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Our studies of the geology underlying the pond P
areas and detail gravity work in this area have
revealed the possibility of breaching of the
basalts just under the subject pond. Figures 1
and 2 show two cross-sections through Gable
Mountain Pond. Figure 3 shows the location of
the wells used in making the cross-sections.

Recent studies on contamination of Gable Mountain
Pond, West Lake, and the confined agquifers in

the vicinity of these water bodies have revealed
the presence of 1281, 60Co, 106Ru, and other
radiocontaminants in these waters. Table 1
(attached) shows a summary of the levels of
contamination thus found and compares the results
to levels found in the Columbia River.

In view of the potential disposal of Purex wastes
to Gable Mountain Pond once the plant is restarted,
I would recommend conducting a study to determine
whether or not any contaminants from previous
disposal operations into the pond have reached
the confined aquifers. I also recommend -etermin-
ing how far below the surface of Hest Lake we

find the Mabton Interbed Agquifer and whether or
not this aquifer is connected to West Lake.

The importance of this interbed lies in. the fact
that this is the aquifer used in most irrigation

.operations. I propose that we gample the struc-

tures shown in Figure 4 for the ccnstituents
listed in Table 2. I also propose that we drill
a new core well near West Lake down to the Mabton
Formation. Since we presently have a coring rig
working at Hanford, I recommend that the existing
coring contract be expanded to cover this addi-
tiona' well. Table 3 outlines the cost of
cquucting the additional work. The total cost
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for the project would be approximately $28,000.
Utilizing some funda out of existing budgets,

it would require additional funding in the order
of $21,000. The project can be completed within
two calendar months of your authorization to
start work.
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TABLE 1A

" CUMULATIVE DECAYED RADIONUCLIDE ACTIVITY
DISCHARGED TO GABLE MOUNTAIN POND

CUMULATIVE DECAYED

NUCLIDE GROUP : ACTIVITY
Plutonium a 422  grams
Totai Beta 1,710 curies
80g, 373 curies
;OGRu - 3.€4 curies
‘137Ce . 286 curies
60co ‘ | 17.2 curies
Uranium ' . : . 670 curies
233y . 459  curies

MEAN VALUES OF RADIONIC~IDE CONCENTRATIONS
OFf RECENT GABLE «CUNTAIN POND AND '
’ - WEST LAKE WALTER SAMPLES

GABLE ' . DRINKING

MOUNTAIN UNCONTAMINATED . WATEX
RADICNUCLIDE WEST LAKE POND COLUMBIA KIVER STANDARD
Uranium 1075 5. —_ 30
Total Alpha ~ 1T.
Total Beta 267
Plutonium .06 04 | 5
90y ' o W3 3
129, . .87  5x1073 6
T 03/17/76 - ¢
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TABLE 2

PROPOSED ANALYTICAL PROGRAM

All samples will be submitted blindly to che laborétory.

All samples are in duplicate following procedures of ARH-LD-1l6.

CONSTITUENT NUMBER OF SAMI'".ES
Tritium/Deuterium Ratio : . 14
Carbon-14 ‘ 14
Iodine-129 _ : e 14
Gamma Scan ' _ S 14
Plutonium ' _ /
Americium : 7
Uranium v 14
Oxyggn-iS/Oxygen-lﬁ Ratic ' 14
Total Organics and Inorganics ' 14

- 03/17/76
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TABLE_3

ESTIMATED COSTS

Agalysis of Input to Ponas ———
Core Drill#ng , _ $ 7,000
Analyses | ' $21,000
Interéretation . e
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GROUNDWATER MANAGEMENT SECTION
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WELLS=TO-BE ANALYZED AnP
w[: LS ToO BE SAMELED

D = Sample

run in duplicate counts as two samples.

WELL TOTAL . e - 8%,  ap ‘
NO, ORG/IN. TRITIUM C-14 1-129 SCAN 50 50 018/016
' - LIT. LIT. RATIO
DB-1 D D 4aef 1 D D 1 1 D
DB-7 D D 1 D D 1 1 D
DDH-3 D D 1 D D D
PR -4 o H ! D D o]
DH-\? Z D D 1 D D | D
" DH-& D D | D D '
Total . ' , D
Samples "8 LN 4 s ~8- ~& & €
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(CONSTRAINTS

1. Requirements of ARH-LD-116 ayply including all phases of
sampling, analysis, reportinyg and quality assurance.

2. Blind sampling is required. ° .. R

3. A1l sampling procedures and laboratory analysis procedures ..
must be submitted to the Manager, Groundwater Management . -

Scction for approval prior to initiation.of the work.
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D.= Samp)e run in duplicate counts as two samples.
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D.= Sample run in duplicate counts as two samples.
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INTRODUCTION

Over the past years a ]arge number of wells have been drilled in
the Hanford site. These wells varied in use, type of construction,
depths and reason for drilling. As a result some confusion was brought
about as to why the large number of wells. In an effort to establish an
understanding, the following is presented.

PURPOSE

- The purpose of the drilling and sampling programs is to monitor the
possible offsite migration of radioactive contaminants. There exists
under the Hanford site two primary aquifers, the unconfined and the
" confined. For many years wells have been used with varying success with

" ‘5ﬁ§n§“§éll§dbeing drilled into the unconfined aquifer and few into the
confined. As data were collected it became apparent that a computer was
necessary to handle the large amounts of information. A computer was
put into service and has since produced workable results. However, by
placing the data into the computer and reviewing the output it showed a
need for information at various locations and depths. In an attempt to
acquire this needed information for the computer programs, additional
wells are being proposed to supplement the well inventory and to define
recharge and discharge points.

