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1.0 DEFINING ENGINEERING ALTERNATIVES FOR REMEDIATING CERCLA SITES

1.1 Purpose and Objective

The purpose of this task is to evaluate the available remedial action
technologies that have been applied to the cleanup of radioactive and
hazardous wastes and to select a number of technologies that are most
applicable to the problems associated with the 81 Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) sites at
Hanford. This selection will enable a comparison of the technical
feasibility and unit costs of these technologies to evaluate their
applicability to the sites at Hanford. The objective is to identify at
least two remedial action alternatives (one a removal alternative, and one
an in-place alternative) for each site that, based on the data available,
have a high probability for application to the site problem.
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2.0 METHODOLOGY OF THE REMEDIAL ACTION SELECTION PROCESS

T° actual selection of a remedial action will be made as a part of The
Remedi_. Investigation/Feasibility Study performed for the site. In this
effort, it is necessary to identify reasonable alternatives to allow the
estimation of the cost and schedule for remediation of each site.

Selection of appropriate remedial actions for the 81 sites is
dependent upon the following information:

Physical site conditions

Volume and types of wastes disposed

Fate and transport mechanisms for the wastes

Previous applications (and scale) of the remedial technology
Technical feasibility of the technology for the waste type and
site conditions in terms of effectiveness, reliability, and state
of development

Applicable environmental regulations

Cost

© ©O 0 O o

The basi sequence for selecting the most applicable remedial
tertnologies is illustrated in Figure 2-1. The first two tasks, done
simultaneously, are the definition of the area, volume, form, and mi ix of
contamit .ed materials at each site and the identification of a list of
potential remedial technologies.

2.1 Site Conditions and Waste Disposed

Definition of the problem at each site included summarizing the
following information:

Type of disposal unit

Proximal location

Radionuclides disposed and their s ubility
Other wastes disposed, including salts
Dépth of wastes

Depth to groundwater

o O O 0o o o
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Define area, volume, form and Identify potential R.A.
matrix of contaminated technologies
materials at each site

Screening/selection the most
likely technologies for the
Hanford sites

Literature search, expert
review and ranking of most
likely R.A. technologies

Vv

Selection of final list
of applicable R.A.
technologies

A4

Identification of 1 .
1ikely technology for
each specific site

FIGURE 2-1. R.A. TECHNOLOGY SELECTION SEQUENCE
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0 Volume of liquid wastes disposed
0 Calculated field capacity for the soil column

This information is presented in Columns 1-15 of Table 2-1.

2.2 Pathways and Fate of Pollutants

Since selection of remedial technologies is primarily dependent on
knowing how much contaminated material there is, and where it is,
calculations or assumptions on the following pathways or fates were made for
each site.

0 Soil attenuation - This is used to determine the probable fate of
heavy metals and nonsoluble radionuclides. It is assumed that
unless very high rates of water were applied to the site or acid
solutions were disposed of at the site, most of these elements
would adsorb to soil particles within a 20-foot depth below the
point of application.

) Downward migration - It has been assumed that the more soluble
radionuclides such as tritium or cesium and salts such as nitrates
or sulfates would have migrated through the soil column to
groundwater in the time period since the sites were closed. It
should be noted, however, that some active sites releasing these
elements to the soil column may be near CERCLA sites.

0 Radionuclide uptake - An analysis was made of the potential for
plant root uptake at each site. Maximum root penetration was
assumed to be 40 feet.

0 Groundwater release - If the field capacity (FC) of the soil
column is exceeded by the volume of waste disposed, groundwater
contamination has been assumed. In addition, if the FC/volume
ratio was less than ten, or more than ten million liters of water
were applied, or the contaminate types were highly migratory, a
high potential for discharge to groundwater was assumed. Note
that no evaporation losses were considered.
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Column No.

10

11
12
13-15

KEY TO TABLE 2-1

Title

Site number

Type

Proximal location

HRS score

Total

Total

Total

Total

Other

Depth

Depth

curies disposed

of H, C, Ru, Eu

of Cs, Sr

of all else

waste disposed

to waste

to groundwater

Volume disposed

Field

capacity

POTENTIAL REMEDIAL ACTION ALTERNATIVES - CERCLA SITES

Explanation

Site ID number from Phase
II report

Type of disposal unit

0 - site is within 500’
of another site
1 - continuous sites

Not m HRS score

Total disposed curies of
H-3, C-14, Ru-106, Eu-154,
Eu-155

Total disposed curies of
cesium and strontium

Total disposed curies of
all other radionuclides

See index at bottom of
table

Depth to point of appli-
cation

These 3 columns are an
estimate of the potential
for the liquids disposed

at each site to be either
still in the soil column
(0) or have probably
entered the groundwater
(X). Three different field
capacities (FC = 0.05, 0.1
and 0.25) were used to
cover the expected porosity
ranges in the Hanford soils.




17

18

19

20

21-26

KEY TO TABLE 2-1 (Continued)

POTENTIAL REMEDIAL ACTION ALTERNATIVES - CERCLA SITES

Title

Soil attenuation

Downward migration

Radionuclide uptake

Groundwater release

Surface erosion

Potentially feasible
remedial action

2-5

Explanation

X - highly likely that
significant amounts of
radionuclides are ad-
sorbed in soil column
at less than 20’ depth

0 - highly likely that
other metals (Hg, Cr, etc.)
are stored in shallow depth
of soil column

X - soluble radionuclides
in excess of 1.0 curie
applied to site

0 - less than 1.0 curie
of soluble radionuclides
applied to site

X - more than 1.0 curie of
radionuclides stored in
top 20’ of soil

0 - potentially either
less than 1.0 curie in
top 20’ of soil or more
than 1.0 curie in the
soil but at depths be-
tween 20’ and 40’ deep

X - groundwater contamina-
tion highly likely because
FC/WV is less than 1.0

0 - potential groundwater
contamination due to readily
soluble contaminants, high
volumes (more than 10 million
liters) of disposed liquids
or FC/WV less than 10

0 - waste is less than 10’
below the surface thus
potentially subject to
erosion

X - feasible for that site



TABLE 2-1 Potential Remedial Action Alternatives - CERCLA Sites

Hanford Inactive Waste Site Study.
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10

12
13
14
15

16
17
18

19
20
21
22
23
24
25

Proximal Total Depth to Depth to Volume Field Field Field
Location HRS Curies Total of Total of Total of Other Wastes Waste GW Disposed Capacity Capacity Capacity
Site No. Type (<500") Score Disposed (1) H,C,Ru,Eu Cs,Sr All Else Disposed (2) Feet Feet (liters) (FC=0.05) (FC=0.1) (FC=0.25)
116-B-1 Trench 42.32 1.95 1.45 0.38 0.13 1 20 41 6,000,000 X X X
116-B-4 Fr. Drain 44 .55 4,33 0.00 0.00 4.33 1,2 20 7 300,000 o
116-c-1 Trench 62.32 329.58 213.96 7.46 108.17 1 25 41 100,000,000 X X X
116-c-2 Crib 42.32 1.33 0.33 0.98 0.01 1,2 20 9% 3,500,000 X o
116-D-18 Trench 42.32 1.48 0.73 0.68 0.08 1,3 15 83 8,000,000 X X x
116-DR-1 Trench 42.32 21.57 6.92 13.51 1.14 1 20 56 40,000,000 x X X
116-DR-2 Trench 42.32 21.57 6.92 13.51 1.14 1 20 56 40,000,000 x X x
116-DR-6 Trench 42.32 0.00 0.00 0.00 0.00 1 10 83 7,000,000 x X x
116-DR-7 crib 28.96 0.00 0.00 0.00 0.00 4 10 73 4,000
116-F-1 Trench 44.55 2.17 0.96 0.96 0.25 1,2 10 13 1,000,000,000 X
116-F-2 Trench 42.32 9.77 8.12 0.83 0.82 1 15 35 60,000,000 X
116-F-3 Trench 42.32 0.00 0.00 0.00 0.00 1 8 37 4,000,000 b
116-F-6 Trench 28.96 3.94 2.87 0.72 0.35 3 10 36 100,000
116-F-9 Trench 42.32 2.84 0.59 2.05 0.19 5 10 50 300,000,000 X
116-F-10 Fr. Drain 42.32 0.07 0.05 0.01 0.01 1,2 10 38 400,000 b4
116-H-1 Trench 42.32 20.12 14.42 4.56 1.14 1 15 42 90,000,000 X
116-H-2 Trench 42.32 1.04 0.28 0.75 0.02 1 6 42 600,000,000 x
116-H-3 Fr. Drain 42.32 0.05 0.01 0.03 0.01 1,2 15 42 400,000
100 KE*1 Drywel t 42.32 0.00 0.00 0.00 0.00 6 4 68 0
100 KE*2 Fr. Drain 42.32 0.00 0.00 0.00 0.00 6 3 68 0
100 Kw*1 Drywell 40.09 0.00 0.00 0.00 0.00 6 4 72 0
100 KwW*2 Fr. Drain 40.09 0.00 0.00 ) 0.00 6 3 72 0
116-x-1 Crib 42.32 30.56 8.79 18.79 2.98 1 30 50 40,000,000 x
116-K-2 Trench 51.23 1320.59 961.34 158.75 200.50 1,2,3,7 20 34 300,000,000,000 X
116-KE-2 Crib 35.64 14.65 0.74 2.79 11.12 3 32 68 3,000,000




