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Slope Stability Evaluation and Equipment Setback Distances
for
Burial Ground Excavations

1.0 Introduction

After 1970 Transuranic (TRU) and suspect TRU waste was buried in the ground with the
intention that at some later date the waste would be retrieved and processed into a configuration
for long term storage. To retrieve this waste the soil must be removed (excavated). Sloping the
bank of the excavation is the method used to keep the excavation from collapsing and to provide
protection for workers retrieving the waste. The purpose of this paper is to document the
minimum distance (setback) that equipment must stay from the edge of the excavation to
maintain a stable slope. .

This evaluation examines the equipment setback distance by dividing the equipment into two
categories, (1) equipment used for excavation and (2) equipment used for retrieval. The section
on excavation equipment will also discuss techniques used for excavation including the process
of benching. Calculations 122633-C-004, “Slope Stability Analysis” (Attachment A), and
300013-C-001, “Crane Stability Analysis” (Attachment B), have been prepared to support this
evaluation. As shown in the calculations the soil has the following properties:

¢ Unit weight 110 pounds per cubic foot
o Friction Angle (natural angle of repose) 38° or 1.28 horizontal to 1 vertical

Setback distances are measured from the top edge of the slope to the wheels/tracks of the
vehicles and heavy equipment being utilized. The computer program utilized in the calculation
uses the center of the wheel or track load for the analysis and this difference is accounted for in
this evaluation.

2.0 Excavating and Excavation Equipment:

2.1 Removal of Overburden

Generally the waste trenches have four (4) to eight (8) feet of soil over the top of the waste
containers. This soil layer (overburden) is provided to protect the environment from a release
from the waste containers, protect the waste containers from the weather, and allow equipment
traffic over the top of the trench. The overburden distributes the weight of the equipment to
many containers which allows equipment traffic to pass over the trench safely. When excavation
begins the confining effect from the overburden is removed and waste containers must be
protected from the possibility of sliding or toppling into waste arrays. The protection is
provided by keeping equipment back from the edge of the trench.

One of the load cases in the calculation determined the excavation equipment setback distance.
This load case considered the weight of the heaviest piece of excavation equipment, the
Komatsu® excavator, used for digging. Therefore, the results are applicable for all types of
lesser weight equipment. In the calculation, the lateral soil pressure on the covered waste array
was determined considering the excavator at different setback distances from the edge of the
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array. The calculation also determined the strength of a waste drum accounting for potential
deterioration. When lateral pressure is compared to drum strength a setback distance of

3 feet-6 inches (minimum) from the edge of the waste drum array yielded a factor of safety of
2.9 which is adequate. Figure 1 shows the configuration.

T
R
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Figure 1
Removal of the Overburden

2.2  Excavation for Retrieval:

Once the overburden is removed and the waste array or containers are exposed, excavation
begins to uncover the waste containers for retrieval. Since some of the waste containers are
stacked on other containers excavation and retrieval may occur simultaneously. The depth of
excavation can vary from 4 to 20 feet.

When excavating, the preferred method for slope stabilization is sloping with a side slope no
steeper that a 1.5 horizontal to 1 vertical (1.5h to 1v). Other methods of slope stabilization (i.e.
shoring, shielding, etc.) could be used if necessary and will be evaluated on a case by case basis.
The 1.5h to 1v slope was selected because this is also the slope required for safe manned entry
into the trench in accordance with OSHA criteria. When the side slope of a trench is shallower
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than or equal to 1.5h to 1v, manned entry is allowed in the trench at the same time that an
excavator is working from the top of the trench.

Excavation to the deeper depths (12 feet to 20 feet) could require a steepened slope (as steep as
1h to 1v) for the excavator to reach the material to be removed. The calculation evaluated slope
stability at different excavated depths and different slope angles. The results demonstrate that
the equipment centerline should be behind the sloped line for the soil angle of repose. The
natural angle of repose for the LLBG was determined by laboratory analysis as 38° or 1.28h to
lv.

2.3 Setback Distances

To simplify development of excavation procedures for the Waste Retrieval Project, setback
distances are limited to three conditions:

1. For the excavator when the tracks are perpendicular to the trench the setback distance
is O feet for all slope angles (Maximum angle 1h : 1v).

2. For the excavator when the tracks are parallel to the trench the following is allowed:

e While excavating with a slope angle 1.5h : 1v or shallower the set back distance is
0 feet from the edge of the track.

e While excavating with a slope angle steeper than 1.5h : 1v (maximum angle is
1h :1v) the set back distance is 4 feet.

e  When reducing the slope form lh : 1v (maximum) to a slope of 1.5h :1v, the
setback distance to the edge of the track shall start at 4 feet. During this transition
the setback distance maybe reduce to 0 feet (edge of the track).

