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1 INTRODUCTION
14 Purpose

1.2

The purpose of this calculation is to provide the analysis and design for the Off-Gas
stack foundation (#10) and to incorporate vendor submittal data and requirements.
This revision of the calculation removes the analysis for the Inlet Stack foundation
#19, as itis no longer required. '

Scope

The scope of this calculation includes determining the loads that the stack places
on the foundation due to wind, gravity and seismic forces. It is assumed that the
stack is self-supporting and will be secured rigidly to the foundation. The
foundation is sized to ensure that the anchors will have adequate depth and edge
distances (min 127) to develop the full shear and tensile capacities of the anchors.
Reinforcing bar design is included in this calculation. Foundation details were
provided to the stack vendor to allow development of the anchorage design. This
calculation verifies that the foundations will not exceed the soil bearing capacity
and that adequate reinforcement bars are provided to support the locads and
loading combinations, as required by design, the design criteria and codes to
satisfy Performance Category 2 (PC-2) requirements.

BASIS
Design Inputs

Technical Data Sheet 145579-V-DS-005.1 Rev 2, prepared by AMEC Trail
Mechanical Group, Issued February 02, 2005 (Attachment 7) provided the
preliminary dimensions and weight of the Off-Gas Exhaust stack as applied in the
design and analysis per revision 1 of the calculation. The stack is listed as 155 feet
tall and 24 inches in diameter with a maximum weight of 40,000 pounds. The
equipment sizes and anchorage increased beyond the original estimates. The stack
height remains at 155 feet, the maximum stack diameter is now 48" and weight of
the stack is 45,730 Ibs including the access ladder and platform. Revision 2 of the
calculation updates this input information, based on the information provided by the
stack and equipment vendors. The stack and fan/motor vendor drawings are
provided in Attachment 6.

O
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Drawing F-145579-36-V-0015 Rev A (included in Attachment 1) gives the location
and overall dimensions of the stack. Vendor drawings from Busby Marine and
Tank, Inc. provide the detailed information for fabrication and assembly of the
stack. Robinson Industries, Inc. drawings DA-58RB1808-5-104, Revision 1 and
DA-58RB1806-5-105, Revision 1 provide the detailed information for the OGTS fan/
motor assemblies located on the stack foundation also included in Attachment 1.
Attachment 3 is the design calculation developed for the analysis of the OGTS
Stack provided by the vendor.

The Off-Gas Stack foundation is Performance Category PC-2 as provided at the
March 11, 2004, biweekly design review meeting. The attached foundations chart
(Attachment 4) was included in an e-mail from David Shuford CH2MHili to John
Stephens AMEC confirming the Performance Categories of SSCs.

The foundation is a minimum of 48" thick, as required by TFC-ENG-STD-06 listed
In Section 3.0 of the calculation. The foundation footprint, as required for the
equipment layout provides in excess of the area necessary to adequately support
the stack within the allowable capacity of the supporting soil. In addition, the center
portion of the foundation extends 82" below the top of the foundation to
accommodate the anchorage for the stack. The attributable weight of the concrete
has been included in the overturning analysis for the foundation. Finished grade of
the compacted granular surface adjacent to the foundation will be approximately 3"
below the top of the foundation depending on final grade accuracy.

Frost heaving has been considered in the design and will be negligible as
confirmed in an e-mail from the author of the DBVS Site Geotechnical report and is
included as Attachment 5.

The RISA 3D computer analysis and associated screen views of the OGTS Stack
used in determining the maximum loading on the foundation is provided in
Attachment 2,

Design Loads:

Dead load = Self weight of stack and foundation. The stack weight applied in the
seismic design Is 45,730 Ibs, as provided by the stack vendor.

Wind Load = The magnitude and distribution of the wind loading Is determined
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using the stack dimensions based on the stack vendor design drawings and the
following site specific information:

Wind Load = 3-second gust 85 mph,
Exposure Category “C"
Importance factor 1.15

Seismic load: the seismic forces on the structure have been calculated using Zone
2B per UBC. The soil profile type is “Sc” as confirmed in the Geotechnical Report.

Live load: the main live load on the slab will be foot traffic beside and around the
perimeter of supported equipment skids. By inspection, a 48" thick reinforced
concrete slab will withstand foot traffic, and this load may safely be ignored.
Likewise, dynamic loads imparted by fans on the 48" deep stack foundation are
very small compared to the size of the foundations and may safely be ignored.
Foundation self-weight is approximately 740,000 pounds, so the effect of the weight
of the two fan/motor assemblies of 22,500 pounds is negligible.

Snow load: the ground snow load on the Hanford site is 15 psf. By inspection, a
48" thick reinforced concrete slab will not be alfected by a 9" depth of snow, and
this load may safely be ignored.

Volcanic ashfall: the ashfall load on the Hanford site is 5 psf for PC-2 SSCs. By
inspection, a 48" thick reinforced slab-on-grade will not be affected by such a minor
foad, and this load may safely be ignored.

Flood: the DBVS site is at elevation 663 feet and is not in any of the flood areas
identified in HNF-SD-GN-ER-501. Flood loads may safely be ignored.

Groundwater Pressure: the DBVS site is at elevation 663 fest. The Geotechnical
report notes that groundwater levels are approximately 300 feet below the ground
surface. Groundwater pressure may safely be ignored.

Thermal: like any exterior concrete slab on grade, the foundations are subjected to
normal annual and dally temperature variations. They are not constrained from
expanding or contraction by the surrounding soil. The foundations are simple
rectangular prisms, and no change in the foundations' geometry occurs due to
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|

thermal stresses. Thermal stresses will be very small and may safely be ignored.