TABLE 2-1 Potential Remedial Action Alterna: es - CERCLA Sites (continued)
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16
17
18

19
20
21
22
23
24
25
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Hanford Inactive Waste Site Study. @000 seeeeseeccceeicccesssssssceseenssseeecsccoonanooto et ot |
------------------- Neeeececmiecnceiccisciiiancccnececnonev-aa---=--POTENTIALLY FEASIBLE REMEDIAL ACTIONS|
FATE OF CONTAMINANTS Cap/Cover Grout-in- Solution Min- |
Vegatation Ground- w/ PC Place w/ ing & GW  Excavation |
Soil Downward Uptake of Water Surface PC In-Situ vit- Recovery/ & No Action |
Site No. Attenuation Migration Radionuclides Release Errosion Monitoring Monitoring rification Treatment Disposal |
_________________________________________________________________________________________________________________________________________________ I
116-B-1 0 ° x x I
116-8-4 x 0 |
116-¢-1 x x |
116-¢-2 0 0 x |
|
116-0-1B ° x X x |
116-DR-1 x X |
116-DR-2 X x |
116-DR-6 o x x X
116-DR-7 o X I
I
116-F-1 o x |
116-F-2 o X |
116-F-3 0 x o x |
116-F-6 0 x I
116-F-9 0 x |
116-F-10 -} X x x |
I
116-H-1 X X |
116-H-2 o X o X |
116-H-3 x X |
I
100 KE*1 X 0 X X |
100 KE*2 X [¢] x x |
100 KwW*1 X 0 X X |
100 Kw*2 X 0 X X |
116-K-1 x X |
116-K-2 x X x |
116-KE-2 X X X x i
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26
27
28
29
30
31
32

33
34
35
36
37
38

39
40

41
42

43
44
45
46
47
48
49
50
51

TABLE 2-1

Hanford Inactive Waste Site Study.

Potential Remedial Action Alternatives - CERCLA Sites (continued)

Depth to Depth to

216-B-5
216-B-2-2
216-B-6
216-B-7 A&B
216-B-10A
216-B-16

216-C-1
216-C-10

216-A-9
216-A-40

216-A-4
216-A-5
. -A-6
216-A-7
216-A-21
216-A-24
216-A-27
216-A-28
216-A-36A

Rec. Well
Ditch
Rec. Well
Crib
Crib
Crib

Crib
Crib

Crib
Trench

Crib
Crib
Crib
Crib
Crib
Crib
Crib
Fr. Drain
Crib

Proximal
Location
(<500)

[+]

HRS
Score

47.82
50.42
42.14
42.79
57.89
48.67
59.63
32.72
32.62

Total
Curies

Total of

Disposed (1) H,C,Ru,Eu

942.06
2097.17
2407.82
1326.50
1145.38
1975.28

149.57

369.40
235.49
0.00
2764.07
3.22
1104.94

164.53
37.92

4017.21
0.00

22.68
130066.92
166.21
3.07
105.25
12.51
69.52
0.21

10.

450.00
390.00
536.00
327.00
536.00

90.00

0.00
0.00
0.00
0.00
0.00
450.00

70.00
0.00

4000.00
0.00

0.00
130000.00
0.00

0.00

0.00
1400.00
0.00

0.00
0.00

Total of
Cs,Sr

1646.00
2017.00
783.90
818.00
1438.00
59.52

59.70
235.49
0.00
2451.80
2.51
654.00

93.85
37.89

17.17
0.00

12.37
58.80
163.40
2.99
93.84
312.10
62.20
0.00
2004.00

Total of
All Else

309.70
0.00
0.00

312.27
0.72
0.94

0.68
0.02

0.04
0.00

10.31
8.12
2.81
0.08

11.41
0.41
7.32
0.21
6.56

Other Wastes
Disposed (2)

2,3,9,10

2,3,9,10

2,3,9,10

2,3,9,10

2,3,9,10
3

3,8,9,11

1,3,8
3,8,9,11
1,3,8
3,8,9,10

Waste
Feet

302

14
20
12

13

12
16

25
32
19
15

15
14
1
22

GW

283
255
296
241
300
338

282
286

294
284

305
313
290
274
310
242
308
298
314

Volume
Disposed
(liters)

2,120,000
5,600,000
4,920,000
6,700,000
4,090,000
6,700,000

54,800,000

30,600,000
149,000,000, 000
6,000,000
43,600, 000
9,990,000
5,600,000

23,400,000
897,000

981,000, 000
946,000

6,210,000
1,630,000, 000
3,400,000, 000
326,000
77,800,000
820,000,000
23,100,000
30,000
1,070,000

Field
Capacity
(FC=0.05)

b

Field Field
Capacity Capacity
(FC=0.1) (FC=0.25)

X [+]
X [+]
[+]
X X
X
X




TABLE 2-1 Potential Remedial Action Alternatives - CERCLA Sites (continued)
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26
27
28
29
30
31
32

33
34
35
36
37
38

39
40

41
42

43
44
45
46
47
48
49
50
51

Hanford Inactive Waste Site Study.  eeeeeeeeeeeeleeeceeceeiceeeeeiaiacsaaooocssscssessecsesesatanananns ]
------------------------------------------------------------------ POTENTIALLY FEASIBLE REMEDIAL ACTIONS|
FATE OF CONTAMINANTS Cap/Cover Grout-in- Solution Min- |

Vegatation Ground- W/ PC Place w/ ing & GW Excavation |

Soil Downward Uptake of Water Surface PC In-Situ vit- Recovery/ & No Action |

Site No. Attenuation Migration Radionuclides Release Errosion Monitoring Monitoring rification Treatment Disposal ]
................................................................................................................................................. |
216-B-43 ° X o X X X X |
216-B-44 X X X x x X x |
216-8-45 o X ° X X X X ]
216-8-46 X X X X x X x |
216-B-48 o X ) x X x x |
216-B-49 X X x x x x x |
216-8-50 o X o o X X X X |
I

216-B-5 X X x X X |
216-B-2-2 o X o X X X |
216-B-6 ° o o |
216-B-7 A&B x X x ° X X |
216-B-10A ° X X |
216-B-16 o X o x x |
|

216-C-1 ° X o o x |
216-C-10 x |
I

216-A-9 X o x x x |
216-A-40 |
I

216-A-4 X X x x X |
216-A-5 X X x {
216-A-6 x x |
216-A-7 o X X |
216-A-21 x x o X x |
216-A-24 [ X x x X |
216-A-27 X X o x |
216-a-28 o |
216-A-36A x X x I



TABLE 2-1 Potential Remedial Action Altern. ves - CERCLA Sites (continued)

Hanford Inactive Waste Site Study.

