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- CHAPTER 1
INTRODUCTION
By K. R. Fecht

This document summarizes the earth science investigations to

evaluate and assess the hydrology, geology and radioactive contaminants

of the near-surface environment at three waste disposal facilities
southeast of Z-Plant (Figures 1-1 and 1-2). The assessments were con-
ducted to support the design, construction and operation of the

216-2-20 crib and storm sewer pond, and the stabilization of the
UN-216-W-20 spoil trench. The earth science investigations were con-
ducted by the Environmental Technologies Group of Health, Safety and
Environment Function for the Z-Plant and Radiation Area Reduction programs.

The objectives of the earth science investigations were to:

Assess the radiological conditions at the 216-Z-20 crib site
from waste discharges to the 216-Z-1, -11, and -19 ditches

Assess the radiological conditions at the storm sewer pond

Define the location and extent of radiological contamination
at the UN-216-W-20 spoil trench

Determine percolation rates to be used in the design of the
216-Z-20 crib and storm sewer pond

Assess the impact of the storm sewer pond on adjacent facilities
Construct ground-water monitoring boreholes for the 216-Z-20 crib

Prepare a permanent record (document)-of the field studies and
site assessments.

The field investigations conducted to meet the aforementioned
objectives are reported in the following chapters. Chapters 2 through 5
contain the basic field data and interpretations of the tasks performed
during the investigations. Chapter 6, the final chapter, is a summary
of the field investigations and an integration of the field studies in
an assessment of site conditions at the 216-Z-20 crib, the storm sewer
pond and the UN-216-W-20 spoil trench.
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Storm Sewer
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//77/ Spoil Trench
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Ditch (Abandoned)
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' L\\
,l 216-Z-11 Ditch

,l' (Abandoned)
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~—,
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Pond .

FIGURE 1-2. 216-7Z-20, UN-216-W-20 and
Storm Sewer Pond Site Area.
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CHAPTER 2
~ DRILLING AND SAMPLING ACTIVITIES
By G. L. Wagenaar and T. J. Wood

Boreholes were drilled by the Hatch Drilling Company* and Environ-
mental Technologies Group's drilling engineers to conduct radiological,
geological, and hydrological investigations in support of the design,
construction and operation of the 216-Z-20 crib and storm sewer pond and
the stabilization of the UN-216-W-20 spoil trench.

A total of 44 boreholes were drilled to support various tasks
(Figures 2-1 and 2-2). Four shallow boreholes were drilled at 400-foot
intervals along the center line of the 216-Z-20 crib site and one
shallow borehole at the storm sewer pond to support percolation tests.
Sixteen shallow boreholes were drilled at 100-foot intervals along the
west side of the 216-Z-19 ditch to determine the extent of lateral
migration of radiocontaminants and the existance of perched water in the
216-2-20 crib area from waste discharges to the 216-Z-19 ditch. Ten
shallow, closely spaced boreholes were drilled across the buried
216-Z-1 ditch at the location where the storm sewer line was projected
across to determine levels of radiocontaminants present. Two shallow
boreholes were drilled along the center line at the south end of the
216-2-20 crib to support additional radiocontaminant distribution studies.
Nine shallow boreholes were drilled in and around the UN-216-W-20 spoil
trench to determine the location of the trench and associated radiocon-
taminants. Finally two ground-water monitoring boreholes were drilled
immediately to the east of the crib to support ground-water surveillance
operations upon startup of the 216-Z-20 crib. P

The boreholes were drilled using a Johnson Prospector MR-24 auger
owned by Hatch Drilling Company in conjunction with Rockwell Hanford
Operation's (Rockwell) drive hammer and split-tube sampler and a
Bucyrus Erie 22W Cable-Tool Percussion drilling rig owned by Rockwell.

*
Hatch Drilling Company of Pasco, Washington was under subcontract
to J. A. Jones Constryction Company.
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STORM SEWER POND

“r ﬁT A
PERCOLATION
/TEST SITE #1

A @ A
<

299-W15-208

= 4 A

A-RADIOLOGICAL SAMPLE POINT

FIGURE 2~2. Storm Sewer Pond Borehole and
In Situ Sample Location Map.
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A1l boreholes were backfilled upon completion of the dri]]ing, except
boreholes 299-W18-17 and 299-W18-18 which are permanent ground-water
monitoring structures.

Borehole summary textural logs and pertinent borehole data are
summarized in Table 2-1 and Figures 2-3 through 2-46. The original
borehole Togs and borehole completion reports are on file with the
Environmental Technologies Group.

Sediments recovered from the borehole during drilling were surveyed
with field instruments for radioactivity and visually inspected for
zones of high moisture content and areas of backfilling. The sediment
samples were collected from discrete intervals by the Environmental
Technologies Group during drilling. The sample intervals are designated
on the textural logs in Figures 2-3 through 2-46. Approximately 200 of
these sediments were selected for radiological analysis. Results of the
radiological analyses of the samples are reported in Chapter 5. Clean

sediment samples have been stored in the Rockwell Sediment Respository
in 2101-M Building, 200 East Area to provide a permanent record of the
sediments beneath the 216-Z-20 crib the UN-216-W-20 spoil trench and the
storm sewer pond.
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TABLE 2-1. Borehole Data Chart.
i b
iy A
Northerly Westerly
W15-208 39600 75650 20 cable tool backfilled and casing pulied
wWi1g-17 39256 76091 265 cable tool monitoring structure
Wi18-18 38903 76270 265 cable tool monitoring structure
Wi8-201 39280 76130 25 cable tool backfilled and casing pulled
W18-202 38810 76355 20 cable tool backfilled and casing pulled
W18-203 38327 76482 20 cable tool backfilled and casing pulled
W18-204 37830 76523 20 cable tool backfilled and casing pulled
W18-205 39348 76051 18.5 auger backfilled
W18-206 39256 76096 15.5 auger backfilled
W18-207 39145 76148 17 auger backfilled
W18-208 39032 76207 20 cable tool backfilled and casing pulled
W18-209 38898 76270 16 auger backfilled
Wi18-210 38798 76319 20 cable tool backfilled and casing pulled
W18-211 38715 76338 17 auger backfilled
Wig-212 38645 76355 16.5 auger backfilled
Wi18-213 38564 76358 20 cable tool backfilled and casing pulled
W18-214 38473 76395 17.5 auger backfilled
W18-215 38370 76422 17 auger backfilled
Wig-216 38235 76440 17 auger backfilled
Wig-217 38140 76459 17 auger backfilled
W18-218 38058 76462 20 cable tool backfilled and casing pulled
W18-219 37940 76470 16 auger backfilled
W18-220 37840 76471 20 cable tool backfilled and casing pulled
Wi8-221 39525 76006 15 auger backfilled
W18-222 39525 76020 15 auger backfilled
Wi8-223 39525 76030 15 auger backfilled
Wig8-224 39525 76040 15 auger backfilled
W18-225 39525 76050 15 auger backfilled
W18-226 39525 76060 15 auger backfilled
W18-227 39525 76070 15 auger backfilled
W18-228 39525 76080 15 auger backfilled
W18-229 39525 76086 15 auger backfilled
W18-230 39525 76096 1.5 auger backfilled
Wi8-231 37830 76522 12 auger backfilled
W18-232 38060 76512 12 auger backfilled
W18-233 39080 76023 12.5 auger backfilled
Wi18-234 38942 76095 15 auger backfilled
Wi8-235 38830 76155 12.5 auger backfilled
W18-236 39213 75954 15 auger backfilled
W18-237 38875 76090 12.5 auger backfilied
Wig-238 39036 76008 15 auger backfilled
W18-239 39115 75965 15 auger backfilled
W18-240 39282 75918 15 auger backfilled
Wig-241 38915 76116 15 auger backfilled

%oreholes prefixed by 299.

b

Based on Hanford Coordinate System.



Depth Below Ground Surface (Feet)
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Slightly silty medium to very fine sand with silt lense at
the 5- and 7-foot depths

Coarse to fine sand

Slightly gravelly coarse to fine sand

Silt gravelly very coarse to medium sand with silt lenses at
the 11-, 13-, 15-, and 20-foot depths

*(Total depth)

FIGURE 2-3. Borehole 299-W15-208 Summary Textural Log.