3. For all other equipment (i.e. water trucks, cranes, golf carts, etc.), the setback distance
is 4 feet.

2.4  Methodology Used to Determine Setback Distances

The setback distances were selected based on the attached calculations. The calculations
demonstrate that the setback distance is a function of the angle of the side slope and the natural
angle of repose (38°). Figure 2 was developed to graphically show the relationship between the
different angles evaluated. The slope that controls the slope stability is the natural angle of
repose or 1.28h : 1v (38°). The setback distances are controlled by a slope of 1h: 1v (45°). The
following sections explain the rational used to develop the setback distances.
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NATURAL ANGLE OF
REPOSE

200"

Figure 2
Comparison of Evaluated Slopes

2.4.1 Side Slope 1.5 horizontal to 1 vertical

The angle for a side slope 1.5h to 1v (34°) is less than the natural angle of repose (Figure 2) and
is very stable. The calculation shows that the only effect any of the equipment has on a slope of
this angle is some minor compaction of the top of the slope. When the tracks of the excavator
are perpendicular they could extend over the top of the slope by two or three feet and the slope
would still be stable.

2.4.2 Natural Angle of Repose (38°)

The natural angle of repose for this material is 38° or 1.28h to 1 v. The calculation shows that
this angle controls the stability of the slope for this soil. Therefore the weight of the equipment
should always stay behind this line. This angle will be used to calculate the setback distances.

2.4.3 Side Slope 1 horizontal to 1 vertical (45°)

The slope of 1h to 1v is the maximum slope needed for the excavator to reach depths to 20 feet.
This slope only remains as long as necessary to achieve the trench depth required. Once the
depth is obtained the side slopes are reduced to the 1.5h to 1v for personnel entry.
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2.4.3.1 Setback distance for the excavator when the tracks are perpendicular to the
excavation:

Figure 3 shows an example of this configuration. The calculation concludes that the
center of the track should always be behind the slope for the natural angle of repose. In
this configuration the center of the track is the center line of the excavator. Measuring to
the center of the excavator can lead to confusion so to simplify, the setback distance will
be measured from the top of the limiting slope (1h:1v) to the point where the track is
closest to the excavation (see Figure 3). The setback is then determined as distance from
the top edge of the 1h tolv slope and top of the 1.28:1 slope (5 foot -7 inches) minus %2 of
the length of the track (17 foot-7 inches + 2 = 8 feet — 9 Y2 inches) which is a negative
distance. A negative distance will not be allowed so the setback distance will be O (the
tracks can come right up to the trench edge on the limiting 1h : 1v slope.

.................

CENTER LINE OF TRACK
WHEN PERPENDICULAR

NATURAL ANGLE OF

REPOSE

MAXIMUM SLOPE FOR MANNED ENTRY

* THIS DISTANCE IS APPLICABLE TO ALL SLOPE ANGLES.

1
0 to 6'——J

Figure 3
Excavation with the Excavator Tracks Perpendicular
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2.4.3.2 Setback distance for the excavator when tracks are parallel to the excavation:

Figure 4 shows an example of this configuration. The calculation concludes that the
center of the track should always be behind the slope for the natural angle of repose.
Measuring to the center of the track can lead to confusion so to simplify, the setback
distance will be measured from the top of the limiting slope (1h tolv) to the edge of the
track closest to the excavation. The setback distance is then the distance between the top
of the 1h to 1v slope and top of the 1.28h tolv slope (5 foot -7 inches) minus %2 of the
track width (3 foot+2 = 1 foot-6 inches) which equals 4 foot-1 inches (to simplify use 4
feet). For slopes with an angle shallower than the 1.28h : 1v the set back distance for the
parallel condition can be 0 feet.

Once the trench has been excavated to the desired depth the angle of the side slope is
transitioned from the 1h : 1v, needed for excavation, to a slope of 1.5h : 1v which is
required for manned entry. As can be seen in Figure 4 the setback distance, for
transition, can start at 4 feet from the top of slope to the edge of the closest track and be
reduced to 0 feet (to the edge of the track) as the slope angle is reduced. This is
acceptable since the center line of the track will always be at or behind the slope of the
natural angle of repose (1.28h to 1v).

EXISTING GRADE % *ﬁ

CENTER LINE OF TRACK
WHEN PARALLEL

MAXIMUM SLOPE
FOR EXCAVATION

i
{

NATURAL ANGLE OF

REPOSE

\ MAXIMUM SLOPE FOR MANNED ENTRY

* THIS DISTANCE IS APPLICABLE TO ALL SLOPE ANGLES.