01-¢

52
53
54
55
56

57
58
59
60
61
62
63
65
67
69

70

7
72

Proximal Total Depth to Depth to Volume Field Field Field
Location HRS Curies Total of Total of Total of Other Wastes Waste GW Disposed Capacity Capacity Capacity
Site No. Type (<500") Score Disposed (1) H,C,Ru,Eu Cs,Sr ALl Else Disposed (2) Feet Feet (liters) (FC=0.05) (FC=0.1) (FC=0.25)

216-S-5 crib o 30.75 130.48 0.16 88.20 42.12 8 15 180 4,100,000,000 b X X
216-S-6 crib o 42,14 384.95 0.50 349.00 35.45 8 15 180 4,470,000,000 X b b
216-S-16D Ditch o 42.14 0.00 0.00 0.00 0.00 8 3 180 400,000,000 b X o
216-S-16P pond o 32.72 110.57 0.20 82.10 28.27 8 3 180 41,000,000,000 b X b
216-8-17 Pond o 38.07 31.62 0.06 31.30 0.26 8 10 180 6,430,000,000 x X b
216-U-11 Ditch (2) 37.75 0.00 0.00 0.00 0.00 ? 7 185 0

216-S-1&2 Crib (2) 57.73 6657.93 4000.00 2570.00 87.93 8 35 197 160,000,000 X X X
216-s-3 Fr Drain (2) 48.97 3024 .41 3000.00 24.35 0.05 1,8 6 190 4,200,000

216-S-4 Fr Drain o 32.72 0.02 0.02 0.00 0.00 8 20 180 1,000,000

216-S-7 Crib (2) 59.63 2320.40 0.00 2287.00 33.39 8 22 202 390,000,000 x X X
216-5-9 Crib 39.23 6428.89 6000.00 422.00 6.88 8 30 205 50,300,000 X X o
216-5-20 Crib 43.70 98.76 0.00 86.30 12.46 8 30 208 135,000,000 X X X
216-s-21 Crib o 31.93 117.29 0.00 117.10 0.19 8 21 180 87,100,000 X X X
216-U-18&2 Crib (2) 48.97 11.50 0.00 0.52 0.01 3,8,9 24 209 15,900,000 x o

216-U-3 Fr Drain 33.89 0.53 0.00 0.00 0.00 8 12 190 791,000

216-U-4 Rec. Well 32.72 0.00 0.00 0.22 0.00 8 75 227 300,000

216-U-4A Fr Drain 32.72 0.22 0.00 0.22 0.00 8,9 10 227 545,000

216-U-48 Fr Drain 30.. 0.22 0.00 0.22 0 8 10 230 33,000

216-2-182 crib 37.75 4672.37 0.00 0.32 4672.04 8,1 21 191 38,900,000 X X b
216-2-7 Crib (2) 43,70 591.88 0.00 447.00 144.88 8 5 187 79,900,000 X X

216-2-10 Rec. Well 32.72 3.62 0.00 0.00 3.62 8 150 193 1,000,000 X X
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52
53
54
55
56
57

58
59

61

62

63

65

67

69

70

n

TABLE 2-1

Potential Remedial Action Alternatives - CERCLA Sites (continued)

nford Inactive Waste Site Study.

""""""""""""""""""""""""""""""""""""""""" POTENTIALLY
FATE OF CO})

Site No.

216-5-6
216-5-16D
216-5-16P
216-5-17

216-U-11

216-5-18&2
216-5-3
216-S-4
216-8-7
216-5-9
216-5-20
216-s-21
216-y-1&2
216-U-3
216-U-4
216-U-4A
216-U-4B

216-2-18&2

216-2-7
.o-2-10

Soil

Attenuation Migration Radionuclides Release

o x

O 0 X x X

Downward

o

O O 0 0 0 X x X X O X x

Vegatation

Upt

e of

AMINANTS

Ground-
Water

0O X X O X

LE REMEDIAL

Cap/Cover Grout-in-
w/ PC Place w/
Surface PC

Errosion Monitoring Monitoring

X
X
X
] X
X
] X
X
X
X
X
X
X
X
X
o X

FEASIB

In-Situ Vit-
rification

x

x x X X

Solution Min-
ing & GW
Recovery/
Treatment

x

x x x X

Excavation
&
Disposal

No Action

o X X x x

ACTIONS|



TABLE 2-1 Potential Remedial Action A rnatives - CERCLA Sites (continued)

| Henford Inactive Waste Site Study.

] Proximal Total Depth to Depth to Volume Field Field Field
| Location HRS Curies Total of Total of Total of Other Wastes Waste GW Disposed Capacity Capacity Capacity
| Site No. Type (<500") Score D' osed (1) H,C 1,Eu Cs,Sr All Else Disposed (2) Feet Feet (liters) (FC=0.05) (FC=0.1) (FC=0.25)
| 216-1-2 Rec. Well - 50.34 0.00 0.00 0.00 0.00 1,2,8 75 256 6,000,000
7% | 216-T-3 Rec. Well 60.¢ 286.20 0.00 43.60 242.60 2,3,8,9,11 206 249 11,300,000 X X
5 | 216-1-7 Crib 65.44 58.74 0.00 49.30 9.44 2,3,8,9,.11 26 191 110,000,000
76 | 216-7-8 Crib 47.82 1.21 0.00 0.85 0.36 1,2,8 25 258 500,000
77 | 216-T1-19 crib 45.19 0.00 0.00 326.00 5.53 3,8,9 23 189 455,000,000
78 | 216-1-28 crib 42.14 331.53 0.00 7.06 4.44 8 195 42,300,000
79 | 316-1 Pond 79.28 0.00 0.00 0.00 0.00 8,12,13,14,15 9 34 10,000, 000,000 X X X
80 | 316-2 Pond 79.28 0.00 0.00 0.00 0.00 8,12,13,14,15 10 34 10,000,000,000
81 | 316-3 Trench 79.28 0.00 0.00 0.00 0.00 12,15 20 43 1,000,000, 000
Sub set data file
»
F: Isotope (1) Decay Mode Other Wastes Disposed (2)
H-3 Beta 1 2)0(7)
c-14 Beta 2 NO(3)S
Co-60 Gamma 3 S0(4)
Ni-63 Beta 4 DI
Sr-90 Beta 5 3
Ru-106 Beta 6 Hg
Cs-134 Beta,Gamma 7 Cu
Cs-137 Gamma 8 NO(3)
Eu-152 Beta 9 PO(4)
Eu-154 Beta 10 CN
Eu-155 Beta 11 F
Pu-238 Alpha 12 Met (inc. Hg, , Cr, Be, Ag, Ni, etc)
Pu-239 Alpha 13 TCE Trichlorlethylene
Pu-240 /I Ha 14 MIRK Methyl Isobutyl Ketone
U-235 Alpha 15U Uranium

u-238 Alpha




TABLE 2-1 Potential Remedial Action Alternatives - CERCLA Sites (continued)

| Hanford Inac " e Waste Site Study.

R R P PR PP PP LT EREY POTENTIALLY FEASIBLE REMEDIAL

| FA | OF CONTAMINANTS Cap/Cover  Grout-in- solution Min-

[ Vegatation  Ground- W/ PC Place w/ & GW  Excavation
Soil Downward Uptake of Water Surface pPC In-Situ Vit- Recovery/ &

| Site No. Attenuation Migration Radionucl: ; Release Errosion Monitoring Monitoring rification Treatment Disposal

216-7-19
216-7-28

n
-
o
g
-t
3}
]

] 316-1
| 316-2
| 316-3 x o X X 3 x x

x
x
[+]
b

ACTIONS |

No Action

|
I
I
I
l
I
I
|
I
|



0 Surface erosion - Those sites with contamination less than ten
feet below the ground surface were identified as having a
potential for waste dispersion by wind or water erosion.

The summary of the site data and pathways/fate of pollutants for each
site is presented in Columns 16-20 of Table 2-1.

2.3 Selection of Technologies

As the first step, published Environmental Protection Agency (EPA)
handbooks and conference proceedings that listed numerous potential remedial
technologies for hazardous and radioactive wastes were reviewed (see
Appendix B for a list of Potential Technologies). The remedial technologies
were divided into three groups:

0 Waste isolation
0 Excavation/removal
0 In-situ treatment

Waste isolation addresses those technologies that contain all the
contaminated material onsite and involve minimum movement of either wastes
or contaminated soils. Excavation/removal addresses those technologies that
generally involve removing the contaminated material and transferring it to
another location for treatment and disposal. In-situ treatment involves
technologies that effectively treat the contaminated material in place.

Very 1ittle waste or soil is excavated or removed from the site by these
technologies, which either extract the hazardous constituents for
treatment/recovery or physically, chemically, or biologically detoxify the
hazardous constituents.