The proposed locations of new wells are based on four criteria:
e areas where data are presently licking. :

o access into the area,

e« type rock to be drilled, and

« existing shallow wells which can be deepened..

DISCUSSION

The three programs (computer modeling, unconfined and confined
-aquifer drill1ing and testing, and the installatfon of piezometers) are
very closely correlated programs. Each—program—{s—dependent-upon-the
other. When data are needed under the computer program, an attempt is
made under the.1mxysupﬁort programs to gather the information from



existing wells. If the current well inventory is 1nsufficient a new

well is proposed with testing to give the needed‘uata. If a well is

present but not of adequate depth, the program proposes to enter the

existing well and deepen it to the required depth. If data are needed

from various aquifers, the programs are adjusted such thar QUlIEate ., ..iy aviuy vl
drilling 1s not done*-’After a vwell has been constructed for information

on the unconfined aquifer, the same well will be entered under the

offsite migration program for deepening and testing of the confined
aquifers.?'*-“mdﬁn wirll than ba rrg2dfck s wmantter byth ke Cu*' Y IS

1
TS

When adequate data has been collected for complete computer modeling
whieh-wiH includd the work outlined for this Fiscal Year, much confusion
w111 be eliminated and a better understanding of the subsurface migration
of radionuclidesand hydraulic parameter< of the aquifers will exist.
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: HYDROLOGY PROGRAM REVIEW
(First Quarter Fiscal Year 1977{

I PROGRAMS ¢ Groundwater Hydrology (KW5T2)
' e Offsite Migration (KWST3)
« Radionuclide Migration in Groundwater (KR213)
¢ Long-Term Groundwater Management (KR215)

II BUDGET ‘ ¢ Expenditure
‘ e« Variance
o Projection
¢ Reduction

"III FIRST QUARTER PROGRESS
' e Field Research
' . Modeiing
e Problem Areas
¢ Documents Issued

IV SECOND QUARTER PROJECTION
. e Field Research

¢ Modeling:
¢ Documents to be Issued

v PROGRESS TOWARD FIVE-YEAR MILESTONES

VI STAFF INCREASES

January 28, 1977
Roy E. Gephart
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WATER LEVEL ELEVATION (Feet Above M.S;L.)

DB Core Hole Hydrographs (Mabton Confined Aquifer)

" As drilled head (DB-5 has pump installed)
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Tubes Bridgé. Perfo- Swabbed Boist .Ai;.ﬂ | } )
‘el]l ¢ Removed Plug rated Brushed Bailéd Lift Screen ' Hours
2-1 X p' X 17 1/2
5-12 X X 6
8-3 X 20
5-1 X X 21 1/2 .
5-3 X X 9 1/2
5-4 X X _ 19
5-6 X X 23
7-1 X X 23
-11 X X | 24 172
-19 X X . X 46 172
-20 X 13 |
-22 X X 43
-4 X X X X | 32
10~E15a . X 5
'9~12 . X X , 18
. 7-El14 X X 17 1/2
4-19 X 12 1/2
9-E13 ~ x X X x 13
9-11 X X | 23
8-E2 X - X 26 1/2
4-20 X X 23
2-3 : ~ X X 28
2-29 X : | | X X 28
-13 : X X | 22
-E14A X , x x 24 172
-E4C X X 44
-E12 X X 6 |
-3 o X X | .21
-33 X X X X X 56 1/2
-45 | 5 X | b | 11 1/2
a7 ' ‘ a X 6
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Tubes Bridge Perfo- Swabbed Air

. Removed Plug rated. Brushed Bailed Lift Screen Hours

8~25 X 11 1/2
8~32 X X X 32
9~E2 x 21
3-E12 b X 30
L-454 ‘ 8 1/2
>,Q,R,S,T X 6
1-38 X . X X b 50 1/2
i~152 X 117 1/2
26 . X 13 1/2
‘=5 X X 49

