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Dr. Robert J. Wright

Senior Technical Advisor

High Level Waste Technical Development
Branch

Division of Waste Management

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
Copy of support document on two well tracer tests

Draft copy of waste package report "Barrier Materials Testing
in the Presence of Nuclear Waste: A Feasibility Study for the
222-S Hot-Cell Facility"
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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 1isting hydrologic properties
from unidentified source

c. Listing of temperature data from several wells
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 Tisting 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,

ilson, Project Manager

BWI:DJS Basalt Waste Isolation Project Office

cc, w/o enclosure:
Ralph Stein, DOE/HQ
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555
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NOTE TO DMB AND DCS ~--

The package of encls with this letter must
remain together., The cover ltr dtd 12/23/82

is a disclaimer regarding attached material.
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Nancy Still
Docket Control Center
Division of Waste Management
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TEST METHOD METHOD EQUIVALENT
TRANSMISSIVITY HYDRAULIC
FT2 /DAY CONDUCTIVITY | STORATIVITY
, FY/DAY
DC-7 (PUMPING (WELL) DRAWDOWN —
COOPER AND
CONSTANT DISCHARGE
SUBMERSIBLE , JACOB, (1946) -39 011 =
PUMPING TEST
RECOVERY —
THEIS (1935) J2% 019 -
AVERAGE 51 018 —

-DC-8 WELL) DRAWDOWN —
OBSERVATION (W : . )
{ THEIS (1935) 78% 021 4.1x10°°
CONSTANT DISCHARGE
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AVERAGE 81 022 4.1x10°8
-AVERAGE .61 018 4.1x 105
BEST ESTIMATE .78 021 4.1x10°
(AVERAGE NOTED BY ASTERIK)

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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TABLE 2. Summary of Hydraulic Property Values Determined
by Various Test Methods Conducted on the Umtanum
Colonnade/Entablature at Borehole DC-3.

Hydraulic properties

Analysis Equivalent
Test method inethod Transmissivity hydraulic Storativit
ftZ/day conductivity Y
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 107 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 Lohman
Step 3 3.2 x 10-6 6.3 x 108 2.9 x 10-5
injection (1952)°
Step 4 7.2 x 10-6 1.4 x 107 2.3 x 10°5
test
Average 7.1 x 10-6 1.4 x 1007 3.5 x 10-5
Average 4.9 x 10-6 9.6 x 10-8 3.5 x 10-5
(for all tests) e
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ANALYS S HYDRAULIC PROPERTIES
|
TEST METHOD METHOD [ ry] SoavALET
STORATIVITY
2 CONDUCTIVITY
{FT*/DAY) {FT/OAY)
CONSTANT
| HARGE RECOVERY- '
DISC GE TEST THEIS (1935) 36 82X 1072 - .
| AIR-LIFT DEVELOPMENT ‘ o
PUMPING TEST No. 1
- VARIABLE RATE - . R
! HARRILL {1970} 4.6 10 X 10! -
i | RECOVERY- - | ; J
~ THEQLS (1935) 5.6 13X 10 -
| AIR-LIFT DEVELOPMENT : _
PUMPING TEST No. 2
" VARIABLE RATE- 1 .
HARRILL (1970) 75 17 X 10 -
B RECOVERY- 2 _
THEIS (1935} 2.6 5.9 X10 -
- ?ls Rs‘%'pfr gumpme : -
[+
. VARIABLE RATE-
- DEVELOPMENT HARRILL {1970) 3.1 7.0 X 102 - ]
AVERAGE 45 10 X 107! -
| SLUG TESTS 4
- INJECTION No.1 379 86 -
NJECTION No. ' . 265 - €0 -
= ' 0.2 VAN DER KAMP (1976}
INJECTION No. 3 268 6.1 -
= g Y
WITHDRAWAL No. 1 294 67 -
AVERAGE 302 .69 -
.CONSTANT HEAD CONSTANT
~ INJECTION TEST DRAWDOWN - T
5 JACOB AND LOHMAN i
e (1852) 57.9 13 -
INCORMATION | '
- N [ 24 vegs ™ { . . '
BUPY DAET RADY
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AVERAGE 121 28 . ' —
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BEST ESTIMATE 5.1 12x10° -
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ANALYSIS

.

HYDRAULIC PROPERTIES

EQUIVALENT
TEST METHOD METHOD TRANSMISSIVITY | HYDRAULIC | o
2/ DAY CONDUCTIVITY vITY
) FT/DAY
CONSTANT ﬁé;;}ifte . Recovery -
men
DISCHARGE pumping .~ | Theis (1935) 5.2 x 10-2 | 6.5 x 10°
Withdrawal - -
B No. 1} -No Match -
L sLuG , b
Test  Injection Cooper, et al
- No. 1 (1967) No Match -
] Injectioﬁ
B No. 2 No Match -
- hthdrawal 3.2 4.0 x 10-2
: Injection Ferris and - )
?:g? No? 1 Knowles .25 3.1 x 10-2 -
- 1954
Injection ( )
5 No. 2 7 2.1 x 103
- Average 1.2 1.5 x 1072
CONSTANT HEAD Constant Drawdown
" INJECTION TEST f?gggﬁ"d Lowman | g 13 1.6 x 1073
A- LIFT Ru.::var:!:ryp_ Cavve~
- atETANT Dy el brizh ]
[ reawirg e | Hagareth Uizal)
B . ~“—._~—[jj[j§}ﬁ3;;t'ﬂ
X A
i \— L’ ..
AVERAGE .76 9.5 x 10-3
5.2 x 102 |6.5 x 10-%

BEST ESTIMATE
(AIR-LIFT DEVELOPMENT PUMPING)

TABLE 2.

Summary of Results Determined From Various Test Methods For

-‘Grande Ronde Basalt #13, 3741-3845 Feet, Borehole DC-15
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DEPTH
(feet)

LENGTH
(feet)

ROCK TYPE

2376.36
to
2409.08

2343,57
to
2376.29

3018.81
to
3071.46

3068.94
to
3121.59
3116.14
to
3170.30
2954.38

to
3006.54

32.72

32.72

52.65

52.65

54.16

54.16

TABLE 1
DESCRIPTION OF INTERVALS TESTED IN BOREHOLE DC-2

GEOLOGIC DESCRIPTION

Entablature .

Entablature

Entablature/
"Colonnade

Colonnade

Moderately fractured, dense, dark, some glass,

some flow banding, scattered amygdules.

Highly fractured, vesicular (15%) and breccia and
flow rubble with clay matrix, zeolites. Upper
part of interval hase of overlying colonnade of
dense, dark finely phaneritic nature; lower part

of interval is top of entablature, moderately
fractured, competent with brown-yellow clay.

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 scoria in a well-in-
durated maxtrix, some vugs. The underlying
entablature is a dense, dark aphyric basalt
with some low-angle fractures.

1pata supplied by Rockwell Hanford Operations, June 1978
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*~ TInternal Letter @% Rockwell International
pate: ~ . October 21, 1980 No: , 10120-HSU-80-281 -
TO: {Nsme, Organization, Internal Address) FROM: {Name, Ora-nlnl_ion. Internal Address, Phone)
* F. A. Deluca + W. W. Pidcoe F. A. Spane, Jr.
y + 6-8765 6-6265

Summary of Preliminary Hydrologic Testing Results, Grande

- Subject: . ponde 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 28%7.5 feet. At a

depth of 2831 feet, complete loss of circulation occurredf. 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-
1ift 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
ragged from 1.18 x 103 to 1.85 x 10% ft2/day, with an average of 1.53 x 103
ft</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-1ift pumping test was conducted at an average discharge rate of 23 gpm.
Water levels during the recovery period, following developmental and 24-hour
air-1ift 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
o 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-1ift 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 character1zat10n of
hydraulic properties and/or hydrochemistry for this te 0 '
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data which supports this conclusion include the similar:

1)
2)
3)
0

5)

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

average discharge rates during the 24-hour air-1ift pumping test
(First Test = 25 gpm, Second Test = 23 gpm);

rezoviry water level responses following air-1ift pumping; (Figures
1&2);

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

hydrochemical content (Table 1).

A -t -

W. W. Pidcoe F. A. Spane, Jr.
Sr. Scientist Sr. Hydrologist
WHP/FAS/ 31

Att.
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First Stage Testing
(without Drilling Mud)

Second Stage Testing
{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 CaCO, 163.0 157.4
Chloride, C1- 160 154.2
Sulfate, SOy 2.4 3.8
Fluoride, F- 13.6 13.7
Nitrate, NO3 <.5 <.5
Phosphate, PO7 (ortho) <.5 <.5
Cations (mg/L) .
Sodium, Na‘t 166.6 162.5
Potassium, K* 12.8 13.3
Calcium, Cat# 1.4 1.7
Magnesium, Mg** .05 .16
IINTHUIEIVIANRI
THFS COPY WilL NOTBE -
REPLACED AND MAY BE
CHANGED WITHOUT MOTICE

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) (Ft,MsL) (ft) (ft2/day)
Mabton Interbed | 1364-1340 50 07.5 20.5 2.9 x 1072
Priest Rapids
Interfliow 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 10°
Lower Frenchman '
Springs Interflow| 2244-2644 65 400.1 3.1 2.1 x 108
Vantage Interbed | 2665-2713 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 102

[FORMATION
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CHANGED WiTHOUT NOTICE




* TABLE 2.

Summary of Hydraulic Properties for the Upper-
Saddle Mountains Basalt in Borehole DC-16

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 108
Selah Interbed 928-1021 63 439~ - 42 1.1 x 10!
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 10!
McCoy Canyon
Flowtop 3465-3500 30 397 0 1 x 10!
Untanum Flowtop | 3610-3680 50 397 0 1 x 10!
Very-High Mg _
Flowtop 3825-3845 10 397 0 1 x 100
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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) (ft,MsL) (ft) (ft2/day)
Mabton Interbed 1364-1340 50 417.5 20.5 2.9 x 1072
Priest Rapids
Interflow 1574-1714 25 QOL.I 4.1 6.5 x 102
Roza Interfiow 1735-1773 23 404.3 7.3 2.4 x 103
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?3
Vantage Interbed | 2665-2713 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"lO'fz

—
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* TABLE 2.

Summary of Hydraulic Properties for the Upper.
Saddle Mountains Basalt in Borehole DC-16

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 10!
Cold Creek
Interbed 1080-1212 98 . 418 21 _ 4.0 x 10°

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 10!
McCoy Canyon
Flowtop 3465-3500 30 397 0 1 x 10!
Umtanum Flowtop 3610-3680 50 397 0 1 x-10?
Very-High Mg
Flowtop 3825-3845 10 397 0 1 x 100
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o nitsd R Aatn
N
SWIFT INPUT FOR RHO MODEL
LAYER #  THICKMESS(ft) K _(ft/dav) K_(ft/dav)  POROSITY
1 300 1.0 x 100 1.9 x 10° .25
2 122 4 L0x10°  10x107) . g -
3 9% 51 L0x103 1.0k 107¢ .20
3 386 6vY 1.0 x 10'5. 1.0x103 g5
5 72 1TC 1.0 x 10° 1.0 x 1071 =55
S s fict L.0x1070 1.0x 107 .20,
Plestm 7 462 (L3 Lox10°  10x103- g
ot =3 330 1442 Lox10° 10« 10 .25
G Pz 9 308 2200 Lox10°  1.0x 107 .05
et ] ind
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Uk T711 1150 390c L.ox10°  1.0x107? .05
g 6K T . 0 -1
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13 950 g 1.0x10°® 1.0 x 1073 .05
RHO-LD-44 INPUT
LAYER #  THICKMESS(ft) K _(m/s) K (m/s) POROSITY
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*Approximate rfrem graphics. EEERE

w7




“

W

Table 3 i
Current NRC Layering

Aliuvial Water Tabla

2.
0
24
LS
"y
v
4}

[T
[»]
(8]
s
o
L]

Layer 2 Dense 2asalt Saddla Mountains Fa. _¥ez fe. -

» - - . : - = '

Layer I cnterteds  Saddle Mounztains Fna. g6 =,

Layer 4 Dense 2asalt Sac:le 3€a ..

layer 3 * Intarflcows  Sacdl: MoumTiing Fm. 72 L.

lLaver % Interzees  Sacddle MounTzins/Wanasus 144 £%,
Malston

Laver T Cense Zasait Yanacum Ta. - 482 Ix.
Tregh 1"-«?“ as \mb'tl\ SNt rR\gwy

Layer 3 Interilcws Wanagum Fz. , 330 It

Uppee Feenthmun S LI

layer 2 Pense 3asalt Wanapum Fa. 308 £«.

v Lowge  Frendaman s‘?v"ﬂég‘: -
Layer 10 Interilcws Grance fcnde Fm. 350 £, Y
Layer .l Denge Zasalz {Umtanun included) 1130 I,
wavrer L2 Iaterdlsws GSrange Acnge o 380 F-s.

{
tayer 12 Sence 2asalz Sranze 3esace fo. . N




g6 15~

. | ' , o
A R /etyee ¥

A e e’ b Rrre”

-'-’ . I'
— i ey’ Yyeo

v N y
/¥
-@7& tAomif S —Feh 0"7 7;1—;’;;./«’ Yr¢

, |
’ FYre
F5 2 | / v

: /
FS 3 e e . e e . , 7‘,{,{/7 2.4yr¢

e A s s s VWY s hen s A ammele m s 4 e fae o

Fs

mw e © ar s amee mremia e e e . P B - e PO

I:s L U PN -.

. e a6 e



s 2R ECYPUf ' ' ' e
(V4 C2AZ Yoy~

R
« 1324

-
.
e
-y
- g -
) h
¥ :
I
'
- - ~—— v —— .
3 -
— e
Fal .




_4 [F5-U-~ 55k,
Fie

o5

Fy Y

JC 19

2y yo- 2925

2457 ~BFY

2qpp-251 3

235 ~2vyeS

2[/2 2233

e

U L A Gty g A€ i eI A

VA Al
-/ . 4
2.9 Yc . 9% xry
4
EL'4%4
Yn70¢ ~ [ Ryre
_ 2
2w’ L/ v
¥ 705y’
oy (/y,0'7 %SY’{, d
v 72ewe’
2. X0
/e 2 yre 2 Yo €
s )
7y /LY
7I’Yr07 Z«z)(rt1
/- e ? 2:%yre 2
2.77«7 7./Vfr)
2
G Fu LYre
~7
e e 2yro  ______ 2y0 _ .



gC -7 | -

| _ i K s
Uri horivomm Loomnste ) Entonslils, e Yowe'  sewe? Sy *?

- / 0 -

o]
. -
e
o
IR T
Zriar e e
.
Y <8
)
o+

—_—— - — - -.-:9{—~ . m— e C ———— + o nm——— . eyt
L B ¥




g¢-/
VTHE et $ A | A

. Bethmsrr Yyr9y Y02
i tytten _
ﬁ;4 & L jo~//9¢ Yo 9

7 %2

K-Fs5 Bu~/52¢ 78 | ;_ ,.‘?f" ¢ 6/'2;%""' "
S /5Cc~ P57 05
F5 IRCp ~195¢ Yo
AT, A =
S5V~ Cnt (97 =3¢ Yo F z S'%c'l 2 }y/:f'/
i 27 2275 Yol
Gz 2¢5¢ “2¢1y ve 3
""*‘*"" V S 244;@: -2 sy . 4e2 r3w | Vv’
233 ~27/¢ o ¥r/ | /f/o'/ | /5’Yfﬂ2
e~ 3237¢ . ‘ vr/ o G Gyee’ v.ove™’
Hea-71%¢ . Yor | rEve™ sz&".‘
32cC ~71w¢6 Y¢3
7720,.#;/ Yo§ | _ ;.tvvw'l i‘rfa“"_'__
RZEUTE S  wwatE e

LY Ve Za {1/ 0 R s PR 4y =l



oG L v e

/,‘h”;/_,,(" e5e ?’j{c}ﬁ}“‘.ffe. M

Jof 4t 6 4 - e

Ll Gt T /-)‘)tm‘:““
o 6/(43;;5 23¥4 237 _ , . §.fre? 3yt v

T | weve T S Rymt? -
it O ok 767240 f ‘. ¢ et

’;‘ qFRe™ T Lot
R 27 TY-30¢7 2/~ AP ¢

- - . .9_';7’6' b z)(,p"f'
CR 309~ 307 e F Srwo ¥

_ G207 T nFAee
ER Feb§-3/22 _ PR VAL I TRV A
_ Yy ’ vyt
2 F/6e _7170 224" ie peo~7
A

et dmceen = e e e o w - .",' - © m——
x. R
< -
st e . - R -  —— - . a




gCc-/t

FesF Y /f/, - ortltat’ '
& . 4 A Jradioe~ r 7 o
5 13¢5 -r56s 7t ¢33
i ‘i ‘;y,ﬂa . /,gx,ap‘
il o e f0-(F2 / ‘
S . Z
Ky:‘/} - . 3 ¥ 1’7‘ ‘/)(/z) c 2 yra [ )
/(ﬂ;a JZ60 ~/$7) m’ g - - 3
~ ' Zays? 5K
R Fecirmam 1892-200¢ 7,
, (% : l{[: , 3 2
i e 2 b3y §.8 %o
Fe~ch~m 26527 /
i ) 1/ 029
fpivg VoA (3t Ll




Y4
Flatbgs
«?&‘5"‘“‘"‘

GR1Y
RS /% 'L7’

6xt7
Cre2
ext/

GA L

CA S

(rén'»? “~

Armn =

JCE -5

JV/Z 4 4
ZHet~Ft43
#1152y} 7¢ Yo 5
SRU YT 80 347, 2
3t/ -383¢ P
F7e¢/ ~3472 v7 38"/,/
3307 321 < 367§
296(-3113 12¢ 39%. ¢4
257260 90 3rer
'zc‘}z—z?bz le": 310/
241/~ 27e0 e e £
2¥52- 7y zy | 370, 9
e
2372-2/87 Y 370 F
2222- 2347 33 358.5
;o“? §~29¥% —'% e _ 3 S"f* .....

i m‘\h o
7 As
- _
sl / /12 X/ﬁ
5'72)(/4-‘2 “41}\)V£/‘Y
e A
/"'"g z2xre’
6. 7 86 Yw
g o/
% rX/" 7: , Yre
- R v
72 53 -
% / / ?I/ )(f;p‘
/e f)(fc 2 70(( e o
2.0 ore N
e ¢ ¢ yeo
e _ﬁ:_‘l. 37(& »



JC-05 ’ . (-
47/7\ 4 A 7 Aa
[77~(7 57 3y . 356.¢ 3. 7%10% 2/ S
251533 ¢/ 35C I~ | 5:75[/6'/ '}Z)(/p ~/
15 1%} 2y 35¢./ “ /:3,(/03 G ¥y / <
w/‘5 3 15~ ~(5 e} £ 3557 5 ‘ S.e¥0” Czexe
rs 2 145( =156 i§ 356 C P ’ 20ve’ &
ﬁf)e“F) 17961973 2 35097 73¢7 7
- Ay 13FR~35¢ 10 356Gt/ 2,/ y00 > =z’
| /’KV(TL - A2/5-124} 7¢ 35¢. 7 s, sy’ | /3y -
e sy 137 336 awes’ 703 ’
| _f’\ wc7 2cs5-323 | 3% 7 /. ):y/p 2 58 Xop ¢
Comresife ' , :
| lomg = Bl prh 2773 43 ‘ VA3 /e 2¢re® v./ s ¢
ﬁ‘ﬁ:’f,ﬁ}’< Ue-uge s 1S 2w 50"
Selat - Vs /L 3 05 356 Yo 27 ”
(ot Goog T 7 30000 ¢ $xn~’
B e T T




»”

e

L 3
. . N 3
A\ S ? N

- PORE HO LLE Review Forwu

Il. Borsrore Ns.: VO -|

2. ToTawL DERTH: Soel T reh
3. Deetd o Casing:

4. REVIEWER" &, WINTER

H:

Im;;.etaut-u.
wWerl driled b.{ m‘;m]
sine wes 94 wmeh, Fheo oneaced

c;-F 566l P Jor commnt vepuvs b

From OViIgids le im r'eflﬂ'—/&r".:‘ A
¥

20y -y

130 = 1190

1230 - 1820

\$ho - 17180

1

”
D MO T N
v e D o

STRAT.
Ownr

Ty PEe

[.iTHoroQY of TEST

5. Date: 7-23-42
End, eled, = 570 H.

Resurrs - Couments

43
Syeee t badade 4 LA )

<r&e= W
led v 5580 4 come

pie rometonm statlatt

) bc.’d‘aw? ‘_\'o *’;,33'0 #.

Totlow of

Siddle VH’MS

4 o) of
W o

- [D"fo frza

Sactored busdt

$qQefy Frewchman Ot tabeiy,

S.‘we .

F‘:av(o[t,u{ 2N

SLITALOYUS,
Mgy vesiesizr
brecoia zoune
(2 Aow
C,Maa'h P g
1347 & AEE )

Rl

—EORATION
Y

 THISCOPY WILL NOT BE
REPLACED AND MAY BE
CHANGED WITHOUT NOTICE

N

PR el B |
UJJM. Y'Yy 4
toh 97 vaude
!f.rm:’ie 640";’0
Freachoszn Jr.
iy €009
/_f_‘rﬁ.ud(._ i:c',m'-.:‘ \

Fl'mck‘rel L/L-ga,!{
wrth Vesicsiar,
r’ubhlu‘ Zones £ ome
etev bed €3 How
coviacts ot 2,040
sad Z,086 004 2,10
. \\/wfaage between
2,046 aad 2050,
lover HOW. ave
Grunde £ snde )

ar mct 4 acraied water with det.
;rqlf:.rua,’. vy ”M__? 1o
ween ©24- 1220

cf..M‘«T. 1l7v’l(w\.1 Wi s SU:fPeM/}c&(.

_— l—-égp;t: 4—024. %./LS,

Head = 404

/‘-:!r:‘«uj' . gu '{'

Aot et
a‘-‘é*. -Ei-f‘ljz\/ldii&‘

Awd = 404 \&S’\’lwﬁ"cé‘w

-
Yt‘:{»X:O F'Zl ‘\90

';;7— ,OOUB
L !M&-&"‘ ¢
-MMYU 15“:"

NHead = 405
Uega = 07

HQ‘-‘;}AI = 4 ’:T

- 2,23 XI0

?M M’M I 4

cewpter

VM. avy k

S=9,0863

A 3

I
L 4

0

57

A5

o3



P,

t ' DorErOLE REview FoRM 2.8 2

-«

l. BGRbHOI_E Nb /'-—I ez -
2. ToTaL DepTH: &0t #.
s. Devrd oF Casing:

<, REV‘EWEE'. > WINTE B g. DP,TEO. F-24-83
M. StraT TeePe |
Tarervar Umir LithoroGy eeTest IResuurs- Comments
7—;( 70 - 2-,2-25 éﬁudey QAWJG L Mu) = 406 . Wl
2_'::;0 - :‘{plo " ll _ ng{' = 4’03
2620-2700 ' Fradured bassit Head = 402
with '/cﬂa‘%; _ -1 .H/
ll&’b’é&(v k”‘“"ﬂ k" I:Q’X'o 4 /z
Jesiwvlr 2nd A3
nbbl 2008 ( Flng
MLM & 2748
)
Ltp-210 « Fradured bostt Head =41l H,
WiTh Vesicled o . -5
x’w&bdfs }u.?il' k L‘BX'O /A 1
vesiediar aund rap-hical
wbkis 2ene 4 i .001%
How) condasis ot Peont
2748 and 2,798
a//ul P ) ,w—d
2862 .
E'.};f’é '5}236 ) T /V{oﬂ‘(% -Fra,:."rll@; Hf’-:&:l = <l -
bassit with <wail 0-" H/d
e O'F vecicolan \C‘ g‘é X1 4 7;76
Flow rvbble (Sry S = 0.,00800! .
¢andaet 3 178 &) , ’ar;fvhrul 4c W“i’w
’;:J'O"S\Hé t ' «Fr-;,cb(&] hagalt Hfdcl 4 q 2 g
| anth \esicriaf ke = 2.4 X0 "/ 9

! ) L Cgﬂy" -7
Z‘:;.u¥a;? Compube 4 '01/‘

S FORTATIOR -
BOPY

THIS COPY WiLL NOT BE
REPLACED AND MAY BE
CHANGED WITHOUT NOTICE

%
[$ o)



RorEnoLE Review Fornm =2 A 3

. Barerore Neo.: OC-1 .
2 TeoT AL DepTH: S 6ol #

_Deetd oF Casing: o
4. REVIEWER: @,wwnze 5. Dure: . T-24-42

e o 5 - Conmenrs
‘INTCRUAL ?JT::ZG'T. LITHOLOG:Y of TEST ResuLrs Contne

.t chzA*-403

; ?, -3 Z% .2\1'?”!!"& B‘-"(—)t

Need « 408
sp20- 348 " . :}J:ﬁ.f({zivw:s - c= 5.,0XI10 &/A ’]’ 44
(low Jﬁwj;n 0
oA~
Hows .,ﬁﬂe m h
dsusrh] s cdmuw)
2174 - 30: t | I r " \'lrja)-: 379

-3
| = 35x10 4 TS 3l

- 4 - " hl : /'- /' - Séé
2 o - A 00 1 * dens :
2 :

INFORNATION
BOPY

THISCOPY WILL MOT BE
REPLACED AND MAY BE
CHANGED WITHOYT MoTioE




KWELL LOCATION:

LITHOLOGY: BSLT
SURFRCE ELEV(FT):

HANFORD SITE~ LAT:

$570.50

46.5761

WELL DEPTH(FT):

LONG: 119.5179

HYDROGEOLOGIC UNIT: CBRV

4833.00

o o e e

INLON LNOHON. QIINVHD

38 AV ONY G3Vd34
38 10K THA 240D SIHL

Ad0I

435 i ] —' 1 1 1 3 ' | ] ' L ] ‘ L] ' ] ‘ | ] l | ] l 1 ] i 13505
[ ts 8728 R of u)‘;mfwm + U}-fé’:‘"f 100 H. c'r Gvaudelonle :
430 |- it a2t f{ bl WY’ - 148.5
- . *? 277 -22402 B .
. .v ’3,7?‘ - 405 {;' i ” )
N dl p €@ " -
425 |- z ‘ 1760 - 4847 - 145.5
& - ]
(W] o .
b L -
420 - -1 150.5
@ X N
= i ]
: I ]
Ho 415 - ~ 155.5
@ = o
a - o
| = u
u o -
410 |- -1 160.5
E_% 45 |~ — 16§.5
‘ - A > . ]
S=) - rey pe—> i.’.ock-uel\ fdc-mv-ctg' -
3| 400 IS ISP DULI T DUNUNUN SN ST I SR SRS U R 170.5
% 72 73 74 7S 76 7?7 768 78 8e 81 82 a3
= YEAR (19__)
== HYDROGRAPH FOR WELL LOCATION WANFORD SITE-
FILE BDC-10S
A B2 uns coral wdo hasalt about Go B4 Thom

B R

,C(’O Gudd '3 300 . d=pthe,
eeltcw e\ f‘”'“ auvt 'd\oas.b. .~lt, that lwk—ar]e exssts LS hele between p»ezamleorf- — el -

Dc- | H!J‘c’ vewag df-en La‘*ueew

DEPTH BELOW LAND SURFRCE (FEET)



LTSS SR FLE AT P ’ '{964

Ve <t . . :
4 Sdide ArM. \-)f. é éoo, My | }’/ L
) . . . { 4,‘3;“’ % I’/r
i 0" 1+ AF
. TEST NUMBER 1 r P
-® AND INTERVAL - o Wl s
"TESTED P4 O EsTiMATED”
11, INJECTION / AVERAGE AVERAGE
1EST HYDRAULIC HYDRAULIC ESTIMATED
ST, SWABBING  TRANSKISSIVITY /  CONDUCTIVITY  CONDUCTIVITY  TRANSKISSIVITY
TEST DETERMINED /LOG  FOR TEST  FOR LITHOLOGIC OF LITHOLOGIC
DEPTH  PT, PUMPING FROM TEST -/ OF 20KES, 10RES, 20MES
B Jifest) TEST {opd/ft) §° weLL  (gpd/ftl) (gpasee®)  ~ (gpd/tt)
£ _ 137 o, fbf
0% K \
.;';'v‘_- ) . r . .
= wo L w2 | Te12 { }u'-z.zno" Ke.22
B2 B : Te26
,} . N _ Xe.22
,4.‘:*“- . - © o K-:Zi
b soo |- im | Ta500 "-"{;i’ K-14.0 Te490 -
WY ‘ Te1600 < Gels Ke.22 Te3
'j‘:!" 11 _ Ke.22 Tels
B9 1} : 600 |- ‘
%% Se s '
:} - : -
4. .CO‘L 4% k=10 .} Tel040
fgsd v .
ks I ‘ 00 | . L
Fid ' ‘ " k-.22 Tes
v L : : k=14 T=19¢
s B P12 ‘
sy :
*.{. s ] 800 F 1>1500 < K=, 22 =17
iy i‘ . : .
Loy I :
! : e T T-2650
g s00 |- F -
Y- []
%9 !!
& j PT3 [2100 < Ke.22 "4 Teg
e k)
% W 1000 L
ﬁ? .
ad .
P
s B . LITHOLOGIC syMBOLS CONVERSION FACTORS
= B . BASALT, DERSE HYORAULIC CONDUCTIVITY, K
P I BASALT, VESICULAR 1.0 gpd/rt? = 0,124 n/u{
2l BASALT, FRACTURED 1.0 ft/day = 7.48 gpd/ft
i H ' WLATHERED OR reHeay ®
¥ BRECCIATED TRAKSMISSSVITY, T
#al TUFF _ 1.0 gpdsft « 0.138 fe2/day
e SAND - 1.0 felfday « 7.48 gpdstt
=Y GRAYEL : '
} : CLAY
2
,-;."& j
IR
b d '
".'b'
q_ 3 . N > L > > . 4 3
£ FIGURE 10. Valies of Transmissivity and Hydraulic Conductivity
. T of Lithologic Zones in Well ARH-DCpL RN ATI00
3 I
¢ BOPY
.’: -
g 42 THIS COPY WiLL NOT BE
B : REPLACED AND MAY BE
"},- ] : CHANGED WITHOUT NOTICE




TEST- NUMBER

AND INTERVAL
TESTED

IT, INJECTIOX
TEST

s
ST, SWABBING

. TEST
DEPTK PT, PUMPING

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

suet)'

-

TEST

P13

1715

TRANSMISSEIVITY
DETERKINED
FROM TEST
{gpd/¥t)

T1>2100 <

AVERAGE
HYORAULIC
CONDUCTIVITY
FOR TEST
ZONES,
{9pd/rt€)

> K'=2.76x10"

WP T PO PPy

T

A aaae b L e 2l G

ESTIMATED
AVERAGE
HYDRAULIC |
COKDUCTIVITY
FOR LITHOLOGIC
20MES,
(gpd/ft€)

[ xe.2x10°2

K»}.4
 K=1.2x10-2
Kal4 -

} Xe14

i e V W e .