These groups are listed in the general order of overall demonstrated

eff_ctiveness and environmental acceptability from the perspective of
meeting applicable standards and providing a permanent solution.
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2.4 Screening of Technologies

Specific remedial technologies were identified in each of the three
groups discussed above. This technology 1ist is presented in Table 2-2,
which shows both primary technologies that are used to treat the
contaminated materials and some of the major support technologies that are
used to protect the environment during remed- | action operations. T/ next
step was to screen these technologies and determine those that would be most
applicable to the 81 CERCLA sites at Hanford. This was done by reviewing
the site conditions and pollutant pathways and fate and identifying those
technologies that were most advantageous based on previous applications to
comparable waste types or site conditions.

2.5 Selectio- -“ "inal Remedial Technologies

Once the primary candidate technologies had been identified, a
literature and case study review was conducted to determine the following:

0 Operating range/conditions for each technology - effective depth,
waste types, soil types, etc.

0 State of development of technology - bench, pilot, full scale

0 Similarity of wastes and site conditions to those expected at
Hanford

0 Acceptability - demonstrated ability to meet applicable
regulations and standards

0 Complexity - simpler is better

0 Throughput/capacity - length of time to treat expected waste
volumes

0 0" & M requirements (including decontamination needs)
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TABLE 2-2

GENERAL REMEDIATION TECHNOLOGY GROUPS

WASTE ISOLATION

Primary

o 0O OO0

Support

0
0
o

Technologies

cap/cover systems
slurry walls
grout-in-place
in-situ vitrification

Technologies
dust control

runoff diversion/collection/treatment
equipment decontamination

FYrAvVATION/LL . JOVAL

Primary Technologies
o excavation/disposal
0 groundwater pump/treat systems
o solidification/fixation
Support Technologies
o waste handling/transportation
o dust control
o runoff diversion/collection/treatment
0 equipment decontamination
JN SITU TREATMENT
Primary Technologies
o solution mining
o soil flushing
o air/steam stripping
0 biodegradation systems
o chemical fixation/complexation
Support Technologies
o extraction/concentration facilities
0 equipment decontamination
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This information was then reviewed by the task members, closely
compared to the site conditions, and resulted in the selection of 6
technologies for potential application at Hanford:

o Cap/cover

0 Grout-in-place

] In-situ vitrification

() Excavation and disposal

0 Soil flushing

0 Groundwater recovery and treatment

Table 2-3 provides a comparison of the technical feasibility, costs,
applicable environmental regulations, and state of development for the
technologies evaluated. The process, operations, costs, applications and
limitations of the six selected technologies are described in more detail in
Appendix A.

In addition, a no-action alternative has been included, since many of
the sites received such apparently low volumes of wastes and had either no
radionuclide or heavy metal waste or very low (less than two curies) amounts
of radioactive materials.

2.6 Selection of the Remedia® "-chnologies by Site

Once the final seven alternatives (six technologies plus no action)
were selected, an evaluation was made for each site, and at least two
technologies per site were identified as applicable. One further crucial
assumption was made: to combine soil flushing and groundwater treatment as
one technology since they both involved essentially the same equipment,
configuration and operational concerns.

The alternatives were selected for each site based on the following
definitions:
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81-¢

Remedial Action
Technology

Summary Matrix of Applications of Reme

Table 2-3

Technical Feasibility

Soluble/
Non-Soluble
Radionuclides

Heavy
Metals

Organics

11 Action Technologies

Cap/Cover

Grout-in-Place

Vitrification

Excavation/
Disposal

Groundwater Pump/
Treatment

Soil Flushing

Water
Treatment

No Limit

NoL t

No t

No Limit

Non-Soluble

Non-Soluble

Non-Soluble
Low Volatility

Non-Soluble
Low Volatility

Sol le

Soluble

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Poor

Yes

Subsidence Yards

No Limit Extensive Site 100 Cubic
Character Required Yards
Difficult to Verify
Effectiveness
<50 Low Soil Moisture 100 Cubic
Required Yards
High Energy Demand
<60 Worker H&S 100 ( ic
Concerns Yards
No Limit Need Extensive 100 Cubic
Characteristics of Yards
Soil/Waste
Matrix

Limit Required Extensive 100 Cubic
Aquifer Yards
Characterization

---------------------- | Costs
Effective [--eeemmaae |
Depth Other Factor Unit
(Feet) Limitations Cost
No Limit Susceptible to 100 Square $4,500

$6,000

$38,900

$36,500 -

$68,900

$3,500






























An evaluation of the possible capping technologies indicates that a
gravel-cobble barrier or a reinforced concrete cap are the best choices.
Synthetic liners and asphalts have too short a 1ife span; it v-"11d be
necessary to excavate and reinstall a synthetic liner every 20 years.
Asphalts, chemical toxins, clays, reinforced concrete, and to some extent
gravel-cobble are susceptible to subsidence. Bentonite must be kept moist
to be effective. In the arid climate at Hanford, drying and cracking of a
bentonite liner is likely. Chemical toxins are still experimental.

"-th reinforced concrete and gravel-cobble can be expensive to install.
Reinrurced concrete is the more expensive of the two, is susceptible to
cracking, and requires periodic repairs to maintain cap integrity. The 1ife
span of concrete is also expected to be shorter than that of gravel-co le.
Both, however, are effective against burrowing animals. A gravel-cobble
liner offers better long-term protection against surface water infiltration
if it is covered with a less permeable layer such as the natural soil found
at the Hanford Reservation.

A layer of cobbles (1.49 - 2.99 in. diameter) will create a zone of

la )yid ipaces lacking nutrients and water. If this zone is deep enough,
pl. ots will be prevented from penetrating it. The mass of the cobbles

prevents burrowing mammals from tunneling beyond the barrier zone. A gravel
layer .118 - .236 in. diameter) above the cobbles prevents finer sediments

within the soil column from passing into and filling the cobble voids. The

gravel layer is covered with a soil of lower permeability than e gr-vel to
contain any surface water infiltration and to sustain plant 1ife in oraer to
maintain the evapotranspiration levels normal for the area Should a Targe

storm event saturate the soil layer, capillary action wouid draw al »>r

v »f the water away from the site, due to its lower pe. . :ability, without
penetrating into the gravel-cobble layer or into the contaminated zone.

A.1.2 Design and Construction

The barrier zone is the cobble layer. It must be of sufficient mass to
deter burrowing mammals and of sufficient void space and depth to inhibit
plant ots. The area above the site will be excavated to a depth u.2quate
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would be required on a site-specific level to determine if these assumptions
are valid.

Based on background and exploratory data, the location for a pattern of
primary injection holes is chosen and injection at one or more _)jnes is
identified. Based on field experience in similar soil types, it was
estimated that the primary holes would be on 20-foot centers. The first few
primary holes are then drilled and slotted grout pipes installed (Millet and
Engelhardt, 1982). Background and exploratory data are also used to
identify each vertical zone or stage to be grouted. The grout pipe, usually
small diameter PVC pipe, is then slotted to allow grout penetration into the
formation. Starting at the bottom, successive stages are sealed off using a
pneumatic packer and then pressure grouted. Each hole is then pressure
tested, often using a nonsetting fluid of the same viscosity as the grout.
These tests are used to determine the initial grout mixture and are often
conducted using the grout plant and other equipment to be used for the
actual grouting (Millet and Engelhardt, 1982 and Karol, 1982a).

Each zone within each primary hole is then injected with the grout
mixture until a predetermined amount is pumped (grout take) or a
predetermined flow rate at maximum allowable pressure is reached. Maximum
allowable pressure is typically around 1 pound per square inch (psi) per
foot of o rburden (Millet and Engelhardt, 1982). Data from the drilling
and injection of the first primary holes is analyzed and, if necessary, the
grout mixture or injection pressure modified before completing the remaining
primary holes. Following completion of the primary hole grouting, the
program is again analyzed, necessary changes made, and a pattern of more
closely spac | secondary holes drilled and injected.

The analysis and evaluation of the completed grouting becomes, in
essence, another pressure test. Close quality control during drilling and
grouting identifies areas that require tertiary hole grouting to complete
sealing. Such areas are identified by faster than expected drilling rates
and higher than expected grout takes (Millet and Engelhardt, 1982). For a
successful grouting program, each hole series (i.e., primary, secondary)
will have lower grout takes than the previous one. Many projects will
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require that proof holes be drilled and injected. A very low grout take on
tertiary or proof holes indicates that most voids are grout filled and the
grouting program was successful.