0 to G'J

Figure 4
Excavating with the Excavator Tracks Parallel
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2.4.4 Other Equipment Used for Excavation

There are several other pieces of equipment that are utilized during excavation (i.e. dump
trucks, water trucks, front end loaders, etc.) The calculation concludes that these pieces of
equipment should also stay behind the slope for the natural angle of repose. Due to the
configuration of this type of equipment the setback distance is the same as whether the piece
of equipment operates parallel or perpendicular to the trench. The setback is the distance
between the top of the limiting 1:1 slope and top of the 1.28:1 slope (5 foot -7 inches) minus
1% of the width or a set for dual tires similar to the rear tires on the water truck. (3 foot+2 = 1
foot-6 inches) which is approximately 4 feet (See figure 5).

1 H20 T

EXISTING GRADE -4 /

MAXIMUM
SLOPE
FOR
EXCAVATION

NATURAL ANGLE OF
REPOSE

20-0"

i
{

\ MAXIMUM SLOPE FOR MANNED ENTRY

R

* THIS DISTANCE IS APPLICABLE TO ALL SLOPE ANGLES.

0 to G'J

Figure 5
Setback Distance for All Other Type of Equipment
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245 Benching

Benching is a technique used to maintain slope stability and allow an excavator to reach areas
that are too deep for the size of the excavator from the top of the trench.

2.4.5.1 Benching for slope stability

This type of benching is common for slopes that are perpendicular to the center line of
the trench. This technique is covered in the excavation standard, 29 CFR 1926.650
Subpart P. From this section the definition of benching is “a method of protecting
employees from cave-ins by excavating the sides of an excavation to form one or a series
of horizontal levels or steps, usually with a vertical or near vertical surfaces between
levels”. Figure 6, Section A-A shows how perpendicular benching is done. Note in the
Section View that the slope ultimately is 1.5h to 1v.

TOP OF TRENCH
TOP OF TRENCH

PARTIALLY BURIED
WASTE CONTAINERS

TOP OF TRENCH

€ TRENCH € TRENCH
BOTTOM OF @
TRENCH %

‘é \_BENCHED

?

SECTION

3d07TS

TOP OF TRENCH

TOP OF TRENCH

Figure 6 Perpendicular Benching
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BENCH RISER * ‘

EXISTING GRADE

A \’(\‘\’l\\'l\\’/
KRR

34018
-

BENCH STEP *™*

3d01S
-—————

RANEANAY
WA

X
R ;

PARTIALLY BURIED WASTE CONTAINER

(~=——— BURIED WASTE CONTAINER

* BENCH RISER IS NEARLY VERICAL CAN
VARY IN HEIGHT FROM 1' TO 2.

* * BENCH STEP IS NEARLY HORIZONTAL ,
WIDTH CAN VARY TO AS NECESSARY TO
FORM A 1.5H TO 1V SLOPE WITH VERICAL
RISE SELECTED.

Figure 6 Perpendicular Benching
continued

2.4.5.2 Benching to aid in hard to reach areas

This type of benching is when excavating at a steep slope (e.g. 1h to 1v) is not feasible.
Generally this condition is present when manned entry is needed either to retrieve upper
level waste containers or perform hand excavation. In this situation the benching lowers
the level at which the excavator is placed allowing it to be closer to the work. Figures 7
and 8 have been prepared to illustrate benching. Note the excavator is shown operating
from a level base. This is for reference only, the slope that the excavator operates from is
limited by the capability of the excavator to operate on a sloped surface and not the
stability of the side slope. The slope stability and setback distances are the same as the
excavation when benching is not used. Note the slope at the back of the bench is a

function of the depth of the bench.
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EXISTING GRADE /

BENCHING SURFACE

MAXIMUM SLOPE

BENCHING DEPTH *
FOR EXCAVATION

BENCHING WIDTH *

1h to 1v MAXIMUM SLOPE WHEN
BENCHING DEPTH IS LESS THAN 4 FEET.

il
15

NATURAL ANGLE OF
REPOSE

MAXIMUM SLOPE FOR
MANNED ENTRY

1.28h to 1v NATURAL ANGLE OF REPOSE

1.5h to 1v MAXIMUM SLOPE WHEN BENCHING
DEPTH IS GREATER THAN 4 FEET.