Concrete creep: the foundations will be cast in place on a firm compacted soil
subgrade. Long term creep of a non-suspended slab will be negligible. Concrete
creep stresses may safely be ignored.

Lightning: the entire DBVS site will have a grounding grid installed. Pigtails are
provided from the grounding grid through foundations for attachment to the
supported equipment. Details of the grounding system are not part of the scope of

this calculation.
2.2 Assumptions - None
3 REFERENCES

1.

Uniform Building Code, 1997. Intemnational Conference of Building Officials,
Whittier, Califomia.

ACl Manual of Concrete Practice, (5 volume set including all current ACI
standards, and in particular ACI-318 and ACI-336) 1997. American Concrete
Institute, Farmington Hills, Michigan.
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October 22, 2003 by CH2M Hill Hanford Group Inc. Hanford, Washington.

ASCE 7-02 Minimum Design Loads for Buildings and Other Structures, 2002,
American Society of Civil Engineers, Reston, Virginia.
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Portland, Oregon.

HNF-SD-GN-ER-501 Rev 1B, Natural Phenomena Hazards, Hanford Site,
Washington. As revised by ECN 672877, May 15, 2002. Numatec Hanford
Company, Richland, Washington.
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Criteria for Department of Energy Facilities January 2002. U.S. Department of
Energy, Washington, D.C.
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8. MathCAD software, version 12. Published by Mathsoft Engineering &
Education Inc., Cambridge, Massachusetts. |

9. G-LI-001 DBVS Equipment List Revision N, 08-Feb 2005. AMEC.
10. “Design of Reinforced Concrete”, by McCormac, 2™ edition.

11. G-Li-001 DBVS Equipment List Revision N, 08-Feb 2005. AMEC.

METHODS

Determination of loads, analysis of effects and determination of concrete strength
follow the procedures of the Uniform Building Code and ASCE 7-98 as applicable.
Calculations were performed using MathCAD 12 computer software. Reactions on
the concrete foundation due to the stack loads were determine using RISA 3D,
version 5.5, verified and validation for use on computer # PMIM 102518.

Calculations determine soil bearing pressures on the leeward and windward sides
of the foundations during both wind and seismic loading. For seismic design,
“windward” is understood to mean the side an earthquake “pushes” from.

Provided that the calculated bearing pressure on the soil is always compressive
(i.e. no uplift) and less than the allowable soil bearing pressure of 3000 pounds per
square foot, the foundations are stable against overturning with a safety factor of at
least 3.0.

Due to the height of the stacks, we have conservatively not used the 4000 psf
allowable soil bearing capacity for short-term loading {wind/seismic) permitted by
the Geotechnical Report. This ensures that no permanent soil deformation or stack
tilt will occur under either the design wind or seismic loads.

Slab bending strengths on a per-foot basis {as well as minimum reinforcement)
have been calculated following the UBC/ACI-318 method and provided in
Attachment 2, Overturning due to wind/seismic loads are calculated and compared
to the slab moment capacity in both directions. The full slab width is considered to
resist bending.

The foundation has been sized as a rectangular prism, based on the dimensions
provided by the vendor information. Stack weight applied in the analysis is actual
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weight as provided by the vendor. The weight of the equipment supported on the
slab s included In this revision of the calculation, since the total weight of the two
fan/motor assemblies total 22,500 Ibs, adding significant weight (approximately
50%) increase in the dead weight on the foundation. In addition, the center of
gravity of the fan/motor assemblies are located approximately 7'-8” south of the
east-west center of the foundation, resulting in an eccentric loading condition.

Based on the actual weights of the structure, gravity, wind and seismic forces on
the foundation have been calculated using the Tank Farm Facilities Design Loads
and the methods prescribed in the Uniform Building Code (UBC) and ASCE 7-98
Foundation allowable resisting forces and soil bearing pressures have been
calculated using the methods in the UBC and ACI-3386. This condition is included in
the analysis of the foundation.

RESULTS AND CONCLUSIONS

The concrete foundation will support the stack under the design loads. Soil bearing
pressures are always compressive, and are less than 3000 psf with no uplift under
either wind or seismic loading. A soil bearing pressure of 0 psf on the windward
edge implies a safety factor against overturning of 3.0. As bearing pressures are
always positive (compressive) on the windward edge, the safety factor against
overturning exceeds 3.0.

Other safety factors are:

Loading condition FDN#10
Soil bearing capacity without wind or seismic foads 3.5
Friction (sliding) resistance subject to wind load 15.9
Friction (sliding) resistance subject to seismic load 1841

Passive soil resistance to sliding subject to wind load 17.8

Passive soil resistance to sliding subject to seismic load | 19.8

y.]
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The maximum factored slab bending moment resistance per foot of width exceeds
the maximum factored slab bending moment force per foot of width in the
foundation in both directions, and meets the UBC/AC! requirement for strength. The
maximum factored slab bending moment per foot of width occurs in the east-west
direction (across the narrower 24 foot dimension) under wind load and is equal to
172.0 kip-i/t.

The foundation designs have been added to the 3-D computer mode! of the project.
Foundation drawings are attached.
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6.0 Calculation / Analysis .

This analysis provides the design of the foundation for the Off-gas Stack. The stack is constructed of
172" plate and is a cantilevered structure supported at the base of the stack. The analysis incorporates
the vendor dimensions and anchorage requirements into the design reinforced concrete foundation.