Depth Below Ground Surface (Feet)
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0 + Gravelly sand
20 +
40 +

Slightly silty medium sand

60 + Gravelly sand

80 + Medium and fine sand

100 4 Silty fine sand

Sandy silt
120 + Y

140 +

160 + Sandy gravel

180 T
200 +

220 + Slightly gravelly sand
240 t
260 + *(Total Depth)
280 T
300 A
320 1
340 +
360 +

¥

-

L ol

FIGURE 2-4. Borehole 299-W18-17 Summary Textural Log.
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Depth Below Ground Surface (Feet)
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20 -
40 -
60
80 +
100 +
120 +
140 +
160 4
180
200 A
220 +
240 1
260 +
280 1
300 -
320 T
340 +
360 +

L3

-

T

Sand and gravel

Gray gravel

Sand

Consolidated gravel

Sand

Brown silt

White silt

Gravel

Sand and gravel

Gravel

Sand and gravel

Sand

Sand and gravel

Gravel

Sand

Gravel
*(Total depth)

FIGURE 2-5. = Borehole 299-W18-18 Summary Textural Log.
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Depth Below Ground Surface (Feet)

0 N O G e,w N

10

11
12

13 -

14

15 1

16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

Slightly silty medium to very fine sand with silt lenses at

12-foot depth

Silty coarse to very fine sand

Slightly silty medium to very fine sand

Silty coarse to very fine sand

STightly gravelly silty very coarse to medium sand with silt
lenses at 21-

foot depth

STightly silty gravelly very coarse to medium sand

*(Total depth)

FIGURE 2-6.

Borehole 299-W18-201 Summary Textural Log.
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Depth Below Ground Surface (Feet)
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11 Silty medium to very fine sand

’ STightly silty medium to very fine sand
3 -

4 -3

57 Silty fine to very fine sand

6 -

7T _

8 Silty very coarse to fine sand

9 -t

Silty very coarse to medium sand with silt lenses at
10 + 10-foot depth

11 T
12 +
13
14 T
15 T
16 T
17 T
18 T
19 +
20 1+ *(Total depth)
21 T
22 T
23 T
24 +
25 T

26 T

FIGURE 2-7. Borehole 299-W18-202 Summary Textural Log.
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Depth Below Ground Surface (Feet)

R N OO s W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

Slightly silty medium to very fine sand

Silty medium to very fine sand

STightly silty fine to very fine sand

Slightly silty medium to very fine sand

Silty medium to very fine sand with silt lenses

STightly silty coarse to fine sand

Silty very coarse to medium sand

*(Total depth)

FIGURE 2-8.

Borehole 299-W18-203 Summary Textural Log.
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Depth Below Ground Surface (Feet)

0 ~N O O & W N

10

11
12

13 1

14

15 1

16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

Silty medium to very fine sand with silt lenses at the 6-
and 7-foot depths

STightly gravelly slightly silty medium to very fine sand

STightly gravelly medium to fine sand

Slightly gravelly silty very coarse to medium sand with silt
lenses

Silty slightly gravelly very coarse to coarse sand

*(Total depth)

FIGURE 2-9. Borehole 299-W18-204 Summary Textural Log.
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Depth Below Ground Surface (Feet)

N N O O & w N

10
11
12

13 1

14
15
16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

-,

L

Silty very fine to medium sand

Fine to very fine sand

Slightly gravelly very coarse sand

Y
-ﬁ-*

Gravelly coarse to medium sand

(Total depth)

FIGURE 2-10. Borehole 299-W18-205 Summary Textural Log.
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Depth Below Ground Surface (Feet)

O N O B W N

10
1
12

13 1

14
15
16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

-

| Medium to very fine sand

Silty fine sand

Very coarse to coarse sand

*(Total depth)

FIGURE 2-11.

Borehole 299-W18-206 Summary Textural Log.
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e

1
1

| P |

Depth Below Ground Surface (Feet)

Medium to very fine sand

Medium to fine sand

Slightly pebbly silty coarse sand
*(Total depth)

FIGURE 2-12. Borehole 299-W18-207 Summary Textural Log.
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Depth Below Ground Surface (Feet)

0 N O s W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

Slightly silty medium to very fine sand

Medium to very fine sand

Silty medium to very fine sand

Coarse to fine sand

Slightly gravelly coarse to fine sand

Silty gravelly very coarse to fine sand

Silty gravelly very coarse to very fine sand

Silty gravelly very coarse to medium sand

*(Total depth)

FIGURE 2-13.

Borehole 299-W18-208 Summary Textural Log.
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Depth Below Ground Surface (Feet)

R ~N OO0 sxw N

10
11
12
13
14

15 1

16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

Silty fine sand, some coarse sand

Medium to fine sand, trace coarse sand

Pebbly very coarse sand

Pebbly very coarse sand

*(Total depth)

FIGURE 2-14.

Borehole 299-W18-209 Summary Textural Log.
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Depth Below Ground Surface (Feet)

O N O D wWw N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

S1lty medium to very fine sand

Slightly silty medium to very fine sand

Silty medium to very fine sand with si]t lenses

Pebbly medium to very fine sand

Slightly silty, pebbly very coarse to coarse sand

*(Total depth)

FIGURE 2-15. Borehole 299-W18-210 Summary Textural Log.
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Depth Below Ground Surface (Feet)

RHO-HS-VS-4

Coarse to fine sand, with some pebbles

Medium to fine sand

Coarse to medium sand

Pebbly very coarse sand with silt lenses at 16.5-foot depth
*(Total depth)

FIGURE 2-16. Borehole 299-W18-211 Summary Textural Log.
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+ Coarse to fine sand

X Silty medium to fine sand

Silty, pebbly very coarse sand, with some Caliche

lightly silty, pebbly very coarse sand
*?Toga] ﬁepthgy P y y

Depth Below Ground Surface (Feet)

FIGURE 2-17. Borehole 299-W18-212 Summary Textural Log.
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Depth Below Ground Surface (Feet)

RHO-HS-VS-4

S1lty medium to very fine sand

Slightly silty medium to fine sand

Slightly silty, pebbly very coarse to coarse sand with silt
lenses at 12- and 15-foot depths

*(Total depth)

FIGURE 2-18. Borehole 299-W18-213 Summary Textural Log.
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Depth Below Ground Surface (Feet)

—

W 00 ~N O O s ow N

PN N N N N N Y N et ed ed ot omd ek emd ed emd
N R, W N2 O W ONO D W N O

RHO-HS-VS-4

Silty coarse to fine sand

Medium to fine sand with silt lense at 5.5-foot depth

Pebbly very coarse sand

*(Total depth)

FIGURE 2-19.

Borehole 299-W18-214 Summary Textural Log.
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Depth Below Ground Surface (Feet)

RHO-HS-VS-4

Silty coarse to fine sand

Medium to fine sand

STightly pebbly very coarse to fine sand

Pebbly very coarse sand with silt lense
*(Total depth)

FIGURE 2-20. Borehole 299-W18-215 Summary Textural Log.
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Depth Below Ground Surface (Feet)

N N O O s W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

Coarse to silty fine sand

Coarse to fine sand

Silty, pebbly very coarse sand, cobbles

Pebbly very coarse sand, cobbles

*(Total depth)

FIGURE 2-2T.

Borehole 299-W18-216 Summary Textural Log.
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Depth Below Ground Surface (Feet)

R N O O bW N

10
Ia
12

13 1

14

15 1

16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

Silty coarse to fine sand

h 4
3
X Medium to fine sand, some coarse sand

[
% Pebbly very coarse to coarse sand, cobbles with silt lense
T at 16.5-foot depth

(Total depth)

FIGURE 2-22.

Borehole 299-W18-217 Summary Textural Log.

%. Very coarse to coarse sand
*
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Depth Below Ground Surface (Feet)

RHO-HS-VS-4

STightTy pebbly, siTty medium to fine sand

Silty medium to fine sand, with silt lense at 7-foot depth

Slightly silty, pebbly very coarse to coarse sand

Pebbly very coarse to coarse sand

*(Total depth)

FIGURE 2-23. Borehole 299-W18-218 Summary Textural Log.
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Depth Below Ground Surface (Feet)

RHO-HS-VS-4

S11ty coarse to fine sand

Silty medium to fine sand

Pebbly very coarse to coarse sand with cobbles?