* BENCHING WIDTH AND DEPTH CAN VARY AND IS DETERMINED
BY FIELD CONDITIONS

** THIS DISTANCE IS APPLICABLE TO ALL SLOPE ANGLES.

Figure 7
Benching with Excavator Tracks Parallel

BENCHING SURFACE /
EXISTING GRADE

**0FOOT

MAXIMUM SLOPE
FOR EXCAVATION

’ BENCHING DEPTH* —
BENCHING WIDTH* ———————

1h to Iv MAXIMUM SLOPE WHEN BENCHING
DEPTH IS LESS THAN 4 FEET.

1.28h to 1v NATURAL ANGLE OF REPOSE

NATURAL ANGLE OF

REPOSE 1.5 to v MAXIMUM SLOPE WHEN BENCHING
MAXIMUM SLOPE FOR DEPTH IS GREATER THAN 4 FEET.
MANNED ENTRY

* BENCHING WIDTH AND DEPTH CAN VARY AND IS
DETERMINED BY FIELD CONDITIONS.
** THIS DISTANCE IS APPLICABLE TO ALL SLOPE ANGLES.

Figure 8
Benching with Excavator Tracks Perpendicular
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2.4.5.3 Excavator stability associated with trench excavation

The specifications for the Komatsu excavators operated in the burial grounds indicate that
the excavators can climb or descend a 35° slope (This is just slightly steeper than a 1.5h :
1v slope). They recommend performing excavation operations on a slope of 30°
maximum. For conservatism it is recommended that excavators operate from an
approximately level grade (when on a bench or otherwise). For ease of identification in
the field, a slope of + 5°, which corresponds to “visually level”, would be adequate.

3.0 Equipment Used for Retrieval

Equipment used to retrieve waste containers vary from heavy cranes (tracked or rubber tired) to
light weight golf carts. The calculations (Appendix A and B) demonstrate that from a slope
stability aspect the 1.5h to 1v slope, required for manned entry, would be stable if any of the
equipment (i.e. water truck, front end loaders, track and rubber tire cranes, ect.) were to be
operated directly at the top edge of the slope. The only affect on the soil would be some minor
localized compaction at the top of the slope. However, from an industrial safety perspective (e.g.
a worker exiting a vehicle and falling down the slope) the establishment of a setback distance is
prudent. An example setback distance of 4 feet is shown in Figure 9; this example is not based
on soil stability (for which no setback is required with the 1.5H:1V slope) but is based only on
worker safety considerations.

1 H20 b

EXISTING GRADE

Figure 9
Equipment Setback Distance for Equipment used for Retrieval
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Attachment A
Calculation 122633-C-004

A-1
12
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1. Project Number

2. Modification Description Title/Subject

3. Pagei of'ii

122633 Slope Stability Analysis
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Slope Stability Analysis NA CwWC
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12. Independent Verification Required? | 13. Performance Category (PC)
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Section 2: Preparation, Review, and Approval
14, A 19. 3;?”"“‘ 20. Supersedes | 21. Ficld
Rev. 15. 16. Originator 17. Checker : P gn Calc. No. or | Confirmation
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System Engineer
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Sign MMM‘L— No
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Print Name [ Yes
Sign ONo
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Print Name [ Yes
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Section 3: Revision Summary
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Calculation/Technical Basis Sheet

Section 1: Identification

1. Project Number 2. Modification Description Title/Subject 3. Pageii of ii
122633 Slope Stability Analysis

4. Calculation Number 5. Rev. No.
122633-C-004 0

Section 2: Scope, Objective, Method, Assumptions, Technical Basis

6. Scope and Objective

This calculation was performed to support safe excavation operations connected with drum retrieval in trenches at
the Central Waste Facility in the 200 West Area. There were six configurations presented with three different
loading situations to evaluate. The loadings are given in the assumption section below. The configurations are
shown in the figures.

7. Method

Hand calculation using MathCad 14.0 MO11 and Slope stability analysis using the interactive computer program
STB2006. STB2006 was developed at Delft University and Verified by FGG. This program uses Bishops simplified
method to determine the minimum factor of safety. The approved for use form is included in the appendix.

8. Assumptions and Technical Basis

1. The soil weight is assumed to be about 110 pcf. This is a reasonable for the area of interest. The soils to be excavated
contain gravel and are heavier than the sand from Ref. 1.

2. The angle of internal friction for the soil is 38o. (Ref. 1)

3. The dry soil is cohesionless but has an apparent cohesion of between 11psf and 14psf when freshly excavated allowing the
newly excavated slope to stand at 1H:1V .

4. The excavator tracks are 31.5 inches wide, spaced 7'-7" c-c and exert a ground loading of 3,300 Ibs/ft of track length.