~47 14

-43 X 5172
~472 ' 8 1/2
-58 ‘ 16 '
.Q,R,S,T 2 1/2
-E12 ' A 10

-20 X L X 13 1/2
-39 x - b ' X 128

-70 x . x - 26 1/2
2, R,S,T | : , ' | X 3 1/2
-33 X ’ X 26

46 ‘ X . X 42 1/2

70 X X x 39

15 X X | 22

8 o X ' X X X 40
- 40 j X | X 33

55 : - X X 14

31 | X X S x 168

53B - x S X 74

55 ‘ - X 17

12 ,\\ _ X ' 5 1/2

13 : X ' 6 1/2

;2 X X : X X 44 1/2



;7 s — 3

-

Tubes . Bridge Perfo- Swabbed . Air

Removed Plug rated Brushed Bailed Lift Screen Hours .
32-70 X | X 35
32-72 X | , X - X 44
32-77 X X X 15 1/:2
33-42 | X : X 50
33-56 X 12
34-39 | | X X 7
34-41 X X 4 1/:
34-42 X p 9 1/2
34-51 X ' X 40
35-9 X X 16
35-66 X X X X 30 1/:
35-70 X X X 52 1/:
35-78 X X . © X B 26
6-46P,Q,R,S ¥ - _ X » 9 1/:
36-61A - X | x - 13
36-61B X ' ' > S X ' 59
37-43 X X X X 99
37-82A X X X X 48
38-65 X X X 84
38-70 X X : X 48
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39-79 X X X 31 1/:
40-1 X X 9 1/:
40-33 X X 27 1/:
40-62 X X 28
41-23 _ X X X X 42.1/.
42-42 X X , X ' X 32
43-42 . X | 8
44-64 . X ' X X | X 54
45-42 | X X . X 13 1/
45-69 X X 23
47-35A X X X 10
47-46 . . X X 41/
- 48=-71 - X - X 12
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Tubes Bridge Perfo- Swabbed -Air
Removed Plug rated Brushed Bailed Lift Screen Hours
X 23
19-55 : X X 28 1/2
19-57 X : X X 5 1/2
19-79 | X X 12 1/2
50-28B X 6
0-30 X X X 29 1/2
30-42 X X X X 18 1/2
0-53 X X 22 1/2
50-85 X : X X X 201
31-63 X X X 3 1/2
31=75 X X X 30
13-47 X . B 4 8
13-55A X X | x 50 1/2
34-37A A B ] x X 30 1/2
34-37B ' 39 1/2
34-42 - .X X X 16
34-45 ' X 7
34=57 X X 15 1/2
35-50C - X X X 7
15-70 | X X X X X X 23
37-25 | | X 16
37-29A X 5 1/2
i2-43F X X 16
13-25A X X 13
14-27 X X 21
i5-59 X X X 23 1/2
15-72 | X X 20
16-39 X X 6 1/2
16-103 - X 25
;7-51 X X X X 29
;7-86 ‘ X ' X 18 1/2
,8-105 - X X 30
'1-30 . > 4 3
X 9

'2-88 X
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Tubes - Bridge Perfo- Swabbed " Air
Removed Plug rated Brushed Bailed Lift Screen Hours
X X 14 172
N X - X 64
X X 32
X X X 34 172
' ' X X 34 1/2
X X X 17
AN.-6 _ X ' X 55
AN.-19 X 16
AN.-24 | x X 23
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A PROPOSED PROGRAM PLAN TO DEFINE GROUND-WATER

QUALITY IN THE UPPER CONFINED AQUIFERS ON THE HANFORD SITE -
. I e

~ STATUS OF GROUND-WATER QUALITY IN THE UPPER CONFINED AQUIFER(S)

A nember of attempts hqve been made in the past to determine the
presenee (or absence) of contaminants in the ground water of the upper
confined aquifers beneath the Hanford Site.fhat could be attributed to
radioactive waste disposa]:actjvities. The potential exists for such
contaﬁination due to geohydro1ogic consf&eratfons and location of the -
waste disposal sites.(‘) However, none of the previous attempts have

accomplished the objective of defining degree and extent of eonffned

VL

1. Lack of sampling structures (location and/or' A /41L¢’ ,;ﬁ/

~ completfon methods) ' Cygrpw

2. Inadequate {nvestigative program

aquifer contamination for one or more of the following reasons:

3. JInadequate analytical methods
4, Insufficfent sampling techniques

- Although {t was recognized theﬁ water-bearing zones in the Tower
.Ringold (and below) occurred under confined or partially confined conditions,
few wells were .completed solely in these zones. The wells were usually
*drilled as multiple use strueiures for geologic and hyerologic data
acquisition as well as water‘quality monitoring information, and project
" funding did not permit the 1uxury»of costly, speciai purpoee well structures

or utilization of more sophisticated well completion methode, Likewise,

1 /
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it seemed that the bulk of the contaminants that reached ground water was
moving in the upper part of the unconfined water table aquifer--an

assumption that essentially appears valid today.

4 Most of the previous attempts to detect contaminants in the upper
confined aquifers were designed primarily to test equipment, instruments,
sampling techniques or analytical methods and were thus inadequate in
time and/or areal extent to conclusively resolve the contaminent issue.
Also.‘:\nost of the tests were not documented.

Analytical methods were either unavaiiable for Tow level detection
of potential contaminants or iacked adequate sensitivity. Some of the

most mobiie contaminants in the ground-water system such as Tritium.

Iodine-iZQ and Technetium-99 were not recognized as occurring 1in significant

_amounts in the disposed wastes. Detection of these elements at near-

background levels in ground water is still difiicuit and costiy and 1is
not accomplished under the ongoing routine monitoring programs on the

Hanford Reservation. | o e

‘ ujtlt‘ﬂ’#f 2 /
A review of 211 available existing analytical data was made/to ,zzzézzzzi :

attempt definition of water quality in the confined aquifers. Table I 2

Tl

. : - : ) . l (A
 shows the analytical results from the only studies that were considered f?;;fg e

Jeit

adequate in both aquifers ‘sampled and analytical parameter'and ievel

These results werg compiled from essentfally two studfes, (2).(3) and
Figuae 1)

) unpubiished analyses obtained by ARHCO on DB and DH well/; Even

& cursory examination indicates that the data do not cieariy define the

status or the confined aquifer water quality with regard to contamination

D

f‘j & P‘}'

s fyr

o



TABLE I, Confined Aquifer Water Quality .