> xe1,2x1072

A

> Ko} .4

L xe1.2x10"2

7 %=9.15x10:2
} Ke}.2x10-2

} K=1.42

b ke1.2x10°2

1

1 ke9x10°?

4 k=1.2210-2
}>K-9IID'2

P Ret.2x107?
? X=9x10-2
Ke1,2x10-2

4 K+9x10-2
Kel,.2x1Q-
}x-sxlo-

A,

| kesat0~2

}:-l.zxto'z

[ K=5x10"2

[ xe1.2x10°2

A e, A, Y R

hke2,4x10-2

ESTIMATED
TRARSHISSIVITY
OF L1THOLOGIC
Z0NES
(gpdsrt)

L Tel.4

j} T-48
3 Te0.2
+ T-560
3 T

gy
-
-t
-
L]

v
-4
»
~N
.
w

N

'”Vf)

o

GOPY

THTS COPY WILL NOT BE

REPLACEDAND MAY BE .
CHANGED WITHOUT NOTICE

INEORMATION




OCPTH

-(feet}

. 3108

3200

3300

3400

3500

1660

3700

3900

4000

4100

4200

4300

-

4

TEST NuMOER
AND INTERYAL

TESTED
IT, INJECTION
TEST
ST, SWABBING
TEST
PT, PURPIXNG
TEST

1724

17123

- 1726

1730
TN

1729

TRANSMISSIVITY
DETERKINED
FROW VEST
(opd/Te)

Ted.d

T3.3
T+4,)

T=2500

FIGURE 10.

45

AYERAGE
HYDRAULIC
CONOUCTIVITY
FOR TEST
T0XES,
(spas1es)

K'=3.3x00"2

K'e2.3x00°2

K*=3.12

(contd)

AP
>
-

‘ESTIMATED
AYIRAGE
HYDRAULIC ESTIMATES
CONDUCTIVITY TRANSMISSIVITY
FOR LITHOLOGIC OF LITHOLOGIC

ZOKES TONE o
{gpasred) lapa/tt) i
J» xe2.3908°% 1 1e4.8 !
-ﬂ+ ke2.3:10°2 | te0.8 i
4 Xe9.15210°4 Te1.}
{ eso.i- { 1-s08
> £e9.15210°2 } 1e3.3
< < -
b re2.3x1072 | o208
1 x=9.15x10°2 § ter.6
< 2 1
} K«2,31210 } 1-0.3
1» Ke9.18210°7 ﬁ} tea.2
] 1 .
b ke2.3210°7 " } 1e1.3
1 xes.isa10°2 { ret.s
1
W. K=2.3x10"7 | ter.s
4; Ke9,15x10°7 *} 1e2.4
k -
Te7.0
b ge2.3:00°7
< 4
| k11,8 } Tes00
b k=2, 3107 L ran
1 [ ] -2 1 - .
} wessare } 1oz

INEORMATION
BOBY

THIS COPY WiLL HOT BE

REPLACED AND MAY BE
CHANGED WITHOUT NOTICE

9" wewme- .

A maa e R T ..v-.FJ




ot

406 OF MU
AL A

0 (VR BPUTATION
©F CHOPUYSICAL LOGE
A COA S

LB c i

G

H]*
41
Ladod

s

Pl M
08

(contd)

FIGURE 2.

T e A
Tt 8 11 Tt 11
(NFORMATION
GOPY
THIS COPY WiLL NOT BE
REPLACED AND MAY BE
14 CHANGED WIiTHOUT NOTICE

>

s

(5
%

MMM;AW”..- ity




. s
Table 2.--Descriptions of core nomples fram vell uu-nc-ll’ '

. [y R, 2. 8rown, Bactelle Memorial tnetttute) s
-
"
Core ] Core
aombef Description nunber Description
JecennceCored interval 706712 faetl. Recovered, & feet. A 13-cocancCored lnterval 3,171+3,173-1/2 feet, Recovered, 2 feet,
. dense, Cing-groined te glavey, Wlack baealr. Nighly R A sandy gramule gravel, with well rounded granules of
jolnlrl. with core segnente averaging & fnches {o Sssalt about 1/8 inch in dlamrter. Carbontczed wood
length. A trace of tull ot- the wpper end of the core occurred tn the sasple, probebly carbonized by hest of
probably zepresents cave<in either {rom the overlying the flow overlylng 1t, The sand had been bated by the
Squav Creek dlatomtte equivalent (st s depth of 673~ everlying flovw, slse {ndursted by secondsry quartt.
685 £t) or fros the higher Rebton bed (about &£80-500 The higher pact of the core o a highly veslculer ba- h
I}, Alteratfon to present on seass and jointe, slse . salt (of the [lov overrunaing the Intarbed) (a pleces
occnetonsl veslcle (1)1inge nccur, Thie fl-w sppears up to 2 tnches nenimm Tength, Moot of the core is In
te be the Sand Mollow flrw of the Frenchoun Springs . rounded fragments sdout 1 tneh ta diameter,
Mowher. (See Mackia, J, R,, 1961, A atratigraphte N
section tn the Yokima Uasalt and the Ellensburg Fore 16-cco~s<Cored taterval 3,216-3,2]6 feet. Recovered, ¥ feet. A
. sation w eouth-central Vashington: Vashington Div, ° darh groy, holocryetaltine, coerse-gralned Bacalt,
Mines and Ceclogy Rept, of Tav, no. 19.) . Highly jotnted with the averope Teagih'of cote ahout 7 -
. . e inchee. Joints cowmonly occur st engles te the cors of
ge-esvo~¥o core secovered. Depih 788 feet, o about JO-40°, vith sowe at vight sngles. One large wug
wae lined with quarte. .
© JeesscscCoted Intervel 283-784 fret. Recovered, & incheo. A

weey [ine-grained glosuy, black basslt, The flov ap-
* pears te e the Ginke flov of thé Prenchmsn Springs
Nesber. " . -

17eccsceCored interval 3,234-),246 feet, BRecovered, 2 feet, A
vestcular flov Breccta with scorfs, lorar the contect
gone betveen Core 16 flov snd the flow bensath Core L7,

bl ¢4 . Rany pleces ol the core are 1 lanch or Yevn {n dlsacter,

. 1 feeesewn-Cored faterval 1,180-1,190 feet. Recovered, 2 feet. One plece J-Inches long containe nuserous yet unidentfe

1 1 Volcantc tuff, aftered Jaigely to a Pentonitic clay. fled zecltites and aJs8 scoe chaleedony.
oo ;‘-.' Mard, compact, tough and dense, Indicating probsdly .
b N . not & depositionsl clay but an ta-place alterstion. 18-v-v-c-Cored Interval 3,631:3,52) feet. Recovered, )-1/4 frec.
A v The sedinentary bed has not previously Seen deacribed ‘A ftre-gratned, dense, Black, veelcular Sacsslt frem nrae
"~§ 4 or recogatzed. It lles Vetween vhat appeara te Ve the top of the Baselt flow. The core copldly bocoors
‘{u‘ A : the overlylng Racky Coulee flov and the lover Dry less vesicular drvnvard., Many veofcles are lined with
Ny . Culch flov of 3. N, Mackin. (Sec above reference.) seolftes. Only & fewv veolcles are dravn out or flate
5.'-‘ . tened. Yugs eccur bdetveen 3,618 and 3,318 feet, thea
‘?t- $ecceccsCored Interval 1,709+3,711,5 feet, Recovered, 2-1/2 the core changes to & normsl monvesicular Sasale,
¥ fert. A dense, derk gray, sedive-gratned Sasale,
:i The color, arain slse, and the length of core seg- 19-cccaccCored Interval J,431-),45) fret. Recovered, 2 leet. A
=f, wments (up te B tn) Indicate thet the core come frem highly vesiculor, Tine-gratnrd Moaglt. Core fa sany
? naar the dase of the vanamed flow, (ragrents. Some zeolites tn some of the veeicles.
Tew fessceco-Coted (nterval 1,300-1/2-1,387 feet. Recovered, 5.9 20--ccee-Cored interval 3,433-3,481 feet, Recovered--ns core.
o feet, A sedlua-gray coloced, holocryatatlitne, v ’
;‘:t coarac-gralned bsasle, The eslor, crystallintey, 21ccccecCored lnterval 3,494-3,506 fret, Recovered, & fret.
! and leagth of core segoenty (sveraping about 6 fa A basalt flov Sreccia (row 3,693-),497.2 feet with &
at long and wp te 16 {m long) suggest & probably sarstive tuflaceous salrin. Underlaim By o Pine-gralned glarsy,
= basalt flow, The geophysical logs suggest & bresk bleck, highly Jointed basslt.
{flov top) et shout 1,160 feet. Pronfuity of be

113
of thias type to & (low top suggests a thick, massive
Now,

The breceia suy be either
& flov brecela overlaln by a thia cull bed, or may Ve on

sltered ptllow-palagenite or brecefa-pelagontte comples,
Vhether the breccta represents the base of the overlying

=2 znfﬁm*f'."c

. tlev or the top of the lrwer Tlow connot be ascertatned.
Yececsnc<Cored Interval 2,779-2,784-1/2 Teet. Recovered, :
$ feet. fdemtical te appesrancs te Core §. More 22-eoecnsCoted tnlerval 3,3523-3,3275 feat, Recovered, 2 feet. A
Jointed, but core evidently follewed one vertteal fine-gratned, dense, glessy, Black, htghly jolnred basale.
oint,
* J . 2YoneccsaCored Interval 3,3558-3,560 feet. Recovered, 5 feet. A
§ococcsvCored Interval 27,943-2,954 feet. Recovered, 11 feet, highly veslevlar bassit. Conetdersdle opal, reolttes,
A highly vestcular basslt and flev breccia contatas and chalerdoay tn vesleles. -
ing & trace of cardontized vood. Veslcler are wp te
on 1ach (o diancter, especially sbove 2,930 feot. 20cacececCored Interval 3,397-),599 feet. Recovered--no core.
Velov 2,950 fedt the core beconcs wore solid, lese d
veateular, and with conterted vesicle bands., Top of 23+ecccscCored Interval J,399:1,002 feet. BRecovered, I Inches. A
basalt flow.

very (tne-gratined, dense, Blach benslt.
feldspar phenscrysts.
erat of rock.

Occastonel small
Yesicles constitute 10 to )0 per-
9oceccccelored fInterval 3,087-3,089 feet. Recovered, 2 feet.
A very {ine-grained, glsusy, black basslt, Core in
gegmente up to 1-foot long, wost d-tnches long.

20ecccceclored Intervel 3,532-3,039 leet. Recovered, & leet. A
Core barvel tvteted oft.

dense, mediun-gratned, dork gray bassit., Llocally greeninh
k gtey (n coler prebably eving te chlorttication. Occentonel
$0seccenceCored Interval 3,103-3,103-1/2 feet. No recovery, wvuge and vesleles F1l1ed with chalcrdony, some quarts.
Core darrel tvisted off. . Righet coree have contslned dominently quaris and geolites.
. Core nccure in segwente 3-4 fnches Tong with scoctered
1leccecce-Cored Unterval 3,107-3,117 feet. No recovery. , vestcles.

. .~‘.”.~v- A”-.",,ﬂ.".’;v .

$2esnsccaclored interval 3,126 feet.

Dté not cwt. Ruined core 27-ceccccCored fnterval 3,935-3,938 feet: Recovered odout 2 Ceet,
head. A tine-gralned, dark gray to nearly black basalt, Peld-
. N spars cosmonly sbout | am long. A few vesicles Jlned with
13cccccaslored Interval J,128-3,128-172 feet, Recovered,
3-1/1 teen.

R secondery oinerale {chloropheeitel?) snd gquartz. Nost of
A fine~grained, glansy black beselt, - . cora 2+& tnches long, one plece I-foot leng.
. > IheescncoCored fnterval 3,163-3,108 feet. Recovered,

2BecccsecCored Intervel &,28Y-4,292 Cres. Recovered, 2 feet.
1-1/4 foot,

29cccccccCored Interval 3,140-3,149 Reeb. Recovered--no cers.
¥eerannCored Interval 2,028-2,836 feet, Recovered, § feet, Ve-

sicular bacalt., Thin core vas cut fa a devioted, sat the
eciginal, bore hele,

1/ Stratigrephic nomenclature dews mot conform to D.S. Ceological Survey weage,
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" Teble &.-+Summary of results for analysis of hydravlic dats

collected Cor rones fsalated by poackers fa well ARM-DC-)

Apparent undieturbed

-

Interval Teot ' wster level Conguled ll‘nn-nl"lvi;yz,'
(depth {n feet) nuaberd (feet balow 1and surface) (srd/te) (18 /day)
2416 m Uyg.9 Y10 Uy
1M | meene TR .3
sn _I."a msone esee
430-330 n -eene ~500 -7
Fr; i’l.’.‘ ancse cscn
340-620 1Th 163.2 Wigh
630-112 s 166.2 . R cuee
" #20-1,190 118 170.8 - | ceone cenn -
$30-970 1y St I Nigh
1,130-1,190 1Y ‘ .
T 17 163, nigh
1,330-1,520 1118 1681 2.6 e
. 1S 167.1 . 8.
1.360-1,730 1) e Lov
STI) 166.0" Low
1,760-1,930 11 S Lov
s 166.7 Low
1,970-2,160 1 /sy Mes.e 3857 TR
me oo 64 3.3
stl‘ _II‘,., wevew LIt
1,100- ) .
+100-2,200 :‘gl e -
2,170-2,228 st 166.0
2,240-2,420 1m0
L] . . ST’D - conce lﬂ
2,830-2,610 s 169.2 - -
sTis —.ees Lov
1,600-2, 780 s 170.14 170 3.4
1,730-2,910 e b LTI Yo Yo
1 ceaem 2.1 0.19
ST16 160.7 ceees conee
«
2,920-3,103 sty S/ >183.1 Low
3,166-1,236 we/27f ¢ a0 Usis.e Mea.s
. 1723 159.8 . 383 K
3,166-3,198 1126 353,08 2Ny Yo.u
1124 creeee .8 0.84
- ST24 i 162.9 oveae coren
- ’i
3,206-3,266 s128 I/ 17i ] 188.6 - -
3,320-3,451 1me ceenn 3 0.8
ST26 164.5 PN conen
.3,360-3,597 e >180.6 Low
3,514-3,67% $T32 creeee Low
3,530-1,597 s127. >173.9 Low
3,274-3,93% 1m0 e orar 33 0.4
ST i L1 0.3%
3,910-%,020 1mas Il ¢4 206.3 ~500 ~47
4,080-4,283 sT0 204.2 Y- cseen

I The prefta IT tndicates sn fajection teot; ST a ovebhing test.
|

1 Valurs of trensnlssivity glves as "high” or "lov™ (ndicete that the vater-lrvel dats could aot ba

used to ohtata a numericsl velue,
ably 1s fess than 10 apd/ft- (1.3 fx2/day).

esceeds 300 gpdltt (o7 (c2/day).
A/ These values are obtalned by digits) conputer progras.
&/ The value.of vater level glven fo the aversge obtatned from recevery during injection

24

Por those teot reoulte 1ndlicated as “low,” the tronsmissivity prode
Por those tndicated as "Aigh,” the teansmtsetvity probably
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FIGURE III-28_:M Hydrograp'h( of the Water Levels in the DC-1 Piezometers from 1972 through 1979.
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WELL LOCRTION: HRNFORD SITE- LAT:

46.5761
LITHOLOGY: BSLT

LONG: 119.5178
HYDROGEOLOGIC UNIT: CBRV

SURFACE ELEV(FT): 578.50 WELL DEPTH(FT): 4833.80

435 ' I | I 1 l T I 1 r ] ‘ 1 l 1] l T ] 135.5
- 4
432 |- —~ 148.5
- 1
- 154 i
425 — 145.5
I .
428 - — 158.5
. .
415 |- — 155.5
410 —-{ 160.5
N i
405 — 185.5
4pa L | | IR U RN SR R SN ST SUN ST SU RS | 1 y70.5
72 73 74 75 78 7? 78 78 88 81 82 B3
YEAR (1S_ )
HYDROGRAPH FOR WELL LOCATION HANFORD SITE-

FILE: DC-1

DEPTH BELOW LAND SURFACE (FEET)
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GRANDE RONDE BASALT

SADOLE MOUNTAINS BASAL1

Sentingl.aiuffs

>
P

‘x

Schwana

Flow

Elephant Mountain

Rattlesnake Mountain
Interbed

Pomona

Selah Interbed

Esquatzel

Cold Creek Interbed

Umatilla .

Mabton Interbed

Priest Rapids Il
Priest Rapids 1
Roza

Frenchman Springs 1
. 2
3
4
5
6
7
8
Vantage Interbed
1
2
3
“Through Runner" 4
5
6
7
McCoy Canyon 8
Umtanum 9
Flowtop
Entablature*

Lower Colonnade
very-high-Mg 10
11

A1l values are in feet

* includes any upper colonnade or tiers (Long, RHO-BWI-ST,

Predicted and Observed Stratigraphy in

the Principal Borehole

Predicted Predicted Thickness
Depth Thickness Range
85 10
100 t5 -
135 15
50 t5
125 15
70 £15
225 £15
140 *15
1523-1685 162 10
1685-1755 70 +10
1755-1925 170 +10
1925-2105 180
2105-2205 100
2205~2250- 45
250-2290 40
2290-2355 65 [ 740 230
2355-2470 115
2470-2595 125
2595-2665 70 /
2665-2680 15 5
2680-2745 65
2745-3800 55
3800-2970 170
2970-3235 265 > R
3235-3350 Ns /930 =30
3350-3395 45
3395-3465 70
3465-3610 145
3610-3825 215 £15
3610-3675 65 25
3675-3805 130 £35
3805-3825 20 0 to 50
3825-3875 50 +20
3875

3892-3973 TD
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Observed
Observed Thickness
Depth {as of 6/23/82 :

603-686 83 |
686-783 97 ;
783-941 158 !
941-986 45 '
986-1104 118 |
1104-1167 63 ?
1167-1399 232
1399-1523 124
1523-1689 166
1689-1749 60
1749-1922 173
1922-2104 182
2104-2217 13
2217-227 54
2271-2381 1 8t
2381-2489 108
2489-2617 128
2617-2683 66
2683-2687 4
2687-2720 33
2720-2823 103 .
2823-2993 170
2993-3255 262
3255-3388 133
3388-3417 29
3417-3475 58
3475-3607 132
36073839 232
3607-3755 132
3755-3839 53
3839-3892
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“Internal Letter | @ ‘% Rockwell International

™

Date. July 19, 1982 . No . JHL-72100-878-82
TO: {Name, Organi2ation, Inloi;l'i' A:ddrn" FROM: lﬁi;nd; Organization, iIntetnat Address, Phone)
Those Listed . J. H. LaRue
. 6-7209

’

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

Attached is the agenda for the upcoming BWIP/NRC workshop.
A 1ist 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.

DR T

J. H. LaRue
Staff Licensing Engineer

JHL/amd
Attachment
Distribution

R. A. Deju
H. B. Dietz

E: .'J‘: (émge:; HME@@M]@FUN
R L. Jackson LopY

. Leonhart THTS CGPY WILL NOT BE

. REPLACED AND MAY
Pidcoe AYBE .

* . CHANGED WITH

. Smith OUT NCTICE

. Spane
. Strait .
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July 21, 1982

8:00 a.m.
9:00 a.m.

10:00 a.m.

12:00 noon
1:00 p.m.
2:00 p.m.

July 22, 1982

8:00 a.m.

| TFORMATION |
L copY

THIS COPY WILL NOT BE
REPLACED AND MAY BE
CHANGED WITHOUT NOTICE

a‘m.

July 23, 1982 -
8:00 a.m.

8:30 a.m.
3:00 p.m.

July 26, 1982
~10:00 a.m.

AGENDA
BWIP/NRC HYDROGEOLOGY WORKSHOP
July 21f23, 1982

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
DATA )

R. L. Jackson

Lunch
Tracer Testing

Review of DC-7/8 and DC-3

L. S. Leonhart
R. L. Jackson

PBB/Third Floor Conference Room

Mofning 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
Mdfning Briefing Squires/Fitch
Cohtinue Borehole Reviews

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

PBB/Third Floor Conference Room
Formal Debrief DOE/NRC/BWIP
. Management

¢ Agree to 1ist of data needed by NRC
¢ Agree on results of visit
¢ Agree on next visit on Hydrology



Longitude: 119.654735826
Lithology: BISLT
Hydro unit: FRIEST RAFIDS IHTERFLOW

Surface elavation: 235.68 fe=t Cefeuge!

- 3
Well depths: 968 feet bn ot mquu/';ry /02)

Records in file 9 i

1 m 21.1816 -72.9260 & m 21,1123 -7?8.55060

2 m 21.1826  -73.£000 ?om S1.1211 ~73.57008

3 m B1.1838 -~73.3400 2w 21,1221 ~S@, 3300

.4 m S81.1118 ~76£.8500 9 m 92.0438 -29,5400

S m S81.1113  -77.5940 ' o o
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ML LORTION: HFD 9T:NFR LAT:  45.5857 LOWZ: 119.4153
LITHLDAT) ELT HYDROBEILOAIC UNITH HFETOH INTERECT
SRFACE DLEVFT 338.%) L IERTRIFT 1483 .83
418 T T T T T T T T T T T T 13,3
417.0 1e.?
- 4375 jz.9 E
T na.t g
& 417.8 113.3 g
; d
437 1.3 E
496 B 189.?
41E.§ PY0 SE OE OO0 AN NN WO N U O NN VA BN U NN VOV U NN OO N TSNNSO N NN M AN NN T SN UAY NN N B S AN O N O B Y ) 113.8
?8.5 ) ns 10 .5 ' 815 & 825 a3
YEFR CI1B_)
TN POM ML LOCATION H470 STt 0T
FiLE) -4
12 Aug 11:50:48 am
File name DB-7
WHell location: HNFD STi:HERR HHWY 248
"Latitude:s 46.4892579629
Longitude: . 119.421188342
Lithology:! BSLTY
Hydro unit: - MABTON INTERBED
Surface elevation: 531.32 feet
Well depth: ' 812 feet
Records in file . 75
1 m 78.8706 128.4000 39 m 81.10062 136.79606
2 m 78.0836 129,.5900 486 m £1.1609 130.9300
3 m 78.1004 129.59680 41 m 81.1016 131.0409
4 m 78.1108 128.9200 42 m £1.1023 131.1906
Sm ?8.1219 128.8400 ’ 43 m §81.1630 131.2000
ém 79.0208 128.7600 44 m 81.1119 131.1560
7 m v9.8312 128.8400 45 m 81.1113 138.9060
8 m 79.06411 126.5000 dé m ©81.1126 131.068300
9 m ¢9.8588 128.8300 47 m 81.1264 130.9900
16 m 79.0625 129.14006 48 m 81.1211 131.0269
11 m ?79.6803 129.1100 49 m 81.1221 130.8800
12 m 79.8912 129.2560 56 m B82.010% 1308.60800
13 m 79.1002 129.4€600 St m 82.0122 130.€760
14 m 79.1188 129,.3660 52 m 82.0129 130.6600




HELL LOOATIGN: H¥D ST:0EFR
LITHCL DAY BT
SLAFACE ELEVIFTI

LAT:

4E.40893

.= MELL IEPTHIFT)

Lotel:

119.4252

HYIROBEILOAIC LNIT) MFETUN INTEREET
a12.30

s T T T T T T ..,:uma
434.§ %IHJ
4a¢ élua
E &
. 185 Jizs &
E “=3 "El!l.! E
2 iz EI“J g
5 ] §
E 402 Jizs.2 é
d 483.9 -EI!’.I E
1 &
4ai o 13e.3
43,9 élmm
JPP~T ) TN TN VO T UK T 1O NS O O T Y T T O T T T T T T IO G I Y O o T A N I | :ul_,
78.5 74 798§ L1 ea.s ] L5 a 82.5 a3
YERR (18_)
HOOETT N POR ML LOCATICN 70 aT: M
FILEs O3-7 —
N INEORNMATION
File name ‘DB-11A '
Well location: HNFD ST:YRKIMA BARRRICADE HB[]E)Yy
Latitude: . 46.5796133762 THIS COPY WILL NOT BE
Longitude: 119.725159633 REPLACED AND MAY BE
Lithology: . BSLT CHANGED WITHOUT NOTICE
Hydro unit: " PRIEST RAPIDS -
Surface elevation: 786.17 feet
Well depth: 1646 feet
Records in file 39
1m 79.0318 150.1%60 21 m 81.6828 120.00006
2 m 79.6907 128.64060 22 m 81.68904 120.36068
3 m ?9.8912 126,.42060 23 m 81.1697 120.4460
4 m 79.0924 ~127.4200 24 m 81,1009 121.89648
Sm 79.8927 126.1960 25 m 21.1016 121.8980
6 m 79,1068 126.1900 26 m 81.1020 122.4500
7m 79.1017 125,.73060 27 m 81.1022 122.10060
€ m 79.1106 128.6400 28 m 81.1023 122.21006
9m 79.1169 128.0400 29 m 81.1030 122.7806
16 m 81.6612 113.6890606 36 m 81.1110 122.7300
11 m 81.68619 114.30600 3l m 81.1113 122.20060
12 m 81.8626 115.820686 32 m 81.1120 122.37860
13 m 81.8782 116.8100 33 m .81.1124 122.2500
14 m 81.6716 116,11060 34 m 81,1124 122.2600
15 m 81.6717 117.€608 35 m 81.1211 11,4000




16 m 31,8724 118.6600 a 36 81.1221 116.8500

m
1?7 m 81.0731 119.9509 37 m 82.0108 115.4800
I8 m 81.6807 119.9€00 ' 38 m 82.8122 115. 3700
19 m 81.0814 128.5700 39 m 82.8129 115.7500

20 m 81.0821 119.4500

User aspect ratio: .054687
Angle = ATN(-Aspect_ratio*Slope)

[FOBMATION
6OPY

TS COPY WiLL ROT BE
REPLACED AND MAY BE

CHANGED WITHOUT NOTICE




1L LOOATION: HED 9T:THIN LRT: 4&.5?§§ Lo 1197352
LITHOLOGT) FLT HYTRDIECUOAIS UNITI FRIEIT RAPIDO®
ARFACC DEVWFTIT  ?86.37 MO ISPTHIFTY)  IB46.88

s vy e T T 1L
o ]
L-14 } od -j118.2
o 3
[ . -
= . 1ZL.2 5
C - &
- - -’
E =l Jis.2 g
- L. -
g _f . =
= €56 - ~laLe 2
- o o
& F > g
g e=x - J 138z g
[™] - o =
3 -
s4s |- qrz
o -
essf J 1482
. =8 S T U WO NS Y A R N SO Y WS S [N SN N WA TN NN TU TNV ST SN RN ST N SN NN T N S 191.3
78 71.8 BE a8.§ [-}) 1.5 ga 8.5

TERR (I1B_)

MUY FOR MELL LOCATION M0 3T: 7 TN

12 Aug 1:28:12 pm m'f}‘m | Uml}'ﬁm&ﬁﬂ@m
File name DE-11B CORPY

Well location: HNFD ST:YARKIMAR BARRICADE
Latitudes 46.5796133762 el
Lithology: BSLT -
Hydro unit: PRIEST RRAPIDS
Surface elevation: 786.17 feet
Well depth: 1210 feet
Records in file : 7
im 82.6331 ~132.2700 Sm £82.0683 -126.50800
2 m 82.8429 -132.6600 6m £2.8611 -125.6908
3 m £2.08520 -130.2100 fm 82.0617 -123.9500
4 m 82.8528 ~126.2600