5. Assume the bulk Poisson ratio for the soail, p.:= 0.33 (Ref. 5, Table 2-7).

6. Calculation was to determine equipment distances for 1:1 factors of safety. (1.1:1 minimum recommended)

Section 3: Design Inputs/References

9. Ref. No. 10. Inputs/References (with Revision and/or Date or Source)
1 Site Investigation Report WHC-SD-W025-SE-001
2 Roark's Formulas for Stress and Strain, 7th Edition, McGraw Hill
3 Advanced Soil Mechanics, 2nd Edition, Das, Taylor and Francis, New York, NY
4 Foundation Analysis and Design, 5th Edition, Bowles, McGraw Hill

Section 4: Conclusions

1. (Load Case 1) The tracked excavator can operate with the edge of the closest track within 3.5' of the face of the drum stack.
2. For the 4' and 7' deep excavation at 1:1 slope the excavator should be at least 3' from the top of the slope.

3. For the 10" and 13' deep excavation at 1:1 the excavator should be at least 4' from the top of the slope.

4, For the 16' deep excavation at 1:1 slope the excavator should be at least 5' from the top of the slope.

5. The 38 deg. angle of repose is a 1.28H:1V slope. The excavator should always be behind that slope line.

6. For the 16' deep excavation sloped at 1.5H:1V, the excavator should be at least 2' from the top of the slope.

7. The H-20 tandem axle truck should not operate closer than 4' from the top of the 1.5:1 slope.

A-6003-084 (08/02)
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Fluor Hanford, Inc. ENGINEERING e <
ANALYSIS Page No.: 1 of 9
Client: Fluor Hanford T.O./Job No.: 65400811.122633

Subject: Slope Stability Analysis for

: WC T, -
m‘:::;?gvvyg gl;:\:,c st Originated by: D.S. Messinger, PEQ} Date: N-R3-&7
Checked by: David S. McShane, P.%. S 't Date:l (2307
OBJECTIVE:

This calculation was performed to support safe excavation operations connected with drum retrieval in trenchs at
the Central Waste Facility in the 200 West Area. There were six configurations presented with three different
loading situations to evaluate. The loadings are given in the assumption section below. The configurations are
shown in the figures.

REFERENCE:

1. Site Investigation Report WHC-SD-W025-SE-001

2. Roark's Formulas for Stress and Strain, 7th Edition, McGraw Hill

3. Advanced Soil Mechanics, 2nd Edition, Das, Taylor and Francis, New York, NY
4, Foundation Analysis and Design, 5th Edition, Bowles, McGraw Hill

METHOD:

Hand calculation using MathCad 14.0 MO11 and Slope stability analysis using the interactive computer program
STB2006. STB2006 was developed at Delft University and Verified by FGG. This program uses Bishops simplified
method to determine the minimum factor of safety. The approved for use form is included in the appendix.

ASSUMPTIONS AND LIMITATIONS:
1. The soil weight is assumed to be about 110 pcf. This is a reasonable for the area of interest. The soils to be
excavated contain gravel and are heavier than the sand from Ref. 1.

2. The angle of internal friction for the soil is 38°. (Ref. 1)

3. The dry soil is cohesionless but has an apparent cohesion of between 11psf and 14psf when freshly
excavated allowing the newly excavated slope to stand at 1H:1V .

4. The excavator tracks are 31.5 inches wide, spaced 7'-7" c-c and exert a ground loading of 3,300 Ibs/ft of
track length.

5. Assume the bulk Poisson ratio for the soil, u := 0.33 (Ref. 5, Table 2-7).

6. Calculation was to determine equipment distances for 1:1 factors of safety. (1.1:1 minimum recommended)

CONCLUSION:

1. (Load Case 1) The tracked excavator can operate with the edge of the closest track within 3.5' of the face of
the drum stack.

For the 4' and 7' deep excavation at 1:1 slope the excavator should be at least 3' from the top of the slope.
For the 10' and 13' deep excavation at 1:1 the excavator should be at least 4' from the top of the slope.

For the 16' deep excavation at 1:1 slope the excavator should be at least 5' from the top of the slope.

The 38 deg. angle of repose is a 1.28H:1V slope. The excavator should always be behind that slope line.
For the 16' deep excavation sloped at 1.5H:1V, the excavator should be at least 2' from the top of the slope.
The H-20 tandem axle truck should not operate closer than 4' from the top of the 1.5:1 slope.