Pebbly very coarse sand with cobbles?
*(Total depth)

FIGURE 2-24. Borehole 299-Wi8-219 Summary Textural Log.
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Depth Below Ground Surface (Feet)

R ~N O O AW N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

i
1

b
e

Silty medium to fine sand

Slightly silty medium to fine sand

STightly silty medium to very fine sand with silt Tense at
10- to 11-foot depth

Silty very coarse to medium sand with silt lenses at 13- to
14-foot depth

S1ightly silty very coarse to medium sand

Silty very coarse to medium sand

*(Total depth)

FIGURE 2-25. Borehole 299-W18-220 Summary Textural Log.
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Depth Below Ground Surface (Feet)

X N O W N

10
11
12

13 1

14

15 1

16
17
18
19
20
21
22
23
24

26
27

RHO-HS-VS-4

Silty medium to very fine sand, trace coarse sand

Medium to very fine sand

S1lty very fine to fine sand

Medium to fine sand

Coarse to very fine sand

*(Total depth)

FIGURE 2-26. Borehole 299-W18-221 Summary Textural Log.
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Depth Below Ground Surface (Feet)

O N OO A W

10
1
12
13
14
15
16
17
18
19
20
21

22 1

23
24
25

26
27

RHO-HS-VS-4

Silty medium to fine sand

Silty medium to very fine sand

Silty coarse to fine sand

Medium to very fine sand

*(Total depth)

FIGURE 2-27. Borehole 299-W18-222 Summary Textural Log.
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Depth Below Ground Surface (Feet)

RHO-HS-VS-4

Silty medium to fine sand; some very coarse sand

Silty medium to very fine sand

Medium to fine sand

Coarse to fine sand

Coarse to very fine sand

" *(Total depth)

FIGURE 2-28. Borehole 299-W18-223 Summary Textural Log.
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Depth Below Ground Surface (Feet)

00 N OO0 Y W

10
Ia
12

13 1

14
15
16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

Silty coarse to fine sand with pebbles

Medium to very fine sand with b]éck carbon spots between
5- to 7.5-foot depth

Coarse to very fine sand with 1 inch very coarse to coarse
sand lense at 8.5-foot depth

Medium to very fine sand with thin calcareous layer at
12-foot depth

*(Total depth)

FIGURE 2-29. Borehole 299-W18-224 Summary Textural Log.
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Depth Below Ground Surface (Feet)

S

RHO-HS-VS-4

Silty medium to fine sand

Medium to very fine sand, trace coarse sand

Medium to very fine sand

Coarse to fine sand, rusty color

Medium to very fine sand, laminated

*(Total depth)

FIGURE 2-30. Borehole 299-W18-225 Summary Textural Log.
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Depth Below Ground Surface (Feet)

R N O TS W N

10
1
12

13 1

14

15 T

16
17
18
19
20
21

22 1

23
24

26
27

RHO-HS-VS-4

STty Tine to very tine sand, trace of gravel and very
coarse sand

Silty fine to very fine sand

Medium to very fine sand

Medium to very fine sand, trace coarse sand

Medium to very fine sand

*(Total depth)

FIGURE 2-31. Borehole 299-W18-226 Summary Textural Log.
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Depth Below Ground Surface (Feet)

0 N OO G s W N

10
11
12

13 1

14
15
16
17
18
19
20
21

22 1

23
24

26
27

RHO-HS-VS-4

Silty coarse to fine sand

Coarse to very fine sand

Coarse to fine sand

Very coarse to fine sand

*(Total depth)

FIGURE 2-32. Borehole 299-W18-227 Summary Textural Log.

38



Depth Below Ground Surface (Feet)

O N O B W N

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

22 1

23
24

26
27

RHO-HS-VS-4

n
)

3
R

Silty medium to fine sand

Medium to very fine coarse, some coarse sand

Coarse to fine sand, some very coarse sand

*(Total depth)

FIGURE 2-33.

Borehole 299-W18-228 Summary Textural Log.
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Depth Below Ground Surface (Feet)

RHO-HS-VS-4

511ty medium to very fine sand, trace coarse sand

Medium to very fine sand

*(Total depth)

FIGURE 2-34. Borehole 299-W18-229 Summary Textural Log.

40



Depth Below Ground Surface (Feet)

X N O Y s W N

10
N
12

13 1

14
15
16
17
18
19
20
21

22 A1

23
24
25

26
27

RHO-HS-VS-4

T

Silty coarse to very fine sand

Medium to very fine sand, some coarse sand

Medium to very fine sand

*(Total depth)

FIGURE 2-35.

Borehole 299-W18-230 Summary Textural Log.
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Depth Below Ground Surface (Feet)

RHO-HS-VS-4

*(Total depth

FIGURE 2-36.

NO TEXTURAL LOG AVAILABLE

)

Borehole 299-W18-231 Summary Textural Log.
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Depth Below Ground Surface (Feet)

D N O AW N

10
IR
12
13
14

15 7

16
17
18
19
20
21
22
23
24

26
27

RHO-HS-VS-4

*(Total depth)

FIGURE 2-37.

NO TEXTURAL LOG AVAILABLE

Borehole 299-W18-232 Summary Textural Log.
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Depth Below Ground Surface (Feet)

RHO-HS-VS-4

Medium to very fine sand

*(Total depth)

FIGURE 2-38. Borehole 299-W18-233 Summary Textural Log.
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Depth Below Ground Surface (Feet)

RHO-HS-VS-4

-l
v

-

Medium to very fine sand

Slightly pebbly medium to very fine sand

Pebbly very coarse to medium sand, some caliche

*(Total depth)

FIGURE 2-39.

Borehole 299-W18-234 Summary Textural Log.
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Depth Below Ground Surface (Feet)

(82] How N

0 N O

10
11
12

13 1

14

15 1

16
17
18
19
20
21
22
23
24

26
27

RHO-HS-VS-4

Medium to fine sand

STightly pebbly medium to fine sand

Medium to fine sand

Medium sand

Pebbly coarse sand
*(Total depth)

FIGURE 2-40. Borehole 299-W18-235 Summary Textural Log.
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Depth Below Ground Surface (Feet)

RHO-HS-VS-4

Medium to fine sand

Coarse to medium sand

Silty medium to fine sand

*(Total depth)

FIGURE 2-41. Borehole 299-W18-236 Summary Textural Log.
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Depth Below Ground Surface (Feet)

[62] E~3 w N

o N O

1
12

13 1

14

15 1

16
17
18
19
20
21
22
23
24

26
27

RHO-HS-VS-4

Medium to fine sand

Medium to fine sand with some coarse sand

Medium to fine sand

Pebbly coarse sand
*(Total depth)

FIGURE 2-42. Borehole 299-W18-237 Summary Textural Log.
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Depth Below Ground Surface (Feet)

[S2] -~ w N

0 N O

10
11
12

13 1

14

15 T

16
17
18
19

20 1

21
22
23
24

26
27

RHO-HS-VS-4

Medium to fine sand

Medium to very fine sand

Medium to fine sand

*(Total depth)

FIGURE 2-43. Borehole 299-W18-238 Summary Textural Log.
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Depth Below Ground Surface (Feet)

0 N O s,w N

10
1
12
13
14
15
16
17
18
19

20 1

21
22
23
24
25

26
27

RHO-HS-VS-4

—

Medium to fine sand

Medium to fine sand with some coarse sand

*(Total depth)

FIGURE 2-44. Borehole 299-Wi8-239 Summary Textural Log.
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Depth Below Ground Surface (Feet)

/S W N

W N O O

10
11
12

13 -

14
15
16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

Silty medium to fine sand

*(Total depth)

FIGURE 2-45.

Borehole 299-W18-240 Summary Textural Log.
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Depth Below Ground Surface (Feet)

O N O lxw N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27

RHO-HS-VS-4

| Coarse to fine sand with 2 1/2 inch gravel

-

1 Silty medium to fine sand with few pebbles

-t

-

+ Medium to fine sand

+

*(Total depth)

s
1

FIGURE 2-46. Borehole 299-W18-241 Summary Textural Log.
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CHAPTER 3
SOIL MOISTURE INVESTIGATIONS
By D. E. Conover

216-7-20 CRIB

A soil moisture investigation was conducted to determine if perco-
lation into the ground of liquid waste effluent discharged to the
216-7-20 crib might be impeded by subtle, shallow and laterally con-
tinuous geologic strata (e.g., silt lenses, calcrete horizons) immediately
beneath the crib site. The study was performed utilizing boreholes
along the active 216-7-19 ditch located adjacent to the 216-Z-20 crib.

Soil moisture data was collected with Campbell Pacific_Soi] Moisture
Probes (Models 501A and 503) in selected boreholes at 1-foot intervals.
The counting time at each measurement point was 15 seconds. The probes
were calibrated at the 200 East Area borehole calibration facility and
two barrels of material containing 0 and 25.5% water contents (Figure 3-1).
The locations of the boreholes are given in Figure 2-1. The boreholes
used in this investigation are listed below:

¢ 299-W18-188
o 299-W18-189
o 299-W18-192
o 299-W18-193
o 299-Wi8-194
o 299-W18-196
e 299-W18-208
e 299-W18-210
o 299-W18-213
e 299-W18-218
e 299-W18-220.