User aspect ratio: ,B820833
fingle = ATN(-Aspect_ratio*Slope)



ML LORTION: HFD 87 1FIN LAT:
LITHOLOAY: ELT
SRFACE ELEV(FTY

d4£.5798 L43:  L19.7252
HIRMIECLOIIC UNITY PRIEST RAPIDE
12ik.a@

FBE.17 ML IERTHIFT)

-1322.8

81?7 |-

LAREE DNUL AU UL BN T T T vy

- -tatL.8

-1 -l3e.8

i |
E “an} Jot2en &
: 319 =~ —'laﬂ.lig
E ¢ - --1:7.|§
2 ) —-lan.ng
- J E
ate |- --uas.lE
an - —{-tz4.m
218 PR T R N B | PR T WK A N N NN TN WA W W [UUN U SOV WA N IS T T SUN B YT
n2.2 .05 82.9 &2.35 82.4 ae. 45 83.5
YERR (1B_)
HOMTrr Y Fom D?‘TI.J‘L;:-I:V;:GJ D 3T VTNIN UmE E}m&vﬂm
" 12 Aug 1:32:57 pm @@E@W
File nane DE-12 THIS COPY WILL NOT BE
Hell location: HNFD ST:BELOW UMTARNUM RIDGE REPLACED AND MAY BE
Latitude: 46.616897644 CHANGED WITHOUT NOTICE
Longitude: 119,783565984 . —
Lithology: BSLT '
Hydro unit: PRIEST RAPIDS
Surface elevations 486.15 feet
Well depths 707 feet
Recordszs in file 62
im 78.0828 88.4360 32 m 81.1809 8€6.3800
2m 78.8927 88.26060 33 m 81.10816 86.5500
3 m 78.1103 88,5900 34 m 81.1623 8€.8000
4 m ?8.1219 88.7200 35 m 81.103a@ 87.1300
Sm 79.08206 86.9700 36 m 81.1110 €6.8800
6m 79.8309 88.4900 37 m 81.1113 86.€6100
7 m 79.0416 88.0900 _ 38 m 81.1120 87.1480
8 m ?V9.0507 88.4600 39 m 81.1204 87.06300
Sm 79.0801 81.0900 486 m 81.1211 87.06808
16 m 79.1112 908.4300 41 mn ©1.1221 86.5160
1t m 79.1206 89.7800 42 m 82.0168 86.2100
12 m 80,0207 88.6800 43 m 82.06129 85.5000
13 m 86,0385 69.4300 44 m 82.602605 85.8500
14 m 80.0410 89,7800 45 m 82.0219 85.2300
15 m 80,0620 85.1300 46 m 82.86226 84,9600




.16 m. 81,0612 £0.3600 4?‘m' 82.0385 83.9608
17 m 81.0619 79.5790 48 m 82,6331 80.8100
18 m 81.8626 79.0100 49 m 82.0486 81.04080
19 m 81,8782 79.2700 S0m 82.0422 81.12060
20 m 81,8718 78.0900 Silm 82.6429 81.82060
21 m 81,6717 79.1400 52 m 82.8586 81.9500
22 m 81,0724 79.6800 53 m 82.6513 81.4600
23 m 81,0814 88,5608 5S4 m 82.6528 81.1760
24 m 81.6821 81,2700 55 m 82,0528 80. 6480
25 m 81,0828 82.02006 Sé m £&2.0603 80,3200
26 m 81.0904 82.7960 S7 m 82.0618 86,3060
27 m 81.8911 = 84.46060 S8 m 82.8614 £0.3498
28 m 81,0918 84.9308 59 m 82.0617 86,1208
29 m 81.8923 85.5700 680 m 82,0624 79.6508
309 m 81.86925 85.6390 6l m 82.0761 79.1200
31 m 81.16062 26.6000 62 m 82.6709 78.9500
User aspect ratiot: .17578
Angle = ATN(-Aspect_ratio#*Slope)
DE-12 LIN ALL @ A 2.38E+P2 B —-1.89E+BO r~2 .3629 angle 18.3641
THIS COPY Wil MOT BE
REPLACED AND MAY BE
CHANGED WITHOUT NOTICE
HELL LOOATION: HED ST BN LAT:  4E.B1E3  Loed: (18,78
LITHOLOOY) ELT HVIRMEGLOGIC UNIT) FRIEIT RAPIOE
SRRFACE CLEVIFT) 486 .)% ML IEPTHIFTY Tar.s
M Ty e N a s o o .47:.;:
195 } AU
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& L ;
=} s B
-5y LT A
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MTITTY roe ML LOCATION HWD 3T 80
DX @B-I3
12 Rug 1:39:59 pm

File name

DB-13



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

—3

TFORTATION
Y

12 Aug 11:47: 7 am

File name . DB-4

Well location: HHFD ST:HERAR WYE ERRRICADE
Latitudes 46.53967B5877 THIS COPY WILL NOT BE
Longitude: 119.435883764 REPLACEDAND MAY BE
Lithologys BSLT CHANGED WITHOUT HOTICE
Hydro units MABTON IHTEREED -
Surface elevation: 530.51 feet
Well depths 1403 feet
Records in fite. 75
1 m 78.0706 113.0900 39 m 81.1082 113.38006
2 m 78.0829 112.9900 40 m 61,1009 113.49008
3 m 78.1002 113.2400 41 m 81.10816 113.6500
4 m ¢8.1106 i12.87060 42 m ©1.1023 113.8700
Sm 78.1214 112.6800 43 m 8£1.1630 113,6500
6 m 79.0209 112.9700 44 m £1.1110 113.5600
fm 79,8313 112.28400 45 m ©1.1113 113.2900
8 m 79.0411 112.8400 46 m 81.1120 113.4800
9 m 79.8508 113.0700 47 m 81.1284 113.6100
10 m 79.0625 113.3000 48 m 81.1211 113.5880
11 m 79.0801 113.1400 49 m 81.1221 113.5180
12 m 79.65084 113.3900 S0 m 82.8122 113.6160
13 m ?9.1602 113,5500 Sim 82.8129 113.6860
14 m ¢V9.1116 113.3600 52 m ©2.0285 113,8700
15 m 79.12087 113.2708 53 m 82.08219 113.4950
! 16 m £0.6204 113.5700 S4 m 82.8226 113.4900
17 m 80.0385 113.2000 SS m 82,8324 113.4560
18 m ©£06.0410 113.4200 56 m 82,0331 113.30060
19 m 86.0585 113.2300 57 m £2.8408 113.59680
20 m §€0.0618 113.2400 58 m €2.0415 113.6000
2l m £0.0806 113.4400 59 m 82.08416 113.7200
22 m £0.0985 113.5800 660 m 8S2.8422 113.65080
23 m 81.0612 113.0300 61l m 82,0429 113.6400
249 m 81.0619 113,3500 62 m 82.0506 113.6500
25 m 81.0626 113.3300 62 m £2.0513 113.6100
26 m 81.0702 113.5300 64 m 82.8520 113.6800
2? m 81.0716 113.49008 65 m 82.8528 113.6300
.28 m 81,0717 113.4100 66 m £82.08603 113.6188
‘29 m 81.0724 113.5800 67 m 82.0611 113.4100
30 m 81.08731 113.5200 68 m 82.0617 113.4700
31 m 81.0814 113.4400 69 m 82,0624 113.4600
32 m 81.8821 113.6100 786 m 82.86308 113,.3500
33 m 81.03828 113.4900 7l m 82.87@9 113.5600
34 m 81.6%04 113.4400 72 m 82,8715 113.4900
35 m 81.0911 113.5400 73 m B2.8722 113.6800
36 m 81.0918 113.4600 74 m 82.8738 113.5588
37 m 81.8923 113.54090 7S m 82.88065 113,6300
38 m 81.0925 113.5600
User aspect ratio: 2.8089
Angle = ATN(-Aspect_ratio*Slope)
DB-4 LIN ALL 8 A 1.01E+92 B 1,.51E-081 r+~2 ., .5751 angle -16.8379
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e Well location: ORD SITE:COLD CREEK VFILLEY 1 TMISCZPYWILL NOT BE
. tatitudes .+ -+ 46,5868464158 . _ [ REPUCEDAND MAY BE
P l@bngitude: . 119, ?81364899 » ) : cmczowxmaumoncz
S. 7 ithologyt -~ BSLT - ) S

Hydro units " PRIEST RﬂPIDS(gNTERFLON L LﬂTn ’%9 _
Surface elevationt = 924.68 feet C(EU:( moas .
Well depths - ... 727 feet ' C(Ol\ O'e 3
Records in file. = 76 T S i ' P

» .

79.0123 -10.3800 39
79.0309 = 17.5400 A 49
79.08724  14.1600 . - 41
. 79.0810 16.8360:. . . | 42
- ?9.8829 - 11.81@88 - - . .| 43
79.0984 - 18.300@ - - | 44
©79.08985 . . 9.6100 . 45
79.0996-. - 9.2008 - 46
79.0907 .. 9.8588 - .~ 47
. 79.8910- ~ 7.4800 - . 48
,,,,, - 79.0912::°: 8,910 . ... | 49
. ?9.0912 ;.0 s.2200 . . Lo} S0
:79.0924 - 6.9080 - 7 | Si
79.8925 .. ¢ 7.2900 ... = | s2
79,1008 . 8.9908 _ - . .- .|. 53"
79,1021 " :‘7 9188 . oL | S4
79, 1925 - 8.65080. . o
- 79.1101 700 8.11080
79.1105" - .’ 7.6500 -

81.8731 - 21.6808
81,8887 . 22.9600
81.08814 - 23.4400
81.0821 S 22.1300
'81.08828 ° 19,5760 -
31.9934n 18,6908 . «
81.0911 - 18.4606 . - -
.'81.@8918 . 18.3000 .. .
81.8925  16.8108 ... ..
.81.1882°  15.8200. . '
81.1089" 15.5300 .. .- .
_81.1016. 115,44aaj, el
81.1023 - 15.8900 .
~e1.103@ ..‘15.35QB;
8111109 1

VONANDWN -~
L E-F-ERENERREN

"9.4608

[y
o
.‘mz=sm33BESD
"",‘3-,'5"‘_3-;3__‘5'_5{3.'5432 s3s33s383=3338338

' 20 m 79,1106 ~;,, 1900 ":l s.9808 . .
N T2t *“fs_9saal“ s.8300 -+ 1
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<

79.1121%
79.1128

n
m ?79.1203
o 79.1207
m 79.1213
m 80.8708 -
® m 80.1927
‘w 81.0125
m
m
m
m
m
m
m

79.1109 . .
79.11120 5

81,0612

81.0619 -
81.08626 -

81.0792 7

81,8710

m 81.8717 ..
L. 31v9724j

_6.1300.
5.6000 -

4.2100
3.3800

2.1200
1.6200

. 8808' '

2.9%00 . "
16,2308 -, .
S1.5008 ;..
8.8700 .
16.4908 .

.13.1480 0" -
16,6700 - -

i7.1300
ge;s?aa'

. .::'.';"51

62
63
64
€S

66

67

. 68

69
70

S
.2 m
73

74

(g~

v. ‘?6.."

m
m
m
m
m
m
m
m
m
m
m
m
m
m
m

€6 i 82.0219
82.9226
82.0305

82.9312
82.0331 - -

. 82,0407 .
82.06415" °

82.0422

82.8429

82.05066 f

. 82.08513"
82,0528 .

82.0607"
82,0610
' 82.9617
| 82.0630
82,0709

. 4.8800

11,0500 .

f14_7zaa

- 4.4600

4.08700
3.3800
2.3809
2.7400 .
_2.2000
2.5400 .
1.9200° . "o s
‘1;9399;5 ;
" 4.9900
8.6300"
18,0400 F ..,
9.3500: .
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(A

e L Thie -

15 m 7?9.1289 129.4400 S3 m 82.82085 1308.7760

.16 m 86.8287 . 129.2800 54 m 82.0219 130. 3800
17 m 886.0307 129.1480 SO m 82.8226 130.3500
18 m 88.0414 129.1100 S5é m €2.,8324 130.3900
19 m 88.0507 129.0000 57?7 m 82,8331 136.2560
286 m ©0.0865 128.8800 5¢ m 82.0408 130.6100
21 m 88.0508 130.0200 59 m 82.0415 130. 5260
22 m 88.1025 129.9200 60 m 82.04922 130@.6600
23 m 81.0612 130.2200 61 m 82.8429 130.7200
24 m 81.0619 1306.2800 €62 m 82.8506 130. 7600
25 m 81.0626 136.3600 €3 m 82.0513 130.7400
26 m 81.8702 130.4360 €4 m 82.0520 136.8200
27 m 8l1.8710 130.4900 65 m 82,0528 130.8¢660
28 m 81.6717 130.4500 66 m £2.0603 130.850@
29 m 81.06724 136.6400 67 m B82.8611 13@.7900
3@ m 81.0731 136.6600 68 m 82.08617 130.9300
3t m 81.0867 138.7100 69 m 82.0624 138.9100
32 m 81.0814 136.6600 7?0 m B82.0630 130.9380
33 m 81.@821 130.8100 1l m 82.0789 131.0680
34 m 81.0828 130.7708 72 m 82,0715 131.0560
35 m 81.8904 130.85060 73 m B82.0722 131.2100
3¢ m 81.8911 130.8¢c00 74 m 82.6882 131.0660
37 m 81,8918 130.8100 7S m 82.0865 131.240806
38 m 81.8925 138.9280

User aspect ratio: .5625
- Angle = ATN(-Aspect_ratiox*Slope)
" DR-7 LIN ARLL 8 R ©?.71E+861 B 6.54E-061 r~2 « 7577 angle -206.1963
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GORY

THIS COPY WILL MOT BE
REPLACED AND MAY BE
CHARGED WiTHOUT NOTICE
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&
-1 122.8 g
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E 4az 128.2 5
-l =
-
401.3 123.8 E

13k.8



s

O e
[ o IS SR AR | 1 }
(IS I I B TAT N U O BT N N B I A |
RPN A I AN

62.5 s
78.5 - 79.§ L[] 3.5 Bl BL.§ -
TER (IR
HITII2TE N PO/ MELL LOCATION H 0 ST: MO
) " FILE -7

IEORATION

GOPY

THIS COPY WiLL NOT BE
REPLACED AND MAY BE

CHANGED WITHOUT NOTICE




Lavitude: 46.4919810618
Longitudes 119.515558893
Lithology:s BSLT |

- Yell1---Yocat ion:

Hydro unit:

MARBTON INTERBED

~HHFD ST:0N ARMY LOOP ROARD

of megsoring PE)

Surface elevation: 378.77 feetCelevqUTIon
Hell depth: 1292 feet
Records in file 61
i m 79.08801 159.80609 32 m 81.1023 157.2000
2 m 79,0812 158.7900 33m 81.1630 157.2000
I m 79.8912 158.7900 34 m 81.1110 157.8400
4 m 79.1082 158.9400 35 m 81,1113 157.5900
Sm 79.1812 158.9400 3¢ m B81.11286 157.7300
6 m 79.1116 158.7100 37 m B8i1.12084 157.5%00
7 m 79.1116 158.7100 3 m 81.1211 157.8500
8 m ?79.1205 158.6909 39 m 81.1221 157.6500
9 m 86.0206 158.0860 40 m 82.0108 157.8600
10 m 80,9305 158.3200 41 m 82.8122 157.5400
11 m 88.0410 158.5660 42 m 82,0129 157.6160
12 m 80.0619 157.€6900 43 m 82.8285 157.8500
13 m ©0.8806 157.7200 44 m 82.8219 157.3%900
14 m 80.0905 157.8700 45 m 82.8226 157.43060
15 m 89,1825 157.8000 46 m 82.08324 157.5560
16 m 81.0612 157.5800 47 m 82.8331 157.0960
17 m 81.0626 157.5900 48 m 82,0408 157.4800
18 m 81,6709 157.6200 49 m 82.0415 157.4760
19 m 81.8724 157.6100 S6 m ©2.0422 157.49%00
20 m 81.0731 157.6200 51 m 82.0429 157.5200
21 m 81.8807 157.6800 52 m 82.8586 157.51080
22 m 81,0814 157.5400 S3 m 82,6313 157.3800
23 m 81.08821 157.6200 54 m 82.6528 157.4500
24 m 81,0828 157.6980 S5 m 82.8528 157.4800
25 m 81,0904 157.5200 56 m 82.8603 157.3860
26 m 81,8911 157.7800 S7?7 m 82.0611 157.2260
27 m 81,8918 157.6800 S8 m 82.06617 157.2700
28 m 81.0925 157.5000 S9 m 82.9624 157.2200
29 m 81,1062 157.6000 €66 m 82.06630 157.1%00
38 m 81,1009 1S7.6800 61l m 82,0709 157.3309
31 m 81.1016 157.88060
User aspect ratiotr .625
Angle = RTN(-RAspect_ratio*Slope)
DB-13 LIN ALL @ A 2.88E+82 B -5.13E-81 r~2 .7882 angle 172.7770

ML LOOATIGN: HED 9T: 0N FR

484520 LONG:
LITHLDAY) BT

THIS CoPy
REPLACED AND may g

auncto/,»'mour NOTiCE

i
INFORMAT IR

bOPY

ILL NOT B

" |

L19.515e
HYTROBEGLOGIC UNIT) FFETON INTEREED
SRAFACE OEWFTH  378.77 ML IKPTHIFT  JS32.32

4

Tar ®

L




>

ELEVATION, NEL  (FEET)

ELEVATION, NEL  (FEET)

~>as T

tdn. @

[ v ¥ T ’_‘l T LS T L3 T v LS A L ' L R L o
oy J1sz.2
: 1.
3 “1 5
+=2 : : 127.8 Iﬁ'
~
3 -
- ]
424.5F - 138.8
= L o
- 4 o
i ]
b -
bl oo ? 1S8.E g
L : &
1985 1382 3
[ ] B
anf Jiss.e
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HTOoZTEEN POV ML LOCATION M0 3T:0H M
FILE: I3-12
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RRAFACE BLEVIFY 178.77 ML IERTHIFTH =200
422 —r— — T T T T T T T T T T T T 1368
F ,/"'/%
421.F E- 1878
: :
- ~
- ] &
=3 [ i 137.8 v
- o ~
- E g
4033 /\ -1138.3
8 . &
E 1
s b Jisa.e §
3 J 5
o ] =
s .
413.5 ~f198.2 £
[ y i
asaf ?' 155.8
b
L ]
438.5 4 'S IR TN T N T A N A AU WO A WK SN TN W M BNE WA WA SN SN GNEN U M SN NN NN SN SR 150.2
79.8 i) 8.5 a1 e1.s -] 4.5 83
YEFR (18_)
. T Fom MELL LRCATION 870 ST:0H M
FRLe m-12




-~ R

- ’é‘
12 Rug 2:16: 5 pp

File name

Kell locations D SITE-PIPE YARD

A

Latitude: 46.5760696972
Longitude: , 119.51785691
Lithology: o BSLY
Hydro unit: CBRY
Surface elevation: 570.5 feet
Well deptht 4833 feet
Records in file 48
1 m 72.8629 155.6360 25 m 77.1011 156.0208
2 m 72.0786 155. 3500 26 m 77.1104 155.6508
3 m 72.8713 155.3200 27 m 78.0327 155.6708
4 m 72.8720 155.2058 28 m 78.0611 155.6200
Sm 72.8810 155.37008 29 m ?8.1602 156.0568
6 m 72.0817 155.6400 30 m 78.1106 156.03060
7 m 72.0824 155.5700 31 m ?78.1227 155.98006
8 m 72.09830 155.7500 32 m 79.0213 155.9400
9m 72.8907 155.55060 33 m 79.8319 156.5460
16 m 72.9921 155.37006 34 m ¢9.06403 156.5500
i1m 72,0928 155.8260 35 m 79.8511 156.7100
12 m 72.1065 155. 66006 36 m 79.1218@ 158.45680
13 m 74.1230 154.0308 37 m 81.1816 159.10086
14 m ?5.0418 153.5860 38 m 81,1023 159.3300
15 m 75,6963 153.6900 39 m 81,1630 159.9100
16 m 75.1206 153.8900 40 m 81.1118 159.27060
1?7 m 76.8715 152. 1260 41 m 81.1113 159.16608
18 m 7?6.1215 156. 3860 42 m 81.1211 159.1700
19 m 77.0117 156.3000 43 m 82.0122 159.1080
20m ?77.0214 156.4360 44 m 82.0226 159.2260
21 m ?77.8314 156.6560 45 m 82.8331 159.0400
22 m ?7.8415 155.9700 46 m §£2.08429 159.2660
23 m 7?7.8513 155.9400 47 m 82,8328 159.2600
24 m 77.8615 156.0100 48 m 82.08€24 159.26060
12 Aug 2:16:45  pm _
File name DC-102 ‘
Hell location: HANFORD SITE-PIPE YARD ﬂmﬁ@mm&'ﬁﬂ@]m
Latitude: 46.5768696917 , . : '
Longitude: 119.517856917 HB(JEJYY :
Lithology: BSLT THIS COPY WILL KOTBE
Hydro unit: CERY REPLACED AND MAY BE
Surface elevation: 5v8.5 CHANGED WITHOUT NOTICE
Well depth: 3984 feet
Records in file 46
1m 72.0629 156.3460 24 m ?7.8615 154.7700
2 m 72.0706 156.062060 25 m ?7.1011 154.85080
3 m 72.8713 155.9400 26 m 77.1104 154.480686
4 m 72.68720 155.8106 27 m 78.8327 154.4600
Sm 72.0810 156.31006 28 m 78.0611 154.48066
ém 72.0817 156.5268 29 m ?78.1002 154.8800
7 m 72.06824 156.3108 36 m 78.1106 155.1100
8 m 72.0830 156.4800 31 m 78.1227 154.6906
9 m 72.8907 156. 19006 32 m 79.0213 154.9360
16 m 72.08921 155.8800 33 m 79.0319 155.4908
11 m 72.0928 156.06600 34 m 79.0403 155. 50060




-

s

.12 m ?2.1005 156.1900 m 79.6511 155.66008
13 mT 74.1230 154.5700 36 m 79.121@ 157.2800
14 m ©¢5.0418 153.91006 37 m 81.1016 157.9160
1S9 m 75.9963 154,0000 38 m 81.10823 158.2300
16 m 795.1206 153. 7800 39 m 81.1030 158.14060
17 m ?76.8715 155.2900 486 m Si1.111@ 158.25060
18 m 7?6.1215 155.22080 41 m 81.1113 157.7306
19 m 77.0117 155.3200 42 m 81.1211 156.3600
20 m 7?7.8214 155.2200 43 m 82.0321 157.6600
2l m 77.0314 154.85080 44 m 82.8429 158.,428@
22 m 77.8415 154.7800 49 m 82.0528 158.3100
23 m ¢7.0513 154.7400 46 m B82.0624 159,2700
{ Loy ee '
12 Aug 2:117:12 pm : UMLF@&BM&F”@R] 7
File name DC-1R3 @[PW
Well location: HANFORD SITE-PIPE YARD
Latitude: 46.5760696972 THIS COPY WiLL NOT BE
Longitude: 119.517856917 REPLACED AND MAY BE
Lithology: BSLT CHANGED WITHOUT NOTICE
Hydro unit: CERV
Surface elevationt 570.5 feet
- Hell depth: 3248 feet
Records in file 47
i m 72.0629 156.6960 25 m 7?7.1011 155.9400
2 m 72.8706 156.4600 26 m 77.1104 155.5768
3 m 72.0713 156. 3000 27 m 78.0327 155.66606
4 m 72.06728 156,.20600 28 m 78.0611 155.6300
Sm ?72.0810 156.6800 29 m 7?78.10802 155.8409
ém 72.0817 156.8800 36 m 78.11066 156. 140806
7 m 72.0824 156,7200 3l m 78.1227 155. 84606
8 m 72.8830 156.8200 32 m 79.0213 155.€6460
9 m 72,0387 156.5€008 33 m 79.0319 156.28008
16 m 72.0921 156.240606 34 m 79.0483 156. 24060
11 m 72.0%28 156.37606 35S m 79.0511 15¢.5060
12 m 72.1085 156.5500 36 m 79.1210 158.2000
I3 m ?74.1238  154.9700 37 m 81.1016 158, 9860
14 m v¢5.08418 154.650686 : 38 m 81.1823 159.3108
1S m 75.0903 154.7466 39 m 81.1030 159. 18080
16 m ?5.1206 154.80600 ‘ 40 m 81.111@ 159.27806
1? m 76.8715 156. 1860 41 m £1.1113 158.75006
18 m ©?6.1215 156,2500 42 m 81.1211 159.2300
19 m ?77.6117 156.3400 43 m 82.0226 159.15886
20 m 77.0214 156,33060 44 m 82,8331 158,7468
2l m 77.8314 155.97006 45 m £2.0429 15%9. 2600
22 m 77.0415 155.8600 46 m 82.0528 159.45006
23 m 77.8513 155.8600 47 m 82.0624 158.18886
24 m 7?7.08615 155.95606
12 Aug 2:17:136 pm
File name DC-154
Kell location: HAHFORD SITE-PIPE YARD
Latitude: 46.57608696972 :
Longitude: 119.517856917
Lithology: BSLT



>

wyTY R

-

Hydro units CEBRY
Surface elevation: 578.5 feet
Well depth: ‘2972 feet
Records in file 46 -
1 m 72.8629 139.7600 ‘ 24 m 77.0615 1€66.6400
2 m 72.8706 146, 7200 25 m ?7.1011 166.49600
3 m 72.8713 141.7900 26 m 7?7.1104 166.3900
4 m 72.8720 142.63060 27 m 78.6327 165.9200
Sm 72.08180 144.8100 28 m 78.0611 165.7300
ém 72.8817 145.5700 29 m 78,1002 165. 1660
7 m 72.08824 146.14080 36 m 78.1106 165.0600
8 m 72.08838 146.67860 31 m ?8.1227 166.5800
S m 72.0907 147.26000 32 m 79.0213 161.4900
16 m 72.8921 148.0800 33 m 79.8319 161.3600
it m 72.06928 148.6800 34 m 79.0403 161.3760
12 m 72.1005 149.1960 35 m 79.6511 166.4700
13 m 74.1230 157.2900 . 3¢ m ?9.1210 163.9500
14 m 7?5.0418 162.0900 37 m 81.1016 164,.6000
15 m 7?5.8963 162.4709 38 m 81.1023 164.8106
16 m ©?5.1206 163.35068 39 m 81.10386 164.5560
1?7 m ?76.86715 164,.8700 46 m 81.1110 164,.5%00
18 m 76.1215 165.6908 41 m 861.1113 164.5%60
19 m 77.0117 164.7900 42 m 82.0226 164.2800
20 m 77.0214 166.6700 43 m 82.8331 163.88a8
21 - m '77.0314 166.99608 44 m 82.0429 164, 3800
22 m 77.0415 166.9408 45 m 82.0528 164.4909
23 m 77.8513 166. 66008 46 m 82.08624 164, 3800
.. ~12 Rug 2:18: S E
. U
- Frile name _ umg’:@lﬁ]wmﬁﬂ@m
Mell location: ¥ SITE-PIPE YRRD
Latitudes 65760696972 BCORY
Longitude: 119.517856917 " THIS COPY WiLL NOT BE
Lithology: BSLT REPLACED AND MAY 8E
Hydro units: CERY CHANGED WITHOUT NOTICE
Surface elevation: 578.5 feet :
Kell depth: 2038 feet
Records in file 48
1 m 72.8629 161.4000 25 m ?7.1011 159. 3500
2 m ?72.8706 161.2209 26 m 77.1104 159.9200
3 m 72.8713 161.3460 27 m ¢8.0327 166.4800
4 m 72.9720 161.40060 28 m 78.8611 1606,.5500
Sm 72.0810 161. 1860 29 m v8.1002 161.08100
ém 72.8817 161.2¢600 36 m 78.1106 168.2700
7 m ?72.8824 161.2200 31 m v8.1227 160, 50006
8B m 72.0830 160.7600 32 m 79.0213 160.7706
9 m 72.0987 161.2166 33 m 79.8319 161.2686
16 m 72.0921 161.2380 34 m 79.0403 161.3200
11 m 72.0928 161.4608 35 m 79.06511 161.60060
12 m 72.1805 161.6200 36 m 79.12106 163.5900
13 m 74.1238 160.9600 37 m 81.1009 164.7900
14 m 75.0418 160.6400 3 m 81.1016 165.0660
1S m 75.6983 160. 7000 39 m B81.1023 165.3400
16 m ?5.1286 161.7700 46 m 81.1030 165.1400
17 m. 76.8715 1e1.2700 41 m 8Sl.1116 165.2400
18 m 76.1215 161.068060 42 m 81.1113 164.8400
19 77.8117 1€1.2800 43 m 81.1211 165.32600