NOOAWN

CALCULATIONS:

Definitions of Terms: 1bf
818 3300—

Track half-width, b := -Z—m Excavator ground pressure, q :=

= 8.73-psi

Soil unit weight, ~ = 110pcf Internal friction angle of soil, ¢ := 38deg

15
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Fluor Hanford, Inc. ENGINEERING R o
ANALYS'S Page No.: 20of 9
Client: Fluor Hanford T.O./Job No.: 65400811.122633
Subject: Slope Stability Analysis for
f::;ﬁ)t;?ré wgrzl; (;\v:r CWC Trench Originated by: D.S. Messinger, P.E. %Dme: N-23-&7
Checked by: David S. McShane, P.E.D.5 ME Date:l (-23-67

2
Active earth pressure coefficient, K, = tan(45deg - %) =0.238

At Rest earth pressure coefficient, Ky := 1-sin(¢) = 0.384

Equipment

EXST
GRADE

i
¢/ 24FT WIDE
ASPHALT PAD

WASTE CRUM ARRAY

LOAD CASE 1 BEGIN EXCAVATION OF TRENCH OVERBURDEN

Load case 1 is to determine the safe lateral distance from the drum stack for excavation equipment.

2
P [3r 2_1-28 | eora strip loading

The Boussinesq equation for a point load can be written as o, .= —| — -
b P TPl o5 RR+2)

condition, the plane strain Poisson ratio is used rather than the bulk Poisson ratio. The expression for the

plane strain Poisson ratio is p' := —l”— =0.493 1-2p' = 0.015 or nearly zero and can be ignored in the
- B

following functions. (Ref. 4, Eq. 11-20a.)

Expressions for the vertical and horizontal soil pressure, are shown below as functions.

b
3
0z(X,2z) = 2& Z—ds
S T ) PR o,(5ft,4ft) = 86.032-psf (Ref. 3, Eq. 3.22)
I:(x -8) +z ]
-b
b
2
2q. (x—s) -z

ox(x,z) == — ds

2 3 2 ox(5ft,4ft) = 123.029-psf (Ref. 3, Eq. 3.23)
[(x —-8) +z :l
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Fluor Hanford, Inc. ENGINEERING B <
ANALYSIS Page No.: 3 o% 9

Client: Fluor Hanford

T.O./Job No.: 65400811.122633

Subject: Slope Stability Analysis for

Exavation Work At CWC Trench
Location: CWC 200W

DEPTH BELOW GRADE - FT

Originated by: D.S. Messinger, P.E.%Datez V-£?-©7
Checked by: David S. McShane, P.E. MA‘_‘DW’.: [ (-23 ~o7
Excavator Track
I 7 2. A 7 » Il
/

GRS \/\‘/I/ 72 [ 72
2 %2
AN e 25—+
Z

/ Point of Interest
e

| e

Excavator Track Configuration

Plot the lateral soil pressure for depth ranging from 0-16 feet and track offsets from 5 - 20 feet.
z = Oft,.1ft.. 16ft x = 5ft, 10ft.. 20ft

SEPARATE SURCHARGE AND SOIL LOAD LATERAL PRESSURE ON DRUMS

0 T
Track 5° from drums
—— Track 10' from drums
— — Track 15" from drums
— - — Track 20" from drums
—— Active Earth Pressure
I A W /A [ S At Rest Earth Pressure |

~10 =Y. SR — |

=15 g

-20

0 200 400 600 800

LATERAL SOIL PRESSURE ON DRUM STACK - PSF
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Fluor Hanford, Inc. ENGINEERING g
ANALYSIS Page No.: 4 of 9
Client: Fluor Hanford T.O./Job No.: 65400811.122633

Subject: Slope Stability Analysis for

i Trench
E:;:;:?g“vyg;ﬁ\;cwc s Originated by: D.S. Messinger, P.E. &0,

Checked by: David S. McShane, PE) 'S MC

» Date: /£ £3-07
Date: [/'23 '07

COMBINED SURCHARGE AND SOIL LOAD LATERAL PRESSURE ON DRUMS

0
S
I
B~
P
' i = = — = o
m
@]
<
E ~
~ v ~

172) N
B -10 S NS | £ i
3
=
m
5 =15} {—— Track 5 ft from drums S i
/A —— Track 10 ft from drums

~==— Track 15 I from drums

— - — Track 20 ft from drums

-20 :
0 100 200 300 400 500

LATERAL SOIL PRESSURE ON DRUM STACK - PSF

No information could be found on drum collaps from external pressure so a lower limit pressure was determined b
assuming the stiffening rings on the drum provided no increase in support against external pressure.