Based on the soil moisture data collected from the 12 boreholes
(Tables 3-1 through 3-11), it was determined that no anomalously high
soil moisture has accumulated immediately beneath the 216-Z-19 ditch
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area. This evidence suggests that shallow geologic strata should not
excessively impede downward infiltration of waste-water discharges to
the 216-Z-20 crib.

231-7 TRANSFER LINE

Moisture conditions were assessed at the location where the storm
sewer line was projected to cross the 231-Z transfer line. The investi-
gation was conducted to determine if the 231-Z transfer line was leaking
sufficiently to affect construction activities across the line. Waste
effluent was known to be backed up the transfer line from high water
levels in the 216-Z-19 ditch and that relatively lush, green vegetation
suggested the waste line was leaking. The assessment consisted of
visually inspecting sediment samples collected from 10 auger borings
for anomously high moisture conditions that might affect construction
activities and slope stability of the excavation.

The results of the inspection indicate higher than normal condi-
tions in the immediate vicinity of the 231-Z transfer line, but not
sufficiently high to adversely impact construction activities across
the transfer Tine or maintaining side slopes of the excavation.
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FIGURE 3-1. Neutron-Neutron Probe Calibration Curve.



RHO-HS-VS-4

TABLE 3-1. Soil Moisture Data

“"Borehole 299-W18-188"
June 19, 1981.

Depth Count Percent
(ft) Rate Moisture (Vol)

2 709 6.38
3 577 4.55
4 450 2.98
5 345 1.79
6 484 3.39
7 910 9.60
8 1296 17.73
9 972 10.72
10 774 7.36
11 769 7.28
12 772 7.33
13 1046 12.14
14 832 8.28
15 812 7.96
16 704 6.30
17 732 6.72
18 734 6.75
19 794 7.67
20 935 10.04
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TABLE 3-2. Soil Moisture Data
Borehole 299-W18-189

RHO-HS-VS-4

June 19, 1981.

Depth Count Percent
(ft) Rate Moisture (Vol)
2 822 8.12
1 3 818 8.05
4 718 6.51
5 578 4.57
6 606 4.94
7 643 5.44
8 578 4.57
9 605 4.92
10 545 4.14
11 694 6.16
12 818 8.05
13 838 8.38
14 707 6.35
15 584 4.65
16 616 5.07
17 637 5.36
18 723 6.58
19 808 7.89
20 865 8.83
21 924 9.85
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. _TABLE 3-3. . Soil Moisture Data
- Boreholie 299-W18-192
June 19, 1981.

Depth Count Percent
(ft) Rate Moisture (Vol)
2 677 5.92
3 768 7.26
4 786 7.54
5 499 3.57
6 453 3.01
7 571 4.48
8 1307 18.00
9 1209 15.64
10 798 7.73
11 722 6.57
12 905 9.51
13 887 9.20
14 779 7.43
15 821 8.10
16 1086 12.95
17 1153 14.38
18 1219 15.87
19 1760 31.96
20 2351 59.49
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TABLE 3-4. Soil Moisture Data
Borehole 299-W18-193
June 19, 1981.

Depth Count Percent
(ft) Rate MoistUﬁe (Vol)
1 - -
2 847 8.53
3 860 8.74
4 871 8.93
5 856 8.68
6 686 6.04
7 833 8.30
8 1187 15.14
9 1279 17.31
10 886 9.18
11 798 7.73
12 733 6.73
13 723 6.58
14 890 9.25
15 765 7.22
16 729 6.67
17 823 8.13
18 1104 13.33
19 1280 17.33
20 2021 42.66
21 2476 66.94
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June 19, 1981.

= 3-5. Soil Moisture Data
“"Boréhole 299-W18-194

Depth Count Percent

(ft) Rate Moisture (Vol)
2 920 9.78
3 889 9.24
4 606 4.94
5 582 4.62
6 586 4.67
7 598 4.83
8 800 7.76
9 1476 22.60
10 1517 23.81
11 1251 16.63
12 1378 19.85
13 1148 14.27
14 832 8.28
15 871 8.93
16 821 8.10
17 870 8.91
18 9N 9.62
19 880 9.08
20 1112 13.50
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TABLE 3-6. _ Soil Moisture Data
Borehole 299-W18-196
June 19, 1981.

Depth Count Percent
(ft) Rate Moisture (Vol)
2 764 7.20
3 642 5.43
4 526 3.90
5 627 5.22
6 745 6.91
7 1023 11.69
8 1448 21.79
9 993 11.11
10 803 7.8
11 765 7.22
12 869 8.89
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TABLE 3-7. Soil Moisture Data
- Borehole 299-W18-208
June 22, 1981.

Depth Count Percent
(ft) Rate Moisture (Vol)
2 487 3.42
3 815 8.00
4 892 9.29
5 815 8.00
6 726 6.63
7 797 7.72
8 799 7.75
9 824 8.15
10 1115 13.56
11 1738 31.15
12 1596 26.29
13 916 9.71
14 716 6.48
15 664 5.73
16 757 7.09
17 630 5.26
18 684 6.02
19 722 6.57
20 736 6.78
21 768 7.26
22 850 8.58
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June 22, 1981.

Soil Moisture Data
Borehole 299-W18-210 )

Depth Count Percent
(ft) Rate Moisture (Vol)
2 603 4.90
3 799 7.75
4 840 8.41
5 881 9.10
6 976 10.80
7 1337 18.77
8 1238 16.32
9 1001 11.27
10 1007 11.38
11 986 10.98
12 1124 13.75
13 1079 12.81
14 1254 16.70
15 1271 17.11
16 854 8.64
17 660 5.68
18 692 6.13
19 615 5.06
20 659 5.66
21 655 5.61
22 843 8.46
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T T 77T TTABLET3-9, Soid Moisture Data
Borehole 299-W18-213
June 21, 198].

Depth Count Percent
(ft) Rate Moisture (Vol)
1 695 6.17
2 863 8.79
3 874 8.98
4 1026 11.75
5 1417 20.75
| 6 1124 13.75
‘ 7 952 10.35
8 995 11.15
9 816 8.02
10 874 8.98
11 753 7.03
12 937 10.08
13 1085 12.93
14 760 7.14
15 692 6.13
16 763 7.19
17 764 7.20
18 693 6.15
19 692 6.13
20 927 9.90
21 1528 - 24.15
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TABLE 3-10. Soil Moisture Data
Borehole 299-W18-218
June 22, 1981.

Depth Count Percent
(ft) Rate Moisture (Vol)
2 712 6.42
3 855 8.66
4 1212 15.71
5 1234 16.22
6 1124 13.75
7 828 8.21
8 1022 11.67
9 1026 11.75
10 1080 12.83
11 1219 15.87
12 1094 13.12
13 1072 12.67
14 848 8.54
15 1210 15.66
16 745 6.91
17 749 6.97
18 792 7.64
19 884 9.15
20 863 8.79
21 947 10.26
22 2505 68.76
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. TABLE 3-11. Soil Moisture Data

Borehole 299-W18-220
June 22, 1981.

Depth Count Percent
(ft) Rate Moisture (Vol)
2 644 5.45
3 577 4.55
4 538 4.05
5 538 4.05
6 674 5.87
7 782 7.48
8 1027 11.77
9 1231 16.15
10 1431 21.31
11 941 10.15
12 817 8.04
13 716 6.48
14 857 8.69
15 764 7.20
16 722 6.57
17 789 7.59
18 709 6.38
19 748 6.96
20 1589 26.06
21 1500 23.30
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CHAPTER 4
PERCOLATION TESTS
By J. B. Sisson

The 216-Z-20 crib and the storm sewer pond has been constructed to
receive waste liquids from Z-Plant. An estimation of infiltration rates
of the unsaturated sediments beneath these facilities was needed to sup-
port designing these waste disposal facilities. An acceptable method of
estimating these rates is the infiltration-drainage test which consists
of conducting a short-term, limited volume, infiltration test at the
site.

Four infiltration tests were conducted at 500-foot intervals along
the centerline of the 216-Z-20 crib site and one infiltration test at
the storm sewer site (Figures 2-1 and 2-2). A 6-inch diameter borehole
was installed to a dépth of 20 feet at each test site to provide access
for neutron probes. After the boreholes were installed, sediments
surrounding the borehole casing were excavated with a backhoe to expose
the sediments on which the facilities have been constructed. A circular
infiltration basin of 15.7 square feet was formed around the borehole
casing. Water was ponded to an approximate depth of 4 inches in the
basins for at least 24 hours or sufficient time for the wetting front to
move past the end of the borehole casing.