- N -

e

20 m 77.8214 - -161.2700 - 44 m 82.0226 165.3768
2l m ?7.0314  160.8100 45 m 82,8331~ -165.0380
22 m 77.09415 1686.83006 T 46 m 82.0429 165.6460
23 m 77.0513 168.7700 47 m 82.0528 165.6208
24 m ?7.8615 168.7706 48 m 82.6624 165.5200
12 Aug 2:19:17 pn .
File name ENYRT umﬁ@[ﬂmmﬂ’um
Well location: HANFORD SITE:COLD CREEK VALLEY GB()EDYY
Latjtude: 46.5818988217
Longitude: 119.7690868781 THIS COPY WILL MOT BE
Lithologys BSLT REPLACED AND MAY BE
Hydro unit: PRIEST RAPIDS INTERFLOMW CHANGED WITHOUT ROTICE
Surface elevation:.. 988.86 feet
Well depth: 1092 feet
Records in file 41
im 79.0906 -6.93006 22 m 81,0911 2.60800
2 m 79.8906 -9,.2300 23 m 81.96918 2.5100
3 m ?v9.06987 -8.8908 24 m 81.6925 1.660606
4 m 79.0912 -€.9300 25 » 81.1009 -1.62090
S m ?79.8924 -8.0900 26 m 81.1@16 -1.16860
é€mn 79.0927 -6.93686 27 m 81.18634@ -2.1080
7 m 79.10082 -7.1600 286 m 81.11106 -3.8160
& m ?v9.1088 -6.47a8 29 m 81.1113 ~-4.4100
O9Sm ?79.1817 -5.3100 36 m 81.1123 ~-5.4300
‘10 m ?9.1026 ~6.70060 3l m 81.1204 ~-6.2600
i1lm 79.1189 -8.0960 32 m 81,1211 -6.8400
12 m 7?9.1112 -8.8900 33 m 81.1221 -7.8500
13 m 86.8114 -18.0280 34 m 82.6331 ~14.4108
14 m 80,0588 ~-17.0780 . 35 m 82.0429 ~14,9709
15 m 806.86867 -.9%208 36 m 82.0528 -8.2908
16 m 86.8985 -.8100 37 m ©2.,0€87 -€£.61608
1? m 866.1027 ~1.9508 383 m 82.0611 ~-7.3280
i8¢ m 81.0821 6. 35640 39 m 82.6617 -5.6800
19 m 81.0828 3.7900 406 m 82,0791 . 40068
26 m 81.8%81 2.9808 41 m 82.8709 « 3608
21 m 21.0904 2.9300 - : :
User aspect ratio: .872917

Angle = ATH(-Rspect_ratio*Slope)
ENYRT LIN ALL 6 A -1.38E+82 B 1.64E+B8

r~g 8985 angle -£.8113

ML LOOATION: HrtFOPD EITE: LAT: 4S.5B819 LON2:  119.783)
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’ . . mmu roe m&u:nnm HRHPFEAD SCTE: [][K]F.m[\q AFH@I}\]
- E s BT
+:12 Aug 2:22:33 pm ’_ ﬂg()G]YY
"v.‘Q:File nane o .5 OBRIFIN ) ' ' ' . - THISCOPY.WLL NOTBE
‘“Hell location: ' - sns:cow CREEK VﬂLLEY\ .. REPLACEDAND MAY BE
“Latitudes 4675868464158 “*"‘,G“’W!’"W”'m
_,Longitude. o 119.781364099
Lithology:s .~ BSLY - » ,
. *Hydro unit: . .PRIEST RﬂPIDS(}NTERFLON PZJ T
,W-ﬁurface eleuations - 973.37  feet( glev ‘ng Ofd? ,) e
“Hel) depths .- 908 fee ! QD\OV\ O'F ‘lS 3 .'. L
ecords in file - . 154 fet T : U
i » 7e.0208 ° 25.0800 . 78w 79,1215 49 1400 [ -
2 m ?8.0211 © 24, .0008 - . .. .79 m 79.1216 . 49,0200 s
"3 m 78,0309 - 19.2400 . - .80 m " 79, 1217, 48 , S700
'_4‘m1;?8.83;8w'}}18’9600“, D81 m 79,1218
5 m 78.0411 .'..25.4000 = 82 m 79, 1219
- 6 m 78,0412 24,8000 - 83h@7f79 1220
- ? m _78.0585 36.1360 .84 m . 79.1221
-8 m 78.0587 ,.7-28.00008 85 m’.79. 1222 ¢ e
9 .m 78, 0513})-‘29.98@B_b. 86 m  79. 1223 .47, 8200¥:fgj*";
18 m * 78, esas“v -39.5708 - . ~ 87 m 79, 1224_] - 47, 7200 v ol
11 m 78.0710 .47.0000 88 m ~ ?79.1225 -»}48 eeeo .
12 m ?8.6712 *4?.1386_, Lol | 89 M 79,1226 .- 48.1900 L
13 m " 78.8806 . 45.8000 . - .96 m 79.1227 . -48.,1380 ... .| - .
14 m" ?8.0810 " 45.5000 w91 'm ?9.1228 4,000 0 o ST
15 m ?¢8.0906 - 45.1000 -} .92 m 80.0104 . 47, eeea . -l -
16 m 78,0915 . 45.38060 . 93 m "86.8114 "45.6600
17 m " 78,1115 - 45.1200 T 94 m 86,0115 ;- '-_':45 . Seee
18 m ?9.0117 : 36.6400 .95 m 80, 6116 .-+ 45,4800 _ S .
19 m ?9.8123 - .36.1800 96 m 80, 611? - 45,8500 - -
280 m 79.0221 32.1300 97 m 80.0118 1 45,9100
21 m ?79.0361 ' 33,8800 98 m ©0.0119 45,7700
22 m 79.0323 33.0158 99 m ©06.861280 45,6800
23 m 79,8329  33.7800 166 m 80.012% 45.6600
24 m  79.0423 -38,1500 161 m 80.08125 45.15060
25 m 79.0510 41.0000 162 m 80.0126 45.2700 .
26 m 7¥9.0520 46,6000 163 m 80.06127 45.2200
27 m 7?9.0610 . 38.2000 164 m £0.8128 45.0600




User aspect ratio:: ;852G83M-
Angle = ﬂTN( Aspect ratio*Slope)

‘OBRIAN LIN ALL @ "R -4.27E+02 B 5.96E¢00 r~2

REPUACED
- CHANGED wy

o e
m ?9 0623 .lh. T ;se 0129 4s. 9aeeu i -
m 79.8818 ' ‘'m 80.9130 46’0689,f1!“7 -
'm 79.8829 m 80,0131 - .45.8800 ... - -
m  79.0905 .. 5 m 80,0201 . 45,7200 . o0
m 79,0906 .. . '57.9300 n -~ 86,0202 f{ 45,5688 0
m 79,8907 . . -57,3300 ‘m;ﬁeavezas .45.5000 . .. .|
m 79.0918 ss*eeaa n€0. 6204 45,7400 -
m ?9.0912 | .56.4200 o m 80,0207, “:44.0600 .
m79.0912 :56.4500 . - ;m;;sa.azesf‘ 43,8900 .-
m ?9.0915  57.7200 b 80.8508 - 46.3300 ’
m ?9.8924 . 55.1400 m 80,0807 = 63.170@ - . |
m ?9.8925 = 55.5000 m. 88.0905 = 6€3.15e8 ...
m . 79.1808 ~ 57.2200 m 80,1827 .64.4100
m - 79.1921 . . 56.1300 m 81.8130  ~ €9.7400
‘m ?79.10626 ' 57,0800 m 81,8131 70.23080
m ?9.1161 . . 56.4900 mn 81,0207 49.7500
m 79.11865 - 55.9500 m_ 81.0807 €9.7400
m 79.1106 ~ 55.4500 N m ©1.0814 70.2300
46 m 79.1107 55.1500 .. ] 123 m 81,0817 69.7400
4?7 m 79.1189  55.4000 124 m 81.8821 68.8900
48 m  79.1110 54.0300 125 m 81.8828  66.1760
49 m ?9.1112 = 53.8800 126 m 81.09084 65.3200
Se m 7?9.1113  54.7800 T 7| 127 m 81.8925 - 63.4200
S1 m 79.1114  53.5600 128 m 81.1082 62,5600
52 m ?9.1115 53.1800 : 129 m 81,1009 63.6600
53 m 79.1116 52.75608 = | 136 m 81,1016  63.7600
S4 m 79.1117  52.2600 . | 13t m 81,1023 _ -64.2500 -
55 m 79.1118 52.3100 132 m 81.10930 66.9300
S6em ?9.1119  52.6400 133 m 81.1118 '~ 60,8800
S?7 m 79.1128  52.6200 134 m 81.1113  60.0400
58 m ?9.1121 . 52.4300 : 135 m 81.1128 . 59,4000
59 m ?9.1122 51.7600 136 m 81,1204 58.0900
60 m ?9.1123 . 51.7800 - 137 m 81.1211 . 57.6200
61 m 79.1124 g 51,3768 - | 138 m 82.0129 . 54.1700 .
62 m ?9.1128  S5t.7180 - : . | 139 m 82.0205 ~54 0608 . ..
€3 m ?9.1129 - '51.89080 . - | 140 m  82.8219 < 52.6488 . - .- .
64 m  79.1130 ;‘51 1see . - . 141'm”f32;ezzs__~ 52.2868 .
€5 m 79.1201 . °58.6600 - . 'f 142 m 82.0305 - °'S52.278 - -
€6 m 79;1292 . Se.23e@ .~ .’ | 143 m, €2.8312 - 51.580@ .
. 6?7 m 79,1203 7 '50.4000 - . | 144 m g2.0407 "0 o
.68 m '79.1204 .- 50.2500 - j,:i'_‘145:m‘f82 8422
69 m 79.1205 -558.8180 .7 | 146 m e -
7@ m 79.1206 9.9300 .. ;14?,@"82 8586 .50, 3999;,
71 m 79.1207 "49.8800 - 77 | ‘148 m° 82.0513 ,u.ss 2300
72 m 79,1208 .749.8300 | 149 m' 82,0528 +-56.2200 :
73 m 79,1209/ 49.3900 < |:156 w' 82,0607 .°.:58.2400
74'm “79.1210 " :"49,'6200 | 151 m -82.0611 *157 29@0
?5 m -?9.1211 -.':49.5000 - 152 m ' 82.0617 ;58,9600
76 m 79,1212 ° - 49.2800 . .. T | 153 m' 82.8701 . ‘58.8308 .
77 m, 79.1213 49, 86?9‘ o] 1s4 m B2.8709 . 58.9700 - -
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File name "

Well locations ; ,

Latitude: o 46 5888444955 S SR
‘Longitudes: .. 119, 654?9826 R R
Lithologys ©.- .~ BSLT -, ’ .

Hydro units . . .. PRIESTiRHPIDS INTERFLOW

: Surface elevatlon»_» 835.&687"
o Well deP‘h'“”\-ﬂ5‘ 978 feet
,’;i’ Records in file»,ﬁ;a 187 . : NN .

“feet CeJ Y OQ fneqs(ﬁ"\‘hﬁ P")

LI 1...]__- 3

81,1016 .-71'%1684V

A 81, 1123
81.1026 . -70.6900 . B1.1211
81,1038, ~~70.2900 - NI “B1.1221"
81.1118 7 -73. 9900 . . C '82.8331

82 8433

-?s 9190
'-77.2500
. -76.6508"
'-g4.3200
,—as 1?9@' -

ra!.‘o,t“

¢
'

¥

TN(-ﬁspééii

¢ REPLACEDAND MAYBE

TS5 COPY LL oTBE

u:u.umrmn rm-'onu mm - ,‘ I.lm . 4E.58BE  LONWG: m.asa'e‘
umxm. meLr . nm:mm.ouc INETs F!IEBI’ FFIB3 INTERFLOM
. n.nrnc: n.:va-"n- ‘ ll!.ﬁ: bn..L n:mmn'n s5rE.an

-

.cngguczommomonc: B
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Uzer aspect ratio:

Fng

27

(FEET)

'ELEVATION, WEL
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. Al e troniat ;
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E

“IEOBTIATION

le = ATH{-Aspect_ratio*Slopel
July 4: 6127 pm @@@W
) ) i THIS COPY WiILL NOT BE
MELL u:-:fnmu. COLD CREEK WA LAT:  4E.SBEE  LONG:  L19.78%4 REPLACED AND MAY BE
LITHLOGYS BELT HITROGECLDAIC UNITe PRIEBT RAFINA INTERFLOM CHANGED WITHOUT NOTICE -
SRFRCE BEVFTI 834 .53 ML IEFTHIFTY 7eP.88
@ax v T -7 — —r— y —r— -1 -18.3>
-§.87

81§

818

sl 1 3 23 02 200

]
i
3

14,63

19.83

N

ae 61.5 a1 B1.5
TEFR (18_)
HMIOPOGPTTEH POR MELL LUCATION CTL0 CREXN WR
FIL) RO

IEPTH BELOM LAND BLRFACE (FEET)

- = =
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27 July 4: 4117 pn , Lo ' e
File name FORD b BMF
Well location: COLD CREEK YALLEY-HANFORD SITE @!B[MWR] -~
Laticude: , 46.5868464158 ] L AN = 7
Longitude: 119.781364099 ' @PW " |
Lithology: . BSLY + ..~ Y ' v Wit b : ~
Hydro unit: PRIEST RAFIDS INTERFLON' <@ [ = gt MuMree
Surface elevation: 924.63 feev - s CHANGED WITHOUT NOTICE
Hell depth! 7?77 feet 4 o )
Records in file [
1 m 79.08123 ~-1@.3808 38 m 81.8731 21.6800
2 m 79.8724 14,1608 3% m 81,8807 22.9c00
3 m ?9.8310 16.83088 48 m 81.8814 23.44088
4 m 79.0829 11.8108 41 m 81.8821 22.1300
Sm ¢9.09084 16,3008 42 m 81.0828 19.5700
6 m 79.8985 9.61a0 43 m 81.8%84 18.6900
7m 79.8906 9.2000 44 m £81.6911 18.4000
S m 79.0987 9.085008 45 m 81.0918 18.30060
9 m r9.691@ 7.48060 46 m 81.8925 16.8100
16 m 7v9.8912 g.9160 47 m 81.1682 15.8200
11l m ?79.8912 g8.2260 482 m 81.19689 15.5300
12 m 79.8924 6. 9800 49 m §81.1616 15.4400
13 m  79.6925 7.29060 58'm 81.18023 15.8908
14 m 79.1088 8.9980 , Sim 81.1838 16.3500
15 m 79.1821 7.9100 S2wm 81.111@ 12.62060
lém 79.1826 g.6500 S3 m 81.1113 11.7808
17 m ?¢9.1181 8.1100 S4 m 81.1128 11.1668
18 m ?¥9.1185 7.65008 - 85 m gl.1204 9.9106
19 m ?9.1186 7.1980 Sém £81.1211 9.4600
28 m Vv9.1187 6.9968 S7 m 82.8129 S5.9800
21 m 79.11089 6.1300 S8 m 82.8265 5.8360
22 m 79.1112 5.60080 59 m 82.0219 4.46008
23 m 72.1121 4.21808 66 m £82.8226 4.8800
24 m 79.1128 3.3860 61 m 82.8365 4.8780
25 m  79.1283 2.1208 €2 m B2.8312 3.3800
26 m 79.1287 1.62a0 63 m 82.0331 2.3808
27 m  79.1212 . 8800 64 m £2.04087 2.7400
-]l 28 m 28.8708 2.9980 €S m 82.0415 2.2000
[ 29 m 8@.1827 16.2360 €& m 82.0422 2.5400 e i
38 m 81.8125 1.50088 €7 m 82.0429 1.92080 ‘
31 m 8l.8612 8.8768 €2 m 82.8506 1.90606808
2 m 81.8619 16.4900 €69 m 82.8513 4,99080
33 m £1.8626 13.1460 70 m 82.8328 8.6300
34 m Sl.87682 16.6786 ' 71 m B82.8807 18,6480
5 m 81.8719 17.12009 72 m BS2.0610 9.3580
76 m 81.8717 19.43008 3 m 82.8617 11.0908
& I7 m 81.8724 28.8700 74 m - 82.9630 9.8060 -
1 . -
ki 3 '
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So-—t & User azpect ratio! 2.0889 Y
Arigle = ATH(-Aspect_ratio*Slope’ '
27 July 2:40:136 pm . ; 3
ML LOCATION: HED 9T tE—d LAT:  4&.5587 LOWG:  L19.4359 >
L1THoLDaY; BALT © .+ HYIROBEQLOGLC UNIT1 PFETON INTEREET:
. - SRFACE BLREVCFTI¢ .(1 33o.m) MOL DERTHIFTY) 14833.88
10 T T T T T T 113.3
117.8 ez
| &
R 417.B ~fiix.2 E
T a1 ~ a1 g
I &8
= - =
g e —113.3 g‘
417 ~1aa £
T 1 B
41e.8 sz, i
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78.5 ) 78.5 80 &5 Bt 8L.s 82 B2.§ ] umﬁ n} 4
. TER (1) ' @Pw '
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3:38:48 pn - B
File name DE-4 ﬂwﬁ@mmmﬁum
Hell location: HNFD ST DB-4 R ikt
Latitude: 46.5396705877 - @W A
Longitude: 119.435883764 "
Lithology: BSLT THIS COPY WILL MOT B
Hydro units MABTON INTERBED CCTLACED AND MAY BE
Surface elevation: 938.51 feet BEDW‘WWWE
Well depth: 1483 feet - -
Records in file Vi
1 m 78.0706 113.09500 37 m ©1.0923 113.5400
2 m 78.8829 112.9900 38 m 81.8925 113.5600
3 m 78.1082 113.2400 39 m £1.1082 113.3600
4 m 78.1196 112.8700 40 m S1.1009 113.4900
5 m 78.1214 112.6800 41 m S1.1816 113.6508
6 m 79.82089 112.97@0 42 m S1.1823 113.8788
?m 79.8313 112.8400 43 m 81.19830 113.6500
8 m 79.8411 112.8400 44 m 81.1118 113.5680
9 m 79.8585 113.8700 45 m £1.1113 112,2980
10 m 79.8625 113.3000 46 m S1.1120 113.4880
11 m 79.6861 113.1400 47 m S1.1204 113.6180
12 m 79.0994 113.3900 45 m B81.1211 113.5800
13 m 79.1882 113,.5500 49 m 81,1221 113.5100
14 m 79.1116 113.36080 So m ©2.8122 113.6100
15 m 79.1207 113.2786 St m 82.0129 113.6809
16 m €0.8284 113.5700 52 m £2.8205 113.8700
17 m €9.8305 113.2000 53 m $2.8219 113.4950
18 m €0.0418 113.4200 S4 m 82.0226 113.4980
19 m S0.6585 113.2300 55 m B82.8324 113.4500
20 m ©80.9618 113.2400 56 m 82.8331 113.36000
21 m €0.9566 113.4400 T 57 m 82.0488  113.5900
22 m 86,8905 113.5000 56 m 82.0415 113.6000
23 m B1.8612 113.8300 59 m B82.8416 113.7200
24 m ©1.8619 113.3500 66 m 82,8422 113.6500
25 m 81.8626 113.3300 €1 m £2.8429 113.6480
26 m ©1.8782 113.5300 62 m 82.8586 113.6500
27.m ©1.8718  113.4900 63 m B2.0512 113.6108
28 m 81.8717 113.4166 €4 m BS2.0520 113.6808
29 m £1.8724 113.5800 65 m 82.6528 113.6300
38 m £1.8731 113.5260 66 m B82.8603 113.6180
31 m S81.8814 113.4460 €7 m £2.8611 113.4100
32 m ©1.0821 112.6108@ 68 m S2.0617 113.47088
33 m 81.9828 113.4980 €9 m ©2.0624 112.4008 .
34 m £1.0984  113.4480 70 m $2.0630 113.3508 -
35 m 51.8911  113.5400 71 m £82.87089 113.5600
D36 m 81.8918  113.4688 - - 'EEEN
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Angle = ATH(-Aspect_ratio*Sloped R]E' M&vu
27 July 31430 9 pm ; @.[Pv _ﬂ
ML LOCRTION: WET 97 D7 LAT:  4B.4B33  LOWI:  L19.43%@ THISCOPY WILL NOTBE 1
LITHILLAY 7 HYDROBEALOGLS UNIT! MFETON INTERSED REPLACEDANDBIAYEE =
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LTSN July 3:41: 9 pm T
File name DB-7 . ,
Well location: HNFD ST DB-7 UMF@ YV G\ .
Latitude: 46.4892579629 mm&vn@m
Longitude: 119.421188342 '
Lithology: BSLT ' @[Pv
Hydro unit: - MABTON INTEREED
Surface elevation: $31.32 feet ;’E‘?L:g:;::;lm:[t
Hell depth: 812 feet CHANGED WITHOUT NOTICE
.~-Records in file 71 ’ ¢
1m 7B.6706 128.4600 37 m 81,8918 136.8100
2 m v8.09830 129.5900 38 m 81,8925 136.9260
3 m 78.1604 129.5%80 39 m 8i.1602 13a,.7946a
4 m 78.1168 128.9200 46 m 81.1869 1368,93@0
Sm 78.1219 128.84088 41 m 81.10816 131.,6460
& m 79.8288 128.7608 42 m 81.18B23 131.19886
7m 79.8312 128.84080 43 m 81.1638 131, 2660
8 m 79.6411 126.50600 44 m 81.1116 131.1500
9 m 79.8508 128.8300 495 m 81,1113 136,9000
16 m 7?9.6625 129.1400 46 m 81,1120 131.8300
11 m 79.0803 129.1160 47 m 81,1204 136.99606
12 m 79.6912 129.25060 48 m 81.1211 121,062006
13 m 79.10082 129.46080 49 m 81.1221 136,.8804
14 m 79.1108 129.3608 S56e m 82.08108 138.600686
1S m 79.1289 129.44@8 51 m 82.8122 136.676008
1€ m 88.86267 129.2800 52 m 82.8129 130.,66008
17 m 88.8307 129.1400 53 m B82.82865 1306.77a0
18 m 88.6414 129.1100 54 m 82.8219 136, 3800
19 m 88.8587 129.6000 95 m 82.0226 138, 3500
206 m 86.88065 128.8800 S6 m 82.08324 136.3988
21 m €0.69068 120.,08208 S m 82,8331 136,256
22 m 88.1625 129.9260 m 82.8468 136.61066
22 m 8l.8612 138.22a08 “dom 82.0415 136.5200
24 m - 81.8€19 138.28080 606 m B82.8422 126, 6668
25 m  21.8626 130.3¢c08 61l m 82,0429 130, 7260
26 m 21.8782 136.4368 E2 m B2.8506 136.7680
27 m  81.67186 136.43500 63 m 82.8513 136,7400
28 m  81.8717 136.45086 64 m S2,.8526 136,8200
29 m 81.8724 136. 6484 65 m 92,8528 130. 8600
- 38 m 81.8731 130.60008 66 m S2.3682 136, 8500
31 m 81.8807 130.71600 67 m 82.8611 138,.79680 i
22 m 81.@814 1368. 6608 €8 m 82.8c17 138.936068
22 m 21.6221 136.8100 .69 m 82.0¢24 iz@.91640
24 m 81.86228 138.7760 7@ m 82,0630 138,9300
35 m £21.8984 138.8500 i m B82.6789 131.6c68
236 m £81.8911) 138.84086
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27 July 3:145:36 pm lEPLACEN"DWJOg
MLL LOCATION: MWD 5T DB-L1l  LAT: 46.5758 LOWZ: 19,7858 CHANGEDWITHOUS :
LIMOLOaT! LT HYIRDREQLOAIC UNIT! PRIETT RAPICE R :
SRAFRCE QLEVIFTII 7R6.17 ML IERTHIFT  13218.ER
228 T T ~ 1§2.8
&8 -113.8
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w7 July 3:45:49 pm T
Ny - .-
File nams DBE-11
Hell location: HHNFD ST DB-11
Latitude? 46.5796133762 . -
Longitude: 119.725159033
Lithology: BSLT
Hydro unit: PRIEST RAPIDS
Surface elevation: 786.17 feet
Well depth: 1218 feet
Records in file 46
1 m 79.08310 156. 1900 24 m 81.1089 121.6900
2 m 79.8967 128.0400 25 m 81.1016 121.8900
3 m 79.8912 126.4209 26 m ©1.1628 122.4500
4 m 79.8924 127.4268 27 m 81.1622 122.10808
Sm 79.9927 12¢6.1909 28 m 81.1623 122.2160
Em 79.1608 126.1960 29 m 81.1a38 122.7808
Y m 79.1017 125.73008 38 m 81.11108 122,7300
2 m 79.1198 128.84008 3l m 81.1113 122.200808
9 m ?9.1189 128.6400 32 m B81.1126 122.3708
iem 81.8612 113.8989 33 m 81.1124 122.25068
1t m B1.0619 114.30008 34 m 81.1124 122.26068
12 m 81.08626 115.8286 35 m 81.1211 116.48060
12 m 81.8702 116.8160 36 m B81.1221 116.8506
14 m €1.8716 116.11@8 37 m 82.4168 115.4800
15 m ©1.8717 117.6600 38 m 82.0122 115.3708
1€ m S1.8724 118.6600 39 m 82.0129 115.75008
1?7 m 81.8731 119,.9569 48 m 82.0331 -~-132.27680
18 m ©1.68867 119.9€688 41 m 82.0429  ~132.6600
19 m £81.0814 120.57a8 42 m 82.8520 -130.2196 -
20 m 81.8821 119.4506 43 m 82.08528 -~-126.2600 o
2l m 81.8828 126.0060 44 m 82.0683 -12&6.5680
22 m S1.0934 120.3600 45 m 82.0611 ~125016909
23 m 81.1887 120.4400 . 46 m 82.8617 ~-123.9504
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Angle = ATN(-Aspect_ratio*Slope’ j “””\Tfﬂﬁl]m '
27 July 3:49:49 pm '

MELL LOCATIGH: HFTD 3T DE-12 LAT: 4&.EJE9  LONG: 118.7@E
LITHOLOAT) BT HYIRDEOLOGIC UNITY PRIEIT RAPIDE
RRFACC ELEVCFTIe 486.3% MOL IEPTHIFT)  &Za.82
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=0 - 98,13 CHANGED WITHOUT NOTICE
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27 July 3:47:36 pm ' i
e % . - :
Fi%e name DB-12 INEORMATION ]
Well location: HNFD ST DE-12 . v v uoiN -
Latitude: 46.616897644 o ' c
Longitude 119,783565984 o GS[JE)YY ' {
Lithology: ESLT ' THIS COPY WiLL NOT BE
Hudro unit: PRIEST RAPIDS REPLACED AND MAY BE
Surface elevation: 486.15 feet CHANGED WITHOUT NOTICE
Well depth: 653 feet
Recards in file 62

im 78.8828 £8.4300 32 m 81.1089 g86. 38006
2 m v8.8927 €8.2600 33 m 81.101% 86.5500
3 m 78.1103 88.5900 34 m 81.1023 g6.8000
4 m 78.1219 88,7200 35 m 81.1030 87.1360
S5 m 79.0286 86.9700 36 m 81.1118 86.88060
€ m ¢9.08309 88,4900 37 m 81.1113 86.6108
T m 79.0416 88.0900 3 m 81.1126 87.1460
8 m 79.8507 §8.4660 39 m 81.12064 87.030a
9 m 79.0801 81.09606 40 m 81.1211 87.0860
18 m 79.1112 98.4360 41 m 81.1221 86.5160
i1l m 79.1286 89,7868 42 m 82.0108 86.21806
12 m 806.02067 88.6800 43 m 82.8129 85.5008
12 m 850.0385 £9.4300 44 m 82.8295 85.8508
14 m 20.6410 §9.7500 45 m 82.08219 85.2300
15 m 80.8620 85.1300 46 m 82.8226 84,9600
1é m S1.8612 g86.36080 47 m 82.8385 83.9600
17 m 81.8619 79.5708 48 m £2.8331 80.8108
18 m 81.8626 r2.0100 49 m 82.0486 81.084806
19 m 81,8782 79.2700 58 m 82.8422 81.1208
26 m 81.06718 78.08900 51 m 82,8429 g81.8200
21 m 81.8717 v9.1400 52 m 62,0508 £1.9506
22 m 8l.8724 79.6000 53 m 82.8513 81.4600
23 m 91,8814 86,5000 S4 m 82,8520 81.1700
24 m 81,8821 81.2700 S5 m 82.8528 80.6468
25 m 81,8828 £2.0200 SéE m 82.0603 80,3200
2é m 81.69064 82.7980 57 m 82.8610 £6.3000
27 m 81.8911 24.4000 Sé m 82.8614 80,3400
28 m 81.8918 £4.9300 S9 m 8S2.861°7 80.120606
-l 29 m 81.0923 £5.5700 €0 m 82.8624 79.6580
36 m 81.8925 85.630806 6l m 82.8701 79.1280 - -
5‘31 m 81.1002 86.0000 &2 m §2.0789 78.9500 A
- - (2 .
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— - User aspect ratio: .625
Angle = ATN(-Aspect_ratio*Slope> - . :
User aspect ratio! .625 ‘ ‘ AN
Angle = ATN(-Aspect_ratio*Slope) m[}‘@@mmvﬂ )
27 July 4: 8143 pm @@Pw
, ) . , THIS COPY WILL NOT BE
MELL LOOATIGH: HFT 97 DB-i3 LAT: 454808  LONWI: LI19.S5456 REPLACED AND MAY BE
LITHOLDAYY ELT HYIRIBEQLOALC UNITI MWRETON INTEREED CHANGED WITHOWT NOTICE
SRFACE BLEVIFTII 7a.77 ML IEPTHIFT 1232.8R " >
422 ———— T T T[T T Q1568
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= 2% Tuly 3:56:21  pm

File name DE-13

Well location: HNFD ST DB-13

Lat itude: 46.4919816618

Longitude: 119,515558893

Lithologuw: BSLT

MABTON INTEREED
378,77 feet

Hydro unit:
Surface elevation:

R U R ——

Well debth: 1292 feet
Records in file 61
1m 79.6801 159.8000 32 m €1.1823 157.8000
2 m 79.8812 158, 79480 33 m £1.18380 157.86006
3 m ?79.8912 158.7908 34 m 81.11190 157.8400
4 m 79.1882 158.94060 35 m 81.1113 157.5960
Sm 79.1012 158.9408 36 m £81.11286 157.7360
& m 79.1116 158.7100 37 m £1.1204 157.59608
rm 79.1116 158.7168 38 m 81.1211 157.85060
S m 79.1205 158.€690a 39 m 81l.1221 157.6500
S m £8.02886 158.60886 40 m 22.8168 157.86008
189 m £9.0305 158.3200 41l m 82.8122 157.54806
11 m €0.9410 158.5600 42 m 82.0129% 157.61068
12 m 88.0619 157.6900 42 m 82.08285 157.8500
13 m 80.8806 157.7208 44 m 82.8219 157.39006
14 m ©8.8983 157.8700 45 m 82.8226 157.43608
15 m £8.1025 157.8060 46 m £2.6324 ~ 157.5500
1é m 81.68612 157.5800 47 m 82.68331 157.69008
17 m 81.8626 157.5900 48 m §82.0488 157.4808
18 m 81.8789 157.6200 49 m 82.8415 157.4708
19 m 81.86724 157.6108 SB m $§2.08422 157.4908
28 m 81.6731 157.6200 SIm 82.0429 157.5200
21l m 81.880°7 157.68086 52 m 82.8586 157.51688
22 m £1.8814 157.5408 S3 m 82.8513 157.38068
23 m £1.8821 157.62008 54 m 82.08520 157.45608
249 m 81.8828 157.60009 59 m 82.8528 157.40080
25 m 81.8994 157.52649 56 m 82.0683 157.38886
26 m ©1.8911 157.7800 57 m 82.8611 157.22a0
272 m 81.8918 157.6860 58 m 82.08617 157.27080
28 m 81.8925 157.86608 99 m 82.8624 157.2268
29 m 81.1082 157.6008 68 m 82.8630 157.1980
30 m 81.18p9 157.6808 61 m 22.8709 157.33680
31 m 81,1016 157.8868
4\", Q
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Lawrenée Berkeley Laboratory

University of California
Berkeley, California 94720

RECEIVED Telephone 415/486-4000
JUL 26 1987 FTS: 451-4000
F. H, DOVE Earth Sciences Division

Dr. S. Baker . ' f].Q,
Rockwell Hanford Operations :
Energy Systems Group '

July 21, 1982

ag, 1482 —  6PM

Ny 29, 98 - 130%™ _

P.0. Box 800
Richland, WA 00352

Dear Steve:

Per our telephone conversation of July 20 please find below a list of
sugaested 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.