A.2.3 Advantages and Disadvantages

The greatest advantage of grout injection, if it can successfully be
accomplished, would be the in-situ immobilization of hazardous constituents
until they can decay or be recovered for treatment. Other advantages
include minimization of human contact with the wastes and the absence of
operation and maintenance costs for the completed remedy.

The major disadvantage of this technique lies in its unproven nature.
Any application of it has to be custom tailored to both the geohydrologic
conditions of the site and to the characteristics of the wastes present.
The state-of-the-art of grouting for hazardous material control is such that
each proposed waste/grout combination must be thoroughly tested to predict
effectiveness of immobilization. Also, because each application of this
technique is experimental, long term effectiveness is not known.

A.2.4 Remedial Ac**-- Schedule

The following estimated schedule is based on pressure injecting
phenolic resin grout into the soils of a site measuring 370 feet square, to
a depth of 160 feet. The soils are presumed to be relatively uniform ainds
with a porosity of 20 percent. Grout injection holes will be located on 20
foot centers, and 400 primary and 361 secondary holes, each 160 feet deep
will be required. It is assumed that one rig can drill grout holes at a
rate of 3 per week.

Each grout plant will be manifolded to six grout plants and can pump
four cubic yards (yd3) of grout through each pipe. Twelve grout plants will
be used. Working a five-day week, total grouting capacity will be 1,440 yd3/
week, or 374,400 yd3 per year with a soil porosity of 0.20. Based on these
estimated quantities, the following represents the estimated remedial action

schedule.
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o Mobilization and Site Preparation
Drill Rig 0.5 weeks
Grout Plants (12) 6.0 weeks
o Drilling 761 holes, three holes/rig/week, three rigs 84.5 weeks

0 Grouting (162,250 yd3)

Primary Holes 126,555 yd3, 1,440 yd3/week 87.9 weeks
Secondary Holes 35,695 yd3, 1,440 yd3/week 24.8 weeks
Total 119.5 weeks =
2.3 years

A.2.5 Resource Requirements

The labor requirements for grout-in-place can be divided into three
categories: supervisory personnel, drilling crews, and grouting crews. The
supervisory personnel would include one site supervisor overseeing all
onsite operations, three labor foremen overseeing drilling and grouting
efforts, and one radiation protection technician observing only the drilling
effort. Each drill rig would be manned by a lead driller and a driller’s
helper. Each grout plant would be manned by a crew of four who would mix,
test, and inject the grout.

Equipment for grout hold drilling would be limited to a truck and a
track or skid-mounted drill rig, outfitted with a minimum of 170 feet of
small diameter hollow stem auger. Miscellaneous small tools are standard
rig equipment. Each grout plant would consist of a grout ....._-, an
agitator, a grout pump, a pressure transducer with recorc *, a manifold,
piping, and a sleeve grout pipe.

The principal materials needed for this effort would be reusable grout
pipe of sufficient length to reach the bottom of a grout hold and extend to
the grout plant manifold and the grout formulation itself. A typical
phenolic resin grout would consist of a polyphenolic polymer power that is

A-15



soluble in water, a catalyst such as a formaldehyde solution, and an
activator, usually a metal salt such as ferric chloride.

A.2.6 (Costs

The equipment involved in injecting grouting includes a drill rig for
drilling injection holes and a grout plant for mixing and injecting the
grout. The drill rig would employ at least two operators and the grout
plant at least three. The following costs are based on grouting an area
sufficiently large for the crew to work in the same area for a full year.
It is assumed that a phenolic resin grout would be used.

Table A.2.1 summarizes the grout injection costs, which are based on
Means, 1985, updated using the ENR Construction Cost Index for 1987 (June).

A-16



TABLE A.2.1 GROUT INJECTION COSTS

Hourly Rate Annual Cost
($/hr) ($/yr)
Labor
1 Site Supervisor 58(}) 120,640
3 Labor Foremen 44(4) 274,560
48 Laborers (12 4-man Grout Crews) 20(1) - 1,996,800
1 Radiation Protection Technician 28(1) 58,240
Subtotal $ 2,450,240
Equipment
Drilling Cost ($100/ft)
(3 rigs x 3 wells/wk x 1?9 ft/well) 7,488,000
12 Grout Plants ($282/day)(3)) 1,235,000
Subtotal $ 8,723,000
Materials and Safety
Phenolic Grout ($150/yd3)(3) . 1,232,000
Health and Safety ($25/day/man x 7 men)
(Drilling crew only) 45,500
Subtotal $11,277,500
Total Cost $22,450,000

Volume of Soil Grouted:

4yd3/ho1e/day x 6 holes/plant x 12 plants/site x 260 days = 374,400 yd3
20% Soil Porosity year yr.

Unit Cost = “~~ 450,000/yr. = $60/yd> of soil
011,400 ya/yr.

(I)Kaiser Labor Data
(2)sa1C Field Experience
(3)means (1985 x 1.07)
(4)Dodge
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A.3 IN-SITU VITRIFICATION

A.3.1 General Description

Vitrification involves the mixing of waste with molten glass at a
temperature greater than 1,300°C. At this temperature all of the
combustibles are completely burned away, including the various organic
chemicals. Vitrification offers the greatest degree of containment, since
the resultant solids formed generally have very low leach rates. The
process is being emptoyed on radioactive and highly toxic waste.

In-situ vitrification involves encapsulating previously burned wastes
in a glass matrix without first exhuming the waste and is limited in its
application to shallow depths and soils with Tow moisture content.
Electrodes embedded in the ground are used to facilitate glassification of
the soil. The process is extremely energy intensive; therefore, costs can
be very high.

A.3.2 Desigr -nd Construction

The vitrification process is most effective at level grades. For those
sites that are on slopes, excavation and grading may have to be performed.
The excavated soil (a maximum of ten feet) is assumed to be uncontaminated
and will provide backfill after the vitrification process.

Upon completion of vitrification activities at a site, the area and
equipment are decontaminated. Contaminated equipment with further useful
life can be kept in the "hot" area when not in use. Contaminated electrodes
with no useful service life would be decontaminated, then disposed of.
Other transportable equipment is taken to the decontamination trailer for
washing. Standby parts and equipment are decontaminated on a scheduled
basis. During the disassembly and repair, direct contact and exposure to
personnel should be minimized.

The equipment and materials required to conduct in-situ vitrification
include:




Electrodes: two-inch diameter, six-foot long molybdenum rods with
threaded connection, covered by a one-inch thick graphite sleeve
(reusable component; decontamination required). Flaked graphite
and glass frit.

0ff-gas hood: 16-gauge stainless steel panels, bolted and gasketed
and supported by trusses and beams. Backfilling around the lower
edge (skirt) to minimize leakage; system pressure at six inches
of water.

Control trailer: power system for vitrification. Pilot
design at Hanford Reservation utilized a Scott-Tee transformer
connection for conversion of three-phase input into a balanced
two-phase output configuration; site management and health
physicist offices.

0ff-gas trailer: scrubber system for inorganic fumes and
radioactive particulates entrained in the off-gas from the
vitrified mass. Process equipment includes indirect co( ing,
direct quench, two-stage, high pressure venturi scrubber, and

wastewater collection tank.

Support trailer: electrical system hardware including glycol
cooling unit.

Excavation equipment: bulldozer, earth mover, front end loader,
and truck.

Crane: supports, and diesel generator.
Drilling equipment.

Decontamination trailer: wash tanks, high-pressure water,
detention tanks, pumps, filtration system, and drip pans.
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A.3.3 Advantages and Disa”‘-ntages

The advantages of using in-situ vitrification at Hanford Reservation
are as follows:

1. The technology has been demonstrated at the Hanford site.

2. The remaining chemical and radioactive contaminants are
immobilized in a glass matrix with Tow leachability, thus
minimizing future environmental contamination.

3. Safety and health of workers is minimized because the waste is
left safely in place, thus reducing dust (radioactive) and
landfilling (contact with worker) problems.

The disadvantages of using in-situ vitrification at Hanford Reservation are
as follows:

1. In-situ vitrification only immobilizes the contaminants in the
upper 50 feet or so of soil and has no effect on contaminants that
have already migrated below this elevation.