Assume 18 gage carbon steel drum:

Drum shell thickness, t := 0.0478in  Drum diameter, D := 23.5in Drum height, L4 := 34.5in

Youngs modulus for the steel, E := 29000ksi Poissons ratio for the steel, v := 0.3

Drum radius, r = % = 11.75-in 4.9-r jE = 752241t Use short tube formula
t
E-t2 y 1 s t2 3
q = 0.807-—- ~— = 1.3x 107-psf Roark Table 15.2 - Case 19
Lar f{ 1- u2 &

r

t

2 2 0.92E 3
L, L P e ‘ rk Table 15.2- C 20
60 < (_dj (5) < 2.5-(5) =1 4 L) )25 ERIART - A -
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Fluor Hanford, Inc. ENGINEERING R i
ANALYSIS Page No.: 5 of 9
Client: Fluor Hanford T.O./Job No.: 65400811.122633
Subject: Slope Stability Analysis for
Exsvation Woek ALCWE Trnch Originated by: D.S. Messinger, P.E.@Jl " Date: //-23 -0 7

Location: CWC 200W
7 (4 . -
Checked by: David S. McShane, P.EZX Date:l ( 23 07

Factors of Safety for Drum Collapse using Active Earth Pressure (Recommended

FSq = g = 2.706
(ox(15ft, 16f) + 0x(22.6R, 16R) + - 168 K)

FSq = @
(ou(15/, 16ft) + ox(22.61t, 168) + - 167K )

= 2.875

Factors of Safety for Drum Collapse using At Rest Earth Pressure

FSq = - = 1.761
(ox(15/t, 16£2) + 04(22.6ft, 16t) + ~y-16t-Ko)

FSq := 1 = 1871
(ox(15ft, 16ft) + 0,(22.6ft, 16ft) + - 16ft-Ko)

Following are the slope stability analysis by STB2006.

Equipment

i St s _—
1

IR /-Izm WIDE
\ (24'-0") ASPHALT PAD /

i
e

LOAD CASE 2 DURING EXCAVATION OF TRENCH OVERBURDEN
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Fluor Hanford, Inc. ENGINEERING s it
ANALYSIS Page No.: 6 of 9
Client: Fluor Hanford T.0./Job No.: 65400811.122633

Subject: Slope Stability Analysis for

Fiamsiien Nigh S 00 vk Originated by: D.S. Messinger, P'E%g%i Date: /-23-07
¢ p
Checked by: David S. McShane, P.E.d) # Date: {( * 2307

Equipment

I« e v e o

e o /ﬂi

%W%;Qm% b o o *7

/LOAD CASE 3 DURING EXCAVATION OF TOP DRUM LEVEL

24FT WIDE
ASPHALT PAD /

LOAD CASE 3A DURING TOP LEVEL DRUM RETRIEVAL
OPERATONS
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Fluor Hanford, Inc. ENGINEERING B e
ANALYSIS Page No.: 7 of 9
Client: Fluor Hanford T.O./Job No.: 65400811.122633
Subject: Slope Stability Analysis for
E::;:;t;?wg rzlz(;\‘;,CWC Hounoh Originated by: D.S. Messinger, P.E.QJ Date: fl;’ﬁ 7
Checked by: David S. McShane, P.E. pate: { {+ 23°07
Equipment
4 /
EXST
GRADE

~16'

g /zm WIDE
ASPHALT PAD

|
/LOAD CASE 4 DURING EXCAVATION OF SECOND DRUM LEVEL

Equipment

EXST
GRADE

- T — p— 4

/
WASTE DRUM ARRAY /
§

24T WIDE
ASPHALT PAD /

LCAD CASE 4A DURING SECOND LEVEL DRUM RETRIEVAL OPERATIONS
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Fluor Hanford, Inc

Client: Fluor Hanford

Subject: Slope Stability Analysis for
Exavation Work At CWC Trench
Location: CWC 200W .

Revision 3

HNF 36426
. ENGINEERING Cale. No.:l22}§33‘-(_3-0f)40
ANALYS'S Page I:::SlSO:i' 9

T.O./Job No.: 65400811.122633

Date: /1'13 -8 7
Date:/.{ * 23 Cd §

Originated by: D.S. Messinger, P.E.
Checked by: David S. McShane, P.E.

Equipment
| s, |
| GRADE
I’ o . I
!
e
|
|
o
f
I
| !
" -

. Z?lﬁ WIDE
ASPHALT PAD

o N

/ LOAD CASE 5 DURING EXCAVATION OF THIRD DRUM LEVEL

Equipment

i Fr

|

WASTE ORUM ARRAY —— |

LOAD CASE 5A DURING THIRD LEVEL DRUM RETRIEVAL OPERATIONS

22

—y

RSN




HNF 36426 Revision 3

Fluor Hanford, Inc. ENGINEERING B
ANALYSIS Page No.: 9 of 9
Client: Fluor Hanford T.O./Job No.: 65400811.122633