Constants Defined
k := kip kft := kip-ft kin := kip-in
lbf 1 psf
lf f = e———ang T —
Pl=q P"= TP ' ft
kif:= 1000plf  ksf:= 1000psf ke := 1000pef

Material Properties for Soil

Qa = 3000psf

Material Properties for Concrete

Yo = .150kct

fc = 4000p5i

Material Properties for Reinforcing Steel

fyr:= 60000psi

Material Properties for Anchor Bolts

Fy:= 36ksl

E := 29000ksi

bt

 AS-280

Units defined.

ECN 722466, Drawing H-14-106789,
Rev.1

ASCE 7-98 (Reference 6, Table C3-2, page
230), Maximum unit weight, or density, of
the reinforced concrete,

Specified minimum compressive stress of
concrete at 28 days.

Yield strength of ASTM A-515 reinforcing
steel

Yield strength of ASTM A-36 steel,
AISC Manua!, 9TH edition page 1-7.

Modulus of Elasticity of steel, AISC
Manual, 9TH edition page 6-30.
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FIGURE 1 - Off-Gas Stack Foundation Plan
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DESIGN LOADS:

Dead Load: The dead loads are determined based on the weight of the members consisting of the
self-weight of the 2" thick cover plate and the structura! framing system, columns and beams.

Ws = 45.73k Weight of the Off-Gas Stack, reference
Vendor Stack Drawings, Attachment 6
Including the weight of the access

tadder and platform.
Wim 1= 22.5k Weight of the Fan/ Motor assemblies per
Attachment 6.
we = 24ft Width of the foundation, Attachment 1
= 4Rt Thickness of the foundation,
to:= Attachment 1
Length of the concrete foundation,
Le:= 36ft Attachment 1
Ac:=wc-Le Ac = 864 ﬂ2 Area of the foundation
2
. {Le}-we 3 Section Modulus of the concrete about the
Sel:= . Scl = 34561t length dimension of the foundation.
(wc)-ch 9 Section Modulus of the concrete about the
Sew = _6— . Sew = 51841t width dimension of the foundation.
We1 := te.we-Leyg Wc1 = 518400 Ibf Weight of 48" portion of the concrete
foundation
dmax:= 7ft Lt:= 17.0ft Lb:= 5.67ft
A=l At=289 #2
Ab= b Ab=32151
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W2 := dn;ax -(At+ Ab +/ALAD) ye

We2 = 146138.61 Ibf
Wt .= Wet + We2 + Ws + Wim

Wt =732768.61 Ibf

hs1:= 102ft
hs2 := 53ft
ws1:= 4ft

ws2 = 2ft

Weight of center portion of the concrete
foundation from a depth of 48" to a depth
of 84",

Tolal dead weight of the stack and
concrete foundation,

Height of the 48" diameter stack
Height of the 24" diameter stack
4 ft width of the stack

2 ft width of the stack

Live Load; A minimum live load of 50 psf is included and considered over the entire area of the
elevated platform per ASME STS-1a-2003, Section 4.3.2 for maintainence access,

Wl = 7000 Ibs (negligible)

Wind Force:

The wind force is determined, based the design procedure of ASCE 7-98 (Reference 6) and the Hanford
site specific requirements per TFC-ENG-STD-06 (Reference 2):

Exposure Category, C

Vg = "Three-second-gust wind Vg:= 852i
velocity hr
Importance Factor, | l=1.15
Kz, Velocity Pressure )
Exposure Coefficient, Kz:= 1.39

AS5-283
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Kzt = Topographic Factor Kzt:= 1.0 ASCE 7-98, Section 6.4.1, page 26

Kd = Wind Directionality Factor

Kd := 0.95

2
Q= 0.00256-Kz-KZt-Kd-ng-l-(%) Ibf

qz = 28.09psf

Gf = Gust Faclor, Gf:= 0.88
Cf = Net Force Coefficient Cf:=12
Pw1 := qz-Gf.Cf

Pwtl = 29.66psf

Pfw1 := qz-Gf-Cf-wst . Pfw1 = 118.64 pif
Pfw2 := qz-Gf-Cf-ws2 . Pfw2 = 59.32plf

Vmaxw:= Pfw1.hs1 + Pfw2.hs2 .,
Vmaxw = 15245.48 Ibf

Seismic Forge:

ASCE 7-98, Table 5-6, page 61.
round structure

ASCE 7-98, Eq. 6-13, page 30

Applied wind pressure on the structure

ASCE 7-98, Section 6.5.8, page 29 as
calcutated in stack vendor calculation
Attachment 3

ASCE 7-98, Table 6-10, page 65

Wind pressure per square foot of area,
ASCE 7-98, Equation 6-20, page 33.

Wind pressure applied on the 48"

diameter portion of the stack structure per

ASCE 7-98, Equation 6-20, page 33.

Wind pressure applied on the 24"

diameter portion of the stack structure per

ASCE 7-88, Equation 6-20, page 33.

The seismic force is determined based on the Uniform Building Code (UBC 1997), as defined by
TFC-ENG-STD-06,(Reference 3). The maximum base shear or lateral force was determined using
equations in Section 1632.2 and 1634.5 for the analysis,

A5-284
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Earthquake loads applied to PC-2 SSCs shall comply with the UBC, Seismic Zone 2B for essential
facilities, per TFC-ENG-STD-06 (Reference 2, Section 3.6.5.1).