Water was supplied directly to percolation test sites 1 and 2
through a firehose, flowmeter and ball valve. The ball valve was used
to regulate flow to maintain a constant water depth in the infiltration
basins. Water for the remaining tests was hauled to the sites in
500 gallon vinyl bags. Water was obtained from the same hydrant for all
tests and supplied through water meters and ball valves. The water
meter data is given in Table 4-1.

Soil (neutron) moisture probes were used to measure changes in soil
moisture in the sediments adjacent to the cased borehole as the result
of infiltration from ponded water in the percolation pit. The neutron
moisture probes used in the investigation were calibrated at the
200 East Area ca]ibralion facility. The calibration curve is given in
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TABLE 4-1.
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Water Meter Readings for Perco]at1on

... Tests Near Z-Plant.a

Test Site #1

Test Site #2

Test Site #3

Test Site #4

Test Site #5

Time | Gal. Time | Gal. Time | Gal. Time | Gal. Time | Gal.
14:09 0 [15:04 0 |15:12 0 |14:20 0 |11:30 0
15:04 37 {15:00 37 116:06 | 111 |15:03 78 |12:00 | 100
16:06 | 230 |16:00 | 390 [17:05| 177 | 16:09 169 |13:00 | 185
17:05 ] 335 [17:00 543 18:07 | 228 | 17:09 187 114:00| 302
18:05 | 430 |18:00 | 692 |19:11] 292 |18:09 | 253 15:00 | 375
19:05| 534 [19:06 | 858 |[20:06| 334 19:10 | 294 [16:17 ] 461
20:05 | 638 [20:00| 979 ([21:05! 372 | 20:17 365 17:11 ] 544
21:05| 750 121:00 | 1151 |22:05| 429 |21:11] 394 |18:10]| 611
22:05 | 864 }22:00 ] 2325 [23:05| 466 |22:11 443 19:18 | 703
23:05 1 977 23:00 | 2467 |24:06 | 527 |23:10| 501 |20:38| 804
24:04 | 1157 |24:00 | 2614 [25:02 ] 561 |24:10| s44 [|22:04| 911
02:02 | 1311 [01:20 | 2815 |02:00 | 594 |01:00 591 | 00:16 | 1121
03:57 | 1525 |[02:10 | 2939 |03:39 | 682 |02:13 659 |01:00 | 1158
05:03 { 1680 [03:19 | 3015 {04:37| 725 |o04:10 712 | 02:00 | 1241
07:13 {1975 |04:34 {3245 [06:13 | 808 | 05:05 805 }03:30 | 1338
0$:07 | 2233 [06:10 { 3500 |[07:1S| 862 | 07:42 900 {05:00 | 1450
11:07 | 2544 |07:02 | 3582 |08:15| 912 |09:14 956 | 06:30 | 1641
13:14 | 2791 | 09:06 { 3926 |10:21 | 1003 13:00 | 1142 {10:00 | 1855
11:21 | 4380 [13:11 [ 1130 | 13:19 | 1142 |14:00 | 2155
13:22 | 4558 [ 15:06 | 1233 18:00 | 2461
18:00 | 1418 21:57 | 2864
21:01 | 1588 22:50 | 2864

22:00 | 1661

00:27 | 1800

13:00 | 2530

13:25 | 2530

Test site locations given on Figures 2-1 and 2-2.
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Figure 3-1. This curve was used to convert the neutron probe counts to
soil moisture content. The soil moisture data obtained by the neutron
probes are given in Tables 4-2 through 4-6.

The field data were analyzed by three methods. Each method and the
resulting data are discussed below.

DATA ANALYSIS METHOD 1

Infiltration rates per unit area were estimated for each site by
dividing steady state flow rates by the area of the infiltration basins.
Flow rate data are given in Table 4-1. These results are given in
Table 4-7. This method assumes that a steady state infiltration rate
was established and that water entering the soil surface moves straight
downward without spreading.

TABLE 4-7. Estimated Infiltration Rates
for the 216-Z-20 Crib and Storm
Sewer Pond.

Percalation Pit Field Rate Adjusted Rate
1 184 70
2 230 ND
3 84 ND
4 76 47
5 124 ND

NOTE: ND = not determined.

As an example calculation using data from borehole 299-W18-201 at
times 16:00 and 13:22

-
It

Q/(A t) = (4558 - 390)/(15.7(21.4/24)) = 298 ga]/ftz-day

where:

2-day

—e
]

infiltration rate in gallons/ft
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Q= gallons o
A = area of basin in ft2
t = time in days (hours/24).

DATA ANALYSIS METHOD 2

The equation for predicting the one-dimensional flow of water in
porous materials is

2= 2l (1)
where:
© = 0(z,t) is the volumetric moisture content
t = time
z = depth (positive downward)
K = K(e) is the hydraulic conductivity
H = H(e,z) = h(e)-z; i.e., H(hydraulic head) = h(pressure head) -

z(gravitational head).

Pressure head has been referred to as capillary pressure. In
coarse-textured materials such as the sands and gravels occuring at the
216-7-20 site and the storm sewer pond where the gradient in capillary
pressure approaches zero and the gradient in total head approaches -1,
When a unit gradient in the total head H is assumed, 3H/5z = -1,
Equation 1 becomes

80 _ _ oK dK 20 (2)
ot 9z do 3z

Equation 2 has been solved for a number of K(o) relationships in current
use by Sisson, et al. (1980)*, and for a layered soil by Sisson and
Gibbs (1979)**. The solution for a layered system is similar to that
for a uniform system and the layered soils can be treated as uniform
layers. The uniform case being applied to each layer.

*Sisson, et al., 1980, "Simple Method for Estimating Drainage from
Field Plots", Soil Science Society of America Journal, 44:1147-1152.

**Sisson, J. B. and A. G. Gibbs, 1979, "Application of Hydraulic
Conductivity Scaling to Infiltration-Drainage Field Tests", RHO-SA-121,
Rockwell Hanford Operations, Richland, Washington.
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--The sotution to Equation 3 is

O O<z<(Km-KO)t/(em-®O)

o(z,t) = (3)
0, otherwise
where:
0, = the initial moisture content
o - the initial hydraulic conductivity
m = (subscript m) refers to saturated values.

The maximum depth of saturated soil in a uniform system is

{K -K_}
_ m o ~
Zf = T@;:@;T te Kmtf/(em-eo) (4)

Solving Equation 4 for Km yields

Kn = (8q705) Z/te (5)
where:
f = (subscript f) refers to the wetting front.

For Tayered systems Equation 5 can be modified to allow estimation of Km

for each layer or

Ky = (@m'@o)iAzi/Ati (6)
where:
Subscript = denotes values for the ith layer
Azi = thickness of the layer
Ati = the time required for the wetting front to cross the

layer.

The result of using Equation 6 to estimate Ki (qi when a unit gradient
prevails) at the Percolation Test Site #1 are in Table 4-8 along with
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the data used in the analysis. The differences existing between the
various depths and between these results and Method 1 are beljeved to be
the result of water spreading on less permeable so0il layers. The least
permeable Tayer is easily identified at each site.

DATA ANALYSIS METHOD 3

In Method 2 the soil water flux and the hydraulic conductivity are
equivalent by the assumption of a unit gradient in pressure head. The
equivalence will prevail here and will be used to convert a circular

wetting geometry to a Tong linear shape. This geometric conversion can
be carried out as follows:

Step 1: From the data in Table 4-8 calculate an apparent wetted area
for each layer of soil from mass conservative principles:

A = A,
where
Ai = the apparent wetted area through which flow takes place
9 = the soil water flux
A0 = wetted area at the surface.

Table 4-8 contains all the data and results of these computations.

In Table 4-8 it should be noted that A is assumed to be circular
in shape, and thus knowing A , one can compute a radius r. for the
circle. When a long linear area is to be wetted a safe assumption would
be that the wetted area can be no wider than r at a depth. Otherwise
the pressure gradients would be substantially different than with a
small plot used here. If the gradients are different then it would not
be possible to "scale up" small p]ots to a large crib by a simple method.
Using an 0.65 cm/min (230 ga]/ft -day) infiltration rate, a reduced
infiltration rate was computed (Table 4-8). The lowest value of reduced
infiltration rate was used as the minimum and hence the estimated value
for the actual crib. These computations were done only for the sites with
the highest and Towest infiltration rates, at boreholes 299-W18-201
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and 299-W18-204, respectively. The adjusted field rates were calculated

to be 47 to 70 ga]/ftz-day for Percolation Test Sites #1 and #4, respectively
(Table 4-6).
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RADIOLOGICAL INVESTIGATIONS

. . . 7 : ¥
B CHAPTER 5 | . Poegt Y
R ﬂwvf’{ PR

By W. F. Nicaise and G. V. Last

5%?} 40 4y
IN-FIELD ANALYSES | gg(’i L}”ﬁg

216-Z-19 Ditch - =y

Radiological measurements of borehole sediment samples from the i g?tg“

216-7-19 ditch area were made to determine if waste discharges to the
ditch spread laterally beneath the 216~2-20 crib area. The sediment

samples were analyzed for pluton1um“/nd americium content using the -
Si(Li) x-ray spectrometer system 1dﬁﬁRAL I. ;trijff‘j
— 5

E1ghty«seven samples from 16 boreholes were collected from selected
intervals at major bedding interfaces, some within relatively thick, beds

and others within relatively fine-grained beds.

using x-ray spectrometry are given in Table 5-1.