W Ny -
L I ]

Suggested Agenda Items

Aaree on plan for resolutijon of differences between models.
Identify and 1ist conceptual/technical differences between models.
Identify procedures for resolving above differences.

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 existingwells and review the

We Took forward to seeing you on the 28th and 29th.

cc. v( Dove, PAL

potentiometric interpretation for the various formations as a
function of time.
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Very truly yours,

AN
8rian Y. Kanehiro

Chaler— YT
Charles R. Wilson ,Z__

W. Myer, USGS
D. Hatkins, LBL
G. Hunt, Rockwell
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Kd for Am
" in host rock Norma} 8.5E1 - 6,02 ml/g Corrado
) Kd.for Pu
in host rock Norma} - 5.0E0 ~ 3,957 ml/g Corrado
Kd for
in host rock Normal 1.060 - 1,1F3 ml/g Corrado
Kd for Np
in host rock Normal 2.0E0 - 1.8F1 ml/g Corrado
Kd for fission
products in host ,
rock Norma1l 4.2E1 - 3,0F2 ml/g Corrado
Kd for Am .
in aquifer Normal 2.5E2 ~ 1.8F3 ml/g Corrado
Kd for py
in aquifer Norma1l 5.0E2 - 3.5f3 ml/g Corrado
Kd for y
in aquifer Norma1l 1.8¢1 - 1.2E2 ml/g Corrado
Kd for Np
in aquifer Norma 1.2€1 - 8,81 mi/g Corrado
Kd for fission
Products in ‘
aquifer Normal 5.0E1 - 3,582 ml/g Corrado
.'Solubility Timit
for Am Lognorma1 3.7E-18 - 7.2E-10 g/g - Wise
Solubility limit
for Py Lognormal 5.4E-16 - 4.4E-7 9/g Wise
Solubility Timit
for U Lognorma] 5.7E-12 - 6.9E-5 a/g Wise
Solubility Hmit ,
for Np Lognormal 1.1E-21 - 1,1¢-7 g/g Wise
Solubitity 1imit
for Tc Lognorma1 1.4€~13 - 6, 7¢-g g9/g Wise
Solubility 1imit
for fission
Products Lognormai 1.5e-11 - 5.7E-8 g/g Wise
Dispersivity Lognormai 5.0E-1 - 5.0F2 ft Verma
Radionuclide - .
release time Lognorma] 3.2E2 - 3.2¢5 yr Cook
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Vériab]e Distribution WMHT Values Units Responsible
Conductivity in

. aquifer Verma/
(legs A & B) Lognormal 1.0E-4 - 1.0E3 ft/day Logsdon
Porosity in -

“aquifer Ly Verma/
(legs A & B) Lognormal 1.0E-2"- 1.0E-1 -- Logsdon
Conductivity in
host rock Verma/
(legs C & D) Lognormal 1.0E-4 - 1.0E0 ft/day Logsdon
Porosity in .
host rock _ Verma/
(legs C & D) Lognormal 1.0E-5 - 1.0E-3 -- Logsdon
Gradient in Verma/
host rock Lognormal 1.0E-5 - 1.0E-2 ft/ft Logsdon
Gradient in Verma/
aquifer Lognormal 1.0E-5 - 1.0E-3 ft/ft Logsdon
Canister life Lognormal Cook



MODEL 12 MINIATURE- WELL POINT SAMPLER
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Especially for hazardous waste sampling

Removmg the mystery from groundwater flow:

DESCRIPTION

The Model 12 Miniature Well Point Sampler
allows rapid sampling of shallow ground-
water, down to a maximum of 10 feet.

A high ratio of striking force “to cross- - -

sectional area of the shaft enable the well
point to penetrate soils grading from silt

- through sand to medium gravel. A silt trap

and pump allow withdrawal of one-liter
samples of water. The unit comes with
extension shafts and a replacement
well point. The shafts and well points are
constructed of non-contaminating, corrosion
resistant 11 gauge stainless steel tubing.
All pieces come in their own convenient,
rugged carrying, shipping case.

APPLICATIONS

The Model 12 Miniature Well Point Sampler

~ can be used for extracting ground water

samples around lakeshores or wherever
shallow groundwater exists. It replaces

tedious hand-augering to obtain represent-

ative samples of groundwater for water

- quality analysis. The probe can be position-

ed vertically and used in conjunction with a
conductivity meter for profiling subsurface
plumes. Samples can then be obtained at
the core of the plume for analysis of
constitutents. The sampler easily accomo-
dates teflon tubing and receiving flasks.

R.

G. METZ
3914 MIAMI ROAD
CINCINNATI, OHIO 45227

1513) 271-2468
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To meet the RCRA data requirements for determining rate and migration’ of waste materials in saturated soil and aquifers,
K-V Associates, Inc. offers'two proven instruments to display groundwater flow Direction and Velocity within three minutes,
regardless of flow rate.-Simplifying traditional labor intensive methods, each unit provides a direct reading in feet/day.
A simple resolution of a vector diagram produces a resultant accurate to + 5° in direction, +7% in velocity, through a range

of 0.2 to 100 feet per day. The Model 10 is desired for hand.

shallow placement and monitoring wells.

MODEL 10 DOWSER™
GROUNDWATER
FLOWMETER"

PR ¥ Y PR TR it an

The Model 10 Dowser™ Groundwater Flowmeter
rapidly measures interstitial water movement in
shallow groundwater situations. The sensing probe
on a six foot cord is inserted into the saturated
porous soils below the water table and oriented with the
attached compass. The digital readout is given in 5
discrete vector components which can be readily

: ~ . plotted on circular

- graph paper to
determine princi-
-. pal direction and
" rate of flow. Each
I} compass  vector
| will approach the
- cosine fraction of
~ the rate of flow in
. the principal flow
- direction  under
~ uniform  ground-

- water flow con-
: ditions..

. The Model 10
" has been success-
fully field tested
- on EPA waste-
- water  planning
. projects in lake
" shore areas with
i it emtinnesd. . AFA ~to- predict
flow patterns. The digital readout unit rapidly
reproduced groundwater flow patterns previously only
measurable by tedious multi-hour test procedures. The
Model 10 Dowser™can measure flow for a variety of
liquids through porous sediment, including gasoline,
and light oils as well as water. Supplied with the instru-
ment is a kit for calibration against known floy

through porous soils, including local samples. u m E;@ &"T U @ m
| BORY
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TM = TRADEMARK
*U.S. AND FOREIGN PATENTS PENDING

TO CONTROL UNIT
A

BV UNSATURATED

s

l OMPASS

&

-

HEAT PULSE

V36 V= Velocity in ft/day

MINUTES ELAPSED

METER READOUT

(RELATIVE UNITS)

o~

+ 5° DIRECTION——S ¥
+ 7% FLOW RATE

BROAD RANGE

[+ S - -]
& & ©

N
_©

20 40 60

GROUNDWATER FLOW RATE

(feet per day)

g

80

100

YT

- well casing is measured in

placement in saturated soils and the Model 20 for combined

MODEL 20 GEOFL “W@(g&@%ﬂm‘]@m
GROUNDWATER SOPY
FLOWMETER* crztupé?gmr?oou?:;%%s

The Model 20 GeoFl10 Groundwater Flowmeter measures groundwater
flow from the surface down to 50 feet. The control unit comes equipped
with a field probe and special permeable packing for down-the-well
measurements (units available for 2 inch ID and 4 inch ID fully-
screened PVC monitoring wells). Orientation is provided by interlocking
5 foot aluminum rods which are rotated to a known compass direction.
Similar to the Model 10, the Model 20 presents the readout in 5 discrete
vector components which '
can be resolved for each . . . ..
depth. A L S

The GeoFlo Groundwater
Flowmeter has been used °
to define 3-dimensional :
zones of contribution for
water supply wells and -
porous bottom lakes. The
ease of measurement
allows rapid reconnais- -
sance of groundwater flow
following accidental spills :
of hazardous or toxic
materials.Using the unit to
define flow. characteristics.
on site can significantly
reduce the costs of well J&
placement for landfill }ff"
monitoring or oil product &
recovery. f

Rate of flow within the { [

units of volume flow
(ft3 /ft2 /day). The units
may be converted to flow :
rate (ft/day) by multiplying times the effective porosity obtained for
different porous strata by split spoon sampling during well instal-
lation. Flow range extends from .2 to 100 ft3 /ft2 /day.
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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
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A FEASIBILITY STUDY FOR THE 222-S HOT-CELL FACILITY

BARRIER MATERIALS TESTING IN THE PRESENCE OF NUCLEAR WASTE: //\

. Staff
Research and Engineering

M. J. Apted
Waste Package Department

June 1982

Prepared fof the United States ﬂm E@ m R’MWH @ m

Department of Energy under .

Contract DE-AC06-77RL0O1030 ﬂB[JEJYY
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Rockwell International
Rockwell Hanford Operations
Energy Systems Group
Richland, WA 99352
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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 Comm1551on (NRC) and Enviroﬁmenta] Protection Agency
(EPA) regulations. The component materials, or bakriens, 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 1ifetime of the repository, groundwater will V
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:testedvsuctessful]y and on scéhedule, 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 immediate startup of hot-cell testing to meet
the current, accelerated DOE schedule for design and 1icensing of nuclear
waste repositories,
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___Enrt_qthesses overall feasibility of performing hydro-

"~ 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 Tocation for such a testing program as
the following conclusions point out.

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 betwean hydrothermal tast “planners/
data analyzers/modelers" and "doers" is facilitated.

A1l 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 radiocactive 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 radiocactive 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'pirgh-levelradﬁ:~
chemistry facility. The laboratory has 10,600 ft2 of 1abofatory 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 ftz-generalapurpose hot cell are available and ca-
pable of performing the testing program proposed by the BWIP.

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
E alternate to borosilicate glass could also be tested if directed by the
i  NWTS Program. Sufficient space is available at the 222-S Building to
accommodate an increased scope of work to include other geologies, should
such 2 request be made.

Test matrices using both static and flow- drothermal

techniques have been developed. These techniques will be app11ed to
sequential combinations of basalt, groundwaters, waste forms, canisters,
and backf[11 material under repository conditions. Conditions to be’
simulated are:

Temperature
Pressure
Groundwater composition
Groundwater pH and Eh
" Groundwater flow rate
Surface area of host rock |
Ratio of groundwater mass to solid mass.

It is planned that as many as eight Dickson-type autoclaves will be
available and operat1ona1‘for hot-cell testing start1ng in October 1983
In the following year, more autoclaves will be added, up to a total
of 14, Comp1etion of these tests is schedu]ed in FY 1986

The standard Dickson rock1ng autoclave design has been mod1f1ed by
the BWIP to a rolling design to save valuable floor space, and simplify
c¢losure of the apparatus containing hot waste. Both the rolling and
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rocking :_yug%EVE'lystems 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 locatad in basalt. Experiments using both static and flow-through
equipment are scheduled. This state-of-the-art equipment yields supe-
rior results since 1iquid phase sampling is permitted at experimental
temperatures and pressure conditions, thereby avolding quench effects.
;E_;ST;EFEEE_EEEETEE‘?;;;—;Ltoclaves that have been cooled—SEE—HEEF§§-
surized. Detailed procedures outlining hydrothermal test operat1on 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
proceduras. 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 baefore the initiation of thesas 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 compiement 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
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the performance of @ nuclear waste repository in basaTt; WiHttte—breadlyam |
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.
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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)-regulation;. The component materials, or barriers, of a waste pack-
age have the individual and integrated functions to provide ifnitial 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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ermal tesss—requirad for the design of waste packages used in repos-

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 expectad 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 advantagas and
features of conducting the BWIP radicactive 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 incompasses 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 Appendicas 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 repositofies. 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 repositofy 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, 1981d; 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 re]gase from the engineerad 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,
fthe BWIP has defined the engineéred system as the maximum extent of the
L100°C 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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(Anderson, 1982).

Barrier

Functional requirement

Hydrothermal data requirement

Waste form-

Canister

-p 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

-

1 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

Datermine 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 butfering of
groundwater chemistry, in-
cluding pH and Eh

Measure sqgrption properties
of basalitc phases
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engineered system is the boundary at which the NRC reIease cr1tetion is
. applicable. The EPA has also proposed that the release of specific

L?adionuc]1des over 10,000 yr be below certain established limits (EPA,

1982). The purpose of the NWTS program for hydrothermal testing of
barrier materials is to provide the site-specific information necessary
for designing a waste package and assessing its performance in meetihg
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-
actiongjfsolid-state phase transformation) are important parameters in
determining the necessary composition and thickness of these materials
that will insure compatibility with the containment requ1rement called
for in the present draft regulations.

Regardless of the exact length of the containment period, the
nature of the test designed to demonstrate containment remains the
same and so will not affect the scope and direction of the tests called
for in this report. Conservative design practices mandate_ some period
of waste containment within the waste package during the period of
maximum_thermal output. T

The criterion of acceptable slow release of radionuclides after
the containment period is met conceptually by a combination of the waste
form, which must 1imit 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

2-3
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radionugl-ide—cont roundwater r th the waste

form and the hydro1og1c f10w 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 probablx_mgrg-rﬁéliSﬁig,and_useful_da:a_fgg:éiel:
uating long-term radionuclide release rates, particularly for_glggLflggz E

rate conditions expected in a_repository (NWTS, 1981d; MCC, 1981).

Hydrothermal tasting 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

- g. an in-depth analysis of waste package and site geochemistry issues, and

plans. In Chapter 15, the BWIP staff carefully analyzed all applicabie
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 radiocactive
materials for testing) form the basis for the BWIP's need for materials

‘controlled by simultaneous disselution and growth of primary and secondary

¥
2‘(: Under steady-state reaction conditions, solution compositions are
alteration products, respectively (Mottl and Holland, 1978; BWIP, 1981).

2-4
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testing (Table A-1, Appéndix 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 Eompared 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
\\ sequential approach enables the test program not only to isolate chemical
e 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
1iterature (Bowen, 1928; Ernst, 1976; Lerman, 1979; 8Serner, 1980).

The current BWIP hydrothermal testing program for waste-barrier-
basalt interactions has followed the NWTS systematic approach for sequential
testing of barrier materials (BWIP, 1981). Present test activities have
focused initially on determining radionuclide soiubility limits (or ’

2-5
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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 ysed to evaluate waste form degradation
under basalt-specific repository conditions (Apted, 1981; Holloway et al.,
1981). Radionuclides that are not strongly sorbed or precipitated f}om
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 E5H—3TE5_EE7ﬁﬁRﬂ?ET?ﬁ7§r7§37?gz;z—;;a;;;;;;é 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 radionuciides normally found in nuclear waste.

2-6
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Use of simulated waste forms for initial testin
several reasons. Measurement and evaluation of the

---

of temperature, pressure, Eh, pH, the proportion of react1ng 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-
parated into simulated wast;_;;;;;Tf—F;SE—E_EﬁEﬁTEBJ 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

pstfgrmance evaluation information for most elements in proposed waste
. T e
forms.

_—
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
e
¢ Study the key (i.e., potentially hazardous) radionuclides in
actual waste (e.g., technetium, plutonium, americium, neptunium)

that ggggg:_hg_gggggggg}s;iby stable jsotopes and thus are not
contained in ted waste

o Determine the effects of a radiation field on barrier per-
formance ‘

¢ Simulate conditions more closely to those expected in the
repository (e.q., radiolysis).

The direct information gained from testing radiocactive waste forms,
and the possibility that simulated waste forms will not prove to be
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ad-waste—formd to be abandoned), impart a high priority to the se-
! lection of a hot-cell facility and initiation of fully radiocactive
f tests. The question of whether or not simulated wastes are a suitable

analogue to actual wasta-is-pivota L_ta...c.rgg_ilﬂ.uéw fgn 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

o Accurate analyses of solution samples, taken both during and
after the test

o Detailed characterization of solid reaction products
o 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 radiocactive waste forms.
Testing with radioaetive 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 lowgf concentrations then their

nonradioactive counterparts.
—"

The best available apparatus for hydrothermal testing of barrier
materials is the Oickson-type, sampling autoclave (Dickson et al., 1963;

2-3
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Seyfried et al., 1979). This apparatus consists of a dg]qAreact1on'é§TT
contained in a pressure vessel and heated by an external e1e£ff{2'?6}héce.
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 mggifgrigg_gﬂ_gnd Eh in solutions at
temperatures below 300°C have been developed (MacDonald, 1978; Nied?gch,
1980; Danielson, 1980) and modified to be compatible with Dickson-type
~ autoclaves. These controling and monitoring devices have been tested at
- conditions up to 285°C and 80 bars (Niedrach, 1980). Measured ratios of
X dissolved redox couples (Cherry et al., 1979; Jacobs and Apted, 1981)
a;;‘;T;;‘EE_EEEE_Eb 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
;;;;;;;;_;?Eﬁ~ﬁﬁltiple 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 reactéd solids entails a multiple approach of both
chemical and mineralogical (structural) characterization. Use of the

2-9
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“”“"“é%%‘%‘i:"%'f“’ﬁ'ﬁfnesee; (OM), X-ray diffraction (XRD), and even scanning
electron microscope (SEM) has some value but is ultimately unable to
provide analysis on the very minute (often less than 1 um) grains of
precipitated alteration products ;hat 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 um (Krauskopf, 1979; Buxton et al., 1982), their
isolation by proper filtration techniques is a vital;rquigg@ggz\ig‘fﬁ?

hydrothermal ing program.

Anticipated approximate personnel dose rates are 0.4, 1.4, and
5 R/hr at 30 cm per gram of unshieided 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 remote operational 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 mintmize transportation of hazardous materials
and chemically unstable solutions.

2.4 STATISTICAL APPROACH TO HYDROTHERMAL TESTING

The curreﬁt draft of 10 CFR 60 requires that there be "reasonable
assurance" that proposed criteria for pre-1,000-yr containment will be
met by the waste package and post-1,000-yr controlled release of radio- ‘
nuclide will be met by the waste package plus the geologic repository ro
(NRC, 1981). Barrier material testing programs devised to mest—tirts
requirement of "reasonable assurance" will be 1imited, however, to test
durations that are extremely short relative to the regulatory time
period over which barrier materials are expected to remain functional.
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terials could be achieved by elevating laboratory phys1cochemica1 pa-
rameters to values that accelerate the expected degradation mechanisms
(DOE, 1981). The results from such short-term, accelerated‘testiﬁ§—~
could then be used to establish reasonable assurance for barrier ma-
teria] performance over much longer time periods.

Accelerated tests, however. must be devised to take ful] advantage
of statistically guided exper1meﬁial design. Statistical approaches to
the design and interpretation of barrier material test data recently .
have been studied by the NWTS Program (NWTS, 1981d). Qne 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 of a statistical approach to accelerated barrier ma-
terial tests (NWTS, 1981d) is based on expert scientific opinion.

Before any testing is performed, it is necessary that a scientific,

quantifiable model for barrier degradation be constructed from expert
Eﬁbgment. 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 1mpartahce of

"these mechanisms as a function of environmental parameters of the re-

pository (e.g., temperature, pressure, radiation field, groundwater
compcsition) 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) tomprised 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 previods 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 ca;—:f\;;;?Ty_THEﬁfT?Tﬁd. This is useful for
establishing priorities among exper;;;;E;-?ﬁ_EE 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 tasting.
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
estabTishing 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

2-12
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engineering community at large. This is best accompliSted—threugh—a

central agency that collects experimental data, technidﬁég,wand 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:
¢ Transfer technology across repository projects
o Hold workshops on key technology issues

o Develop test protocols (i.e., define generic bounds such as
temperature ranges, sample preparation techniques, common
approaches toc analysis, and definition of key standards)

e Participate in waste package overview committee reviews of
test procedures and critical data

e Catalog reference waste form and barrier materials End 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. S

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 1ikely to be used for a repos-
;Eg;;—;E—EEEFEFET-—EFémical 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
h;vé been anaTyzed 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-
1inity, conductivity, cation:analysis [by inductively coupled plasma
spectrometry (ICP)], and anion analysis (by ion chromatography). Cation-
anion balances are generé]1y better than 2% for the water analyses.
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_____-————on'tﬂﬁgg'EEEﬂ;;T—;roundwater analyses, have been developed (Wood and

EEEE;;:_TEEE:\HETToway—et'a1., 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 saveral key
hydrothermal reactions that dominate groundwater chemistry.

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 groundwaig;: 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 cahister materials are relatively inert with respect ’//Wﬂ/(
to chemical reaction with groundwater. Because of this and the much
larger mass of basalt relative to the canister, it can be expected that

y.”

corrosi canister will have only a#§1ighi.effggg_gg_}hg_grgund-

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

3-2
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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 yr,
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 been specified. Compacted bentonite
¥s an established water barrier (Pusch, 1979), and basalt is highly
reactive (Smith et al., 1980) with certain radionuclides (e.g., cesfum
and strontium).

. 3.1.4 (Canister

The canister is designed to be the primary barrier for isolation of
radionuclides over the first 1,000 yr after repository closure. The
reference canistermaterial for the NWRB is currently 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 mitigate deleterious effects of groundwater radi-

olysis on canister corrosion (Glass, 1981).

3-3
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rent 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
tasts: tracer-loaded waste forms, and fully loaded waste forms.

Many of the key hazardous radiocactive elements in nuclear waste
(Barney and Wood, 1980; Wood, 19803 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 gammi 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 38Sr for radiocactive 90Sr).

A tracer-loaded waste form can be fabricated with these lower-energy
radicactive an&—;EZETE_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 (EEE2777-260 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-locaded waste forms will be tested
early to confirm and refine hydrothermal and nuclear analytical test -
procedures for later performance assessment of radicactive waste forms.
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Fully loaded borosilicate glass and actual spent fuel a_igmblies

will be procured for hot-cell test1ng 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-0ld spent fuel from a pressufized 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 i

n this assess-

ment. Experimental parameters that affect test data also must be un-
derstood. It is anticipated that earlier tests with simulated waste

forms can and will be used to evaluate the parameters.
of tests under vartable test conditions are possible at
by using simulated waste forms.

Environmental parameters can be divided into those
chemical interactions of groundwater with the basalt of

A large number
a far lower cost

arising from ’
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 in

itial 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
(Altenhofen, 1981). These analyses are updated continua

in basalt
11y 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 x:_gf_gpe repository 1ife

span, when the radionuclides with short half-1lives decay.
ature in the repository will increase from ambient (59°C
\——q

3-5
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L is time. Subsequently, modeling predictions show that
tempérafures 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 50°C to 300°C is the relevant temperature
range for hydrothermal testing of barrier materials. Specifically,
300°C and 150°C 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 Pressura

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 1072 to 10712 m/sec for colonade/
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conductivity of 10° -2 to 10° -9 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 NWTS 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
funétion 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 Composition. 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 formé, and subsequent interaction of radionuclide-
bearing groundwater with backfill and basalt barriers, are particularly

S ——————

important to post-1,000-yr containment criteria. Early hot-cell hydrothermal

w
]
~
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Saturation 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, radionuc1ide-bearing_alter-
ation phases will also be a key part in the interpretation of this
steady-state solution data.

3.2.4.2 pH. In the repository host rock, solution pH is controlled by
interactions between groundwater and the reactive glassy pdrtion 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:

. 2540

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), butl:a;her,c%W@mﬁWWW"ﬁmf
situ value of pH at the pressure and temperature of the test (Niedrach, _—
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(Il)-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: o

Eh = 0.270 + T(-1.984 x 107% pH - 3.459 x 107H) (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
200°C/300 bars and 300°C/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 teﬁberature and above, appears valid.

3-9
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nmmmmsésalt-en-undwater reactions will control Eh in the repository
cause 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 25°C 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 serigusly misrepresents initial groundwaters that
will eventually fill and flow through a NWRB. Use of degassed water,
with approximately 1.0 ppb O2 (e.g., Peters and Diamond, 1981), does not
eliminate this probiem. These concentrations of dissolved oxygen still
correspond to a very oxidizing Eh of 560 mV at 25°C 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).

3-10
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Experimental hydrothermal studies have well documeénted 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 1ikely to create serious consequences until more than
50% 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)A1Si20¢]
(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 um in size, that adhere
to the surface of solids even after they have been sieved (Schott et al.,
1981). Theése 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 presgﬂtEﬁApu Tyear—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 BWIP and NWTS
approach to hot-cell testing (see Appendix B). 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 penformance 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 pbactical range of 5:1
to 20:1 does not lead to significant change in the long-term, steady-
state solution concentration. I[f so, then a single water-to-waste form
mass ratio could be selected for future tests to limit the total number

3-13
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TABLE 3-1. Praovisional Matrix for FY 1984 Hot-Cell Testing.
Barrier Water: waste: | Tempera- Duration
material | barrier ratio | ture (°C) | (months) Comments
Tracer-loaded borosilicate glass
- 10:1:0 300 4 Technetium, plutoni-
- 10:1:0 300 22 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 3 elements in solution
Spent fuel
- 10:1:0 300 4
- 10:1:0 300 22
- 5:1:0 300 3
- 20:1:0 300 3
- 10:1:0 150 6
- 10:1:0 150 3a
Tracer-doped groundwater?
Basalt 10:0:1 300 4 Reinjection of fresh
Basalt 10:0:1 300 24 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 24 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.
%Replicate tast.

b

Source of radionuclides.
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TABLE 3-2. Provisional Matrix for FY 1985 Hot-Cell Testing.

Barrier Water: waste: { Tempera- Ouration
material barrier ratio | ture (°C) | (months) Comments
Tracer-doped groundwaterd
Backfill 10:0:1 300 2 Backfill =
Backfill 10:0:1 150 4 75% basalt +
25% bentonite
Simylated spent fuel
Basalt - 10:1:1 150 6
Basait 10:1:1 300 3
Tracer-loaded borosilicate glass
Basalt 10:1:1 150 6
Basalt 10:1:1 300 3
Spent fuel
- 5:1:0 150 6 Comparison with
- 5:1:0 150 kL simylated spent
Basalt 10:1:1 150 6 fuel tests will do-
Basalt 10:4:1 150 6 termine need to
Canisterc 10:1:1 150 6 continue hot-cell
Canister 10:1:1 150 3% testing or return
Canister 10:1:1 300 6 to simulated waste
Basalt + 10:1:1:1 150 4 form testing
Canister
Borosilicate glassd
- 10:1:0 150 6 Comparison with
- 10:1:0 150 3 tracer-loaded boro-
Basalt 10:1:1 150 6 silicate glass
Basalt 10:4:1 150 6 tests will deter-
Canistere 10:1:1 160 6, mine need to con-
Canister 10:1:1 150 30 tinue hot-cell
Canister 10:1:1 300 6 testing or return
Basalt + 10:1:1:1 150 4 to simulated waste
Canister form testing
Total 104 testing versus

120 (maximum] of available
autoclave operating time
(assumes 10 autoclaves)

NOTE: Actual time to attain and demonstrate steady-state condi-
tions should be less.

