available if

needed.

Gamma Energy Analysis

Gamma energy analysis (GEA) of a sample provides simultaneous and

nondestructive analysis for many radionuclides such as 755e, 6 Co, and
137Cs. The 222-S Building Counting Room is equipped with state-of-the-

art intrinsic germanium detector systems for measurements of radio-
nuclides in containers of various sizes (200 L to 0.5 L), shapes and

compositions. Currently operating detector systems exhibit excellent

energy resolution, thereby enabling the simultaneous measurement of

several radionuclides. Single high-efficiency (30%) germanium detectors

are available for analysis of high activity samples; near 4 geometry is

PM a

-A

-WI 

0-21



THIS C0;; 'iLL NOT BE
REPLACED A.0. MAY BE

CHANGED WHOO NOTICE'

available from 4-germanium-detector arrays for analysis of samples

containing trace level activity. Most intrinsic germanium detectors are

useful in measuring greater than 100-keV gamma rays. Some radionuclides,

such as 24 lft, emit only 60-keV gamma rays. For analysis of soft-gamma-

emitting radionuclides, specially developed gamma systems known as Low-

Energy Gamma Spectrometry (LEGS) will be employed. Two such systems are

currently in operation in the 222-S Building Counting Room. One system

consists of an intrinsic germanium well detector providing about 85 to

90% counting efficiency in the SO- to 150-keY range. The other system

consists of a high-efficiency "Gamma-X" detector that can detect and

quantify gamma rays or X-ray as low as 3-keY. The appropriate detector

system will be used to provide maximum benefit to the program objective.

Table D-3 presents representative lower concentration detection

limits of radionuclides having diverse gamma ray decay energies. The

GEA technique is not necessarily the optimum detection method for some

itosopes in the table in all sample matrices, e.g., 39Pu. These con-

centration detection levels may be affected by spectral interferences

from other isotopes in the sample matrix.

TABLE -3. Representative Con-
centration Detection Limits.

Detection limitsRadionucl ide (>Ci/mL)

226Ra 5.0 x 10 4
237Np 2.0 x 10 3
24 2p 1.0 x 10-2

243Am 6.0 x 10-4

239p 3.0 x 10-l
'37Cs 3.0 x 10-
241AM 1.0 x 10-4
60Co 2.0 x 10-5
1291 2.0 x 10 3
75Se 3.0 x 10-5
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linked to independent computer controlled operating an?1b~tFTnUUrt1

systems termed JUPITER (Canberra Industries) and TN-4500 (Tracor Northern).

This automation provides rapid, efficient, and uniform operation of all

GEA systems. Spectral files are on line to provide peak search for

isotope identification and quantification. Between these two systems,

as many as twelve independent germanium detector systems can be operated

simultaneously.

Gamma energy analysis systems are equipped with a dedicated, on-

line QA package. With this QA package, each calibrated GEA system

performance is compared daily with the statistical average of previously

determined QA measurement data. Daily measurement data will be stored,

and a weekly performance profile will be produced. When the measurement

uncertainty of a standard sample exceeds predetermined acceptable limits,

a warning is flashed on the output terminal to warn the operator of

possible system malfunction. This will provide an immediate QA check on

the system and on data generated within the system. The GEA systems are

also equipped with appropriate mass storage devices to archive all

information as needed.

Since GEA is nondestructive, each sample, after GEA analysis, can

be used as samples for other analyses. This will aid in reducing the

volume of aliquot removed from the hydrothermal test apparatus for

analysis..

High-Resolution Alpha Spectrometry

Quantitative measurement of low concentrations of alpha-emitting

radionuclides, such as actinides, in the presence of other radionuclides,

is very difficult. A total alpha measurement cannot provide radio-

nuclide-specific quantitative data. A specially developed alpha'spec-

trometry nstrument coupled with liquid-liquid extraction method will

measure radionuclides such as 237Np, 3ePu, etc. This instrument is

equipped with beta and gamma interference suppression electronics and

excellent energy resolution and enables measurement of samples with

alpha emissions as low as 0.1 disintegration per minute (dis/min). In
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general, the sample preparation method includes sample dissolutaLUidto
I MLHSCOPYWILLNOHEan aqueous matrix (if necessary), preliminary chemiOt AWYEn

extraction of the nuclide into a scintillator. An alpha spe No'tWf1H"IT
collected in a multichannel analyzer from specially developed detectors

and electronic circuitry. Measurement time for each sample varies

depending upon a level of radioactivity and required counting statis-

tics. Longer counting times, up to 6 to 8 hr or more, may be required

for some very low-level samples.
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Liquid Scintillation Counting

Low-energy beta analysis using liquid scintillation counting tech-

niques will measure radionuclides such as 14C, 79Se, 99Tc, or 151Sm.

For this work, a Packard Tri-Carb Model 450C, automatic liquid scin-

tillation system, will be used. This system is also located in the

222-S Building Counting Room. The Packard 450C system is a dual region,

multimicroprocessor-based multiuser liquid scintillation system and an

automatic sample changer. Its capacity is 460 samples. The instrument

can store up to 15 different programs to complete analysis of several

isotopes on samples without attention from operators. As described

previously in "High Resolution Alpha Spectrometry," the samples require

isotope isolation and preparation prior to analysis by this methodology.
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