The samples analyzed
The boreholes were

spaced at 100-foot intervals along the west side of the 216-Z-19 ditch

from the overflow to 16th Street (Figure 1-2).

A1l radiological mea-

surements made were below the detection 1imit of the X=-ray spectrometer
system. The detection Timits were established at

<2 nCi/g for plutonium

.
(z.\t.\ ‘.._

<0.2 nCi/g for americium.

Storm Sewer Pond

The radiological conditions of the surface soil in the proposed
storm sewer pond area were assessed using botﬂ,in‘§itu measurements and

e b
grab sample analytical data (Figure 1—2;;;,4ﬂ] samgﬂes were analyzed for

plutonium and americium content using ‘tfe MRAL I ifistrumentation capabilities.

The radiological measurements were taken from. nine sampling points on a
rectangular grid measuring 190 feet by 166 feet (Figure 2-2).

In situ radiological measurements were made with a Si(Li) x-ray
spectrometer, DL-3081, which is sensitive to x-rays and low energy
(<70 KeV) gamma-rays from americium and plutonium in sediments down to a

79




RHO-HS-VS-4

TABLE 5-1. Sediment Samples Analyzed By MRAL I.
Borehole Number | _ Depth (ft) . Borehole Number Depth (ft)
299-U18-205 0-0.5 299-W18-213 0
4-5.5 3
9.5-10.5 6
14.5-15.5 9
17.5-18.5 12
299-W18-206 0-0.5 15
10-11 18
14.5-15.5 20
299-W18-207 0-0.3 299-W18-214 0-0.3
4-5.5 5-6
010 10.5-11.5
16.17 16.5-17.5
299418208 ) 299-W18-215 0-0.3
5 6-7
o 11-12
o 16-17
1 299-W18-216 0-0.3
14 5-6.5
17 10-11.5
20 16-17
299-W18-209 0-0.3 299-W18-217 0-0.3
4-5.5 5-6
9-9.5 10-11.5
16 16.5-17.5
299-W18-210 0-0.3 299-W18-218 0
1 3
3 6
6 9
9 12
12 15
15 18
18 20
20 299-W18-219 0-0.3
299-W18-211 0-0.3 5-6.5
4.5-5.5 10-11
9-5-10 299-W18-220 0
16.5 3
16.5-17 6
299-W18-212 0-0.3 9
5-6.5 12
. N-12 15
15-16.5 18
20
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depth of approximately one centimeter. The detector was calibrated by
placing it on a collimator cone and counting a known 65 cm3 plutonium-
americium standard mounted flush with the surface of the ground directly
below the detector. This was done in an area adjacent to 216-7Z-19 ditch
which had been surveyed and found to have no X-ray emitting radionuclides
detectable at levels above natural background. This method of calibration
will overestimate a uniform surface concentration, so that there is a
bias in the measurements on the high, i.e., conservative side. All nine
in situ grid point measurements yielded results

<2 nCi/g of plutonium, and

//ﬁ§:2~nCi/g of americium,

ThfiMRAL I instrumentation capabilities also allowed the radiological
angﬁyses"Bf grab samples on a second Si(Li) x-ray spectrometer, UL-3004,
simultaneously with the in situ measurements. In this way, grab samples
from each of the nine in situ grid measurement points were analyzed.

The grab samples were taken from the soil surface directly under the
detector at the base of the collimating cone, after the in situ measure-
ment had been completed. The samples were prepared in a 65 cm3 counting
geometry and counted for 600 seconds. The detector had previously been
calibrated with a plutonium-americium standard of the same counting
geometry. As with the in situ measurements, it was found that all of
the grab samples contained

<2 nCi/g of plutonium, and
<0.2 nCi/g of americium.

No radioactive contaminants were detected in the storm sewer pond
area based on the results of in situ measurements and grab sample analyses.

216-Z-1 Ditch

A cursory near-surface radiological investigation was conducted
across the buried 216-Z-1 ditch at the location where the storm sewer
Tine was projected across to determine levels of radiocontaminants
present (Figure 2-1): Sediment samples recovered during the drilling of
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10 auger borings were surveyed by Radiation Monitoring personnel using
portable field instruments. No detectable contamination was observed in
the sediment samples.

In augering borehole 299-W18-225, the buried ditch was penetrated
at about the 10-foot depth. Sediments at that depth changed from loose
sediments to compact sediments. At the ditch bottom the sediments were
slightly coarser than the surrounding sediments and stained a rusty

orange color. —
- ~

/

A followup rad1olog1ca1 survey was conducted in the open excavation
to assess the level of a]pha contam1nat1on in this portion of the buried

216-72-1 ditch. Portable field 1nstruments were used to determine the L

o oy g S — f

levels of alpha contam1nat1on along the exposed ditch bottom. No

detectable alpha contamination was encountered. [ ﬁﬁ?

UN-216-W-20 Spoil Trench

Sediment samples collected from boreholes in and around the
UN-216-W-20 spoil trench were-agglx;ed for transuranic radionuclides to
delineate the boundaries of the trench. The spoil trench, located
adjacent to the head end of the 216-Z-19 ditch, contains contaminated
sediments that were inadvertently excavated from the buried 216-Z-1 ditch.
An accurate location of the trench was needed to stabilize the ground
surface above buried contaminated sediments in the 216-Z-19 ditch/spoil
trench area.

In order to determine the presence of transuranic radionuclides in
and around the spoil trench, in-field radiological measurements of
sediment samples from nine boreholes¢Were made using the data acquisition
and analysis system on board tﬁe MRAL I This system has an uplooking
Si(Li) spectrometer which is cag_gje of assaying grab samples for
plutonium-239 and americium-241 content by L x-ray spectroscopy. The
sensitivities of this system in a natural background counting area are
given in Table 5-2.

In each of the boreholes, five or six cores, each 2.5 feet long
were collected. From the shoe at the bottom of each cﬁFF?%?‘Samp]e was
prepared in a 65 cm3 counting geometry and assayed in{MRAL I, shortly
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TABLE 5-2. Sensitivities of thefﬁTf[}) X-Ray Spectrometer
T System-in/MRAL I.

Radionuctlide Concentration, ncffgz~ ~ Time, min. % Errord
241pm 2.0 15 1.5
1.0 15 3.0
0.5 15 3.5
0.1 15 4.0
0.01 15 N/DP
30 22.0
45 3.0
60 1.0
239py, 6.0 15 21.0
2.0 15 28.3
1.0 15 64.0
0.5 15 100.0
0.5 20 63.0
0.5 30 37.3

At the 1o C.L.
bN/D = Not detected.
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after collection. A few of the cores 1ns1de the split tube sampler
above the shoe_wéfé‘found to contain rad1oact1ve contaminants by a
radiation monitor using a hand held alpha survey meter. In these cases
a composite sample from the core was prepared in a 65 cm3 counting

geometry and also analyzed in MRAL I.

The results of these Sa-De (for sample-to-detector) analyses of the
core samples are shown in Figures 5-1 through 5-9. Positive values of
radionuclide concentrations were observed in boreholes 299-W18-233,
299-W18-234, 299-W18-236, 299-W18-240, and 299-W18-241. A1l the samples
were counted for at least 15 minutes, and in cases where there was any
indication of a positive concentration near the system's Timit of
detection, the samples were counted Tonger. From these data, the
following conclusions can be drawn. Boreholes 299-W18-233, 299-W18-236,
and 299-W18-241 are contaminated. Borehole 299-W18-234 is possibly
contaminated since americium-241 was detected at the 12.5 foot level in
disturbed material. Borehole 299-W18-240 is also possibly contaminated
since americium-241 was detected at both the 5 and 15 foot levels near
the limit of the systems sensitivity. Sediment samples from the
remaining borehole did not contain detectable contamination.