2. Cost can become very high because of the large energy consumption.
A.3.4 Remedial Action Schedule

Mobilization of equipment, setup of equipment, site preparation for the
first run, drilling of the electrode holes, and placement of the electrodes
will take approximately two to three weeks. Preparation of the next area
can be performed concurrent with other activities and does not impact the
schedule. Changeover of the hood between runs takes 20 hours with a 300
hour run time, 320 hours per 1,360yd3, or 24 hours per hundred cubic yards.

For a 100 feet by 100 feet site, the total time that work is being
performed onsite will be two weeks for mobilization and setup and 21 weeks
for vitrification. Backfilling is based on spreading and compaction at a
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rate of 315 yd3/day. This will require four six _yd3 dump trucks (six
yd3C;rdcity) each moving 85 yd3 of soil per day, two miles to the site. At
these rates the backfilling will take three weeks.

A.3.5 Resource Requirements

Typical large earth-moving equipment including front end loaders, dump
trucks, and graders will be required for ex: vation and backfilling. During
vitrification, a front end loader, a truck, _rilling equipment, and a crane
capable of moving 25 tons will be required. A1l items will be leased;
however, the crane will be rented and two operators will be employed as
needed.

The site work and vitrification support costs include equipment, labor,
and supervision (a site manager and site engineer). The vitrification
support crew would be staffed in three shifts, seven days a week, requiring
four two-man crews. See A.3.2 for a list of equipment and materials.

A.3.6 Costs

The costs are based on a large scale in-situ vitrification study
conducted at Hanford. The capital costs have been estimated in 1987
dollars. The vitrification costs are based on a process time of 320 hours
(vitrification - 300 hours; demobilization, including decontamination - 20
hours). The vitrification is conducted on a trench 35 feet by 35 feet by 30
feet deep (1,360 yd3). Soil initially excavated from the vitrification area
is stockpiled and later used to backfill the excavated contaminated areas.
(Contaminated soil excavated during site preparation would be landfilled and
replaced with clean soil.)

The basic cost associated with in-situ vitrification is given as
S386/_yd3 (Batley, 1987), but does not include heath and safety costs
associated with working on radiological sites on the cost of backfilling the
depression. This depression consists of the ten feet of excavated soil plus
an additional 20 percent compaction of the vitrified zone, for a total of 18
feet. Table A.3.1 summarizes the costs for in-situ vitrification.
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TABLE A.3.1 IN-SITU VITRIFICATION COSTS

$/_yd3
Labor $ 54
(for mobilization, vitrification and
backfilling)
Equipment $ 155
(includes 0 & M, electricity cost)
Materials and Safety $ 180
Iincludes supplies and electrodes)
Total $ 389
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A.4 GROUNDWATER RECOVERY/TREATMENT

A.4.1 Soil Flushing

A.4.1.1 General [--cription

Soil flushing historically has been a technique used for uranium
extraction and production at mining operations. Soil flushing involves
selective leaching of radioactive material from contaminated soil by use of
chemical solutions injected into the soil column.

Soil flushing of radioactively contaminated soil columns has the
advantage of reducing quantities of strontium-90 and cesium-137 typically
contained within the Hanford Reservation vadose zone. The applicable
geological environment for soil flushing is determined by a site-specific
assessment of the amount of radioactive material in the soil column.

A.4.1.2 Design and Construction

There are two major components associated with a soil flushing
operation: a surface plant to process injected solutions and treat
contaminated fluids, and a well system comprised of injection and
production wells equipped with pumps to inject and produce fluids. In
addition, chemicals are used to enhance the extraction of contaminants from
the groundwater and soil.

During site preparation, the design and performance of soil flushing
activities are affected by many factors. Among these are well spacing, soil
and _ . Iwater contaminant types and levels, degree of water saturation and
fluid conductivity of the soil, chemical activity of the soil with respect
to the groundwater and its constituents, and areal extent and depth of

contamination.

A surface plant is required for recovery and treatment of contaminated
liquid pumped from the soil column. This facility will be a mobile
wastewater treatment unit capable of precipitating heavy metals and
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radionuclides out of solution. The precipitate will be encapsulated and
disposed at a 1andfill. The surface plant will treat groundwater pumped
from each site prior to reinjection of groundwater and/or solvents into the
soil column. This circulation pattern will be repeated for a number of
cycles.

A.4.1.3 Advantages and Disadvantages

The great¢ . advantage of soil flushing is that it does not involve
excavation and transport of large volumes of contaminated soil. The major
disadvan*>ge of soil flushing is that the technique is unproved for
decontamination of radioactive and chemically contaminated soil columns.
Application would require site-specific analysis of the geology.
Furthermore, this technology may not result in the desired level of site
decontamination.

A.4.1.4 Remedial Action Schedule

The construction schedule for the well system involves the following
activities:
1. Site preparation and drilling of wells.

2. Mobilization of contractors and equipment and setup of equipment.

3. Circulation of treatment fluids through the contaminated soil
column.

4. Decontamination and demobilization of equipment.

Based on a treatment volume of 25 feet by 25 feet by 250 feet, circulation
of 80 _)m, and two wells for this treatment volume, the respective time
periods for the above activities are as follows:

0 ﬁob11ization/setup
(Assumes delivery of modular
and portable treatment facility) 2 weeks
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0 Site preparation/drilling 2 weeks

0 Treatment of soil

(Assumes 10 pore volume flushes

of soil pores at 20% porosity) 12 weeks
0 Decontamination/Demobilization 1 week

Total 17 weeks

A.4.1.5 Resource Requirem--*s

Manpower ‘equirements for installation and operation of a soil flushing
operation consist of the following:

1. Overall project management and supervision of wells and surface
processing facilities. Experience in geotechnical well drilling
and chemical process engineering. A total staff of three to six,
depending on the size and technology used.

2. Operation and maintenance of the well and surface facilities.
This requires operator experience with mechanical and chemical
process equipment, and equipment used for radioactive
decontamination. A total staff of four to eight, depending on the
size and technology us |I.

3. Support of health and safety engineer.

Equipment required for soil flushing includes: drilling rigs; well
tubing and casing; down hole well pumps; injection pumps; pumps for
circulation fluids through chemical processing equipment; chemical
processing equipment for decontamination of radioactive solutions, ion-
exchange columns, mixer/settlers, filtration slurries, and storage tanks;
and safety equipment for hazardous and radioactive materials.
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Materials required for soil flushing include: acids and bases; 1ime;
solvents; ion-exchange resins; and filter media.

A.4.1.6 Cc*-

The cost for soil flushing does not include a surface recovery
concentration facility. The groundwater _imp and treatment technology,
which operates in tandem with soil flushing, has projected costs for a
surface treatment facility and the associated solid waste disposal cost.
Table A.4.1 summarizes the costs associated with solution mining techniques.

The following assumptions are used to develop a unitized cousc for site
remediation at the Hanford Reservation using soil flushing:

0 Two wells are required to treat an area 25 feet by 25 feet by 250
feet

0 Well costs of $200 per foot of depth

0 The wells would treat 156,250 £t3 of nominal soil volume, with 20
percent porosity (2900 yd3 of soil per well)

0 Soil treatment cost are $1.60/ton at 100 ppm solution

0 Pumping rate of 80 gpm (40 gpm per well).







A.4.2 Groundwater Tr--iment

A.4.2.1 General Description

Treatment of the water removed by the groundwater pumping system will
be performed in two stages. The first stage involves the removal of
contaminants by chemical addition and sedimentation in a clarifier and
filtration through a dual media sand filter and an activated carbon bed.
The second stage involves selective ion-exchange for the removal of
strontium and cesium, followed by a mixed bed polishing demineralizer unit.
Process flow rates up to 100 gallons per minute can be realized for systems
of these types in mobile units that could be moved from site to ite.

A.4.2.2 Design and """

Although the CERCLA sites are not identical, the general approach to
treatment of groundwater pumped from the sites will be similar. Differences
will obviously exist between sites that contain NH; wastes vs. CN wastes,
but these differences do not weigh heavily in the overall site ¢ 2anup costs
and are not addressed in detail here. These details must be identified when
the individual site characterizations are performed.