Seismic Zone = 2B TFC-ENG-STD-06, Rev. A (Reference 2,

Section 3.6.5.1). UBC 1997, Figure 16-2,
page 2-37
Soil Profile = S¢ AMEC Soils Report (Reference 3, page 11)
Seismic Zone Factor, Z2=0.2 UBC 1997, Table 16-I, page 2-30
Seismic Coefficient, Cv:= 0.32 UBC 1997, Table 16-R, page 2-35
Seismic Coefficient, Ct:= 0.020 UBC 1997, Section 1630.2.2, page 2-14
Importance Factor, le le= 125 UBC 1997, Table 16-K, Occupancy
. Category, page 2-30, Essential Facility.
Seismic Coefficient, Ca:= 0.24 AMEC Scils Report (Relerence 3, page 11)

UBC 1997, Table 16-Q, page 2-24

Height (feet) to top of the structure,

hss:= 155 Attachment 1.

T Cthss'> . T =088 Structure period, UBG 1897, Equation
30-8, page 2-14

Determine the Latera! Seismic Force based on UBC 1997, Section 1634.5:
V:=0.56-CalleWs . V = 7682.64 Ibf

Determine the Lateral Seismic Force based on UBC 1997, Section 1632.2:
- ap = 2.5

Rp:= 3.0
Ip:= 1.5

. hx:=0ft .
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hr:= 155/t
ap-Ca-lp hx
Fp:= 1+3—|Ws ,
P Rp ( ¥ hr)
Fp = 13719 Ibf
Fpmax:= 4.Ca-lp-Ws ., Fpmax = 65851.2 Ibf

Fpmin:= 0.7.CalpWs .  Fpmin = 11523.96 Ibf

Fseismic:= 13719bf Maximum force on the stack due to
the seismic loading

DESIGN LOAD COMBINATIONS FOR THE SUPPORT STRUCTURE:

The design load combinations used in the analysis of the stack structure are in accordance with
UBC 1957, Section 1612, as defined per Reference 2, Section 3.6.12, page 10 for allowable
stress design.

FOUNDATION DESIGN FOR THE OGTS STACK STRUCTURE:

verturnin men

Determine the overturning moment due to the seismic force applied at the center of gravity of the
structure.

Location of the Center of Gravity of the OGTS Stack Structure:

Ycg:= §3.650 Location of the center of gravity of the
OGTS stack in the vertical direction.
Attachment 2,

hs.‘l-l-"i‘w1--r1ﬂ + h:;2wa2(h—s2 + hs1) .
2 2 Location of the resultant wind force on OGTS

Y = .
o Pl st + Piw2 hs2 stack.

Yegw = 66.98 f
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i, 8 Jtechnology
Calculation No, 145579-B-CA-015
Rev.No.2

Calc. Title OGTS Steet Stack
Foundation

CALCULATION SHEET

Project Number: 145579
Page 16 of 23

v
Originator: M.R Custer
Date: 03-28-06
cker: D. Chenault

Date: cgw

3-z8-04

Fseismic:= 13719ibf

Vmaxw = 15245.48 Ibf

Vmaxw = 15245.48 |bs > Fseismic = 13719
Ibs

Mot := Vmaxw-Yegw

Mot = 1021.18kft

Maximum seismic base shear on the
structure applied at the C.G of the
structure.

Maximum base shear force due to
maximum wind force on the structure

Wind force on the stack governs the
design over the maximum seismic load.

Maximum overturning moment due to the
wind force on the structure.

Determine the resisting moment due to the dead load of the stack structure, Ws and the foundations,
We1 and We2 and determine the Factor of Safety against overturning. The force s applied at the center
of gravity of the the structure parallel to the feast dimension of the stack structure foundation.

wsd = 4.5t
Mres := \M-vﬂ
2
Mres = 1648.73kft
Mres
Safety Factor Qverturning, SFot:i= ——
Mot
SFot = 161 > Factor of Safety = 1.5 ... OK

Determine the Factor of Safety for the Soll;

AS5-287

Diameter at the anchor bolt circle.

Conservative, since the compression portion
of the couple is applied over the edge of the
plate which adds any additional distance for
the lever amn for the moment,
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CALCULATION SHEET Project Number: 145579
Page 17 of 23
. “DVIM technology Origina 6M'.R‘Custer
Calculation No. 145579-B-CA-015 . Date: 03-26-06
Rev.No. 2 .
Calc. Title OGTS Steel Stack ,%""Jz'- 0% Chenault
Foundation Date:_Ar,
7-28-0%
qact:= qact = 848,11 pst Soil bearing pressure Safety Factor without
we-Le wind or seismic loadings.
SFsoil:= _E_
qact
SFsoil = 3.54

Determine the Factor of Safety against sliding due to the wind force and dead load of the stack structure
and foundation. The resisting force is provided along the perimeter of the foundation for the stack structure.

Fslw:= 156k Sliding Force on the stack structure
Vmaxw, due fo the wind force.

. ) Friction coefficient for concrete on the soil
: Reference 3, AMEC Geotech Report, page 4,
Frsl:= p-Wt Force resisting sliding of the stack

Frsl = 249.14k

SFslw:= Frst + Fsiw SFsiw=1597 > 1.5.0K

Detemine the Factor of Safety against sliding due to the seismic force and dead load of the stack
structure and foundation.The resisting force Is provided along the perimeter of the foundation for the stack

structure.
Fseismic:= 13.7k Sliding Force on the stack structure
Fseismic, due to the selsmic force.
- Frsl = 249.14k
SFsls ;= Frsl « Fseismic SFsls=18.19 >15.0K
. Determine the Factor of Safety againsl sliding due to the sof! pressure. Dead load of the support
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a2\ itechnology
Calculation No, 145579-B-CA-015
Rev,.No. 2

Cale. Title OGTS Steel Stack
Foundation

CALCULATION SHEET

Project Number: 145579
— .hPa/e 8of23
WeoteHMe Conslis
Originator: M.R Custer
Date: 03-2¢-06

eckar: D, Chenault
Date:

328 -a6

structure, WA. The resisting force Is applied at the bottom of the foundation for the stack structure.