%source of radionuclides.

bReplicate test.

“Canister present as a monolithic coupon.
d!-'tu 1oaded.
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~FABLE 3-3. Provisional Matrix for FY 1986-87

Hot-Cell Testing.

8arrier Watar:waste: Tempara- Duration
material barrier ratio | ture (°C) {months) Commants
Spent fuel
10:1:0 300 4
- 10:1:0 300 =
Basalt 10:1:4 150 §
Basalt + 10:1:1:1 300 3
Canister
Basalt + 10:1:1:8 150 12
Canister
Basalt + 10:1:1:5 150 §s
Canister
Basalt + 8:1:10 150 4
Canister
Canister(1I) 10:1:1 150 5
Canister(II) 10:1:1 150 a Canister(II)
Basalt + 10:1:1:1 150 4 represents
Canister(ll) alternate
Basalt + 8:1:1:1 150 4 material for
Canister(ll) canister
Basalt + 10:1:1:5 150 4 barrier
Canister(I1)
. Borosilicate glass?
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
Basait + 10:1:1:5 150 42
Canister
Basalt + 5:1:1:5 150 o 4
Canister
Canister(I1) 10:1:1 150 5
Canistar(!I) 10:1:1 150 k)
Basalt ¢+ 10:1:1:5 150 4
Canister{Il)
Total 85 testing versus

240 (maximum) o
available auto-
clave ogperating
time (assuming
10 autoclaves)

NOTE: Test durations are conservative estimates. Actual time to
attain and demonstrate steady-stata conditions should be less. Ratio of
water to waste barrier is 10:1.

?Replicate test.
“Fully loaded.
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Hater:
mterisn | berrier | RIS | Tnemene) | date ()
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
8entonite 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 (°C) (months) date (FY)
Spent fuel
Basalt 10:1:1 150 >6 1985
Basalt 10:17:1 300 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
- 10:1:0 150 >6 1984
- 10:1:0 150 3* 1984
Basalt 10:1:1 150 >6 1985
Basalt 10:1:1 300 3 1985

k3
Replicate test.

3-17
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L_, TABLE 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 (°C) {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
Canistar 10:1:1 150 3* 1985
Canister 10:1:1 300 6 1985
Canister(11) 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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TABLE 3-6. Test Matrix for Fully Loaded Waste riments
Grouped by Waste Form. (Sheet 2 of 2) o
Barrier Water:waste: Tempera- Duration Scheduled
material barrier ratic | ture (°C) (months) date (FY) -~ —
Basalt + 8:1:1:1 150 4 1986 - - e e
Canister(II) o o
Basalt + 10:1:1:5 150 4 1986
Canister(II)
Borosilicate glass o
- 10:1:0 300 4 1986
- 10:1:0 300 2% 1986 T
- 10:1:0 150 6 1985
- 10:1:0 150 3 1985 o
Basalt 10:1:1 150 6 1985 . e
Basalt 10:4:1 150 6 1985
Basalt 10:1:4 150 6 1986
Canister 10:1:3 150 6 1985
Canister 10:1:1 150 3* 1985
Canister 10:1:1 300 6 1985 _ . L
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 - o
Canister
Basalt + 5:1:1:5 150 4 1986
Canister
Basalt + 10:1:1:1 300 3 1986
Canister
Basalt + 10:1:1:5 150 4 1986
Canister(II)

*
Replicate test.
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TABLE 3-7. Test Matrix for Flow-Through Experiments.
Barrier Flow rate Tempera- . Scheduled
material (m/yr) ture (°C) Duration date (FY)
Tracer-loaded borosilicate glass
- 10 150 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 1 mo 1984
Basalt 1.0 300 2 mo 1984
Basalt 100 150 2 wk 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
Basait 10 150 1 mo 1986
Basalt 1.0 150 2 mo 1986

*Fu11y loaded.

3-20
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Tution 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 probliems in hydrothermal testing with radiocactive 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 taesting for the entire NWTS

barrier materials testing program. As early as the beginning of FY 1985,
an appreciabie number of hot-cell hydrothermal tests specific to other

potential geologic repositories could be performed simultaneously if a =
oo e full complement of 14 sampling-autoclaves were available. Indeed, ft ¥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.

(5]
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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, a2 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 1ist 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 Tong-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.
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Residedicated to the performance of hydrothermal tests are described

ﬁgﬁﬂgpx?he hot-cell, support, and analytical facilities and equipment that
rmsdﬁlfll "
Rifhﬁwx&%o%‘@gﬂowing section (Figure 5-5).
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5.2 HOT-CELL FACILITY

Laboratory 1E contains two hot cells plus space for two shielded
autoclave installations (Figure 5-6). The hot cell, 1E-1, will be
assigned to support the proposed BWIP hot-cell hydrothermal testing
program. Hot cell 1E-1 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 1b.

The main cell is serviced by two master-slave manipulators capable
of handling 20 ft-1b torque with wrist and mechanical fingers. The
manipulators are capable of vertical 1ifts of up to 50 1b with a special
wrist hook. An in-cell jib crane provides additional 1ifting capacity
of 500 1b.

In-cell services include water (distilled and sanitary), vacuum,
90 1b compressed air, and 110-V and 220-V electrical receptacles. Sev-
eral space inlets to the main cell provide access for additional serv-
ices that might be required.

Laboratory 1B is a full-service fission product laboratory (Fig-
ure 5-3). It is equipped with nine open-face hoods that will be used to
prepare radiocactive 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
tasts.
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Laboratory 1D (Figure 5-9) is presently being u'ed for ﬁgnﬂgdmgmumwi

active hydrothermal testing with simulated waste forns*Tn‘UTEEg_h-type
rocking autoclave systems. The laboratory has been completely renovated
for this task and has been totally dedicated to the BWIP 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
hand1ing radioactive materials producing dose rates of ~100 mR/hr whole
body exposure.

Also available in Laboratory 10 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 o
tested (borosilicate glass).

5.3 ANALYTICAL FACILITIES

The 222-S Building laboratories that will be assigned to support
hydrothermal tests are: 1GA, 1H, 1JA, 1J, 4E, 4M, and counting room,
B1A/C (see Figures 5-4 and 5-5).

Laboratory 1GA has 540 £t° of floor space (Figure 5-10). This S

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 1H and 1JA will provide sample preparation support for
the inductively coupled plasma atomic emmission spectrometer (ICP-AES)
(Figure 5-11}. These 1abqratories contain the radicactive service hoods
and bench space to provide adequate support for the [CP-AES.

Laboratory 1J contains the shielded Applied Research Laboratory,
Model 137 ICP-AES equipment. The ICP-AES is designed to measure cations
in highly radiocactive samples up to 5 R/hr, and to discharge the asso-
ciated 1iquid and gaseous wastes safely (Figure 5-12). The ICP-AES

5-11
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Laboratory 1K, with 285 ft~ of floor space, contains adequate hood
~and bench space to support the installed shielded atomic absorption
spectrophotometer (AAS) (Figure 5-13). The AAS 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 ftz of floor space, will be devoted to ion

and gas chromatographic measurement and development (Figure 5-15).
This laboratory is equipped with antassortment of hoods, bench space,
and equipment to analyze radioactive samples for anions using ion
chromatography. Ddring the course of testing, fluoride, chloride,
nitrate, phosphate, and sulfate measurements will be completed in this
laboratory.

~h

Laboratories 4E and 4M, each have 475 ft2 of floor space. Labo-

ratory 4E will be modified to accommodate a Model Rigaku D/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 BlA 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 soclid and liquid samples. The facility
is designed to measure radioisotopes ranging from low-level effluent
concentrations to highly radiocactive process plant and reactor samples.
Lag and archive storage is available in a nearby multicompartment
concrete storage vault, Room B1C (see Figure 5-18).
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Figure 5-19 diagrams the flow of solid and sol tionieacc’:“t"'?%mg%wm

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 curfent]y 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. '

s Optical microscope
- 2 stereo-zoom (WILD M-8) microscopes
- 2 polarizing (Leitz Orthoplan) microscope

0 - X-ray powder diffractometer system
- Rigaku microdiffractometer

e Scanning electron microscope
- Scanning electron microscope (JEOL-JSM-35C)
- Energy dispersive system (Tracor Northern TN-2000)

50 Analytical scanning transmission electron microscope
- ASTEM (JEOL-20CS TEMSCAM)
- Energy dispersive system (PGT-3000)
- Ion thinner (Gatan Dual Ion Mill)

o 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
- AAS (Jarrel-Ash Model AA-)
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Ion chromatography

- IC (Dionex Model 10)

Carbon analyzer
- Coulometrics Model 5020

| Gamma energy spectrometers
Gamma energy systems (Canberra Industries JUPITER)

30% efficient gamma energy detector

Multidetector array system

Alpha spectrometer
- High-resolution alpha spectrometer
- (0ak 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.

5-25

Low-energy gamma system (Tracor Northern 4500)




IEORMATION

6.0 QUALITY ASSURANCE ﬂg[]ﬂjﬁ
' THIS COPY WILL NOT BE
. REPLACED AND MAY BE

6.1 GENERAL CHANGEDWIIHOUE JOTICE

7

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

Program

Design

Procurement
Construction

Material

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
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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

o Conditions and materials used in testing and their control
requirements

o Measurements, both test and analytical, necessary during
testing

» Procadures used for carrying out testing and measurements

o Level of standardization required for measurements (Na-
tional Bureau of Standards, U.S. Geological Survey, Amer-
ican Society for Testing amd Materials, etc.)

® Accuracy and precision of measurements
¢ Calibration requirements and frequency
¢ Sampling requirements and frequency

o 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-BWI-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
o 2.0 Responsibilities
e 3.0 Safety

8-2
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e 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-SD-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 materjals. 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
Samp1e 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



-9

39110N INOHLIM GIINVHI
38 AYW GKY 03V
38 LON TIIM A4CO SIHL

HATERIAL CONTROL
MATERIAL AND {HR)
RECORDS HAHAGEMENT
EXPERIMENTAL '
CORROS 10H HYDROTHERMAL
. OPERATIONS {CR) OPERATIONS (HT)
CHARACTERIZATION
y
HATERIAL TESTING . 1 MICROCHARACTERIZATION WATER CHERISTRY
OPERATIONS (WT) i OPERATIONS (MC) OPERATIONS (WC)
SURFACE PARTICLE STRENGTH
AREA SIZE [ Tests SNt X0 L ew e = m
| SAPLE || MET 104
SEN F"‘ PREP PET CHEH CHRON
| ]
HMATERIAL COHTROL AHD
HECORDS HAKAGEMENT
FIGURE 6-1.

Flow of Material and Data for the 222-S Building.




a

INEORMATION

BOPY

THES COPY WILL NOT BE
REPLACED AND MAY BE
CHANGED WITHOUT NCTICE

HTL
EFERENCE SAMPLE NO. R NO, LAB NO.
}:m LOCATION esn |esn | coneenrs|
00K - GROUND N,0 TYPE -
- TEST DURATION T0
AGES -
TE - TOPERATURE -
. FILES - PRESSURE -

FIGURE 6-2.

Sample Data Card for the
222-S Building.

Farmc: SAMPLE NG,

RUX Q.

EXPERIMENTAL SAMPLE XO.

TA LOCATION SAMPLE GENERATION PHOTOGRAPHIC DATA
LAS KO,
r:::soo: - GRID LOCATION  NUMBERS | PwOTO 0. -
PAGES - .
DATES - -
lcovputer F1LE -

REPORT N0, -

STORAGE
MT. NUMBER LOCATION

FIGURE 6-3. Samplé Data Card for the Scanning
Transmission Electron Microscope.
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EFERERCE SAMPLE NO.

RUN NO.

EXPERIMENTAL SAMPLE NO.

CATA LOCATION

SAMPLE GENERATION

PHOTOGRAPHIC CATA

LAB NO.

NOTESCOX -
£ -
AGES -
[DATES -

|COMPUTER FILE -

MT. NUMBER

LOCATICN

PHOTO NO. -

REPORT X0. -

FIGURE 6-4.

Sample Data

Electron Microscope.

Card for the Scanning

EMP/PET

[REFERENCE SAMPLE NO. RUN XO. EXPERIMENTAL SAMPLE NO.
CATA LOCATION EMP RESULTS PET RESULTS

LAB NO.: GRID LOCATICNS MINERALS IDENTIFED/LOC
l; TEBOOK
PAGES:
DATE:
COMPUTER FILE:
PET LAS NO.: PHOTO NUMBERS
NAME : —_
PAGES:
DATE:
COMPUTER FILE: . MOUNT NO. STORAGE MOUNT NO. STORAGE

FIGURE 6-5.

Microprobe/Petrography.

Sample Data Card for the Electron
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ratory notebooks are considered the sourcé 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.

6-7
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7.1 INTRODUCTION

Rockwell's Health, Safety and Environment Function (HS&E) 1s ~ -— -

charged with ensuring the protection of emplioyees 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. '

A1l 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

Hy&rotherma] tests in this program will be performed to investigate
three types of materials:

¢ Glass that has been doped with radicactive trace elements
(tracer-doped gTass)

¢ Unprocessad spent fuel waste {spent fuel)

e Borosilicate glass containing fission products, activation
products, and residual actinides (fully loaded glass)
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-oth 0 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. MNo radio-

logical hazards are expected from the planned use of this material.

Spent fuel contains higher levels of radionuclides and, therefore,
prasents 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:

o Power - 37.5 MW(t)/MTHM

o Average burnup - 33,000 MWd/MTHM

o Fuel residence at 80% capacity factor - 1,100 d
o 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 enviromment. 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 1E 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.

7-2
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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 300°C. 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
¢ 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 aveid 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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sufficient to reduce the radiation dose to acceptabie
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 radiocactive 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.

7-4
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APPENDIX A g HOIR
: THISCOPYWILLNOTBE -
| REPLACED AND MAY BE
NASTE PACKAGE AND SITE GEOCHEMISTRY CHANGED WI'HOUT NOTICE

ISSUES AND PLANS

CRITERIA, ISSUES, AND WORK ELEMENTS
o - The criteria and associated work elements and issues that dtreCt1}”or, _
: indirectly support the need for radiological testing have been'reproduced
o . T (Table A-1). from Chapter 15 of the Site Characterization Report (BWIP,
R 1982). The broad scope and pervasiveness of mater1a1 testing requirements
‘ clearly demonstrate- that the hydrothermal and other materials test -
E:f:;iﬁ_wj:fprograms are necessary: to the adequate des1gn, ‘testing, and performance
B verification of a waste package for inclusion in a nuclear waste =
repository in basalt (NWRB).

L VP

;. e Regulatory and technical requirements were ana]yzed by the Basalt— SR
: 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),
A ~ 40 CFR 197, and other criteria documents. The requirements were divided

1oto one or more elements of work which satisfy a specifuc portion of the
criteria.

A "work element" is defined as a technical activity required to
satisfy all or part of & criterion and/or to resolve an issue
_identified for siting and/or des1gn1ng 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
S ‘uncertainty surrounds the present state of knowledge, these items were
described as issues in quest1on form.vl

. .. An “issue“ is deffned ‘as a techn1ca1 question about which there '
"~ is debate or controversy. Issues are technical guestions 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. Criteria, Issues, and Work Elements for Waste Package and Site Geochemistry

(Sheet 1 of 16).

A R JURAE T S R
........

" Techaical criteria

Issues -

Vork element

W.1 - Design

General Requiremants of Design
.135Ta))

Ihe“deslgn o.f the waste packa

. shal) include tha following ele-

pents:

Contafnaent of Mastes

The engineered*systea shall be de-
signed so that even 1f full or par-
tial saturation of the underground
facility were to occur, and assuaing
anticipated pracesses and events,
the waste packages will contain all
radfonuclides for at least the first
1,000 years after permanent closure.
This requirement does not apply to
TRY waste unless TRU waste is .
emplaced close enough to HLW that
the TRU release rate can be signifi-
cantly affected by the heat gemer-
ated by the HLW. ,

For clarification see:
TS 33(1),

" NWTS 33{4),

~ HNTS 33(4),
HWTS 33(4),

3.4.2
30

3.2
4.3.2

HLM Releases .
TEOYITIBIZ) 11 )(A))

For HLY, the enginecered systea

shal) be designed so that, after

the first 1,000 ycars following
permanent closure, the annual release
rate of any radionuclide from the

W.1.A

Does the near-field fnteraction be-
tueen the waste package and its coa-
ponents, the uaderground facility,
and the geologic setting compronise
waste package or englneered system
performance? . :

W.1.1.A [ldentica) to U.1.18.0)

 Determine the wmaximua operating tem-

nnture Halits for waste form,
ckfill, canister, and host rock.

U.1.2.A (Related to W.1.7.4,
: . includes discussion of
W.1.10.A)

Determing conditions that affect
design of waste packages, including
thermal loading, wechaanical loading,
and chealcal eavironment, during
handling, shipment, emplacement, and
retrieval, and after repository de-
commissioning.

W.1.3.A (1dentical to W.2.7.A,
includes discussion of
W.1.8.A) '

Determine the effect of radiation
on near-field geochemistry, waste
package, and barrfer material
performance. ‘

U.1.4.A (Tdentical to 4.2.5.A,
¥.2.9.8) . i

Determine the Erojected solubili-

ties, kinetic behavior, and distri-
bution of aqueous species for key
radionuclides released from the
waste package during isolation.
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TABLE A-1. Criteria Issues, and Work E]ements for Haste Package and Site Geochemistry

(Sheet 2 of 16).

Technfca! criteria

Issues

Hork elehent

"engineerlug systen {ato the geologic
setting, assuming anticipated pro-.
cesses and events, is at most one

- part in 100,000 of the maximm amount
of that radfonuclide calculated to be
present {n the underground facility -

"~ {assuaing no release from the under-
ground facility) at any time after
1,000 years following permanent clo-
sure. This requirement does not
apply to radionuclides whose contri-
bution is less than 0.) percent of
the total ‘annudl curfe release as
prescribed by this paragraph.

For clarification see:
10 CFR 60. 110 (bY{(2}(111)(A)

TRY Releases
TEO.YITIBI2)( §1)(B))

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,
1s at most one part in 100,000
of . the maximun amount calculated
to be present in the underground
facility (assuming no release
from the underground facllity) at
.any time following permanent closure.
This requirement does not apply to
radionuc)ides vhose contrihution is .
-less than 0.1 percent of the annual
curie release as prescribod by this
paragraph.

For clarlflcation ﬁee:
10 CFR 60.101{b){2)(it)(B))

H.1.5.A (Identical to M.2.2.A)

Determine the extent of control of
Eh-pH and groundwater composition
by the host basalt after reposl-
tory clasure.

H.1.6.A {Includes discussion of
H.1.11.4A)

Determine the susceptibility of
candidate canister materials to
degradation (1.e., corrosion,
hydriding, fatigue} in the reposi-
tory near-fleld environment.

H.1.7.A {Related to W.1.2.A)

NDeternine design properties, in-
cluding thermal, physical, mechani-
cal, and chemical for vaste package
compo»ent materials and host rock.

H.1.8.A (lnclnded in H.1.3.A)

Deternine the effect of'radlatlon on
the performance of the waste form,
backfill, and near-field host rock.

H.1.9.A (Included in W.1.12.A)

Determine the release rate (per-
formance) of candidate waste forns
in the reposltory ngar-fleld en-
v(rnnment.
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TABLE A-1. Criteria, Issues, and

ork Elements for Haste P
(Sheet 3 of 16).

ackage and Site Geochemistry

Technical criteria

Issues

Hork element

Emplacesent Environment
l%.“’ih"l" -

The waste package shall be dasigued
s0 that the in-situ chemical, plllg“-
cal, and nuclear properties of the
waste package and its interactions
with the emplacement environzent do
not compronise the function of the
wasle packages. Ihe design shall
lnclﬁg Bat not be limited to con-
sideration of the following factors:
solubility, oxtdation/reduction
reactions, corrosion, hydriding, gas
generation, therwal. effects, wechani-~
cal streagth, mechanical stress,
radiolysis, radiation damage, radio-
nuclide retardation, leaching, fire
and explosion hazards, thermal

loads, and synergistic interactions.

For clarification see:
10 CFR 60.135{a))) -

Waste Package Effect on the Under-
round Facl i Tty Watural Barriers
A3l Z)) '

The waste package shall be designed
so that the in-situ chealcal, physi-
cal, and nuclear properties of the
waste Kachgc and its interactions
with the emplacement environment do
not cowpromise the performance of
the underground facﬁlf or the
éologic setiing. The ¢¥Esign shall
?ncluge But not be limited to con-
sideration of the following factors:
solubility, oxidation/reduction

U.1.10.A {Identical to W.2.6.A)

Determine the formation and stabi-
ity of radionuclide complexes
and/or collofds over expected
repository near-fleld and far-fiald
conditioas.

W.1.3V.A (Included $n W.).2.4 and
W.1.6.A)

Determine the chemical properties
and tnflow rate of the groundwater
and thelr effect on canister corro-
sion during the 1,000-year contain-
went period.
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TABLE A-1. Criteria. Issues. and HWork Elements for Waste Package and Site Geochemistry

(Sheet A of 16).

Technical criteria

-Hork element

reactions, corrosion, hydriding, gas
generation, thermal effects, mechani-

cal strength, mechanical stress,
radiolysis, radiation damage, radio-
nuclide retardation, leaching, fire
and explosion hazards, thermal lonads,
and synergistic interactions.

For clarification see:
10 CFR 60.135{a)(2)

W.1.12.A {Identical to W.2.3.A
~ and H.1.719.0, includes
discussion of H.1.9.A)

Determine the ektent to wﬁicb the
fnteraction between the canister
materials, waste forn, backfill,

_and host rock in a saturated

enviromment results {n retardatfon
of radfonuclides.

Is a borehole backfill required?

H.1.13.8 .

Assess the impact of waste storage
in a borehole with no backfill.

IF A BOREMOLE PACKFILL IS REQUIRED,
THE FOLLOWING FACTORS ARE MEEDED.
SOME OF THESE FACTORS MAY HEED
COMPLETION TO DECIDE ISSUE H.).B.

H.1.4.B

Determine need for special taflor-
ing agents 1n backfill to moderate
the corrosivity (Eh and pH) of the

vgroundwater contacting the canister.

MH.1.15.8

Define the characteristics of the
back€i1] materials required to re-
tard the flow of groundwater to the
canister. ldentify potential back- .
fll: materials with these character-
istics.
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TABLE A-1. Criteria, Issues, and Work Elements for Waste Package and Site Geochemistry §§§ @@ =9l
(Sheet 5 of 16). i =l
—é % ';z'- == =l -
Technical criteria Issues Work element z £Z 4:__3 ;
w.1.16.8 - §Sé‘-‘i CC-%): .
Defing the characteristics of the - =3l
backfill waterial required to
reduce the rate of radlonuclide
release from the waste package.

Identify backfi1) materfials with o
these characteristics. : Y

H.1.17.8 (ldentical to W.1.8.A,

Determine the effect of radiation
damage on the performance of the
waste form, backfill, and host rock.

W.1.78.8 (ldeatical to W.1.1.A)

Determing the maxioua operating team-
perature Vimits for waste form,
backfi1), canister, and host rock.

W.1.19.8 {ldentical to W.1.12.A and
W.2.3.A) .

Deteruine the extent to vhich the
interaction between the canister
waterial, waste form, backfill, and
host rock in a saturated environment
results ia retardation of radfo-
snuclides.

¥.1.20.0 (Included in 4.2.13.0)

Deternine 1€ a waste package back-
f11) is required to provide accep-
table containment fn the event of
premature canister failure.
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TABLE A-1.
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(‘riteria. Issues and Work Elements for

(Sheet 6 of 16).

Waste Package and Site Geochemistry

{
.

Technical criteria

1ssues

T

Haste Form Requirement

Radlfmctive waste that is éﬁplqyed ‘
in the underground facility shall
meet the follonlng requlrments.

(l) solidification . ‘
A1l such radioactive wastes

shall be in solid fornm and
placed in sealed containers.

Hone

Hork element

H.1.21

Develop waste package acceptance
specifications for waste solidi-
fication which meet U.S. Nuclear’

~ Pegulatory Commission requirecents.

(2) Consolidation

Particulate waste forms shall
have been consolidated (for
- example, by incorporation into
- an encapsulating matrix) to
Vimit the availability and
generation of particulates.

Hone

H.1.22

Develop waste package acceptance
specifications for consolidation
vihich peet U.5. Huclear Regulatory
Commission requirements.

(3) Combustibles

ANl combustible radioactive
vastes must have been reduced
to a. noncombustible form unless
it can be demonstrated that a
fire involving a single package
vill neither compromise the in-
tegrity of other packages, nor
adversely affect any safety-
related structures, systems, or
conponents.

Hone

Cormmission requirements.

H.1.23

nevelop'waste packagé acceptance
specifications for combustibles
ich meet U.S. Nuclear Regulatory

5
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TABLE A-1. Criteria, Issues, and Work Elements for Waste Package and Site Geochemistry

(Sheet 7.of 16).

Technical criteria

Issues

Hork element

]

Waste Package Requirements

M08,
NOURTAICEIND

291L0N LNCHLM GIINVHD
39 AYIW ONY GIVd3Y

to maintain waste containaent
during transportation, cmplace-
pent, and retrieval.

Te0.735TcT)
The wa:;e' ;'ui:l:age ;ieslgu shall mee Nona w.1.24
requirements: . - ‘
the followlg requireacats ~ Deternine the fupact of the re-
(1) Explosive, Pyrophoric, and processing techaique (including .
cally eac%ive Hater{als waste fractionation) on waste _ ‘Wl
. N T package desiga. :
- Th kage shall not con-
ta n":: ogﬁeag?' pyrophor*c W.1.25 _
materials or chemically reactive ' -
materfals that could interfere Develm'; waste package acceptance
with operations in the under- specifications for explosive,
ground factlity or congrmlse pyrvopharic, and chemically reac-
the ability of the geologic tive waterials which neet U.S.
repository to satisfy the per- Huclear Regulatory Comaissfion
formance objectives. requirenents.
(2) Free Liquids v.1.26
The uaste package shall not con- Hone Develop waste package acceptance
tain free liquids in an amount specifications for free Viquids
that could lmpafr the structural ich meet U.S. MHuclear Regulato
integrity of waste package com- Conaission requirements. .
ponents (because of chemical .
interactions or formation of
pressurized vapor) or result in
spidlage and spread of contaaml-
nation in the event of package
perforation,
{3) - Handling u.1.27
. Waste packages shall be designed lione - fletermine the waste package

handling, shipping (including drop
tests), emplacement, and retrieva-
bility requirements.
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TABLE- A-1.

Criteria. Issues, and Work Elements for Waste

(Sheet 8 of 16).

!
Péckage and Site Geochemistry

i
i

Technical criteria

i
H
L]

Issues
[ 3

Vork element

(4) Unique Identification - °

A label or other neéans of identi-
fication shall be provided for
each package,
shall not fmpair the integrity of
the package and shall be applied
in such a wvay that the informa-
tion shall be legible at least

to the end of the retrievable
storage perfod. Each package
{dentification shall be consis-
tent with the package's perma-
nent written records.

For clarification see:
TS 33(1),
uuTs 33y,
HYTS 33{1),
s ),
HWTS 33(2),
NuTS 33{2),
HHTS 33(4),
MTS 33{4),
TS 33(4), J.2.
tms 33(4) 3.3

10 CFR 60, 132(4)(3)

7
2
3
4.
.2,
4
2
2
2

NN W

[NE

The tdentification

Hone

H.1.28

Develop waste package acceptance

“xecificntions for identification
ich meet U.S Huclear Regulatory

Cormission requirements.

Favorahle Conditions 1in the Geologic
Sftting
Te0.122)

The geologic setting shal) exhibit an
appropriate combination of these
favorable conditions so that, together
with the-en?ineered system, the favor-
able conditions present are sufficient
to provide reasonahle assurance that
performance objectives uill be met.

H.2 - Site Geochemistry
H.2.A , '

Are the geochemical and hydrologic
" properties of the geologic setting
. {in conjunction with the vaste
nlorns) sufficient to meet or exceed
‘1.S. Muclear Regulatory Coomission
" waste-isolation requirenents?

H.2.1.A (Rélated to W.2.4.A)

‘mobiVity on changes to the primary .
'and secondary nineralogical condi-
.tions 1n the pear field and far
'field of the repository along the
expected pathway to the biosphere.

|

t

Deternine the effect on radionuclide

09
BT ATOEN]

110N LNOHIIM GIINVHD
38 AVW ANV 03NN
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TABLE A-1.

Criteria, Issues, and Work Elements for Waste Package and Site Geochemistry
(Sheet 9 of 16).