LABORATORY ANALYSES

Alpha Energy Analysis

Alpha Energy Analysis (AEA) was conducted on 22 selected sediment
samples from eleven boreholes adjacent to the 216-Z-19 ditch and within
the planned excavation for the 216-7-20 crib. The procedure requires
chemical digestion of the sediment using nitric-hydrofluoric acids,
extraction and purification of plutonium and americium, and electro-
plating the purified elements onto stainless steel planchettes. The
alpha particle energy spectrum is then counted by AEA.

Initially low-level alpha contamination was measured for 14 selected
sediment samples (Table 5-3). Six samples contained plutonium and/or
americium concentrations exceeding the average soil contamination limits
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Composite Concentrations Shoe Concentrations
239 nCi nCi nCi nCi
Pu, —gq~  24lpm, —q— Depth, ft 239y, g 241pam, g
2.5 Shoe///
s.o ///
1.5/
10.0 /(;/C//
0.68 + 70% 0.084 + 0.006

2.5/ /// /] 3.15 + 1.02 0.434 + 0.021
5.0/ //

FIGURE 5-1. Borehole 299-W18-233 Sa-De Analysis Data.
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Composite Concentrations_

239py, %i— 241pm % Depth, ft
2.5 Shoe/

s.ol // /.

1.5/

10.0// /7,

s/ /S

5.0/ /7

Shoe Concentrations

239y, % 241pn, "qﬂ
<0.67 <0.016
<0.50 <0.012
<0.55 <0.013
<0.55 ' <0.013
<0.64 0.028 + 0.005
<0.46 <0.011

FIGURE 5-2. Borehole 299-W18-234 Sa-De Analysis Data.
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Composite Concentrations_ Shoe_Concentrations

23py, "5 _auipy, % Depth, ft  23py, G- _24ipp TG
2.5/ Shoe /| <0.57 <0.013
5.0/ /// /| <0.58 <0.014
1.5/ // /] <0.7 <0.017
1.0/ /// /] <0.78 <0.004
2.5,/ // /| <0.44 <0.01
5.0/ /7

FIGURE 5-3. Borehole 299-W18-235 Sa-De Analysis Data.
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Composite Concentrations Shoe Concentrations
239 nCi nCi nCi nCi
Pu, 9~ _2“1Am, g~ Depth, ft  23%u, g~ _2%1Apm, g
2.5/ shoe /] <0.53 <0.015
5.0, /// /] <0.53 <0.015

1.5/ /L /) 0.80 + 0.57 0.03 + 0.03

1.0/ / /7] <0.55 <0.013
s/ // /71 <0.64 <0.015
5.0/ /7] <0.64 <0.015

FIGURE 5-4. Borehole 299-W18-236 Sa-De Analysis Data.
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Composite Concentrations Shoe Concentrations
23%u, ﬂ%i 2‘*ll\mifﬂ%i Depth, ft  239py. Qgi 241pn ﬂgi
2.5/ Shoe /, <0.7 <0.017
s.o, /// <0.61 <0.014
1.5/ /. <0.68 <0.016
1.0/ "/, <0.6 <0.014
s,/ /// <0.6 <0.014
5.0/ /

FIGURE 5-5. Borehole 299-W18-237 Sa-De Analysis Data.
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Composite Concentrations Shoe Concentrations
239y, ﬂgi 241Am, ﬂ%i; Depth, ft  239py, ﬂgi 241Am, ﬂ%i
2.5/ shoe /| <0.67 <0.016
s.ol /. / <0.58 <0.014
1.5/ /1 <0.6 <0.014
1.0/ // /. <0.61 <0.015
2.5/ <0.58 <0.014
5.0/ /7 <0.58 <0.014

FIGURE 5-6. Borehole 299-W18-238 Sa-De Analysis Data.
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Composite Concentrations Shoe Concentratijons
239py, Dgi 241 pm ﬂ%i‘ Depth, ft  239py, ﬂ%l 2“1Am,42%i
2.5/ Shoe /, <0.7 <0.017
s.ol /. <0.59 <0.014
1.5/ /. <0.52 <0.012
1.0/ / /. <0.57 <0.014
2.5,/ // <0.6 <0.014
5.0/ /// <0.61 <0.015

FIGURE 5-7. Borehole 299-W18-239 Sa-De Analysis Data.
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Composite Concentrations Shoe Concentrations
239py, % 241 n_g1_ Depth, ft 239p,, . ﬂg_‘ 2410 D%
2.5/ Shoe /, <0.56 <0.013
s.o /S <0.55 0.013 + 0.013
1.5,/ /. <0.57 <0.014
10.0 /// <0.64 <0.015
2.5\ /// <0.65 <0.015
5.0 777 <0.59 0.018 + 0.018

FIGURE 5-8. Borehole 299-W18-240 Sa-De Analysis Data.
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Composite Concentrations Shoe Concentrations

23%pu, ngLi 241Am, ng_i Depth, ft 239y, Eg_] 241Am, n_gj_
2.5,/ shoe / /| 0.55 + 100%  <0.014
5.0 /// <0.56 0.013 £ 0.013
1.5/ /] <0.49 <0.012

1.17 + 0.8 0.31 £ 0.02

FIGURE 5-9,

.0,/ / /. 0.63 +0.63 .04 +0.04

sl /" / <0.59 0.019 + 0.019

5.0/ / / <0.63 0.017 = 0.017

Borehole 299-W18-241 Sa-De Analysis Data.

93



TABLE 5-3.

RHO-HS-VS-4

Based on Alpha Energy Analysis.

Transuranic Activity Results for Sediment Samples
From Boreholes Adjacent to the 216-Z-19 Ditch

Radionuclide

Borehole Sample Concentrations (pCi/g)
Number Depth (ft)
239,240p, 238p, 241
299-W18-203 6 22 36 <0.3
299-W18-204 5-6 68 2.9 9.7
299-W18-205 4.5-5.9 390 110 950
299-W18-205 9.5-10.5 400 7.5 52
299-W18-208 5 180 3.6 23
299-W18-208 8 18 0.7 2.5
299-W18-208 10 14 0.6 <0.3
299-W18-210 3 27 1.0 2.9
299-W18-210 6 18 13 3.0
299-W18-210 9 18 0.9 <0.4
299-W18-218 3 7.8 1.0 <0.5
299-W18-218 6 88 2.2 11
299-W18-218 9 130 3.5 19
299-W18-225 410 29 1.2 <0.4
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established in RHO-MA-139*. The aQerage soil contamination limits for -
plutonium-238/239/240 and americium-241 are 60 pCi/g and 300 pCi/g,
respectively. Five of the samples exceeding the levels are from bore-
holes located in areas immediately adjacent to the proposed 216-7-20 crib
site. One sample from 299-W18-204, which exceeds the average soil

Nang S -
contamination level, is located in the proposed 216-Z-20 crib excavation.

.—-—\\__\-—_‘.

Eight additional samples from five boreholes were analyzed for
plutonium-239/240 in light of the plutonium contamination found adjacent
to and within the proposed 216-7-20 crib excavation. The plutonium-239/240
measurements are given in Table 5-4. A1l measurements were less than
the average soil contamination levels for plutonium-239/240.

Gamma Energy Analysis

Non-destructive Gamma Energy Analysis (GEA) was made in the analy-
tical laboratory on eight selected sediment samples to determine the
plutonium-239 and americium-241 content. A GEA system consisting of
four newly installed high efficiency germanium detectors was used to
measure the transuranic content by counting for about 4,000 seconds. No
measureable amount of plutonium or americium was detected in the samples.
It was estimated that the sediment samples contained <600 pCi/g of
plutonium-239 and <0.8 pCi/g of americium-241 (Table 5-5). To further
improve the lower detection limit of these radionuclides, two samples
from borehole 299-W18-201 were counted for 16 hours. The 19rfg;jéVe] of
detection was found to be about 1§gr2£j/g for plutonium-239 and 0.15 pCi/g
for americium-241. No measureable amount of activity was detected from
the two samples (Table 5-5).

*Environmenta] Analysis and Monitoring Department Staff, 1981,
"Environmental Protection Manual", RH0-MA-139, Rockwell Hanford Operations,
Richland, Washington.
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TABLE 5-4. Plutonium-239/240 Activity Results for Sediment
~ “SampTés From Boreholes Adjacent to the 216-7-19
Ditch Based on Alpha Energy Analysis.

Borehole Number Sample Depth (ft) 239,240py (pCi/q)
299-W18-201 5 1.3
299-W18-201 10 2.2
299-W18-202 5 0.3
299-W18-203 8 0.56
299-W18-231 5-7 <0.5
299-W18-231 7-9 <0.6
299-W18-232 5-7 1.1
299-W18-232 7-9 0.29
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Transuranic Activity Results for Selected

Sediment Samples From Boreholes Adjacent to 216-Z-19
Ditch Based on Gamma Energy Analysis.