Sdry = 85pef

$i:= 28deg

Y
Kp:= tan(45deg + E-) . Kp = 2.77

Pp:= &dry-tc-Kp Pp = 941.74 psf

Fpsoil := (Pp--t;-:--Lc]4 Fpsoil = 271.22k

Wind Force, Vmaxw = 15.25
kips

Seismic Force, Fseismic

Fpsoil
SFsW s omic  SFsw=19.8 >1.5 0K
soil
SFsem + 20 SFse=1779  >1.5 .O0K
Vma

Dry density of the soil, AMEC Geotech
Report reference, page 4.

Angle of intemal friction, AMEC Geotech
Report reference, page 4.

Reference 8, page 277.

Passive soil pressure, reference 8, page 276
modified Eq. 6-19.

Latera! Force from the soil on the foundation
Reference 8, page 277, based on the 48"
depth of the foundation.

Safety Factor, s0il resisting seismic
force

Safely Factor, soil resisting wind force

Determine the Maximum Soil Pressure under the Stack Structure Foundation:

The connection points for the stack structure are fixed at the foundations, as established in the RISA
3-D model. The herizontal reaction loads on the foundation are applied at or below the center of the
foundation, however an eccentric loading or moment is applied to the foundation due to the off-center
location of the stack on the foundation in adition to the eccentricity caused by the overtumig

mament. This moment is included in determining the maximum soil pressure.

Paxiaf:= Ws + Wim

Paxial = 68230 Ibf

AS5-289
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2 4 itechnology
Caiculation No. 145579-B-CA-015
Rev. No. 2

Calc. Title OGTS Steel Stack
Foundation

CALCULATION SHEET

Project Number: 145579

P}age 19 of 23
— P2l Lok

Orlginator: M.R Custer
Date: 03-28-06

ecker: D. Chenault
Date:‘@?ﬁmmﬁE -

3-z9-06

e:= .67it

teo
efm = 7.75ft

-e-Ws Wim
+ efm. " -
Paxial Paxial

esum =

esum=2.11ft
Mec:= Yegw-Vmaxw
Mec = 1021.18kft

et : Yegw-Vmaxw
" Paxial + Wel + We2

et=139#
ew:=-"£i ew=4f
6

et < ew, use gmax = P/A (+/-) M/S to determine

the maximum soil pressure

Determine the maximum soil pressure:

(\M] (Mec)
gmaxi=|—|+|—
Ac Sew

qmax = 1045.1 psf

qmax < qa = 3000 psf ...0K

Provide a foundation 4.0 ft deep x 24.0 ft wide x 36.0 ftlong

Eccentricity due to the layout location of
the stack on the foundation.

Eccentricity due to the layout location of

the fan/ motor assemblies on the
foundation.

Net eccentricity on the foundation due to the
location of the stack and the Fan/Motor
assemblies

Maximum moment due 1o the maximum
force {wind) applied on the foundation.

Eccentricity of the vertical forces on the
foundation.

Middle third of the slab width.

Reference 10 page 212, Formula (5-7)

Maximum pressure on the soil.
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CALCULATION SHEET Project Number: 145579
l:zge 20 of 23
) A
“DVAM tedm(ﬂony Orfginator: = M.R Custer
° Date: 03-28-06
Calculation No. 145579-B-CA-015 ' '
Rev.No. 2
Calc. Title OGTS Steel Stack NS ./ Chs enault
Foundation Date:_A,
3-28-06

with a thickened center area of the foundation at the stack
anchorage 5.67 ft square at a depth 6.83 ft.

deff := t¢c - 3in - 0.69in , deff =44 31in Minimum effective depth of the concrete
(conservative), the distance from the
extreme compressive face of the concrete
{(at the top of the concrete) to the center of
the tensile reinforcement steel, Reference
Section B, drawing DBVS-SK-C006, Rev.A,

Determine the Concrete Reinforcement In the Foundation:

$f:= 0.80 Strength reduction factor for ullimate stress
design method per UBC 1987, Section
1909.3.2.2.

. 200 . Minimum reinforcing stee! required per UBC
Asmin = — sy 12 deff : 1997, Section 1910.5.1.

Asmin = 1.77in%

Determine the minimum cross-sectional area of rebar required per foot of width of the
foundation, based the applied moment.

Mu is the usable moment capacity of the section, based on the
area of reinforcement required for the 48" section depth.
Mu = Mn/$, Mn is the ultimate moment.

Required moment capacity by design on

Mreqd = 1021.18kkt - the 24 fi width of the foundation. Refer to
Attachment 2,
Mreqdft == 1.4-42.71kft Required moment capacity by design per foot

width of the foundation over the 24 ft width.

Mreqdft = 59.79kft per foot width of the foundation

The moment capacity, based on Revision 1 updated with the current loads requires
#10 bars at 12" on centers. Additional, the core area around the anchor bolt group will require the same
reinforcement.
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P CALCULATION SHEET Project Number: 145579
¥ - We 210f23
:" ! 4
“DMVIM IEChIlOlOgV Originatsr 6.R Custer
Calculation No. 145579-B-CA-015 Date: 03-24-06
Rev. No. 2
Calc. Title OGTS Steel Stack _ﬂ“ﬁeﬂ D. ggenault
Foundation : Date:
3-28-06

Anchor Bolt Requirement Check based on Mreqd:

Dbc = 54in Diameter of stack bolt circle as determined
by the stack vendor per Attachment 3.

