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Introduction

The Accelerated Retrieval Project facility (ARP IV) was a fabric-covered sprung structure
(approximately 270 feet by 234 feet) that was designed to provide containment for the
retrieval of the transuranically contaminated waste (i.e., targeted waste) within Pit 5 of the
Subsurface Disposal Area (SDA). Upon the completion of the targeted waste retrieval, a cap
will be installed to permanently cover the non-targeted waste, which was re-buried and
backfilled at the same general area within Pit 5 of the SDA. During waste exhumation,
targeted wastes were removed from the disposal pit. Non-targeted waste was placed into
the disposal pit in either 4 feet by 4 feet soil sacks or bulk disposed. The waste material re-
buried was covered by 4 feet of compacted, low plasticity soil and backfilled to the original
ground surface (prior to retrieval). Upon completion of the waste retrieval project a
permanent cap will be installed. The permanent cap has conceptually been designed as an
Evaportranspiration (ET) Barrier with an approximate thickness of 15 to 20 feet.

It is currently proposed that the sprung structure - after being demolished - be cut into
segments with manageable lengths (50-60 ft) and laid flat over the backfilled excavation at
Pit 5. The steel segments will then be covered by a minimum of 2 feet of clean soil before
being enclosed by the permanent ET Barrier. A concern was raised by CWI about the
potential impact - whether it is positive or negative - of the structural steel segments on the
operation and performance of the ET Barrier. This technical memorandum (TM) presents a
study conducted by CH2M HILL in attempt to evaluate this impact.

Scope of Work

The study presented in this technical memorandum (TM) only focuses on the potential
impact of disposing of the structural steel segments on the operation and performance of the
permanent ET Barrier. Design recommendations for the permanent ET Barrier to meet the
subsidence requirements are not discussed in this TM

Limitations

This TM has been prepared for the exclusive use of CWI in accordance with generally
accepted geotechnical engineering practice. No other warranty, express or implied, is made.
Conclusions and recommendations provided in this TM are based on input information
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provided by CWI and previous studies conducted by other consultants for the Department
of Energy (DOE).

CH2M HILL is not responsible for any claims, damages, or liability associated with the mis-
interpretation or re-use of the analysis results by others without the express written
authorization of CH2M HILL.

Analysis Approach

The impact of the structural steel segments can be evaluated by conducting a subsidence
analysis for the landfill at Pit 5 with and without considering the disposed steel segments
under the permanent ET Barrier. In general, landfill subsidence can be assumed as the
compression of the waste mass (including both primary and secondary compression) plus
the settlement resulted from the collapse of voids and/or cavities in the fill layer and
around the waste containers due to corrosion, oxidation, or biochemical decay.

In this study, the landfill subsidence analysis was conducted using a finite element (FE)
model developed through the use of the computer program Plaxis (version 9). The
assumptions and input parameters for the FE analysis are discussed in the following
sections.

Description of the FE Model

Figure 1 shows the plane strain FE model and material properties developed for the
subsidence analysis. As shown in this figure, the non-targeted waste is covered by a 4 feet
of clayey soil, which is overlain by the 15-foot thick ET Barrier (Mattson et al. 2004). The ET
Barrier was assumed to consist of a 6 feet of cohesionless soil layer (i.e., sand and gravel)
underlying a 9 feet of cohesive soil layer (i.e., clay and top soil). The 2 feet of clean soil
cover placed over the structural steel segments is included in the lower cohesionless soil
layer of the ET Barrier. Based on the Excavation Plan for the Accelerated Retrieval Project
(WMEF-1615) - Pit 5 Retrieval Area (ARP IV), the thickness of the non-targeted waste varies
significantly with maximum thickness of 17 feet. In this analysis, the non-targeted waste
was assumed to be uniformly distributed with average thickness of 10 feet. The structural
steel segments were modeled using a layer of geogrid (i.e., tension-only member) with the
tensile stiffness (EA) equivalent to that of a Tensar BX-1100 geogrid (approximately 400
Ib/ft).
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Figure 1. FE model used in the subsidence analysis of the non-targeted waste at Pit 5.

The subsidence of the non-targeted waste at Pit 5 was induced by applying a compressive
volumetric strain in a 3-foot wide column within the non-targeted waste layer. The applied
volumetric strain was determined from a trial and error analysis in which the calculated
settlement at the top of the 4-foot waste soil cover layer had to be similar to the average
subsidence of 1.4 feet measured at the SDA facility (Keck and Seitz 2002). The volumetric
strain determined from this trial and error process was used for the full model in which the
ET Barrier and the structural steel layer were considered. Figure 2 shows the results of the
trial and error analysis which indicate that the compression in the non-targeted waste
column must be at least 2 feet in order to create a surface subsidence that is comparable to
the measured subsidence at the SDA facility.
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Figure 2. Required compressibility in the 3-foot wide waste column to create a surface
subsidence that is comparable to the measured subsidence at the SDA facility.