-

Techatcal criteria

Issues

Work element

For clarification see:
10 CFR 60.122

{d) The nature and rates of geo-
chenical processes that have
occurred since the start of the
Quaternary Period are such that
whien projected, they would not
affect or would favorably affect
the ability of the geologic
repository to fsolate the waste.

.

{(g) Geochemfcal conditions that (1)
pronote precipitation or sorp-
tion of radionucides; (2) inhi-
bit the formation of particu-
lates, colloids, and $norganic
and organic complexes that in-
crease the nobility of radio-
nuclides; and (3) inhibit the
transport of radionuclides by
particulates, colloids, and
complexes.

(h) MHinera)l assemblages that, when
subjected to. anticipated thermal
loading, will remain unaltered
or alter to amineral assemblages
having increased capacity to
inhibit radionuclide migration,

W.2.2.A (ldentical to W.1.5.A)

Determine the time-dependent control
of Eh, pll, and groundwater cooposi-~

30110N INCHLILSQIONVHY
38 AV ONY QI3
33 10N 114 Ad0J SIHL

{
i
¥

AJO3
DOLLTEBT)

tion by the host basalt after re-
pository closure.

W.2.3.A (ldentical to W.1.12.A and
W.1.19.8

Deternine the effects of waste/
barrier/rock/vater interactions on
the gerformnce of the underground
facility or geologic setting.

W.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-
neats.

H.2.5.A (ldentical to W.).4.A and
W.2.9.8)
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TABLE A-1. Criteria, Issue

$

|
i

and Work Elements for waste Package and Site Geochemistry

(Sheet 10 of 16).

Technical criteria

Issues

Hork element

For clarification see: .
10 CFR 60.123(b)

Conditions in thé host rock that
are not reducing conditions.

(m)

Groundvater conditions in the
host rock, including but not
Hinfted to high fonic strength
or ranges of Eh-pH, that could

~ effect the solubility and chemi-
‘cal reactivity of the engineered
systems. o

- Processes that would reduce
sorption, result in degradatfon
of the rock strength, or ad-
versely affect the performance
of the engineered system.

to

For clarification see:
HWTS 33(2), 3.2
TS 33{2), 3.2

" HMTS 33{2), 3.2
HWTS 33(2), 3.3
HHYS 33(2), 3.4
NWTS 33(2), p
HHTS 33(3),

(1
(2)
(1)
(m

1
2
1
1
7.3.3
4.3

H.2.7.A (1dentical to ﬁ.l.B.A)

Deternine the effect of radiation
on near-field geochemistry, waste
package, and barrier material
performance.

W.2.8A .

Determine acceptable release rates
of key radiomiclides from the engi-
neered system based on 1,000-year
groundwater travel time,

H.2. B

Hhat is the relative importance of
waste-form leach rates versus solu-
bility (steady-state) of key radio-
nuclides in the near-fleld environ-
ment for controlling release?

H.2.9.8 (ldentical) to W.1.4.A and
H.2.5.A) .

Determine the projected solubilities
and distributfon of aqueous species
for key radioniclides released from
the waste package during fsolation.

H.2.C

Can valid Eh peasurements for the
repository horizon in the reference
repository location be made efther
by potentiometric measurement or
indirectly by measurenent of
dissolved redox couples?

W.2.10.C
Determine the rethod and technique

- vhich can be utilized to provide

valid in situ Eh peasurements for
the reference repository location.

hitigate Inpacts of Failure of
Engineeredf%*;fén
TS0 TVTBY(INAYY

Ouring the containment period, the
geologic setting shall mitigate the
inpact of premature fatlure of the
engincered systea.

For clarificatior. sce:
10 CFR 60 0VV(B)(3)( 1Y)

Hone

H.2.11.0 (Discussed in H.2.13.D)

Deternine how the geochemical and

physical properties of the geologic
setting mitigate the impact of pre-|
mature fajlure of the waste package.

301108 mammdasﬂ&un
38 AVIV ONV Q30V1434
38 10N TH AJOD SIHL
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TABLE A-1.

Criteria, Issugs and Work Elements for Waste Package and Site Geochemistry]
; (Sheet 11 of 16). ’
Technical criterfa Issues * Work element
Isolation
TEUSTIVIBN 3)(11)) u.2.0

Following the containment period,
the geologic setting, in conjuanction
with the engineered system as long as

"that systen is expected to function,

and alone thereafter, shall be capa-
ble of isolating radioactive wasts so
that transport of radionuclides to
the accessible environment shal) be
-in amounts and concentrations that
conform to such generally applicable
environmental standards as way have
been established by the Environmenta)
Protection Agency.

For clarification see:
HWTS 33{1), 2.1
HMTS 33(4), 2.}
mrs 33{4), 3.1

To what degree does the geologic
setting retard migration of key
radionuclides froa the engineered
systea in meeting U.S. Environmental
Protection Agency release criteria?

W.2.12.0 (Related to W.2.11.C)

Deternine on a radionuclide- ‘
specific basis whether U.S. Huclear]:
Regnhtory Comaission repository

release rates or U.S. Envircamental

'30110K SNOHLI GIINVHD

'38 AV ONV Q30V1d3Y
39 10N 1114 AJBI SIHL

AdEY
MOILYLHOAUY

Protection Agency dose Vimits are
the limiting repository require-
aents.

¥.2.13.0 (Includes discussian of
: W.1.20.B and W.2.11.C)

Deternine to what degree the
characteristics of the geologic
setting conplement the engineered
systen.

W.3 - Testing and Performance Confirmation

Performance Confimation
(60.730)

General Requirements.
{60.140) -

{a) The performance confirmation
progran shall ascertain vhether:

(1) Actual subsurface conditions
encountered and changes in
those conditions during con-
struction and waste cuplace-
went operations are within
the linits assumed in the
licensing revien.

Hone

.31

Deternine and conduct fleld and

fn situ testing as may be appro-
priate to meet U.S. luclear Regula-
tory Comaission performance require-
wents.

Ww.3.2

Deternine suitability of using non-
radioactive chemical analogues for
actual waste forws in the hydro-
thermal testing program.
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TABLE A-1.

'
H

Criteria, Issues. and Work Elements for Waste

(Sheet 12 of 16).

|
|
|

Package‘ahd Site Geocﬁemistny

Technicﬂ criterh ‘

Issues

i
P
T
i

Hork element

{b)

{c)

(d)

(2) Matural and englneered

systems and components

- required for repository -
operation, or vhich are
designed or assumed to
operate as barriers after
permanent closure are
functioning as intended
anticipated.

The program shall have been
started during site characteri-
zation and. it will continue
until permanent closure.

The program will include in-
situ monitoring, lahoratory and
field testing, and in-situ ex-
periments, as may be appro-
priate to accomplish the ob-
Jective as stated above.

The confirmation program shall

be implemented so that:

{1) It does not adversely
affect the patural and en-
gineered eleménts of the
geologic repository.

(2) 1t provides baseline infor-
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.

H.3.3

Petermine what natural analogues of
waste package components can be used
to verify the coaaatibllity of the
waste package with the repository
environment.’

19110N LACHLIM GIONVRD
39 AVA ONV 030V1d3Y
39 10N THM AJOJ SIHL
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TABLE A-1. Criteria, Issues, and Work Elements for Waste Package and Site Geochemistry

(Sheet 13 of 16).

Technﬁcal criteria

Issues

Hork element

{3) It wonitors and analyzes
changes froa the baseline
condition of parameters .
that could affect the per-
fornance of a geologic
repository.

(4} It provides an established
plan for feedback and

analysis of data, and im-

plementation of appropriate

action.

.

For clarification see:
NUTS 33(4), 3.1
HNTS 33(4), 3.4

Design Testin
T60.742)

(a) During the early or develop-
mental stages of construction,
a progran for in-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.

(b) The testing shal) be initfated
as early as is practicable.

{c) 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-
went s begun.

Hone

ITAVWANYOI0V1d3Y

INVH)
39 10N TIM AJC SiH
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TABLE A-1. Criteria, Issues,

|
I
f
!
]

(Sheet 14 of 16).

i
i
i
t

!

and Work Elements for Waste Package and Site Geochemistry

Technical ;rlterig‘

Issues

Hork element

(d) Test sections shall be estah-
1§shed to test the effective-
ness of horehole and shaft
seals before full-scale opera-
tion proceeds to seal boreholes
and shafts. B

For clarification see:
10 CFR 60.130(b}{9)

Standardized Testing

‘ D .
r ble te

that 1i%asta Uobnodinn seselsiiza

principles shall be developed to

support predictions of waste package

and waste forn performance under

conditions postulated for the opera-

tional and long-tern containment
and fsolation phases. .

(a) Conditions

The tests shall simulate ex-
pected or design hasis condi-
tions and conditions resulting
from interactions with other
disposal system components
within practical linijts.

lb).,fxtragolatlgﬂi

Hhere extrapolation of test data
is required, test results shall
be applied conservatively to

the verification of the waste
package and waste form perfor-
nance models used in-judging -
waste package acceptability,

Mone

H.3.4

Develop an acceptance test proce-
dure for waste packages.

M.3.5

Deternine the thermodynamic and
kinetic arguments that can be used
to extrapolate short-term (less
than 2 years per experiment)
materials test (hydrothermal) data.

T0110K LOOHLIMQIINVHD

38 AYW GNY 30V1d38
38 10N TIIMAJOD SIHL
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TABLE A-1.

(Sheet 15 of 16).

Criteria, Issues. and Work Elements for Waste Package and Site Geochemistry

Technical criteria

Issues

Work element

(c)

Nondestructive Testing

Hondestructive testing shall be
pravided for a statistically
significant nuaber of waste
canisters prior to emplacement.

For clarification see:

NS 33(4), 3.4

010N INOHIM GIINVHD
39 AV ONY 030V143Y

_hdld
INODRAATH{OEIND

38 10N THMAJ0D SHHL

Waste Package lionitorlul Progran

(60,143}

(a)

(b)

{c)

\

A program shall be established
at the repository for wonitoring
the condition of the waste
packages. Packages chosen for
the prograa shall be represen-
tative of those to be emplaced
in the repository.

Consistent with safe operation
of the repository, the environ-
ment of the waste packages
selected for the waste package
monitoring prograg shall be
representative of the emplaced
vastes.

The waste package conitoring
program shall iaclude laboratory
experiments which focus on the
internal condition of the waste
packages. To the extent prac-
tical, the cnvironnent experi-
enced by the emplaced waste
packages within the repository
during the waste package moni-
toring progran shall be dupli-
cated in the laboratory experi-
nents.

llone

W.3.6

Deternine requirements for moni-

toring. ODefine parameters, wethod-

ology, interpretive criteria, and
actfons.
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TABLE A-1. Criteria, Issues and Hork Elements for Wast

e Package and Site Geochemistry
(Sheet 16 of 16). : :

- Technical criteria Issues Hork element

{d) " The waste package monitoring
program shall continue as long
as practical up to the tine of
pemanent closure.

For clarification see:
TS 33(1), 2.3
IMTS 33(4), 3.4

110N LAOHLIM GIINVRD
38 AVN GNV 032VT43H -
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Y]tence of i sdes does not eliminate from consideration the location
TH!S COPY WiLL ROTBE )

roradeatgwsfar a NWRB.! Rather, the existence of an issue allows the

CHANGED % THOUT NOTICE™ -~

results of plannediwork to be focused onto areas of controversy or

uncartainty. A logic diagram for the development of issues and work
aelements and the respective information neads as utilized in this Appendix
are shown in Figure A-1. The organization of criteria and work elements
that drive wasta package development are shcwn 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 matarial-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
intaractions, 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 épecifications to ensure that
the NWTS Program wasta package designs meet NWRB requirements.

A-18
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10 CFR 60

CRITERIA

40 CFR 191

NWTS-331)
NWTS-33(2)
NWTS-33(3)
NWTS-33(4)

e e R

WORK

TECHNICAL

ISSUE ELEMENTS
IDENTIFICATION [~ WITH
- ISSUES
A
YES
CONTROVERSY
OR UNCERTAINTY
NO
4
IDENTIFICATION WORK
OF SATISFIED y| ELEMENTS
CRITERIA WITHOUT

i

_ISSUES

i

‘.

WORK ELEMENT ANALYSIS

DESIGN AND -

0
po ]
% i DATA NEEDED
> | * MEASUREMENT
S <| conpiTions
2| » statUS
83
<=
9 MODELS
G| AND ANALYSIS
.—
L1 « MEASUREMENT
2| conpmions
@] « sTATUS

- (REPOSITORY

" ESTABLISHED)

ALL CRITERIA
SATISFIED

FEASIBILITY

" FIGURE A-l.:b Ldgic for Definition of BNI.P Issues/Work Elements/Data Needs.

e
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YWILLMOTBE.
L’l’fﬁ&mu Mmgt o ;! PERFORMANCE OBJECTIVES
CHANGED WITHOUT NOTICE . ! .
. b et HIGH-LEVEL WASTE RELEASES
CONTAINMENT OF WASTES {60. 11 1HaN2AtEHAN
60.11%aN2) TRANSURANIC RELEASES
(60, 111(EH2NBY
i -l S5 TN TP ) WD AP wWd AP W . 1
. TESTING AND
WAS'SEESP;;%“GE SITE GEOCHEMISTRY PERFORMANCE
CONFIRMATION
l [] ]
FAVORABLE GEOLOGIC
ENERAL DESIGN CONDITIONS :
Gagqumgum‘rs (60.122(d.g,h)) PERFORMANCE CONFIRMATION
(60.135(a)) POTENTIALLY ADVERSE (60. 1400
CONDITIONS
- {60.123(tm,n, ol
j! H '
EMPLACEMENT ENVIRONMENT
(60.135al 1) MITIGATE FAILURE IMPACTS DESIGN TESTING
WASTE PACKAGE EFFECTS 160,11 1ULU3NIN 160.142)
{80.135(aM2))
l I ]
\ 4 y_
WASTE FORM REQUIREMENTS ISOLATION STANDARDIZED TESTING
{60.135(a)) (60, 111(bH3NiiN {NWTS-33(4); 3.4)
|
3 ¥
WASTE PACKAGE WASTE PACKAGE
AEQUIREMENTS MONITORING
{60.135ich {60.143)
LEGEND
et DIRECTLY AFFECTS DESIGN
== == INDIRECTLY AFFECTS OR
CONFIAMS DESIGN ACPE203-51

FIGURE A-2. Key Criteria Governing the Issues and Work Elements for

Chapter 15.

A-20
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INEORMATION
CORY

Applicable Work El'ements | ! " THISCOPY WILL NOT BE

o REPLACED AND MAY BE
The BWIP updates technical plans annually. The woLk,eleméW??"?ﬁwm""MWE

the basis of the work required to meet regulatory criteria.

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 épproach 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).

_Establish Waste Package Preliminary-Performance

Reguirements for Conceptual Desian

Preliminary performance requirgments 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 a2 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 environmént;'below acceptable levels as
defined by federal regulations.

Applicable Work Elements‘

Work completed, see Anderson (1982).

A-23
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Cgry s hor 6 P ,
4. pep B g@ﬂg?§§§“Pa:kagg Concepts, Functions,
AN sign Specifications

The preiiminary 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
&haracteristics 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).

Modify and Use National Waste Terminal Storage
Program Waste Package-Degradation and -Release

Model for Basalt

The NWTS Program waste package-degradation and -release model will be
modified by the BWIP 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

N.1.2.A, ¥.1.9.A, W.1.11.A, W.2.8.A, ¥.1.13.8, and ¥.1.16.8.

Candidate Waste Package Materials, Test
Methods, and Paramaeters Selected

-

Candidate waste-package materials will be selected for testing, basad
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.

A-24
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IFORMATION |
>W@OIO@YEL\ZTBE |

Development of techniques for controlling Eh and pH in the rg.;sggg& :gu"r%?«gce

values expected at elevated temperatures- in the repos1tory-w1*1-2110w-—-——---'

the precise determination of waste package-materia1s performance"by
laboratory (cold) and hot-cell test1ng.

plicable Work Elements

Work comp]eted,'see Sections 11.2.2.1 and 11.3.2.3. = - L

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 T

" results of laboratory-screening tests of candidate canister/overpack I

and backfill/buffer materials, will be used to develop site-specif1c T T o

- waste package preliminary design specifications for the generic NWTS

Program waste package design effort. The baea1t/groundweter
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.1.9.A, and W.2.2.A.

Prepare Waste Package Preliminary ’ ‘ .l

De51on SEecificat1on

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 piokage—materieIS interactions. These specifications will
support the NWTS Program-design effort for waste packages to be
emplaced in a. repository at Hanford.

_ App11cab1e Work EIements

Document will be prepared.

A-25
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THIS COPY WILL NOT BE
REPLACED AND MAY BE

- GANGED YA HOTICE Input 40’ Basalt Waste Isolation

10.

11.

Project Sita Characterization Report

The Waste Paékage and Site chapters of the Site Characterization
Report (BWP, 1982) will be prepared to reflect the current status of
waste package-technology davelopment as it affects the reference
repository site at Hanford. -

Applicable Work Elements

Work completed.

Characterizs Repository Environment

Geochemical characterization activities include the definition of
host rock propertias, 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,td provide input to the assessment of radionuclide
retardation.

Applicable Work Elements

W.l.1.A, W.1.2.A, W.1.4.A, W.1.7.A, W.1.10.A, W.2.1.A, W.2.4.A,
W.2.5.A, W.2.6.A, W.1,18.8, ¥.2.9.8, W.2.10.C, W.2.11.C, W.2.13.D,
W.3.5.A., and W.3.10.8.

Determiné 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 ;9lubility of key radionuclides (see

Section 12), will define the performance requirements for the waste
package backfill. Static and dynamic (flow-through) experiments wil)
be used to determine the sorption behavior of key radionuclides in
the repository geohydrologic system and candidate backfill materials
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to support waste package design. Equations deve‘lo%ed from m@am@?a%h .
will also be used_to,evaluate radionuclide retardaiion faét GCEPGNS MAY BE

, . REDWITHOUT NOTICE
use in transport modeling.

Applicable Work Elements

Wo1.3.A, W.1.4.A, W.1.8.A, W.1.9.A, W.1.10.A, W.1.12.A, W.2.1.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.2.9.8,
¥.3.5.A, W.1.16.8, W.1.17.B, W.1.19.B, ¥.2.9.8, ¥.2.11.C, W.2.12.D,
W.2.13.0, W.3.2, and W.3.5. |

Modify and Use National Waste Termina1.'
Storage Program Geochemical Model

An initial assessment of radionuclide behavior in the- repository
near-field environment will be made, based on a l1-dimensional_trans- _
port mode1 that assumes equilibrium sorption/desorption behavior on
the basaltic host rock. Data on the solubility and kinetic behavior

of rad1onuc11des 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.

ﬁppiicabie Nofk'Elements

HQI.Q.A,:H.1;13.B, W.2.8.A, ﬂ.1.16.8, W.1.20.8, W.1.24, W.2.11.C,
W.2.12.0, W.2.13.D, W.3.3, and W.3.5.

Preparé Hot Cell .

Hot-cell facilitiesAwi11‘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 simu]ated waste ‘forms, by comparison with the
results of experiments with actual waste forms; (2) study the key
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14,

15.°

of a radiation field on materials performance.
Applicable Work Elements
Work completed, report being prepared.

Quantify Wasta 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 quéntify the

performance of candidate waste package materials under condftions
expected in a repository in basalt. Static and flow-through tests
will measura the interactions between the waste package’components
over a range of conditions (temperature, pH, and Eh) expectad in the
repository. Thesa tests will also help define the role of Eh in
changing the solubility of key radionuclides.

Applicable Work Elements

WoT 1A, Wol.2.A, Wo1.3.A, W.1.8.A, W.1.6.A, W.1.7.A, W.1.8.A,
Wol.9.4, W.1.10.4, W.1.11.4, W.1.12.4, W.1.13.A, W.1.14.8, W.1.15.8,
W.1.16.8, .1.17.8, W.1.18.8, W.1.19.8, W.1.20.8, W.1.24, W.2.1.A,
N.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. )

Quantify Waste Package-Component Materials

Interactions Using Actual Waste

Upon completion of not-cell preparation, hydrothermal testing will
be initiated on waste package component materials to quantify their
interaction in the presence of actual waste forms. The purpasa of
these tests will be to determine quantitatively: (1) variations in
groundwatar pH, Eh, and composition as a function. of temperature and
the solid phasas present; (2) location of key radionuclides that may
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initial solid phases. With the ability to control Eh.
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"the autoclaves, the full range of ant1c1pated repository conditions

can be simulated.

Applicable Work Elements LR e e e

w.].].A, N.].Z.A, wo]¢3nA’ Ho]c4.A, N.].G.A, w.1.7.A,'W.1.8.A,
W.1.9.A, W.1.10.A, W.1.11.A, W.1.12.A, W.1.13.B, W.1.14.B, W.1.16.8,
¥.1.17.8, W.1.18.8, W.1.19.8, ¥.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, ¥.3.2, ¥.3.3, and W.3.5.

vPrepare Repos itory Waste Package Preliminary

Desian Uparade Specifications

Results of the waste package component materials 1nteraction stud1es
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. |

Aﬁplicab]e work’Elements

A specifications document will be prepared in support of waste -

"package preliminary design upgrade.

17. Quantify Waste Package Assemblage

Interactions Usina Simulated Waste

. For this stage of hydrothermal testing, partfal waste package

assemblages will be exposed to‘expécted repository conditions in the
presence of simulated waste forms.f.During 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 wastevpaékagé in
retarding radionuclide transport. ’Thereforé, 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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repiaceoardpprbicable Wdek Elements

18.

19.

*‘Hf*???ﬁ?‘ﬂ7114.A W.1.6.A4, W.1.7.A, W.1. 10. A, W.1.11.4, A 1. 12 A,
w.l.]s-B' H.].]G.B, No].]goB’ w.].ZO.B, NQZO]IA’ w~2-3oA’ wQZQSQA’
W.Z.G.A, and HCZQSOBC H.ZOQIB. .

Quantify Waste Package Assemblage
Interactions Using Actual Wasts

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
wasta package design; (2) evaluation of the waste package system's
ability to meet containment criteria (containment of all radio-
nuclides), espeeiaily for the case of early failure of the canister/
overpack components; (3) evaluation of waste package performance in
meaeting the post-containment controlled-realease criteria; (4) confir-
mation of performance of complete waste package by means of scaled
flow-through testing, simulating anticipatad repository conditions;
and (5) documentation of waste package performance to aid in licensing
of a NWRB. ’ -

Applicable Work Elements -

Wol.2.A, W.1,4.A, W.1.6.A, W.1.7.A, W.1.10.A, W.1.11.A, W.1.12.A,
W.1.16.8, W.1.19.8, W.1.20.8, W.2.3.A, W.2.5.A, W.2.6.A, and W.2.9.8.

Determine Effects of Waste Emplacement
on Rep051tory Environment

The process of verifying the effectiveness of a wasta package

requires an understanding of the effects of the empiacement of waste
on therrepository environment. This information also provides input
to the waste paekége-designiprocess, since not only does the emplaced
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package must be designed to obviate potential negative_eﬁiests—ei_w
repository geochemistry and thermomechanical effects. This task

collects geochemical data from-thermal-modeiing efforts;(ﬁctjyitigs_ﬁ,_ww
8, and 21), radiation effects studies (Activities 15, 18, and 24),

and waste/barrier/rock interaction 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 Enoineering-Scal
Field Testing

Concurrent with the hot-cell testing, engineering-scale waste
packages will be'fie]d.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

21. Prepare Repository Waste Packaae
Final Design Specifications

The results of pre]iminary 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 desién 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 reposxtory Title 11 deSign effort and the pre-
paration of the Environmental Report/License App]ication for the con-
struction of a repository at Hanford.
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22.

23.

24.

W2 , W.1.23, W.1.25, W.1.26, H 1.27, W.1. 28 and W.3.4.

Prepare waste Package Input to Basalt
Waste Isolation Project Environmental

Report/License Agglication |
Data and information from matarials intaraction studies and model-"

ing actiyjties will provide support for the preparation of the.
Environmental Report/License Application for repository construction.

The waste package final design specifications w111 form the bulk of
the support information.

Applicable Work Elements

Input to project document will be prepared.

Prepare Wastz Package Input to
Repository Title II Design -

Repository Title II design will be conducted to reflect the NWTS
Program- and BWIP-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.

Conduct Preliminary Engineering-Scale
Tests (Hot Call)

Hot-call tests, using engineering-scale waste packages, will be
scoped to measure and verify those hydrothermal intaractions between
the wasta package components and the environmeht jdentified in
earlier laboratory and hot-cell testing.

- Applicable Work Element

N.1.9.A, W.1.12.A, W.1.19.8, and W.2.3.A..
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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 NWTS Program waste
package performance model for basalt.

Applicable Work Element

Document will be prepared.

26. Complete Waste Package-Design Verification e e e s

- The final results of the in situ testing will be reconciied with
performance-model predictions and will be documented for final verifi-
cation of the performance model. At the completion of performance
model verification, 2 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 Liéense
Application (Final Safety Analysis Report/Environmental Report) for
the repository constructed at Hanford.

Applicable Work Elements o Lo TTrmmemmm e

Approp;iate documentation will be prepared.

27. Predict Waste Package Long-Term Performance

To complete design verifjcation, the waste package performance model
will be used to predict the long-term perfotmance 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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Documentatwn wi 11 be prepared that contains a description of
‘; and appropriate analyses to support the use of a waste package-
performance model for the licensing procass.
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SCIENTIFIC RATIONALE FOR BARRIER MATERIAL TESTENG~
INTRODUCTION

The principal goal of the Basalt Waste Isolation Project (BWIP) is
to evaluate the‘féasib111ty 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
(NNRB).VAThese performance criteria can be used to evaluate'the perform-
ance required of the engineered repository system. The geologic 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 ;nd 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 1ntégFited assembly (NwTS, _
1981). It s neither economically nor experimentally feasible to con-
duct such hydrothermal tests for durations approaching containment times - —

- ' (1,000 to 10,000 yr) demanded in current]y proposed regulatory criteria.

‘ ' It is, therefore, imperative that expert scientific judgment guide the
design and interpretat1on of such a testing program. Laboratory tests,
coupled with ‘expert professional op1n1on, are key to the meaningful
~EiEE3Eglifigg_gf_gngnx_tenmulabora:gzx___ta to the much Tonger time
periods expected during the functional life of a NWRB.
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uﬁﬂiﬁﬁﬁgﬁﬁh is extlapolation of results from barrier material testing is
ctosaTy allied 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.zhennigs have been validated by observation of
f repeatad agreements between theoretical pred1cg_ggg_gﬂg_99§§rxgd_natura1
examples in a varfety 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 brocess for_hydrothermal interactions in the wasta/
barrier/ basalt system 1s gradual dissolution of coexisting primary
solid phases. Dissolution will be accompanied by precipitation and
e —————
growth of an assemblage of secondary, alteration phases that are more
stable under the given repository conditions. These dissolution and
precipitation processes reprasent an overall irraversible reaction
(Helgeson, 1968; Giggenbach, 1981) that may be summarized by the
expression:

S°1“t1°"in1t1al + Primary (unstable) Phases ————=

Solutionfiﬁa] + Secondary (stable) Phases

The Ostwald step rule is a useful, albeit empirical, observation

from natura] 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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. : instability of these intermediate phases will decrease s the reaction = )'

progresses. The thermodynamic’ parameter measur1ng the relative stabil-- -

ity of a phase in a hydrothermal system is its free energy,
iR ERE AT @[ﬂ

total driving force for reaction between solids and solutioh.
. ~ energy is also a direct measure of solubility of a solid phase (Garre?sijﬁjwy
f" s ~ and Christ, 1965; Giggenbach, 1981). The relative hydrothefmal staq&ampru“mBE

3 'REPLACED AND MAY BE
ity of phases, therefore, can be determined directly from rklative CHANGED WiRAOUT NOTIE

solubilities (i.e., the most soluble phase will be the 1east—stable}r—
At any point during 2 step-wise alteration-reaction process, the-com- - — -
position of the solution will be governed by the relat1ve so]ub111t1es

of coexisting phases. ~

In the 1imiting case, in which only the most stable solid phases
N ————— T g
are present, solubitity data can be measured directly (Wood and Rax,
: .._..1981; Rai et al., 1981) from solution composition or eva]uated frmn}
SRR ~ == - ~thermodynamic data, when available (Pourbaix, 1966; Garrels_and Christ,”
) 1965). It is important to stress that such solubility data is_defined
; : = T T
Somee= o= 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 lTow flow rates of groundwater expected in a nuclear waste
z T '*"repas1tor1es (NWTS, -1981; MCC, 1981; Arnett et al., 1981), the use of _ =
solub111ty limits models to predict long-term re1ease rates of rad1o-‘
nuclides from a waste/package/repository system is Just1f1able

IS S
1

'.,'.,.:,),x-;n PO I k
|

== . The appiication of thermodynamic solubility constraints can be .
i 77 extended to .a more general model for hydrothermal reactions between- -
solution and metastable solids.  In this case, there is assumed to be

B 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 (Paint A and B, Figure B-1) toward its

own, well-defined solubility limit. The solution concentration will

first exceeafthessolubility 1imit of the more stable (and Tess soluble)

compositionally-ke1atedAphase. At this juncture, the more stable phase

PR SN I
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dissolution rate of less_stable phase and the concurrent growth rate of
the more stable coexisting phase are‘opposjngwpgggg§§g§_§gggigg to
e;EEET7§E~EEE?;7owh solubility control of solution compdsitjon
(Holloway et al., 1981; Apted, 1981; Berner, 1978; Mottl and Holland,
1978). E

For exemple.,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 the solubility
of the glass (for equal areas of glass and alteration phase). If the
‘relative reaction ratas 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; Dibble and Tiller, 1981a). Intermediate, steady-
state reactions (note, these are not equilibrium reactions) exist between
thase extremes (Figure B-1, Point C). These reactions represent a bal-
ancing of the rates at which chemical components are being dissolved
from unstable primary phases and the rates at which the same components
are removed from solution into more stable, sacondary phases. Steady-
state conditions will eventually change with time, as more stable phageg
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 D and E). The concentration of dissolved compo-
nents represented by these evolving steady-state veactions wust decrease
with reaction progress (i.e., longer periods of time) becausea 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‘reactie;:~zﬁ?§—53%a
will provide,conse;;sf?ve\?ia?onuclide-neTeese rates relative to equili-
brium solubility expected to control the actual long-term release rates.