N:= 15 Number of Anchor Bolts defined by the
stack vendor per Attachment 3.

P:= 4573k Weight of OGTS stack as determined by the
stack vendor per Attachment 3.
Treqd:= 4.-read _P Required anchorage per ASME STS-12-2003
N-Dbe N
Treqd = 57.47k Required capacity per anchor bolt per Mreqd.
At:= 3.25in Tensile area of 2 1/4 Dia.of anchor bolt
Ft:= 19.1ksi As determined by the stack vendor per
Attachment 3.
Pi= Ft-Al  P=6208k Load Capacity provided by each 2 1/4" dia
anchor.
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CALCULATION SHEET Project Number: 145579
i i Page 22 f‘f?
Moo llarelis
“Diviat tech_n()looy Originator: M.R Custer
. o Date: 03-28-06
Calculation No. 145579-B-CA-015 *
Rev.No.2 .
Calc. Title OGTS Steel Stack Chekgr: ©. Cg?"a““
Foundation Date: &
728 -0f)
Project: GeoMelt - Final DBVS Referance:  145579-C-CA-015, Rev.2
Foundation description: Foundation # 10
Re-bar Eeslgn For Fdn Pads or Slabs (inputs in
Ref: AC1318 shaded)
Bars: Top or Bot only a1, Top & Bot =2 -2 ..
ty Ipsi 60000 €0 ksi normal
fe Si - 4000 - 3-4 ksi normal
V 0.9 . 0.9 normat
Mu k-ft 59.79 required Mu
b in - 12 - unit width or full width
h n -54 - slab thickness
d in -50.38 depth of steel
A=053"yfc 8.85
B=. -1
C = Mu /( ibd*2fy) 0.0004
KU = Mu /b 236
L0 0.1126
22 0.00044
Jiemp 0.00180 0.18% typical
i man 0.0033
Selected .. for design 0.00044
Check L <-max OK
As req'd per ft {temp) in2 0.58 considers top and/or bottom
As req'd (design) n2 0.26
As req'd (1.33 “design) - in2 0.35
As reg'd(min) n2 2.02 applies if 1.3 not used
Select design, 1,33design or min 035
As required n2 0.35
Bar# 6 (diameter in eighths)
As per Bar 0.442
Bar Spacing n 12
Total As per ft 0.44
OK OK or NG (no good)
[ Determine Cmax
Ife 4000
Iy 60000
B1 = 0.85-0.05%(fc-4), >=0.65 0.85
pb=0.85"1*Fc*87000/(fy"(fy+87000})= 0.0285
pmax =0.75'pb = 0.0214
‘Two options if slab depth known:

Enter Mu required and iterate with bar size and spacing lo get "OK" message
For a given bar size snd spacing, Xerate M<u until As/ft = As requ'd and message = OK

FIGURE 2

{Minimum reinforcement required, based on latest vendor information)
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Enter Mu required and iterate with bar size and spacing to get "OK* message
For a given bar size and spacing, kerate M<u until As/t = As requ'd and message = OK

FIGURE 3

CALCULATION SHEET Project Number: 145579
Page 23 0f 23
mm
tedmology Originator: MR Custer
Calculation No. 145579-B-CA-015 Date: 03-26-06
Rev.No.2 ‘
Calc. Title OGTS Steel Stack Date: EZ%" D. %"'“a"“
Foundation 32504
Project: GeoMelt - Final DBVS Reference:  145579-C-CA-015, Rev.2
Foundation description: Foundation# 10
Re-bar Design For Fdn Pads or Siabs {inputs in
Ref: ACI 318 shaded)
Bars: Top or Bot only =1, Top & Bot #2 -2
fy psi 60000 60 ksi normal
fc psi - 4000 3-4 ksi normal
3 0.9 0.9 normal
Mu k-t 472 required Mu
b n 12 - unil width or full width
h in 48 siab thickness
d in 44.5 depth of steel
A=0.59 * fyifc 8.85
B=a.i =1
C = Mu /{ | bd*2fy) 0.0016
wiRuaMuibd s 86.9
o | 0.1114
e | 0.00163
s temp s 0.00180 0.18% typical
Tun 0.0033
Selected_..for design 0.00163
Check -} < 3max OK
As req'd per ft (temp) in2 0.52 considers top andfor bottom
As req'd (design} in2 0.87
As req'd (1.33 "design) in2 1.16
Ag req'd{min) in2 1.78 applies if 1.33 not used
Select design, 1.33design or min 1.18
As required in2 1.16
Bar # - 10 (diameter in eighths)
As per Bar 1.227
Bar Spacing 0 12 -
Total As per ft 1.23
OK OK or NG (no good)
- - Determine Jmax -
fc 4000
fy 60000
1 = 0.85-0.054(Fc-4), »=0.65 0.85
pb=0.85%.1"Tc*87000/ fy*(fy+B7000))= 0.0285
pmax =0,75'ph = 0.0214
Two options if slab depth known:

(Minimum reinforcement required, based on revision 1 design and latest vendor information)
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145579-C-CA-015

Attachment 1

OGTS Steel Stack Foundations Drawings

H-14-106789 Rev. 1
Bulk Vitrification Civil Site Improvements Plan

H-14-106798 Rev. 0
Bulk Vitrification Minor Foundations General Arrangement

H-14-106796 Rev. 0
Bulk Vitrification Off-Gas Area Fdns - Plans & Sections

F-145579-36-V-0021 Rev. H
Bulk Vitrification Off-Gas Exhaust Stack Details

AS5-295
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Attachment 2 (14 pages)

RISA 3D Input/ Output Files
Stack Foundation (Fdn #10)
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, iDisla Sectlons for Member Calcs

 DMIMHEN

RPP-24544REV 1d

" OGTS 155 ft Exhanist Stack

Mar 26, 2006

" iConcrete Code

Number Of Shear Rgglons RN

RégicniSpacing:ln

Biaxial Column Meth

[Paime Bela Factor (PG

Concrete Stress Block

Bad'Frammg Warn _gs

UnusedForce Warnings

Joint Coordinates and Temperatures

LZ[H.