Results and Discussions

Figures 3 and 4 show the results obtained from the full model in which the subsidence at Pit
5 was calculated with and without considering the structural steel layer. Attachment A
includes the detailed analysis documentation. As can be seen in these figures, the
subsidence at the surface of the ET Barrier was unchanged in both cases, which indicates
that the impact of the structural steel layer, if any, can be negligible. In our opinion, this
finding is understandable due to the following reasons:

1) The weight of the structural steel segments is insignificant compared to the weight of
the ET Barrier. Based on the input from CWI, the average weight of the structural
steel is only about 9.7 psf, which is much less than the weight of the ET Barrier
(approximately 1,800 psf for a 15-foot thick ET Barrier). The weight of the structural
steel layer was not considered in the model as it was modeled as a layer of geogrid
(i.e., weightless element).

2) The tensile stiffness of approximately 400 Ib/ft assumed for the structural steel layer
was too small to cause a considerable reduction in the differential settlement within
the ET Barrier. In reality, the tensile stiffness of the structural steel layer should be
even less than the assumed tensile stiffness as the steel segments are not connected.
Moreover, the large openings within each steel segment could allow the soil in the
fill and the ET Barrier to move through as the waste under the steel layer collapses.
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Figure 3. Settlement contours without considering the structural steel layer.
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Figure 4. Settlement contours with the structural steel layer modeled as a geogrid layer.

Closure

The following conclusions and recommendations were provided based on the results
obtained from the FE analyses.

e The steel segments from the ARP IV sprung structure, which are currently planned
to be placed on top of the non-targeted waste at Pit 5, are not likely to cause any
significant impact (either negative or positive) on the future performance of the ET
Barrier due to subsidence in the buried waste induced by the structural steel
disposal. The differential settlement in the ET Barrier is still anticipated to occur in
the future due to the consolidation of non-target wastes placed back into the pit.
However, the differential settlement in the ET Barrier is not caused or affected by the
disposed structural steel layer, assuming the clean soil cover planned for structural
steel is properly placed and compacted.

¢ To minimize the differential settlement in the ET Barrier that is caused by the
collapse of voids in the clean soil cover placed over the structural steel, the soil in
this layer should be compacted to 95% relative density with relation to the standard
Proctor (ASTM D698).
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ATTACHMENT A

ARP IV Structural Steel Analysis Documentation
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Figure 2. Map of the Subsurface Disposal Area showing ARP IV location within Pit 5.
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Figure 3. Photo of currently operating LLW disposal pits within the SDA.



Page 4 of 16

\
A B A
C. N T D TR M N o ARP IV
1 -— S0f 105N qon 3350 q50tt "l‘-:\ 180 58 2108 2251
51 L2 O T S o 1 Cumulative Targeted
R \ 0
: - 2 SN, | Waste Zone
g 0 0 0 0 0 o\ 0 q o
3 I ——1 =
a5t 0 oo o0 0 o | Y% 5 y
Sl \ 1
43 287 ‘
wolll = | ¥ |332 (84 2 |41 BB o 57 4 152 01 [ oY o | Legend
2 os‘wz = L | . \ [0 7] FOsPO1
T | 1. 441‘352 324 665 | 217‘ | 8.8 |242 03 ;0 70 &3 Fit 5 Boundary
| .
6 75 | l Drum Equivalent
- % 969868 | 937 (891|488 | 504 | 11.3 |Yas LLL o | m | o
N [ 10.1t020
105 | 321 ‘1to
ot 5| 2 535 18 |19.1 644|315 | g0 Oﬁ T [ ]20to40
| \
26 123 | 63 [ ]40to 100
120 :J 311 0 |76 183|315 | 284 8.6 0 T? A 1100 to 200
9 1.6 4 \,
: 178 |
0
10 48 | 4l o | ¢ — | 4 All Targeted Waste
- 01167 /621 /209 152 | 721 | 108 11 | 28 8 ﬂ : (drum equivalent)
11 254 | 73 o
4= 3 182 02 157 514 169 | 66 (353|411 g7 208 | 237 z :
12 51.1 305 . :
€. * 353 379 | 304 136 263 142 37 18 117.5 14.8 29 | 61 5 :
] Y )
13 4 SAATEAZ! AAAALAAAAAALLN
. - e o 88 0 - 0
1.1 0 0 18 | 17 | 201 17 0 01
7+7 B
0 0 0 476 358 | 26 15 | 45 o /x
+ e
| 0 24777 (783 331 | 255 | 845 | a5 | 0510 20 30 40 50 60 70 &0
o A R Ry ] GIS Analyst: Dan Mahnami
‘!‘0 0 47 1181 | 165 | 114 | 20 | 4 = Patn Ex"%f?ﬁéﬂi??&pp 4
i File Name: ARP_IV_Cumulative_Targeted_Waste_Zone-al_v1.mxd

Figure 4. Cumulative Targeted Waste Zone (drum equivalent).




Page 5 0of 16

ARP IV

Cumulative Non-Targeted

Waste Zone

Legend
(7] PosPo1
7 Pit5 Boundary
Drum Equivalent
o
[ 01to20
[ ]20to40
[ 140to 100
[7770 100 to 200
[ 200 to 400
I = 400

All Non-Targeted Waste
(drum equivalent)

\

N

(o s m— ]
0510 20 30 40 50 60 70 &0

IS Aralt Dan Mabiramt
Date Orawn: 916/2008
P X \gis_AmjectsaART!