1’ ‘o -"'-=;(A L)K .

i‘_o 444

1pt.

The Tength 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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- aumxowaqu*Uﬁttiong_Lf several variables (Dibble and Tiller, 1981b), including
ﬁ : - tempefatufé; 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-
4 fication for a variety of axperimental techniques that can be adopted to
accelerate actually the test. By speeding up the rates of dissolution '

X < ;&é}z and growth, the results of short-duration laboratory tests can be made

&

: -~ 4
R

AR A
) to approach a state of reaction identical to that achieved in nature
over much longer time periods.

A

The Intarface Working Group on Accelerated Testing (DOE, 1981), for
example, has suggested that increasing the temperature of laboratory
tasts 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,

{QS offéﬁ nﬂE_;g;tified This is paréqcu1ar1y tr al studies

’ qf’glg_s_reactions, which apparently are dominated initially at low

temperature (25°C) by ion-exchange (surface leaching) (White and Classen,
1980) and controlled at high temperature (200°C) 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,

a\yﬁ,&{i’{’ relative to the mass of the coexisting solution, the time required for
;%€4C”4 reaction and formation of new solid phases 1; greatly expedited. For
' powdered samples, the high surface-areas-to-mass ratio of the sample

ensures that the entire mass added will be the effective reactive
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surficial mass. Uncertainty in estimating react'lve surficial mai,iw D‘vj’r‘:&’%:&
monoliths, and uncontrollable changes in this parameter because—of

cracking, create problems of interpreting or extracting meaningful
kinetic data from dissolution or solubility tests.

Finally, 1t has been shown recently thatrDOnthermodyﬁamicAparam-
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 ;horough1y 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.
Thisviggreasgs 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 me;hanism.

CONCLUSION

The current use of nonflow-through (static) tests in the rocker-
vtype autoclaves for the bulk of the experimental program is justified by
“lower cost, simpligity of operation, greater expebimental'éontrol, and
the fact that the felatively slow rates of solution flow in natural rock

(10’3 to 1077 m/yr in the Umtanum basalt) are probably well approximated
.6;\Eﬁgﬂ233?7555—¥iow'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 Jqss of scientifie relevance between experiments will permit a
thorodghﬂéXémination of alteration under hydrothermal conditions, mini-
mizing the need for long experiments. Promoting rapid attainment of
more Stéble'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 appl1cable to the long-term pe%‘ormance of a waste '
package 1ocated 1n a NWRB =
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HYDROTHERMAL EQUIPMENT AND PROCEDURES: -

TEST EQUIPMENT REQUIREMENTS

Hydrotherma] 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. '

¢ 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 monitor{ng ehviron-
 mental parameters, such as temperature and pressure, at desired
experimental conditions.

e 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. '

'Dfrect samp]ing is diffiCult because the hydrothermal apparatus
USuaIIy‘mUSt be cooledvand depressurized before sampies can be taken.
"Cold-seal” pressure vessels are an example of this type of apparatus
(Boettcher and Kerr1ck 1971) Coo]ing and depressur1zat1on of an
experiment, or quench1ng, invar1ab]y leads to a certain degree of
retrograde react1on and chemica] readjustment between solution and
coexisting solidsv " This reaction is highly undes1rable. particularly
for solution analysis, because the samp]ed solution at room conditions
will not represeht'the-solutioﬁ composition,at,the desired experimental
conditions. Therefore, experiments using cold-seal apparatuses (e.qg.,
Barnes and Scheetz, 1979) have 1imited utility in the determination cf
the stability of waste package comoonents

C-1
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e e Waste aékage Studies Department (WPSD) has adopted the use of

- -~ - CHANGEDSAOVINGTEE autoc1dves for barrier materials -testing (Holloway et al.,
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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 sea 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 literatures (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 ratevof 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 reposftory in basalt (NWRB). A flow-through pressure vessel,
using a Teflon-Tined or gold reaction tube surrounded by a hydrostatic
pressurizing'veSSel, has been designed from an existing apparatus ;
(Potter, 1981)§ An opératidha] prototype will be constructed by the end
of FY 1982, and will be available for use with radiocactive waste in a
hot-cell facility by the end of FY 1983. With thié flow=through appa-
ratus, Basalt Waste Isolation Project (BWIP) personnel will confirm

c-2
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_ D IpNIe™¥asts inf 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 prassure readings
should be periodically recprdéd 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 tasts .
aver 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 daveloping these solid-state probes and modify1ng
their design to be compatible with Dickson-type autoclaves. Direct
monitoring of these environmental parameters during testing improves the
experimental design. The monitoring e1iminatg§_thé difficulty of pre-
sérving the actual pH and Eh values of groundwatar solutiQns 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(1I)/Fe(IIl). 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 techﬁique
can be extended to provide information about the prevai11ng Eh durwng
hydrothermal.tests ~Trace amounts of arsenic (<50 ug/L) can be predoped
into the solution phase. Arsenic (II1) 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. |

c-4
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TEST EQUIPMENT

Dickson Rocking Autoclave System

‘ As mentioned previously, the Dickson rocking autoclave system
(Figure C-2) 1s an established experimental apparatus for testing
materials at elevated temperatures and pressures. A Dickson rocking
autoclave system includes: '

¢ Two furnaces

- @ - Two autoclaves

& A high-pressure pump
o A furnace controller.

The system uses a’ smal]-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 of its
design, supplies shielding and distance from radioactive materials.

The furnaces, auxiliary pressure gauges, plumbing system, rupture
vd1sc assemb!y, and furnace controller of a Dickson rocking autoclave
system are shown in Figure C-2. The furnaces are free stand1ng 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 (<500°C).resistance types, which operate on 110 V. They are
24 in. long, 24 in. in diameter with 6 in. of insulation and an outer
shel] of 1/8-in. -th1ck steel. The ends are closed with 1/2-in.-thick
‘transwte The furnaces are rocked 180° around midpoint trunions by a
gearfdr1ven electrical motor. The furnace controller has pressure and
temperature alarms to prevent overpressurization; - The rupture disc
representé‘a third level of protection against oVerpresSurization For
tests with radioactive mater1als, a liqu1d collection manifold will be
plumbed to the rupture disc assembly. The man1fold will collect any
pressurizing or radioactive 1iquids produced during overpressurization.

€5
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:’;’:&ggmﬁg stainldss steel autoclaves (Figure C-4) are approximataly

ﬂﬂ"“ﬂﬁ“ﬂﬂUﬂ?ﬁhg-byaa proximately 4.5 in. in diameter with a 0.55-L capacity.

The autoclave 1id 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.

A1l 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 radicactive materials.

The high-prassure 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 sat pressure is exceeded. This alarm must be manually
deactivatad by releasing the excess pressure via the primary closure
valve. The furnace controllers are designed to maintain a desired
temperature to within £5°C,

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
210° 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.

c-8
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FiGURE C-5. Cutaway I1lustration of Rockwell-
Designed Shielded Autoclave Transport Dolly.

Flow-Through Autoclave System

The rol11ng‘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 m/min.

TESTING PROCEDURES

Tracer Procedure

[nitial hydfothermal ‘experiments will use powdered tracer-doped
waste forms. All tracer level tests will be performed in Laboratory 1D°
(see Figure 5-9) 'and will include the following operations (Figure C-9):

Loading test materials

Heating autoclave to desired temperature and pressure
Hydrothermal solution sampling

Quenching.

c-10
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ments will be performed in open-face hoods in Laboratory YU 0T YME
222-5 Building. - The gold bag and titanium 1id 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 1id and to the autoclave 1id. 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 1iquid collection manifold are attached.

‘Pressure within the autoclave increases with thermal expansion of
the water. When the temperature is within 10°C of the desired run
temperature, the power to the furnace is turned off to prevent3oVek~
shoot. When the temperature stabilizes, the power is turned on again,
the controllers are set, and the pressure is adjusted to the desired
value. - - ‘ ' -

cemm i e weme e

Samgling;' Fluids are sampled using respiratory protection and with the ™"
laboratory cleared of all unnecessary personnel. The furnace is stopped
in the upright position, and a disposable sampling assembly is SCPreWed e s e e,
onto the sampling valve. The sampling assembly consists of a two-way-—- = —-— -
plastic valve, with two disposable syringes attadhed,' The sampling LR -
valve is opened very slowly, and a 1-mL rinse sample is taken in one of... s

‘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 T
syringes are removed and placed in the open-face hoods. The room tem-

peraturé pH'of'the solution sample is meaéufed, 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 radicactive 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. 'Coo]ing is accelerated by a fine Spkay of water
or compressed air. The autoclave is disassembled in the open-face hood,
and thejsolutidn and solid run products are separated by filtering.

‘Finally, samples are taken for salution and solids characterization.
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s cunceDvepapdifibnts wigh actual radioactive waste forms require a hot-cell

: 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 lE/(see Figure 5-7); however, if the test program
is extanded, Laboratory 1D also will be used. Testing of actual waste
forms will include the same saquence of operations as the tracer tests
(Figure C-10).

Loading. Materials for experiments with actual waste forms are intro-
duced into the gold bag via a glass funnel passed through the titanium
1id of the gold bag assembly. The gold bag and titanium 1id is closed
with a gold-1ined stainless steel sampling tube. The autoclave 1id is
then connected to the sampling tube, and the entire apparatus rinsed
with watar to remove any loose radioactive contamination.

R T IO PR T AT SO

- The next operation involves loading an autoclave onto the trav-

; ersing table in the large airlock of the hot-cell (Figure C-11). 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

f% N 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 placéd 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 1iquid collection mani-
fold. The rupture disc-manifold system prevents the introduction of
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radioactivity into the laboratory if an experiment fdils by oggﬁ?nessuru
EDA
ization. Finally, the autoclave is brought to the d sired temnﬁnﬁ#ﬁ?%gﬁﬁ

and pressure.

Samp1 ing. Hydrothermal équtions areAsampIed at»temperature and preésuféw
- 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 1-mL rinse so1ut10n, followed by collection
of about 5 mL 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 hoodgvdepending 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 transpbrt'dol1y. -The autoclave is then piaced in the hot-cell
girlock. 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 1s 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 unacceptablie 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 condltions.

Three types of analyses are required of hydrothermal tests products:

o Characterization of solids
e Solution analysis of stable elements
o Radioassays of solutions.

Each part requires dlstinct analytical instruments‘andltechniques

Taken together, data from all three analytical parts are needed to

' evaluate the relevant hydrothermal 1nteract10ns 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 part{cular interest are those radionucl ide-bearing
phases that may impose solubility limits on the cancentration of radio-
nuclides in solution. The identification of these phases is required in
the geologic modeling of the long-term release of rad1onuclides from a
NwRB ' ’
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mumxomﬂﬁapg§§e ualitatively by a progressive sequence of optical petro-

graphy, X-ray diffraction (XRD), and use of scanning elactron microscope
(SEM) with an energy-dispersive spectrometer (EDS). The information .
gathered from these analysas are complementary, and cover a wide range
of macroscopic and micfoscopic properties, as well as chemical and
mineralogic characterization. However, the.finé-grain size (<1 um) of
many alteration phasaes, the poor resolution and large excitation area of
conventional microprobes (>1 um).-andvthé interferences in the response
of EDS detactors from gamma radiation preclude the use of conventional
microprobes or SEM/EDS .systems for characterization of solids from a
hot-cell tasting 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 (WDS) or shielded EDS*] 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 nécessary
3-dimensional spatial resolution nor the necessary mineralpgical'data
that can be obtained from SEM/WDS and ANSTEM analyses. Without these
two instruments, dedicated to hot-cell operations, hydrothermal al-
teration phases cannot be analyzed adequately.

SOLUTION ANALYSIS

A combination of sensitive, rapid, and species-specific analytical
techniques are required to analyze hydrothermally reacted groundwdters.

~ -

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.



| INEORmATION |
OBy

The limited volume of solution available for the 1arge ngmber of ﬁgBPYmuntE

ERACED AND MAY B€
quired elemental analyses dictates analytical methods ap r°pr1at$&§§§mnmmumws
smali sample size.

H

An inductiveiy coup]ed plasma (ICP) Spectrometer, -capable of ana-
Iyzing 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 manpowerﬂvfﬂf
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 ICP spectrometer. This AAS
will analyze those elements expected at very low concentrations that
cannotobe 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 selénium).

- The anion composition (C1°, F, HS™, 5042) 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 reiated 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

0-3
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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 radionuciides
(Wood, 1980; Barney and Wood, 1980).

Gamma spectrometry using a multichannel analyzer will be used to
detaermine the radionuclides 196Ry, 110Mag, 1l3Mcq  125gh, 125myg,
1265, 126gph, 1297 13ugg, 137cg, lubce, ludpn 1S2p,  154gy  and 155gy.
It will be necassary 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 detaermine all of the
gamma activities 1isted above. If necessary, additional chemical sepa-
rations and additional counting techniques will be applied to a 1imited
number of samples.

The beta activities of !“C, 79Se, 99Sr, 99Tc, l110pd, 15lsm, 937p,
and °3Nb will be determined. Each of these elements will be separated
by radfochemical techniques followed by beta counting. The activities
of 237Np, plutonium, americium, and curium isotopes will be detarmined
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 solubilities (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 hydrotherma1 test.:eactan s and

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 Boi]ding for measurements identified in Chapter 3.0. | L

. EQUIPMENT AND INSTRUMENTATION.

- Three classes of analyses are required for evaluation of hydro->
~ thermal tests: -

' o'_Soiids characterization
* SoTutionsvCharacterization
¢ Radionuclides analysis.

Appropriate anaiytical instrumentation and ooerating 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 hydrothermai testing. The objective
of characterizing the solids is to identify microalterations that may
change the solubi1ity of radionuclides, thereby affecting the long- term
release from a NWRB.

Instrumentation with unique capabiiities has been assembled in five
~ Rockwell Hanford Operations (Rockwell) laboratories to satisfy the
characterization'objective A progressive sequence of analyses, each
1eve1 producing more detafl, has been deve]oped to prov1de required data
cost effectiveiy

The characterization sequence is initiated with tools that provide
"bulk" information. Thus, use of an optical microscope (OM) and ana-
lyticai scanning electron microscopy/energy disper51ve spectrometry
(ANSEM/EDS) provides qualitative information about the shape, size,

D-5
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cnnoE0 T Slrface mdrphology of milligram amounts of material; XRD is used to

- -identify crystal phasas 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/WDS quan-
titatively and chemically analyzes the individual phases in particles
from 40 to 0.5 um, and determines the size, shape, and morphology of
grains that contain specific phases identified with the XRD. The ANSTEM
1s 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 procass is iterated until a
consistent data set is obtained with the old and new phases identified
and analyzed.

The folIbwing 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 1ight 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 durihg‘samble
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 o?“?ﬁﬂwgmq”WWE
loaded nuclear waste glass wilI_we{gh 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
Timits.

- X=Ray Powder Diffractometer System

TheLXRD 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 vaIuable_fdr 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 smal1‘part1c1es;:usihg the microdiffractometer.

The powder diffractometer available for this work is a Rigaku D/MAX-rA
system (Figure D-2), which employs a 12-kil constant potehtia] 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 aliow detection of low-intensity
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FIGURE D-1.

Optical Microscope.
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Tow-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 +160° 28) allows diffraction
peaks at very low and very high Bragg angles to be examined, providing
ehhanced capabilities for identifying minerals such as clays (which have
major diffraction peaks at very low Bragg angles). The diffracted beam
graphite monochromator eliminates kg peaks and'greatly reduces back-
ground noise produced by sample fluorescence and stray gamma.radiatidn
from radicactive samples. This reduced background improvés the ability
of the diffractometer to resolve Iowffntensity peaks. ‘

FIGURE‘DeZ. Rigaku Powder X-Ray Diffractometer{
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,Tﬁ!’defiédtometer can be controlled from either‘a:programmable

““microprocessor-controller or a dedicated POP 11/34 computer system.

Automated diffractomater control (scan start and stop, step scanning,
shutter opening and closing, atc.) 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 s 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). ‘Referenée 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 thea naxt.
This ability is particularly important in comparing data obtained from
experiments using simulated waste forms to those utilizing actual
radiocactive material.

The Rigaku diffractometer is also equipped with a microdiffracto-
meter attachment that allows examination of samples down to 30 um in
diameter. This unique‘feature allows small samples (or segments of a
sample) typical of waste package-basalt reactions to be analyzed. Using
the microdiffractometar, individual grains within a petrographic sample
or a paint 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 matefials at tempera-
tures that may be encountared in the repository system. With this
attachment, phase transition and lattice parameter changes as a function
of témperature. 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 o-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 rapidTy'w1th those =~
that have undergone hydrothermal reaetion 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 sh1e1d1ng
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 radfation 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 h1ghly rad1oact1ve samples o

Preparation of radioactive powder samples for. analyses w111 be
similar to the procedure used for OM. The powder is suspended in
collodian-amyl acetate solution and transferred to an aluminum slide.
The c0110d1an dries, f1xes the powder on the sl1de, and provwdes a
stabilized sample mount.

0-11
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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 WDS, it can do quantitative chemical analyses. The
interaction of the electron beam with powder or other solid sample
producas secondary electrons (morphological information), back-scattered
electrons (morphological and chemical information), and characteristic

X-rays (chemical information).

. »
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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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all spectral information on floppy disk. .The SEM/EDS dystem a}ﬁ"&ﬁwm‘m& -

duces X-ray dot maps and line scans. The computer contTims—state~of ‘
the-art data reduction techniques for production of quantitative anal-
ysis on elements from sodium to einsteinium. ’

The WDS 1s a JEOL system capab]e 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-
g niques. This,cross-checking capability gives more reliable composi- -
5 ~ tional estimations. . The EDS will not function properly in a high
j radiation field; therefore, the WDS provides the only examination
: possible. |

A Magnxfication and composition must be standardized for the SEM/EDS/

£ . WDS system. Materials supplied by the NBS are available for both appli-
S cations. In-house standards, such as latex spheres for magnification

. . and known minerals for composition, will also be used. The system ”i!l_.”
‘be calibrated and standardized on a regular basis as well as before any
critical analysis on special samples.

3 One of the major advantages of this ana]ytical technique is the
: o ease of sample preparation. Radioactive sample pheparation techniques
are similar to those used in OM because powders (0.5 mg) are suspended .
in absolute ethanol,:traneferred to a stub, dried, and coated with - -~
- carbon or gold. Loose contamination is thereby stabilized. Monolithic .
materials will be as sma11'as'possib1evto reduce dose rates to person-"
nel. Sample we1ght”6f monol iths is not expected to exceed 100 mg. An
L ““airlock assembly on the SEM will provide shielding of a sample during
‘ loading operations. The column will provide sufficient shielding during
examination. | ' |

-

Analytical Scanhiﬁg Transmission Electron Microscope

As described in Chapter 3, the surfiéia1 mass of solids used in
hydrothermal tests will be high to reduce reaction times. The ANSTEM
can be focused on very small areas, mak1ng the techn1que 1mperat1ve in
the character1zat1on of alteration phases.
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CUANGEDWITHOUTNOTIGH o Rocifyell 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
the STEM mode, and 40 A resolution in the SEM mode. A high-resolution
annular back-scattaer detector is mounted above the pole pieca to.allow
phases with alemental diffarencas 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 kvV.
This enables optimization of analysis conditions.

FIGURE D-4. JEOL Analytical Scanning
Electron Microscope.
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A 1iquid nitrogen cooling stage will be employed:for be m-sensi c“”"“”“‘f""

o WITHCUT NOTICE -
: samples such as clays and zeolites. A 1,000°C variable heatingstage

i will be used to observe specific phase changes as they occur. A ther-

i mocouple gauge is used for both of these stages to monitor the specimen
.temperatdre. Other stages, such as the Faraday cage stage and carbon

sample stage,‘w111 be used for quantitative analysis of samples.

~The column s fitted with a PGT-3000 Energy Dispersive System.
This consists of a Si{L1) solid state detector with 30 mmz»of active
area, a resolution of 155 eV at 5.9 keV, and a 0.3-mil bery11ium-w1ndow.
These features allow high sensitivity for small samples, minimal overlap
problems, and excellent detection 11m1ts 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.
Quantitat1ve EDS programs for particle and thick flat specimens will be
employed for elemental analysis. These programs were developed at
Arizona State Unjversity 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.

v

Experience has proved the ANSTEM invaluable to the characterization
task. The 200-kvfacce]erat1ng.voltage‘is sufficient1y 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:eva]uation 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 microdiffkaction of phases as small
as 200 R (e.g., an albite phase that forms during the hydrothermal
reaction of bentonite). ' '
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¥d tachniques 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 mi11 to minimize particulate contamination. Particle standards
and samples are mounted on:beryllium mesh grids‘with 200 3 carbon films
for ANSTEM examination. Removable thin section samples are removed from
their glass slides, and areas of interest mounted on 3-mm beryllium slot
grids. These samples are ion thinned in a Gatgn Dual Ion Mi11 until the -
regions of interest are betwesen 200 and 1,000 A thick. Laser intarfer-
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 rata. Thase 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 1éss 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 NWRB can be identified only if the groundwater is characterized.
As described in Chapter 3.0, the complex system can be simplified by
identifying several kay 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 af-
fective pH and Eh of a barrier system as desc¢ribed in Chapter 3.0.
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Stable element concentrations will be measuféd in dqueous ;{ﬁﬂ@gﬁﬂgmﬂgg

by an inductively coupled plasma atomic emission'Spectr eter { FEBGALEPUTNOTICE
or an AAS. Each ihstrumeht has increésed sensitivity and selectivity

for certain elements of interest. ‘The instruments dperate on suffi-

ciently different'brincipies 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 ICP-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 D-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.

PRINTER
CRT
[ Y

ROPPY - COMPUTER  bmes!
01SCS CONTROLLER
?
READOUT
l" CONSOLE

: \ GRATING

R 3 ) -
PMTS —> . ~ A
PLASMA |PMT
TORCH ( MIRRORS

A

eatme || |

POLYCHROMATOR TRF SCANNING
(30 CHANNELS? GENERATOR MONCCHROMATOR

{200-800 nm)

FIGURE D-5.. Plasma Analytical System.
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mmmwwmwm“&he detecyion 1imits in micrograms per milliliter are delineataed in
: @s D-1-and-D-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 D-1. Polychromator Elements.
Approx. datection - Approx. detection
Element limit (ug/mL) Element Timit (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 Ir 0.005
Mg -0.001
TABLE 0-2. Single Element Capabilities of Scanning
: : Monochromator.
“ Approx. detection . Approx. detection
| Element Timit (ug/mL) Element Timit (ug/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 T 0.2
In 0.1 ] 0.03
Nb 0.1 ) 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 d1f1Ed'“m“¥;ﬂ$:$:§
REPLAC|
Babington nebulizer for introduction of samples high in d ssolved:uga itwniour notice -

Th1s unit has been in routine service for more than a yeaF‘Eﬁa"unI1ke
conventional cross-flow and concentric glass nebulizers, 1s virtually.
free from plugging by deposits of salts. This sample introduction
system also renders the measurement independent of sample vis;osity.

Atomic Absorption Spectrophotometer

Flame AAS is more senéitive and therefore provides improved de-
tection Timits than ICP-AES for certain elements. The stable analogue
of 137Cs included in tracer-loaded waste form will require detection by
AAS. - In addition, hydride-forming elements, i.e., arsenic, se1enium,
~ tin, lead, antimony, and tellurium, are detected with excellent sensi-
t1v1ty by this method.

Rockwell operates a Jarre11-Ash Model AA-6 f]ame 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 fbr envi-
ronmental re]ease contro] (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
solutiods 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 andrdetermined by comparison to matrix-matched standards from a
single injection of approximately 1 mL (100 uL sampling loop).

‘A modified Dionex Model 10-10n_¢hromatagraph is used for ahalyses
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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“{solated in in 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 placa.

Miscellaneous Equipment

A large inventory of analytical instrumentation is available in the
222-S Building to meet new neads on either radicactive or nonradicactive
" samples as they arise:

¢ (Bas chromatography measures the concentration of volatile
organic compounds. Gas sampling and analysis capabilities are
available.

o Liquid chromatography separates nonvolatile organic compounds
for analyses. Detectors are available for identification of
many compounds.

o Mass spectrometers for identification of isotopes by mass are
available for selectad measurements. The units available are
not designad for high sample throughput nor high beta gamma
activity fields but can provide exceptional quality data.

® 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 intaractions 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,se]ected oxidation reduction CLESEPHEHOUTNONCE -
of jons and trace constituents. :

‘o Several 1aboratory polarizing and stereomicroscopes are
available.

e Common 1aboratory equipment, e.g., balances, pH meters. etc.
are available.

‘RADIONUCLIDE MEASUREMENTS

_ Radionucl ide concentrations of 1sotopes 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
jdentified earlier in the sectmon on "Radwonuclide Analysis" to support
waste package studies are: ‘

‘9 Multichannel gamma energy analyzefs
¢ High-resolution alpha spectrometery system
o Liquid scintillation counter.

.In addition to these radionuclide specific measurement systems,
standard gross alpha/beta proport1ona1 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 75Se, 8%Co, and.

137Cs. The 222-S Bu11d1ng Counting Room is equipped with state-of- the-
art intrinsic germanium detector systems for measurements of radio-

nuclides in containers of various sizes (200 uL 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 4n geometry is
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' avai]able.frbm 4-german1um-detector arrays for analysis of samples
containing trace level activity. Most intrinsic germanium datectors are
useful in measuring greater than 100-keV gamma rays. Some radionuclides,
such as 2*1Am, 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 praviding about 85% to
90% counting efficiency in the 50- to 150-keV 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-keV. The appropriate detactor
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 defection mathod for some
itosopes in the table in all sample matrices, e.g., 239py, These con-
centration detection levels may be affected by spectral interferencas
from other isotopes in the sample matrix.

TABLE D-3. Representative Con-
centration Detaction Limits.

Radionuclide Dete€22?7m1;mits
226, 5.0 x 1074
237yp 2.0 x 1073
2u2py 1.0 x 1072
203pn 6.0 x 1074
239py 3.0 x 107
137¢g 3.0 x 1072
241 pn 1.0 x 1074
60¢g 2.0 x 1073
1297 2.0 x 1073
75se 3.0 x 1072
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As shown in Figure D-6, both conventional GEAfanq LEGS s §£§ﬁ§ﬁ$ﬁ§ﬁ§&g
linked to independent computer control]ed'operating anﬁ‘ﬁﬁt&'?ﬁ‘ﬁcp1on
systems termed JUPITER (Canberra Industries) and TN-4500 {Tracor Northern).
This automation provides rapid, efficient, and uniform operatiop'of all

GEA systems. Spectral files are on line to provide peak search for
1sotope identification and quantification. Between these two systems,.

as many as twelve independent germanium detector systems can be operated

simultaneously. | S

: Gamma energy analysis systems are equipped with a dedicated, on-

{ : - line QA package. With this QA package, each calibrated GEA system

4 ' 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.

ETT PR RIS U

Since GEA is nopdestructive. each sample, after GEA analysis, can
be used as samples for other analyses. This wil]‘aid in reducing the

5_ h ‘volume of aliquot removed from the hydrothermal test apparatus for
s ' analysxs.r
%: ] ‘ 'HiahéResolution 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-
nucl ide-specific quantitative'data."A'specia11y'deve1oped alpha spec-
trometry instrument coupled with.1iquid-1iquid extraction method will
measure radionuclides such as 237Np, 23%Py, etc. This instrument is
equipped with beta and gamma interference suppression electronics and
excellent energyfre§o1qt10n and .enables measurement of samples with
alpha emissions as low as 0.1 disintegration per minute (dis/min). In
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an aqueous matrix (if necessary), prelimirary chemicdl separaﬁ any st

extraction of the nuclide into a scintillator. An alpha spe?f&ﬁ&m?@mnona e
collected in a2 multichannel analyzer from specially developed detéectors '
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-levgl samples.

L1guid Sc1nt111ation Counting

Low-energy beta analysis using liquid scinti11ation counting tech-
niques will measure radionuclides such as *C, 79Se, 99Tc, or 15lSm.

For this work, a Packard Tri- Carb Model 450cC, automat1c liquid scin-

t111at1on 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 1iquid 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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