_.Detach From Diaphragm. ...

Joint Boundary Conditions_

ololelble

JointLabel
N

X}

B <41 4 [k/in]

...X Rot[k-frad]

Y Rot.[k- ft/radl Z Botfk-fyrad]

k‘7.1__.

“N8613A

Hot Rolled Steel Prog riies

dlabet
A36

o Elksil

AB72Grade50.

29000

A992

001

i A500 46

Hot Rolled Steel Section Sets

. .o label  Shape
i1 i HRIA W10X17 ! Wide Flange :

._Design List

Type Material__ Design Bules

Iyy find} tzz find} . ___ JA{ind]

356 ' B1L9 | .16

Member Primary Data

Beam__._ A36 @ Typical !

B Y -7 O Y

. Labet _ __ 1lJoint___ .JJoint

. KJdoint Rotate(d... Section/Shape _ Design | Llsj___Iype
Pipe 48 DIA 1/.... Channel |

Material ‘ Design Rules .
A36 { Typical

T R T TR e T e o4
P—_— e — e e e e e

RISA-3D Version 5.0d
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. Member anagg Data [Contmued)

RPP-24544 REV 1d -

DMIMHEN ' | OGTS 155 ft Exhayst Stack I Mar 26, 2006

. Label _

o ,-[ Jomt o

Basic Load Cases

f DEADLOAD_ Dl

BLC Description _____ Category X Gravity YGravuty____Z:_‘;%_r;am_tv Joint___ Point 1Dis,slrj,Quj@_d,Af\JLe_al_(_!\iemw_“S_uzf_a;s:g_(._.a
i i H ! 3

Joint Loads and Enforced Displacements (BLC 2 : LIVE LOAD)

e e s Soint Label , L.DM , . Diregtion S Magnitudefk.k-ftinrad k*s 2/t __
1 S N2O .. ? b Y 6 ;

Member Distributed Loads (BLC 4 : WIND Z}

Member Lahel Direction . __ Start Magnitude[k/it.deg] End Magnitude[i/ft.deg] . Start Location[ft...
' 05

End Locationlit, %],

0

059

-.Joescrption
DEAD LOAD

. Salye PDelta SRSS BLC Fact,. BLG Fagt.. BLC Fact.. BLC Fact,

-BLC Fact.. BLG Fact. BLC Fagt. BLC Fact...

EADLOAD A LIVELOAD Y

3 DEAD LOAD +LIVE LOAD

LIVE'LOAD:

_Envelope Joint Reactions

doint . XK lo. Y[ ]

eIl lo MXTRf]do MY IkR) e MZIH] e

0 0 ‘__‘_:l431.997 2

102493k

Envelope Member Section Forces

Member.__._Sec Axiallk]__lc__y Shearlk]

M46

lc .z Shearfk] ,f,c,_Jiomueﬂs fi. g y-y Moment(k-ft] . .lc z-z Moment{k-it]. RL
0 i1 0 1 1024.934 ;

1 '_max 45 235: 2

RISA-3D Version 5.0d  [Ch. LA

.XOGTS STACK 48 Pipe Fixed Base w P-Delta.r3d] Page 3
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DMIM HEN o OGTS 155 ft ExhaustStack -~ 7 Marzs, 2006

__Member __ Sec Aialii)_lc y Shoarfk] le_z Shear(lq. lo Torquelkfi] lo _ y-y Momentlk®] _le z-z Momentlk:it] lc.
e S lmax 44 1L 606 2l 0 LUl 0 L 2007 3L 058 L2

T
i
i

RISA-3D Version 5.0d  [CAL LALLM ALAMOGTS STACK 48 Pipe Fixed Base w P-Delta.r3d] Page 4
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2.1 technology

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

N8E13A

N3612A
NiA

G A e s

Readlion | Readlion

NB613A

Results for LC 1, DEAD LOAD
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i1 Vitechnology

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA model showing Material Propertie

NB613A
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ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA model showing Basic Load Cases:

Solution: Envelope

RPP-24544 REV 1d
Project Number: 145597
Page7of 14
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ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA model showing Basic Load Combinations:

DEAD LOAD + LIVE LOAD + SEISMIC LOAD

DEAD LOAD +LIVE LOAD + WIND LOAD

LIVELOAD

RPP-24544 REV Id
Project Number: 145597

Page 8 of 14
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2.4 jtechnology

ATTACHMENT 2

Calculation No.: 145579-C-CA-015 )

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA model showing Z-Direction Wind Loads:

e =

LA AL L e AL DU VO

AANNAANANANRRRRRARRARRNEAR:

]

E2ANNAANANNANANANANAY

Loads: BLC 4, WIND Z
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Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

NB8B12A
N1A
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Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA 3D showing the Maximum Deflections w/o Stiffening

e e s e

5 o
- =i

S eyt e
l" MBE13A
Sy X
MBI 24
NI1A
N0
p|Z 3oint- |
! 1
i B2 M
K 1
2
1
& ., -::,2:;‘
]
1
2
Solution: Envelope

e =
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ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