Feet

File Name ARP_IV_Cumuiave_honTarmeted_weste_Zone-s_yv) mia

Figure 5. Cumulative Non-Targeted Waste Zone (drum equivalent).




90 (43 T's [ 9'L 06 9'L 0c 16 ST €9 06 S8 80T 181 |eASlI}DY
210499 91BN
1O ssauxdIyl |ejol
|eAS1I19Y 24049g TT - OT SMOY UIYHM 31SBAN JO SSaUMDIY] [e10 |
S0 LT 1874 80 S'S VL €L v'e €L Tt 67 08 08 S'6 0'LT (1) leAsIay oy
91SE/\\ 4O SSaUdIY |
jusjeAinby
08¢ 1°0T¢C T°ove 99 S0evy ¥°985 0'cLS 8'981 €'6LS 6'€96 6'G8¢€ 0've9 1°Ce9 L9vL 6'SYeET swnuq 1us|jeainb]
JO Jaquin |e10]
(OS] N ‘100 [ACe] 17190 A°100 r°100 17100 H 190 500 47190 37190 aclod J°100 4100 V '[0D J91PwWeled
(S ®4n814 Wou4) T - 0T SMOY UIYUM 91SeA\ PR198ie-UON JO SSaUXIY| 98esany
10 S0 80 €0 4 97T €0 L0 8T S0 70 0T S0 €1 0T (1) lensrinay Jayy
91SB/\\ JO SSaudIy L
juaeAinby
[ 9'0v £°09 9'vC 7'69T 7AT4" §'SC 0cs S6€ET 09¢ £0€ s 8'8¢ 8'¢0T €18 swniQ jusjeAinb3
JO Jaquin |e1o0]
0190 N °[9D A 10D 17190 A°100 100 17190 H 100 S ’[0D 471090 37190 aclod 237100 4100 V100 Jo1oweled
(7 s2an814 woJ4) |eAS1IIDY 940)9g TT- 0T SMOY UIYUM 31Se\\ Po193ie] JO ssauwydly] 98elany
‘i 0 'n3J7 10 s1 |jifpupy Jo doj awinssy (210N
0°8C- 0°0¢- 0°8C- 0'ce- 0'9¢- (ya s o've- 0'ce- 0'0c- 0'ce- 0'0c- 0vi- 0'0c- 0'T¢- 0'0c- (34) uonens|3
1id 40 woog
0°'sT §'9¢ (08 74 08T §ee S'LE 00¢ S'LT 09T 06T S/T 0TI 09T 0T 0'sT (1) lersay
210)99 91SEM\ JO
ssawyd1y] aSesany
08¢ 00¢€ 08¢ 0ce 0'9¢ ocy o've 0ce 00¢ 0ce 0'0¢ oVl 0'0¢ 0'TC 0'0¢ (3)3d
J0 woyog 01 yidaqg
o€ S'€ (084 (084 S'E S (084 S (084 o€ SC o€ (0874 09 0's (1) 1ersrRy
210499 91SEM
jo doj 03 yadsg
0’190 N ’[0D Ace) 17190 A°190 100 17100 H 10D 5 ’[0D 47190 37190 a’lod 27190 4190 V '[9D J91oweled
(6T pue 8T s24n814 Wo.4) [eASIIISY 24099 TT- OT SMOY UIYHIM 31SBAN JO SSaW DIy a5elany
BEbETV)
110C/C1/L 21eQ
weyd ‘H BEE:UE|
Al ¥4dV -24nnans
4a0I 1303foud

S 1d 1e 13Ae] uapingJanQ pue aise\ pa1aSie]-UON 3Y3 JO SSAUXIIYL 3Y3 JO djewils]

91 jo 9 abed




144 0T¢ Set

08T

S9T

(34) 21d 3Y3 Jo a8p3 u191S9\ Byl WOy dduelsiq

0ST

SET

oct SOT 06 SL

09

St

(013

ST

A

[9pow ayj ul 1884 Q1 JO

7

> - o=

SSaUMDIY) 8)SEM BLINSSY

91Se/\ P9198.e]-UON SULIBA0D JONY |[}PUET JO (0| e

9IS/ ||V 4O SSAUNDIYL [B10] == e«

91Se\\ P9198.€1 -UON JO SSOUNIIU|| e

00

S¢

0's

S'L

(0]

ST

0'sT

ST

00¢

§'ee

(1) ssawpdiyL

91 jo / abed




Page 8 of 16

Table 3. Summary statistics for Subsurfaze Dizpozal Area subsidence faanres obaerved from 1983 to

1997,

Measurement Minimmum Maximum Sample standard Anthmetic mean
deviation

Length (ft) 135 192 3373

Wadth (£) 0.75 66 804

Maximmm depth of NA g 35

subsidence (ft)

Average depthof A NA 1.13

aubsidence (ft)

Time to 163 12875 2733

ooowrence after
disposal unit
closure (days)
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