Background Data

129; _ 0 1.3 x 107° pei/1 (699 53-103 - McGee)

3H. -a 5 pei/) to < 2 pei/l

N03 - < 1 mg/1
Hell Number 129I | 3H ‘ N03 Aquifer
& Date (pci/1) _(pei/1) (mg/)) Sampled
81 (599 2-F 14) o - Mabton
12/14/73 8.0x106 41,3100 47 4 2(2)
9.2 x 1076 + 1.4 x 1076
8.2x10°%4+1.7x10°
1.6 x 10°° + 2.5 x 1075
DB-2 (699 15-E13) . Mabton
22514 . 57x10041.2x 10‘5 ag + z“”

4.0 x 1076 + 7.4 x 1077
4.9 x 1078 + 3.9 x 1077
5.7 x 1078 + 8.0 x 1077
1.7 x 106 + 2.0 x 107
1.0x107° + 1.5 x 1076
9.7 x 1076 + 1.4 x 1076
6.6 x 1070 + 1.3 x 1076



8/16/174

AN

129,
(pciNN)

well Nulfber
& Date

e N0y pquifer
{pci/1) (mg/1) Sampled

pe-4 (699 35-27)

2.0x 105 £1.3x 107
4.2 x 1075 + 2.0 x 1078
8.2 x 105 + 4.1 x 107

s/14/14

p8-5 (699 52-52)

3/22/781 2.6 x 1075 & 4.4 x 10°°
6.2 x 1076 + 5.1 x 107
1.6 x 105 £ 2.7 x 107
rax108£13x00°
7.4 %106 £3.7 10
3.4 x 1075 + 5.1 x10°%
4.5 x 1075 + 6.6 x 10°°
4/26/14
4128/74 ' :
5/1/14
p8-7 (699 $16-24)
6

1.4 x 1074 £ 5.1 x 107
2.4 x 1078+ 9.1 x 10
s3xi0t+7.2x10%

Mabton

35 + 2(2)

Mabton

203 + gla)

17+ 2@
¢ +0.3(0)°

22 +2 ()
2.5 + 0.3(%)
17+ 2(2)
3.4 ¢ 0.3(0)

Mabton
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6/7/N

Hell Nuﬁber 120! 3“
& Date (pci/1) (pci/l)
699 S31-1P
8/30/68 182 + 38(9)
699 S11-E12P
(flowing well
3/5/64 2.1 x 10754 1.6 x 107
8/26/68 611 + 29(‘(’3)
| 9.7 ¥ 2.6
609 s18-£2p(€)
o (d
. 8/29/68 m*fg)
699 14-E6P . |
' o9(d)
8/28/68 gos ¥ 3
699 14-38p(¢) ' e
1964 1.6 x 107 28 + 48(¢)
699 20-ESP
8/20/68 166 + 20(9)
699 20-39P
3/24/69 166 + 2014
699 24-1
a5/ (s* plez.) 8.1 x 1078 £ 1.8 x 1078

« w  g1x10°+3.5x10° .

LA
(mg/1)

.

<1

<l

Aquifer
Sampled

Lower
Ringold

Lower
Ringold

Lower
Ringold

Rattlesnake
Ridge

deer'»
Ringold?

Rattlesnake
Ridge?

Lower
Ringold

Lower
Ringold?



" Well Number | IR
| e, Y N0,

‘ Aquifer
- & Date ~ {pei)) ' (p;i/l) (ma/1) Sampled
8/29/68 (*P" plez.) g+ 68l
. , Ringold
ojor68 - | e+ 20l® a

- {2) gnalyses made by Teledyine fsotopes
(b) Analyses made by University of Miami

{c) Leak suspected - may have caused cross contamination

(d) Analyses made- by Nashington State University



from Hénford‘waste disposal actfvities.‘ Referring to Table I, water in

the Mabton interbed at DB-1 and DB-2 sites appear uncontaminated as reflected
by the 12° background levels. Idodine-129 appears ubiguftous as a

contaminant from Hanford waste diqusdl operations, is highly mobile in
the environment and, with.a very long 1ife, serves as an excellent tracer.
The fecent.analytical developments in low level detection of ‘291 provide

for apparently accurate and reliable (though costly) tracing of this

| fsotope. The 3H contents appear anomalously high, It s felt that the

Teledyne and ¥, S. U. tritium analyses are unreliable in the lower concen-
tration levels, and this is supported by comparison of tritfum analyses of

water'frbm DB-5 run by Teledyne and the University of Miami,

Water in the Mabton at fhe site of DB-4, DB-5 and DB-7 appear to
contain low level contamination attributed to Hanford operations as indicated

by the ]29! analyses.

The rest of the data are inconclusive, but suggest that water in the
Lower Ringold probably contains low level contaminatfon for gome distance

southeast of the 200 East area.

Theré are sufficient positive analytical results (and variance in
results) to jJustify and require a definitive prodram to assess the status

of the upper confined aquifer(s).



Recommended Sampling Sites |

L4 .

In addition to the several existing well locatfons applicable for
sampling wateb from the upper confined aquifers, three additional sites
are recommended for location of proposed wells to obtain additional data
- on water quality and contahination status of ground water in the upper

confined aquifers (in these cases, the Lower Ringold Formation and the

| | ¢

" Rattlesnake Ridge Interbeds). Recommended locations (Hanford site 5%£5w’ 2
~ . ’; - 1.,/
coordinates) are: N28,000-W18,000; N44,000-W45,000 and N63,000-W51,000. 415 ,ﬁ”,

The sftes were selected by evaluatidn of contamination data from the "DB" /fl/g .[ ,
serfes wells (completed in the Mabton Interbed)_and the Yocation of ;}
possible areas where hydrauiic continuityvmay exist between the water |
table aquifer and tpe upper confined aquifers as shown by data contained
in ARH-SA-253 and other sources. (%) Figure 1, shows the location of
these proposed wells and the area where hydraulic continuity may exist
between the water table aquifer (or 1iquid waste) and the ubper confined

aquifers).

Recommended Anal&ses

Analysis needs of the proposed confined aquifer program have been
- considered, Recommendations and information on prdposed analytical

methodology follow:

1. Types of Analyses: If is recommended that most of the initfal "

analysis effort should be confined to contaminants which have
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been found to migrate the greatest distance in the unconfined
aquifers and for which analysis technology §s well established.
This should include low-level gamma-ray spectrometric, tritium, 1291

‘analyses on very large volume water samp1és and/or ion exchange

concentrated samples.