The wastewater treatment trailer will consist of a chemical feed system
for pH control and precipitation of the heavy metals such as chromium and
lead in the clarifier along with uranium and plutonium. Fine particulate
matter will then be removed in the dual media sand filter. The water then
pi through an activated carbon bed for removal of volatile organic
ci.-_.. (\.<). While the available data on these 81 L..ICLA sites mentions
d  osal of orc 1ic waste for some but not all of the sites, the activated
carbon bed is considered part of the system for radionuclide removal,
particularly cobalt-60.

Second stage treatment involves the use of ion-exchange resins
specifically selected for removal of cesium and strontium. These units are
also trailer mounted and can include additional mixed bed units should they
be required for additional chemical or radionuclide removal.
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The clean water will be acceptable for unrestricted release, although
it is expected that it will be reused as part of the groundwater flushing
proce .. Finally, it is assumed that the generated solids (i..., sludges),
consisting of spent carbon and depleted resins, will be solidified prior to
disposal.

A.4.2.3 Advantages and Disadvantages

The advantages of this technique are that it is highly flexible in
operation and design, suitable for treatment of a wide range of organics and
heavy —~tals, tolerant of some fluctuations in concentration and flow, and
relatively inexpensive. The disadvantages are that it is intolerant of
high suspended solid levels; unsuitable for removal of low molecular weight
organics and highly soluble, highly ionized organics; limited in practice to
wastes with less than 10,000 ppm organics; and requires pretreatment for oil
and grease removal where concentrations are greater than ten ppm. Spent
resin has the potential for containing high concentrations of contaminants
and therefore requires costly pretreatment prior to disposal.

A.4.2.4 Remedial Action Schedule

The remedial action schedule, which consists of setting up and
operating a groundwater pumpiny and treatment system, is the same as that
for soil flushing. Thus, 18 days will be required for every two million
gallons of groundwater treated, based on an estimated treatment throughput of
80 gallons per minute (gpm), 24 hours per day.

A.4.2.5 | ourc F i its

It is estimated that four crews to two persons each, including a crew
supervisor and seven skilled laborers, are required to operate t| two
mobile wastewater treatment units. The skilled laborers include health and
safety techhicians.
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analysis. The error introduced in the unit cost is minimal since equipment
costs are a small fraction of the total cost.

Excavation was assumed to be performed by a backhoe with a boom or
dipper stick, with a hoe dipper attached to the outer end. The unit is
usuallv a crawler-mounted, hydraulically operated vehicle. The maximun
reach Jf *“2 boom ranges from 35 to 70 feet. Theoritical production rate
for a backhoe is from 360 cubic yard (yd3)/day for al yd3 bucket to 1200
yd3/day for a 3.5 yd3 bucket (Godfrey, 1984).

Dozers and loaders are usually fitted with a hydraulic controlled blade
and bucket ft, and can be either crawler-mounted or equipped with rubber
tires. Crawler dozers equipped with blades have tremendous earth-moving
power ar” are excellent graders. The dozers are usually used in combination
with other ~xcavators such as backhoes. Front-end loaders are tractors
equi,..d with buckets for digging, 1ifting, hauling, and dumping materials.
They can carry materials as far as 300 feet from the digging area (USEPA,
1985). [--ending on the type of bucket capacity, crawler loaders can
theoriticaily produce from about 500 to more than 1200 yd3/day (Godfrey,
1984).

Due to the inherently hazardous nature of the material, manual handling
is not desirable. For this reason is has been assumed that excavated waste
mate "a, i1l be loaded into a hopper arrangement and meter-fed into
standard 55 gallon drums. These drums will be capped, checked for external
contamination, and transferred by roller conveyor to the truck loading
statir~ located outside the cover structure. Excavated and drummed waste
materials must be transported either to an onsite treatment facility or
directly to the approved disposal site.

In either case the filled drums will be loaded onto flatbed tractor
++ailers using standard forklifts equipped with four-drum grapples. Each
vruck will be capable of carrying approximately 60 drums weighing
approximately 25 tons. Payloads greater than this would require an
extensive road construction program which is not considered warranted.

Contaminated soil excavated from the site can be disposed of directly
at an engineered and permitted disposal site if the contamination level is
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within the disposal limitation currently promulgated under RCRA regulation.
However, if the waste concentration does not meet the RCRA requirement, the
excavated contaminated soil should be treated prior to final disposal.
Treatment techniques for contaminated soil include thermal destri .ion,
solidification, and chemical treatment. Among these treatment techniques,
thermal destruction is probably the most costly process for removing
contaminants from the soil.

ermal destruction is a treatment technique that uses high temperature
oxid on under controlled conditions to break down the waste into basic
constituents such as COZ, HZO vapor, SOZ, Nox, HC1, gases, and ash. Waste
products such as noxious gases generated by this technology should be
controlled using air pollution equipment to prevent the release of
undesirable chemicals into the environment (Kaiser Engineers, 1987). At
present, there are more than 20 different thermal destruction technologies
that appear suitable for hazardous waste treatment. However, only rotary
kilns and hearth incenerators are proven technologies that have been
c ner-ially and industrially used to treat hazardous and toxic wastes
(SAIC, 1987).

Solidification of contaminated soil can be achieved by direct mixing of
‘the soil with a solidification agent such as cement, silicates, or
thermoplastics to form a monolithic block of waste with high structural
integrity. The contaminants may not interact chemically with the solidifier
but are mechanically locked within the solidified matrix. The effecti 1ess
of tnis method is rather short-term, since the waste could be leached out of
the matrix over a long period of time due to the porous | ture of cement and
grout.

Vitrification is also considered as a solidification technology. L.
this case, the waste is combined with molten glass at a temperature of
1,350°C or higher. With this technique, the waste is either stable or
totally destroyed during the processing. An in-situ vitrification technique
§s discussed in Appendix A.3.

Chemical treatment of contaminated soil consists of applying chemicals
to the soil to mobilize the contaminants for extraction. Soil flushing with
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During this period, all of the drum handling equipment and other
support services can be installed. Once the building is erected, the
excavation will proceed at a rate of 630 yd3/day. Once excavation of the
site is completed, backfilling, using uncontaminated native soils, will
begin. Initially, approximately five feet of soil will be backfilled over
the L.;e of the excavation pit to cover any contaminated soils that were not
excavated. Once this is done, the cover structure will be decontaminated
and disassembled. Backfilling will continue until the site has been filled
to the (. /gin grade.

A.5.5 Resource Requirements

Erecvion of the cover structure will require conventional excavation
equipment, but not to depths which could result in exhumation of the
¢.sposed waste, i.e., two to three feet for foundation footers. With the
building finished, a single backhoe (or front end loader) will be used to
dig soil and transfer it to the drum loading equipment. Powered rum
conveyors transport the filled, clean drums outside to a Toading dock where
as many as seven forklifts move the drums onto flatbed trailers. Seven
forklifts are needed based on a production rate of 630 cubic yards of soil
per day. Each drum can hold seven cubic feet. Therefore, 2430 drums are
needed daily, or approximately five drums per minute must be loaded onto a
tr ler. Each forklift can be equipped to pick up four drums at a time. If
each forklift takes five to six minutes to pick up, move, and set down four
drums and return to the pickup point, approximately six to seven forklifts
are needed.

At the drum loading rates identified above, it will take approximately
30 . _ites to load a truck and 30 minutes to unload it. If the travel time
to the disposal site is also 30 minutes, a complete round trip will take two
hours. In this event, each truck can transport 240 drums per day, for a
total f ten trucks required per site. Backfilling of the excavated pit
wi  proceed at 630 yd3/day.

A.5.6 Costs

The costs associated with the excavation of a site have been broken
down into five categories: labor, equipment (leased or rented), materials
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and safety, capital equipment, and disposal. A sixth cost associated with
the thermal destruction via rotary kiln incinerator is also listed.

Labor costs include a site superintendent; one labor foreman; six
Taborers associated with the drum filling, loading and decontamination; and
a clerk to keep records on the progress of work, time sheets, and drum
marking. A radiation site manager is also required, as are three radiation
safety technicians, one working at the excavation area providing continuous
monitoring, and two working on the drum decontamination and marking/l1abeling
efforts. Hourly labor rates are shown in Table A.5.1.