Subject: Slope Stability Analysis for
Exavation Work At CWC Trench

Location: CWC 200W Originated by: D.S. Messinger, P.E. %Dam: é'z Z -07
Checked by: David S. McShane, pe LS ME, pated (23 27

s~

Equipment

/ 5 |
EXST /
| GRADE
1 RS
f//‘ié\://«L

WASTE DRUM ARRAY / I o
¥ /,

" 24T WIDE A
I ASPHALT PAD e’ /

I LOAD CASE 6 DURING EXCAVATION OF BOTTOM DRUM LEVEL

/

Equipment
2
EXST
GRADE
N - T s SRR
1)
RRRL>
A
e
........ 16 /
i w 4 7
nm:mmw/ g Ii
&A.A,‘..,_‘____ ; - Ren T 4
w ¥ sz WIDE
ASPHALT PAD 6

/

LOAD CASE 6A DURING BOTTOM LEVEL DRUM RETRIEVAL OPERATIONS
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ENGINEERING COMPUTER PROGRAM APFROVED FOR USE

Using Discipline(s)
Program Name _ STB2006

ClVIL
Program Version Identificr _NA Release Dale 2006

Program Source _ Dclft University of Technology-Veruijt, Amold (freewarc)
pa)

Date lOZQz v].

anager/Chicf Design Engineer

Principal User _David S. Messinger Location 1200 Jadwin-2" floor Phone _(509) 372-3805

Program Abstract

STB2006 is a revised version of the approved program STB2004, There is no noticable difference in the "look and feel” of the two
progtams. Both STB2006 and STB2004 have a tendency to lock up or freeze if certain improper graphical inputs are made to the
problem, such as placing the center of the failure circle in a position that can not present a rational solution to the problem. Verification
of the cutrent version is based on re-tunning the same set of problems used in the verification and validation of $TR2004, Copies of the
hand solved problems from the STI32004 V&V package are included as a part of this V&V package.

STB is a program for the analysis of stability of a slope, using Bishop's simplified method, with some modifications introduced at
GeoDelft and the Delft University. In this manual the various parts of the program are described, together with the basic methods and the
definitions of the parameters, The manual can also be printed, by clicking the PRIN'T button of the screen "Manual'. The program can be
downloaded free of charge from the internet, from the page <http://geo.verruijt.net>. Updated versions of the program will bc amounced
on this page, The program may be used, copied and dismibuted without limitation, provided that it is not modified in any way. No
responsibility is accepted by the author or the distributor of the program for any errors or for losses or damages incurred by using the
progrum.

In Bishop’s method the safety factor of a slope is determined by comparing the moment of the weight of a soil wedge about the center of a
slip circle, with the resisting moment provided by the shear stresses along the slip surface. The two moments arc caleulated by
subdividing the sliding wedge into 4 large number of vertical slices, It is assumed that on the vertical side plancs of the slices only
horizontal (normal) stresscs arc acting, and no shear stresses. The first basic cquation is Coulomb's cquation for the shear stress along the
lower part of a slice, t=[c+(s-p)*tan(phi)]/F, here t is thc shear stress, ¢ is the cohcsion, s is the total stress normal to the sliding planc, p is
the porc watcer pressurc, phi is the anglc of internal friction, and F is the safcty fuctor. The sccond basic cquation is the cquation of vertical
equilibrium of a slice, which gives W*h=s+t*tan(alpha), where W is the (average) unit weight of the slice, h is its height, und alpha is the
slopc of the slip surfacc at the slicc considered.

Equilibrium of moments with respect to the center of the circle lcads to a formula from which the safety factor can be calculated,
iteratively. The program STB2006 also contains thc three refinements of Bishop's method.

1 - The first refincment is that carc is taken that the dircction of the shear stress along the slip surface is always opposing the sliding
mechanism. This is achicved by cutting off the valuc of alpha at a minimum valuc of phi/2-pi/4. This refinement is duc to A,W. Koppejun
of GeoDelft.

2 - The second refinement is that the shearing resistance is reduced if the cocfficient of ncutral horizontal stress is so small that slip would
aceur along a plane perpendicular to the slip surface, combined with a local rotation, in agreement with a double sliding model, as
suggested by G. de Josselin de Jong. This refinement is effective only if the coefficient of neutral horizontal stress (Ko) is

smallet than 1.

3 - The third refinement is that it is possible to introduce a hotizontal body force, away from the slope. This may be used to simulate the
stability of the slope during an earthquake. The horizontal forces acting on the slices increases the moment of the weight of the slices with
respect to the center of the slip circle, thus reducing the stability factor.

(See Appendix Sheets for limitations, verification problems and hard copy of the m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>