Good analytical methods exist for 9°Sr. U, Pu and Am and a few
analysis should be performed to establish low levels. Based on
unconfined aquifer data, these nuclides are not expectedxto be the
majof contaminants in ihe éonfined aquifers and a large numbér of

analyses are not warranted.

Analytical méihods exist for'14c in ground water. Data on levels in
the confined and unconfined aquifers are neéded; A few analyses
should be run to establish the presence of ]45 as a majnr ground
water'cnntaminant. If relatively high levels of 13C are detected in

the unconfined aquifers a number of confined aquifer samples should

be analyzed.

Migration of gch in the ground water is expected but few daia are
. available. Thé current low-level B- counting method has Yimited
sensitiviiy. A more sensitive method 1s being developed and should
be completed before'exten51Ve e analyses are initiated. HWhen a
sensitive method is available, the same strategy as recommended for

‘4c analyses is suggested.

Other analyses have been useful in investigations of ground water

contamination but additionai literature studies are needed to determine

10



those applicable to the current problem, These include measurements

of the 3gArlasKr ratfo and differences in the stable hydfogen, oxygen,

carbon, nitrogen. sulfur and zenon isotope ratfos. These ratios have

.been used to characterize the origin of water and of gaseous, organic

or mineral material in the water. Thus for example, evaporated water

is depleted in deuterium and ‘80 with respect to surface water,

Measurement of stable element concentration i{s needed, The use of
specific fon electrodes or atomic absorption measurements where

applicable are recommended for rapid, economical analyses.

Several needed anelyses require analytical development. Hany of the
1on-exchange sampling and analysis methods will not detect organic
or organfc bound materials.v Methods for separation and analysis of
trace organics especially separation plant-organic residues in larbe
volume water samples are required. Some additional study of concen-
tration methods for inorganic species are aleo required esnpecially

studies of field fon-exchange sampling reliability. .

e) Gamma Radicactivity

Sample required: 50 liters in polyethylene carboy for each

analysis.

Method: Acidify sample and evaporate to small volume, or dryness,
measure individuel redionuclides by Ge(L1) and multiparameter

coincidence gamma-ray spectrometric methods. Total a and B-

n
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'couﬁts-can be taken-on evaporated aliquots of the sample.

8~ -y concidence spectrometry can also be used.

Detection Limit: 0.1 to 1.0 pCi depending on radionuclide and

radfonuclide matrix.
Status: Capabflity available at PNL.

Estimated Cost: $50/analysis for evaporation.
$50/analysis for y spectrometry
$50/analyses for B-y spectrometry

- $25/analyses for total a and B- counts.

References:

- W. L. Nicholson. J. E. Schlosser and F.‘P;anader. “The Quantita-
tive Analysis of Sets of Multicomponeht Time Dependent Spectra

from Decay of Radionuclides,“ Nuclear Instruments and Methods,

‘vol 25, 45-66, 1963,

F. P. Bfauer. J. H. Kaye'and R. E. Cbnnally. *X-ray and Beta-Gamma
Coincidence Spectrometry Applied to Radiochemical Analysis of

E vironmental Samples,* Radionuclides in the Environment, American

Chemical Society, Washington, DC, pp 231-355, 1970.

R. E.VCOnna11y. H. A, Mitzlaff and F. P. Brauer, “Four-Input
Multiplexer for Two-Dimensional Gamma-ray Spectrometry," IEEE
Trans, on Nucl. Sci. NS-17, 3, pp 440-445, 1970.

2.
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F. P. Braver, J. H. Kaye, J. E. Fager, W. A. Mileaff and
H. 6. Rieck, Jr., A Dual Ge(Li)-Dual NaI{TV) Gamma-ray Spectrometer .

spectrometer,” Nucl. Instr. and Meth. 102, pp 223-235, 1972.

F. P. Braver, R. E. Connally, H. G. Rieck, Jr., "An Anticoinci-

dence Shielded Multiple-Coincidence Gamma-Ray Scintillation

Slectrometer,” Trans. Am. Nucl. Soc., vol 15, p 183, 1972.

F. P. Braver, J. E. Fager and W. A. Mitzlaff, "Evaluation of a

| Large'Ge(Li) Detgctor for Low-Level Radionuclide Analysis,"

'IEEE Trans. on Nucl. Sci., vol NS-20, pp 57-64, 1973.

F. P. Brauver, J. H. Kaye and J. E. Fager, ”Nal(Ti)eGe(Li)

Coincidence Gamma-Ray Spectrometry for Radionuclide Analysis of

_ Environmental Samples,* IEEE Trans. on Nucl. Sci., NS-22,

pp 661-670, February 1975.

GOCO, IDGRU’ 129¢

- Sample Required: 50 to 400 1iters in polythylene tank or over

400 Yiters through field anion-exchange sampler.

Method: Add fodine spike, concentrate'sampie by anfon-exchange,
gamma spectrometric measurement‘oflﬁobo. loﬁnh and any other gamma
absorbed on resin, remove iodine from resin by oxidation and

ﬁeasure ‘291 and natural fodine by neutron actfvation analysis.

Detection Limit: GOCO , 0.1 pCt
106, - 1.0pci

“u !



Status: Capability available at PHL.
Estimated Cost: $400/analysis including fon-exchange concentration.