Rental rates for a backhoe, seven forklifts, and ten tractor trailers
(including operators), in addition to a detailed breakdown of the various
equipment that must be purchased to perform the excavation work are provided
in Table A.5.1. The total cost of the building, utilities, and ancillary
equipment is only four percent of the total cost. Therefore, while some
costs are based on field experience with similar equipment, the error
associated with any single cost element is small.

The only regularly consumed material will be drums at a cost of
$21/drum. Health and safety, including such items as gloves, and protective
clothing, respirators for workers exposed to dust, will cost $100 per day
per man.

Disposal costs are based on a drum capacity of seven cubic
feet, but a burial cost based on 7.5 ft3 of volume. The cost of thermal
destruction is based on currently available information. For rotary kiln
incinerators this cost is approx1mate1y SZOO/ton Using a soil density of
120 #/ft3, this cost becomes $324/yd3.
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TABLE A.5.1 EXCAVATION & DISPOSAL COSTS
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Hourly Rate Annual Cost
($/hr) ($/yr)
Labor (1)
1 Site Superintendent 58 $ 121,000
1 Shift Foreman 44 91,520
6 Laborers (?Eym loading, 20 249,600
filling)
3 Radiation Safety Technicians 28 174,720
1 Clerical/Records Manager 26 54,080
1 Radiation Site Manager (labor 48 99,840
associated with equipment
operation is included with
equipment costs)
Subtotal $ 790,760
Equipment
1 Backhoe g/operator ($249/yd3)(2) 407,862
630 yd“/day x 260 days/yr.
10 Tractor Trai]ers-F1at?§9 1,277,500
w/driver ($350/day)
60 drums/trip, 4 trips/day
7 Forklifts w/operators (SlSS/day/gach)“) 472,675
8 Dump trucks w/operators ($490/yd>) 803,000
2 Dozers w/operators and 450,500
compacters ($2.75/yd3)
Subtotal $ 3,412,000
Capita® "“quipment
Cover Structure (400 x 400)(4)

(+ 20% for utilities) 1,872,000
Cover Structure Foundation 19,200
Soil D_...it._ & 5 Filling Equipment(3) 100,000
Drum Conveyors(3) 50,000
Positive Ventilation System 180,000

with Filters and Monitoring System

4 required @ 3000 cfm
Local Air Sampling System 5,000
Structure Air Lock (Personnel & 20,000
- Equipment) not airtight
Clean Room (lunch/charge/HP)(2) 77,000
Cover Structure Decontamination 1,800,000

and Disassembly

Subtotal 4,123,000




TABLE A.5.1 EXCAVATION & DISPOSAL COSTS (CONTINUED)

Hourly Rate Annual Cost
($/hr) ($/yr)

Materials and Safety

Drums - 63{3900/yr (Steel 55 gal 13,267,800
DOT 7-H)
Health & Safety (12 people x 312,000
$100/day x 260 d/yr)
(forklift operator and truck driver
not included)
Subtotal $13,580,000

Other Support Activities
Disposal
63 )00 drums/yr x 7.5 ft3/drum x $8/ft3 37,920,000
Treatment
1ton 12016 27 ft3
$200/ton x X X = $324/cy3

2000 1b  ft3 yd3
(by incineration)

Total Cost $56,772,000
ummar

630 yd3/day x 260 day/yr = 163,800 yd3/yr

3 w/0 v/
$/yr $/yd= Treatment Treatment

Labor 1,111,000 7 2% 1%

B~ ) 3,412,000 13 4% 2%

M & Sa Yy 13, 30,000 83 24% 12%

Ci juipment 4,123,000 12 3% 2%

Disposal 37,920,000 231 67% 35%

Treatment (if required) ‘ 324 - 48%
Total w/o0 Treatment 365 100%

Total w/Treatment 689 100%

(1) Kaiser Labor Rates (except as noted)
(2) Dodge 1987

(3) Field Experience

(4) Means 1985
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A.6 IN-PLACE DECONTAMINATION

A.6.1 General Description

This technique refers to the decontamination of structures containing
waste material such as above-ground tanks, vaults, and waste containers.
In-place decontamination consists of removing residues from the structure,
rinsing it with an appropriate solution, and, if necessary, filling it with
inert material such as sand, clean soil, or cement.

A.6.2 Design _and Constru-*<on

This technique does not require complex or state-of-the-art equipment;
the requirement is to remove residual contamination and rinse the structure
with an appropriate cleaning solution so as to remove all hazardous
con .uents.

Typically, the residue remaining in the structure will be in the form of
a sludge or layer of crystallized salts. In either case, it will be
necessary to liquefy the residues prior to removing them, as a liquid is
easier to remove than a solid. The removal process consists of pumping the
liquefied .._terial out of the container; if it is equipped with a bottom
outle_, gravity discharge can be used instead.

After the residue has been removed, a rinsing solution is injected into
the unit for cleanup purposes. According to RCRA regulations, it is
r I that three rinsings be used for this type of decontamination
technique. Selection of the rinsing solution depends on the chemical
characteristics of the waste residues. For example, if the tank is known to
contain oil heel, it is suggested that a petroleum-based solvent first be
used .. liquefy the sludge, followed by a detergent solution for rinsing.

Once the liquefied residue is removed from the unit, proper treatment
and disposal of the waste is required. In most cases, the waste will either
be cucmically neutralized or stabilized in some sort of waste-solidifier
matr:~  The cost for these treatment techniques is presented in USEPA,
1985. The rinsing solution also requires treatment and proper disposal. In
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delivering 250 gallons per minute, each rinsing will require approximately
200 minutes. It is assumed that the solution will remain in the tank for
one hour prior to discharge. The full tank discharge will require an
average of about 200 minutes. Thus, for each rinsing, it is estimated that
a total of 460 minutes, or approximately eight hours, is required. Assuming
that other activities such as refilling tank trucks and setting up equipment
will take an additional two hours per rinsing, a sum total of ten hours is
estimated for each rinsing of the tank. Thus, an estimated six days will be
requ’ ed to complete the cleanup of the tank.

Second, it is assumed that the tank is left as is after it has been
cleaned -, and that treatment of the waste residue and rinsing solution
takes place afterward. Using a mobile wastewater treatment facility with a
throughput of 80 gallons per minute (gpm), the wastewater treatment requires
about 31 hours. Treatment of waste residue is estimated at three hours, or
te- per-2nt of the time required for wastewater treatment. Therefore, the
total amount of time required for treatment of waste residue and rinsing
water is estimated at about four days.

At the third rinsing of the waste unit, three samples of discharge will
be collected and analyzed for _.eanup confirmation. The sampling and
analysis will take about six weeks, with one additional day for an
evaluation of the results. Thus, the total amount of time required to clean
up the above tank is estimated at eight weeks.

A.6.5 Resource P~nyivemente

The manpower requirement is estimated for different phases of the
¢l 1up operation. For the wasi 1iqu ‘action phase, it is estimated that
about four hours will be required to perform the operation requiring a tank
truck operator, a health safety officer, and a field engineer. During the
rinsing phase, it is estimated that the operation will take approximately
four dar~ with a crew of two tank truck operators, a health safety officer,
and a field engineer. For the waste residue and wastewater treatment phase,
it is estimated that a crew of two operators and one health safety
technician will be able to perform the operation in four days. For the
confirmation sampling phase, it is estimated that one engineer will require
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TABLE A.6.1 IN-PLACE DECONTAMINATION COSTS (continued)

Hourly Rate Annual Cost
($/hr) ($/yr)

Other Support Activities

WQe'}n T\nnatmnnt**

Wastewater Treatment

(150,00 gal, $29/1,000 gal) : 4,350
Waste Resiaue Treatmen§ (Drum and gisposal)
(1,500 gal or 7.5 yd°, $1,350/yd>) 10,125
Configuration “m~"*n¢ " ---
Sampling Cost (3 samples, $7,000/sample) _21,000
Subtotal $35,475
Total $52,700
Estimated Volume of Waste Unit 50,000 gal. or ~ 250 yd3
Unit Cost $1.10/gal. or $210/yd>
Estimated Unit Manpower 4.9 man—hours/l,goo gal. or

1.0 man-hours/yd

(I)Godfrey, updated using ENR Market Trends

iz)Kaiser

Labor cost included in unit cost for Waste Treatment/Other
Unit cost includes labor, equipment, and material
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