Borehole Number

Sample Depth (ft)

239y (pCi/g)

241Am (pCi/g)

299-4W18-201
299-W18-201
299-W18-202
299-W18-203
299-W18-231
299-W18-231
299-W18-232
299-W18-232

5
10

<146
<149
<560
<500
<450
<430
<600
<600

<0.15
<0.16
<0.63
<0.60
<0.50
<0.50
<0.75
<0.63
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CHAPTER 6
SUMMARY AND CONCLUSIONS
By K. R. Fecht

This chapter integrates and summarizes the technical information
presented in Chapters 2 through 5 as well as other pertinent information
related to the 216-Z-20 crib, UN-216-W-20 spoil trench and the storm
sewer pond facilities.

216-2-20 CRIB RADIOLOGICAL ASSESSMENT

A radiological assessment was made of the near-surface environment
of the 216-Z-20 crib site prior to excavating for the crib site. Sediment
samples collected from 20 boreholes which were analyzed by x-ray spec-
troscopy for americium and plutonium. No field detectable contamination
was found in the sediment samples using the Si(Li) detectors onboard
MRAL I. Selected samples were submitted to Analytical Laboratories to
check the MRAL I field results. Some samples analyzed by the laboratory
were found to contain plutonium concentrations above the surface soil
standards of 60 pCi/g at the south end and along the eastern boundary of
the 216-7Z-20 crib site. Additional borehole samples in the crib site
area were analyzed by the laboratory to determine the extent of radio-
contaminants. However, no radiocontaminants above the surface soil
standards were found. It was determined that the presence of plutonium
above the 1limits indicates a high potential for additional radiocon-
taminants in the south end of the cr;b site. ngrgfore he. E 1rong?fta1 ‘,;"’
Technologies Group and program team ‘!ﬁg fe 3 t v
crib by 25 to 50 feet to exclude the area of known rad]ocontam1nat1on
The remainder of the crib site area is considered to be free of near- '14/

surface contaminants. W
’ |
STORM SEWER POND SITE RADIOLOGICAL ASSESSMENT M.ttf? 1

The storm sewer pond is not an area of known surface or near- /}W
surface radiological contamination. Therefore, the radiological survey

of the pond site was designed to locate potential nuisance spot activity

e —

which, based on the proximity to Z-Plant, would be primarily americium
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Pt W
and plutonium. In situ sediment radiological measurements were col- Y 4 Q}
lected from nine surface sample points on a rectangular grid in the pond ‘%; *4110

site area. The measurements were made with a Si(Li) X-ray spectrometer M &‘ !

3
re detected, so the concentrations of l’b p Fbp

v
Ma?

which is sensitive to X-rays emitted from americium and plutonium. No VQ

X-ray emitting radionuclides
plutonium and americium were(<2 nCi/g and <0.2 nCi/g, respectively;

e instrumentation. It is concluded
from the absence of detectable radionuclides that nq[E?gnificant]ﬁuisa;;;}
r?dio]ogicil Egntaminatiog is present in the storm sewer pond area. _C MA?19

based on the detection levels

_ What wba it o iz S0 =z
PR, W et ot d M’eM »
STORM SEWER LINE ASSESSMEN ﬂ&; . )
A radiological and sediment moisture assessment of the western end
THE 5172 FoR Bl e

]

of the new storm sewer line was made to determine if radiocontaminants
in the bottom of the buried 216-7Z-1 ditch or radiocontaminants and waste
water leaking from the 231-7 process sewer line would adversely impact
excavation operations and construction of the storm sewer line. Ten
closely spaced boreholes were drilled across the buried ditch and the
Process sewer line at the location where the new storm sewer line was
projected across. Sediment samples were collected from these boreholes

to determine the levels of radiocontaminants and sediment moisture
condiﬁ}pns to be encountered during excavation for the storm sewer line. _(ééé;;>

1

. §281ment samples were field surveyed for radiocontaminants by

adiation Monitoring. Environmental Technologies Group drilling engineers
visually inspected the sediment samples for abnormally high sediment
moisture and for evidence of the buried 216-7-1 ditch. No field detectable
radiocontaminants were found in these sediments including borehole
299-W18-225 which penetrated the buried ditch bottom and boreholes
299-W18-222 and 299-W18-223 adjacent to the leaking process sewer line.
Sediment samples were damp to dry with a few wet samples adjacent to the
leaking process sewer line.let is interpreted that the lsxgls of radio- 'zz
contaminants are sufficiently Tow so as not to adversely impact excavationig

operationsi} Also, the sediment moisture is near normal conditions so as
not to cause side wall stability problems in the excavation for the

éak: - q)d%:?’—14ﬂla/ VﬂL;a—’ 7
T I'&’q Y d‘w 6’,‘4 Ok .
wmere They compARED To Z

storm sewer line.
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IMPACT OF THE STORM SEWER POND ON ADJACENT FACILITIES

The most proximal facility to the storm sewer pond is the 216-Z-9 crib
which received plutonium-bearing waste from Z-Plant. The 216-Z-9 crib
is located about 300 feet from the center of the depression that was
selected for the pond site. This distance is judged too great for waste
discharges to the storm sewer pond to impact on waste previously dis-
charged to the 216-7-9 crip. For additional assurance the Environmental
Technologies Group suggested the storm sewer pond be located in the
southern portion of the depression to maximize the distance between the
two facilities. No other facilities were considered capable of being
impacted by routine operation of the storm sewer pond.

ESTIMATION OF INFILTRATION RATES FOR THE 216-Z-20 CRIB AND STORM SEWER
POND

An estimation of the infiltration rates was made for the 216-7-20 crib
and storm sewer pond to assist in design requirements of the two facilities.
The infiltration rate was conservatively estimatéd to be 40 ga]/ftz/day
based on the adjusted rates for a three dimensional system, the correction
of circular wetting patterns to a linear pattern and the sediment texture
and soil moisture observed during the study.

UN-216-W-20 SPOIL TRENCH STUDY

The investigation was conducted to support the decommissioning and
stabilization of the 216-Z-19 ditch area. The boundaries of the spoil
trench were delineated on the basis of sediment conditions encountered
during drilling of shallow boreholes, radiological measurements of
sediment samples collected during drilling operations and vegetation
growing in and around the spoil trench area.

Nine boreholes were drilled at the site to investigate the sediment
conditions and to collect sediment samples for radiological analyses.
Five boreholes encountered sediments with normal moisture conditions
(damp) that were penetrated at a moderately slow to slow rate, These
sediments were judged.not to have been disturbed by human intrusion
except at the ground surface. 1In contrast the sediments encountered
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in four other boreholes were drier and the penetration rate during
drilling was faster. These sediments were judged be to disturbed by
human intrusion.

Radiological analyses were performed on the collected sediment
samples using the on-board detectors in MRAL I. Based on the results
) . deﬂduadggair
t{ﬁil,analyses, five boreholes conta1ne€hcontam1natéd

Positfve radionuclide values were not detected from sediments %

?
four boreholes. Cotr aw 519 .
" 7 Mo df‘”u1 (73 193
n

. p g1/
Vegetation growing in and around the site wagdﬁn pected a Cursory vYisee
manner to aid in determining the spoil trench boundaries. That is the UMM

from the radi

sediments.
in the remaN

spoil trench is about 10 years old and can not support a plant community

greater than 10 years. Vegetation located south and east of the suspecteqkwé
trench area indicate plants that are greater than 10 years in age. This

suggests that these areas were not distributed during excavation or

backfilling the UN-216-W-20 spoil trench.

Using this/Anformatio € spoil trench boundaries can reasonably
be located with\
for the corners of the proposed spoil trench area to be stabilized are Q

given in Table 6-1. h“.‘{p}t MEAL T P

GROUND-WATER MONITORING BOREHOLES

racy needed for stabilization. The coordinates

!
/”
Four ground-water monitoring boreholes were determinedby the

Hydrogeology Unit to be required to adequately monitor water-level

changes and water quality beneath the 216-Z-20 crib. Two ground-water
monitoring boreholes were constructed to provide monitoring upon startup

of the 216-Z-20 crib. The remaining two boreholes are currently being
drilled. The constructed boreholes (299-W18-17 and 299-W18-18) have

been added to the ground-water monitoring network and are being sampled

for radiological contaminants as per U.S. Department of Energy Order 5480.1.
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Corner.Locations Of

UN-216-W-20 Spoil Trench

Stabilized Zone.

Corner Northing Westing
Northwest N39338 W75972
Northeast N39217 W75912
Southeast N38814 W76122
Southwest N38855 W76200
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