$300/analysis for ]291 analysis of ion-exchange

resin,
References:

F. P. Brauer, H. G. Rieck, Jr., “]291. 60co and 106py Measurements

on Hater Sampfes'from the Hénford Project Environs," BNWL-SA-4478,

Ba;telle-Northwest. 1973,

F. P. Brauer &nd N. E. Ballou, ‘Isotohic‘Ratios of Iodine and

Other Rad?onucIides as Nucleap Power Pollution Indicators,”

' Isotopé Ratios as Pollutant Source and Behaviour Indicators,

IAEA-SM-191/20, International Atomfc Energy Agency, Vienna, 1975,

F. P. Brauer and H. Tenny, *12°1 Analysis Hethodology,” BNWL-SA-5287,
April 1975, o . :

F. P. Brauer, and J. H. Kaye, “"Detection Systems for the Low-Level
Radfochemical Analysis of lodine-131, lodine-129 and Natural
lodine in Environmental Samples,* IEEE Trans. on Nuc). Sci.,

NS-21 p 496, 1974,

HTO

Sample required: 500 m1 1in sealed glass bottle for each analysis

14
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Method: Purify by distillation, enrich tritium by eiectro]ysis.

conversion to gas and count in internal gas proportional counter.
Detection Limft: 0.1 TU (0.32 pCi/1)

Status:  Equipment on hand at PNL, about $10,000 requifed to set
up, test and calibrate system. A limited number of analyses can
be performed by the Tritium Laboratory (H. G. Bstlund) at

Rosenstiel School of Marine and Atomospheric Science, University

of Miami, Miami, Florida.
Estimated Cost: $200/analysis at Miami.

References:

-Je Fo Cimeron, Radioactive Dating and Hethods of Low-Level Counting,

IAEA-SH-87/25, Vienna (1967) 543-569.

H. G, astlund. Tritium in the Physical and Biological Sciences,
JAEA, Vienna (1962) 95-102, 333-338. _ .

U, Pu, Am, 20sp

Sample required: 50 liters in polyethylene carboy for each set

of'analysis}

Method: Add carrier and spikes, concentréte sample by evaporation

or co-precipitation, separate by fon-exchange, purity fractions
by standard radiochemistry, measure uranium by isotope dilution
mass-spectrometry, measure plutonium and americium by alpha energy

analysis, measure 9°$r by beia counting.

15 .



Detection Limit: U - 5 ng
' 238p, ¢ 23942405, .02 pei’
9OSr 2 pCi

Status: Capability available at PNL.

Estimated cogt: u $300/analysis jncluding isotopic
analysis |
Pu ‘. $450/analysis
. Am $500/analysis
- 90g,. $550/ahalysis53~ ‘
Pu & Am $650/an§1ysis o

Pu, An & 9%r $1100/analysis
‘, Refereﬁces:

J. E. Gindler, The Radfochemistry of Uranium, NAS-NS-3050, (1962).

6. H. Coleman, The Radiochemistry of Plutonium, NAS-NS-3058, (1965).

IAEA Panel, Reference Method for Marine Radioactivity Studies II,
IAEA Technical Report 169, Vlenna (1975) 5-32, 69-86.

IAEA Panel, Reference Method for Marine Radicactivity Studies,
TAEA Technical Report 118, Vienna (1970) 51-57, 93-118.

e) Me

Sample required: 50 to 100 iiters in polyethylene carboy for

each analysis. o

16
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Method: Acidify and heat to liberate coz. trap c02 as Src03.

convert to gas and count in internal gas counter.

180,160 and p/H

Sample required: 500 m1 in full glass bottle for each analysis

Method: Mass spectrometry.

Detection Limit: 40.2% differences can be detected for ‘80/]60.
+2% for D/M. |

Status: Anajysis capability for ]80/‘60 at Teledyne Isotopes,
50 Van Buren Ave., Westwood, Ngw Jersey 07675. Contact

D, Donald Schutz, (201) 664-7070, - FTS 88-342-500 for operator.

- There is no'commefcial D/H service available according to

several contacts. ODr. Peter Deineg of Penn State (FTS 88-445-7152.
LD (814) 865-7152) would consider doing analyses for D/H and
‘801160 also maybe 14c if 1t could be worked in as part of a

‘masters degree research program. Would probably not be very

expensive. He was recommended by L. Herzog (FTS 88-722-3311,

| (814) 238-0541) of Nuclide Corporation.

Estimated Cost: $40/analysis plus shipping for ]801150 at

Teledyne lsotopes.
References:

IAEA Working Group, "Guidebook on Nuclear Techniques in Hydrology,"
IAEA Technical Report 91, Vienna (1968) S-6.

17



h) ?SN/]4N.and Total Nitrogen
Sample Required: 500 ml sample in a glass bottle is recommended.

Method: Reductive pymbiysis {s used to convert nitrogen species
to ammonfa, total nitrogen is measured by & conductivity detector

and the ’SN/‘4N ratio 1; measured by mass spectrometry.

Detection Limit: 20 ug of nitrogen and 10.5% differences in
ISN,14N

" Status: Capability available at ORNL (R. L. Walker).
Estimated Cost: $50/ana1ysis. (have not contacted)
_ References:

R. L. Walker, J. R. Walton, J. A. Carter, D. R. Mattheus,
*Measurement Systmes for Total N and 15“/‘4N in Plant Tissue,
Soil. and Water," Isotope Ratfos as Pollutant Source and

Behavior Indicators, IAEA-SM-]QI/ZS. International Atomic Energy

Agency, Vienna, 1975.

2. Sampling. Extreme care must be used to avoid eontamination of ground
water samples with surface waters and other surface materials. New .
or laboratony cleaned equipment should be used. Complete rinsing of
sample containers with the water being sampled s recommended. ~
Adequate iden;ifieation to avoid laboratory cross-con;amination of
sampies is required since tne concentration differences between

fractions can be very large. Specific sample size fecommendation

18 -
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3.

are included in this note for the most significant analysis. Field

- filtering of samples may be desirable. Collodial material can cause

analytical difficulties.

Accuracy and Precision. The precision for most radiochemical analyses

§s calculated from counting statistics. Since the Tevels of contami-

nants expected is very low to not detectable, the percentagé errors

"_are 1ikely to be large. Generally the precision can be improved by

larger sample sizes an¢ Tonger counting times. The precisiqn often
does not adequately reflect the accuracy of the analysis. Even when
radiochemical spikes are used the efficiency and recovefy of the
separation method 1s in ddubt, especially for large volume samples.

Replicate anq]yses'serve to measure the reliability of the precision

éstim&tes (ramdom error) but may not detect procedure defects (systematic ‘

error). Separatfons by several different methods at the same or separate
laboratories is required to assure a high degree of accuracy. The
acchacy of measﬁrement methods genera]ly can be more easily checked
with standards tﬁan can the reliability of separation; and sampling

procedures,

Anélysis errors which result in high values for Tow contanination level

water samples are considered more 11ké1y than errors which may result

in low values. In order to save analytical costs it is'recommended that
a duplicate anﬁlyses only be run after a‘positive result (significantly
above dgtéction 1imit) is obtained on the confined aquifers. Positive

values should be checked by more than one méthod xhen possible or by

9 -



analysfs of. different sample volumes and spiked.samplés. Thus sample -
concentratfon by boiling, ion-exchange and co-precipitation are all

recommended where applicable.

Should duplicate or replicate analyses be desired, then the analysis
selection should be designed to measure both the random errors and the
systematic errors when possible. Thus duplicate analyses on homogenous
sample fracitons using the same procedure can be used to estimate the
random error. Estimation of the systematic error is more difficult and

requires a separate evaluation for each sample and analysis type.

4. CqstsQ Anaiyticdl costs have been estimated for the expected major'
constituents. These estimates do not include.‘set-up“ and method |
development costs or costs associated with quality control and analysis

" of standards and blanks.

Ih addition to the radiometric analyses, selected nonradioactive
~constituents shoﬁld be determined and evaluated. These constituents are:
Standard water quility analysis suite (bH. conductivity, Ca, MB' Na, CO,+
HCO4, K, B. koa. Cl, S0, &nd TDS); “Metals® (A1, Sb, Ba, Be; Cr, Co, Cu,
- Pby Mn, Mo, Nf, Sr, Ti, In); organics (TOC) and Sioz;

A1l of the analyses are conducted by United States Tésting Co., Inc. -
Methods defined in “Space Standard Methods for the Examfnation of Water and
Haste Watef“. 13th Edition, 1971 (APHA, AwﬁA. WPCF) are used for the
standard water qhality analysis. Analysis for “MgtaIS“ is routinely done
by the straight atomic absorption metho&. Consideration should be given

to lowering the detection 1imit for metals by use of the carbon rod

S
/
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ANALYSTS

Major Constituents §[ana1xsis

Gamma radioactivity 100
€0p, +106p, +129 400
HTO 200
N0 ?
Ve | 150
991¢ | 500
180,110 4

-

Other‘Constitbents

v 300
putAm+ 0sr 1100
D/H ?

Organics ?

21



furnace in conjuction with the atomic absorption spectrometer. Analysis_
for total organic carbon (TOC) {s made by the fnfrared combustion'method.

S11ica measurement is done by the molybdosilicate colorometric method.
Analytical costs ére as fﬁ]lows (for batches of 10 samples or more):
Str. Water quaiity suite - $25.00 ea
Metals (average cost/element) - $4.00 ea
T0C - §25.00 e - ”

S11ica - $6.00 ea

Recommended Sampling Frequency

The few applicable existing wells and the additional wells that wili
be completed under this proposed program should be sampled initially and
samples analyzed for all of the parameters previohsly discussed. An
evaluation of these results should be made to select the analyses that
best 1ndicate the water quality status of the confined aﬁui}er. These
parameters should be analyzed for samples taken quérterly over a period of
one year to establish statistical validity of thg sampiing and analytical
procedures. At the énd of thfs'Sampling period, the data should permit
determination of the contamination status of the confined aquifebs. If
contamination is confinned; then the progfam should bé éxpanded by additional

. sampling points (both in depth and areal extent) to délineate the extent

of contamiﬁation. and sampling ind analyses revised to indicate water

22 .



quaiity as defined by the expéhded well network. If the confinedlaquifers;

are found to be free of contamination, the existing wells should be_sampled

at annual intervals to monftor water quality and provide baseline data.

7’
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. HYDROLOGY.

Groundwater Hydrology - R. A.,De]UQ

. This activity is.aimed at ob;aininq the hydrologic data
needed to characterize the Hanford qroundwatet.flow regime,
developing predictivé models of groundwater flow, and devel~-
oping management and control strategies to ovoiq groundwater

contamination. !

Water table measurements were taken in December 1976 and
will be interpréted during January’1977. A map of the water
level of the unconfined aquifer will be issued at that time.
lnformation obtained from the water level monitoring program
has been filed in our computer data bank.

Plans for drilling six research wells in the unconfined
aquifer to test the hydrologic'properties were laid out during
fiscal year 1976. These plans were to be implemented during -
fiscal year 1977, but they have been posponed for a year due
to - lack of funding. Pump. tests throughout the aquifer will
be conducted at six existing sites to assess the aquifer's
hydrologic: conductivity and porosity. Three wells will be
drilled .into the deeper confined aquifers and pump tests con-
ducted. to assess'the hydrologic properties of these aquifers.

As part of the geophysical logging program, the physical
and hydrologic properties of selected core well samples were
correlated with log responses. A ‘range of hydrologic and
physical properties are being assigned to each lithologic
‘unit found to be sfgnificant in basinwide groundwater nove- -
ment. A report is being prepared on ‘the development of
geophysical correlation techniques that can apply to the
unconsolidated sediment underlying the Hanford Reservation.

’ Work continued in constructing prefiminary {sopack maps

“of the formations underlying the Hanford Reservation._ Maps

ot



of the.top of the basalt, the bottom of the unconfined aqui- |

fer, and the sequences of clay 1axers are being prepared
.using driller logs and core sample descriptions.

In the mathematical modeling area, work was conducted
to provide the methods necessary to extend arrival distri-
bution concepts to practical Hanford hydrologic probfems.

It is expected that application for such functions in 2 man-

. computer interactive environment will pérmjt'rapid prepara-

tion of environmenta] assessments. A program has been
developed to allow pump test data to be entered into the
computer data file and a full hydrologic evaluation to-be

_ conducted by the computer. Work also continued on the eval-

uation of the Gupta three-dimensional groundwater model and
the assessment of 1ts application to Hanford. o

" The document, BNWL-2127, "MMT~DPRW transport Model'
Theory and Numerical Implementation,” November 30, 1976, was
received for review and will be published upon completion of
the reviewing processes. * A1l work to date is on schedule

-and all milestones during the quarter were met.

Offsite-Migration - R. A. Deju

This'activity is aimed at determihing the concentration
and ultimate fate of any radionuclides that may be present
or could potentially contaminate the confined aquiters
underlying the Hanford Reservation. This information is
nceded to nssure.iso;ation of lanford radioactivc'waetes

"~ from any users of water from the ‘confined aquifer outside of

" and adjacent to the Hanford Rescrvation.

A study to characterize the lithologic and hydrologic
properties of interbeds..found between flows of. the Columbia
River Basalt Group was completed during the quarter. A



o}

draft of the report documenting ‘the study has. been revieved:

- and will be issued by January 31, 1977. This study concluded -
‘that these interbeds are extreme]y clayey and variable in

their hydrologic properties.. Geochemical information on the
interbeds ‘cannot be used for correlation purposes. Plans
were drafted to sample additionol_wells in the confined
aquifers and examine migration.of_contaminants offsite
through these aquifers. '

The first. samp\ing period was in late December 1976
These samples will be anaiyzed and reported subsequently.
The analytical program includes a seriee‘of'quality assure-

* ance constraints. A1l work to-date is on schedule and all
-mi]estones-dyring-ihe quarter were me;i '

Radionuclide Migration.in éroUndwater -‘R.'A..DeJu

This activity is dedicated to definition of the main

.channels of radionuclide migration tﬁtough the groundwater

pathway and to redoccion of radionuclide ctan;port through=-
out these channels. Such objectives are obtained by con-
ducting geological. geophysical,-and.geochomical studiea.

The gravity program is continuing to determine the
shape and location of the ancestral buried channels of the
Columbia River. A1l gravity data collected. during the

summer of 1976 have been compiled as part of the three-

dimensional modeiing effort' to plot the shape of the upper-

‘most basalt surface and determine'the depth to bedrock. A

report on two-dimensfional Talwani models is being completed,
This report will.discuss'the variations in the anticlinal-"’
sjnclinal framework of the Reservation ond should point out
areas of low .density outwash which behave as rapid- traveiing
regions for radionuclide transport.



A confract has been prepared and releesed in December
1976 to prepare a report eiamining the three-dimensional
variation in hydrologic properties of the’ Hanford ground-
water regime. . '

Four sedimehe sahp]es*have been'selected for use in the’
radionuclide sorption experiments.  The samples were taken,
from cores in the saturated zone of two wells (299-W11-26
and 699-54-176). They can be classified as silty, sandy ’
gravel; calcareous, sandy silt; and sandy silt. The sedi-
ment samples have been screened and separated into gravel,
sand, and silt-clay fractions. "Duplicate samples of each
have been mounted in epoxy resin and polished for electron
microprobe examination. ' -

Laboratory equipment for experiments have been ordered
A1l work to-date is on sqhedule andﬂa]] milestones during

the quarter were met.

"Long-Term Groundwater Management - R. A. Dejh'

. This activity is aimed at 1dentffying:potentia1 ways in
which high-level wastes can come in contact with groundwater,

- and examining the potential impéct'to the groundwater regime

of past and .projected activities in the high-level waste

storage areas. ; . .

Plans forfthe,establishment'of piezometers throughout
the Hanford'Reeervation have been completed and contracts
for their*ins;allatipn have been put out for bids. These
piezometers furnish the means of detecting vertical, as well
as horizontal, contamination from the 200 Areas. A study

“entitled "Geohydrologic Study of the West Lake Basin sum-

marizes the extent that the unconfined aquifer is £ffected .
by waters from Gable Mountain Pond and 8 Pond. This study



was issued in October 1976. A similar study.is being'pre;
pared for U Pond. Mathematical models are being used to.'
assess the environmental impact of these facilities. |
A contract was released for pump testing wells in the
Cold Creek Valley. This program i$ aimed at determining
the amount of recharge into the Hanford Reservation through-
out the confined aquifer that enters through the Cold Creek
area. All work to-date is on schedule and all milestones
during the quarter were met. ' o
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