NB612A
MNiA

Solution: Envelope

EimEaTa
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ATTACHMENT 2

Calculation No.: 145579-C-CA-015
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Calculation Title: DBVS OGTS Stack

RISA 3D showing “Enveloped ASD Steel Code Checks” Results

M8612A
NIA
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y

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA 3D showing the Maximum Moment on the OGTS Stack at the Foundation

v Documents\Bulk Vitrification ProjectCalculations\OGTS Stack\Rev.2\155 ft OGTS STACK -DSdEPineﬁx.eﬁSaS'
e ¥ 3 : : ;

Solution: Envelope
Member y Bending Moments (k-l)
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Customer; THOMPSON MECHANICAL

Cafculation Number; 4697 1
Job Description: _Steel Stack

STRUCTURAL
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for
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‘ &E ¥ MEIER Enterprises, Inc. . Project No. _4697.1 . Pagegof 31
- 8637 Gage Boudevard Kennewick. VIA 59138 . '
. o phona 509.735 1589 fax 509.783 5075 Date: 2608 8y:_T?7_ Checked By: _@
' Customer Job Number:;_145579 Calculation Number: 4697.1
Customer; THOMPSON MECHANICAL Job Description; Steel Stack
STRUCTURAL
CALCULATIONS
For
Steel Exhaust Stack _
Index
Page
1.0 Purpose 3
2.0 Basis . 3
\ . 3.0 Methods 4
. 4.0  Calculations and analysis 8-31
" 5.0  Results and Conclusions 5-6
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MEIER Enterprises, Inc. ..~ ProjectNo. _4697.1 . Page3 of 3/
6547 Gaya Boulsvard Kennewick. WA 93338 T : ' : .
GoeFhE Pronef0RIISASS  haes09.7835075 Date: 2/6/06 . By:_T/7__Checked By:_m?
Cuslomer Job Number:_145579 Calculation Number: 4697 1
Customer: THOMPSON MECHANICAL Job Description: Steel Stack
1.0 INTRODUCTION
1.1 Purpose

1.2

2.0

2.1

2.2

This calculation consists of structural calculations for a 155°-0" tal} steel exhaust stack to be
placed on the Hanford site, Washington. The stack is part of the demonstration bulk vitrification

system project
Scope

This calculation is limited to the steel stack and the anchors of the stack to a concrete foundation.
The concrete foundation and all inlet piping equipment are beyond the scope of this calculation.

Basis
Design Inputs

1. Technical Specification 145579, REV. 3, written by AMEC.

2. Drawing No. F-145579-36-V-0021 Rev. H showing 155’-0” tall, 2°-0” minimum diameter
steel exhaust stack

3. Exhaust stack technical data sheet

Criteria

I. Design Loads:

Design Wind Speed, 85 mph, exposure C, I, = 1.15

Snow Loads: use 15 PSF ground snow load

Live Load applied to catwalk: 50 PSF

Seismic Loads per 1997 UBC for zone 2B, and soil type Sg, Ig=1.25
Maximum exhaust stack temperature = 372° F, Minimum temperature = -25°F
Corroston Allowance = 1/16"

moan o
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r MEIER Enterprises, Inc.

FT_. 8697 Gage Bouleward Kennewsck. VA 99336

phone 50% 715.1589 fax 509.783 %075

mﬂ"ﬂ:“;l‘t.lm
" Customer Job Number:_14557¢
Customer; THOMPSON MECHANICAL

3.0

4.0

Methods

Project No. _4897,1

Date: 2/6/06

Page; ¥ of 3/.

By: “7/1 _ Checked Byﬂﬁ'?"_L

Calcutation Number: 4697 1

Job Description: Steel Stack

1. Each unique cross-section and / or elevation throughout the height of the exhaust stack shall be
analyzed to determine its state of stress utilizing the methods outlined in ASME STS-1. Loads
shall be combined as outlined in ASME STS-1. These stress values shall be compared to
allowable stress values to confirm that each individual cross-section is not overstressed.

2. The connection between stack sections shall be analyzed to determine the number and

" arrangement of bolts. Bolts shall be sized per AISC ASD 9™

3. Special structural checks that are unique to steel stacks shall be checked as outlined in ASME
STS-1, such as Ovalling Oscillation and Vortex Shedding induced by wind loads

4. The size, quantity, and embedment depth of the cast-in-place concrete anchors required to
connect the stack to the concrete foundation, (by others), shall be designed per ACI 318
Appendix D. The method presented by ASME shall be utilized to determine the maximum

anchor bolt tension at the stack base,

_ Calculations and Analyses

See attached hand caleulations.
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g4 MEIER Enterprises, Inc. Project No. _4697.1 - PageS_of 2/
C 8657 Gage Boukvard Kennewick, v;« ¥9336 -
el | phona 9IRS lax 509.783 5075 Date: 2/6/06 By:_772_ Checked By: £ WL :
Customer Job Number:_145579 Caleulation Number: 4697.1
Customer: THOMPSON MECHANICAL Job Description: Steel Stack

5.0

Results and Conclusions

The steel stack shall have the following design characteristics:

9.

10.

The stack shall have an overall height of 155°-0”, and shall be fabricated in three segments.
The top segment shall be 53°-0" long and fabricated from 24” diameter schedule 20 pipe. Pipe
material shall conform to ASTM AS53 grade B. The middle segment shall be 4°-0” diameter
and fabricated from1/2” thick stee! plate and shall be 42°-0’ tall. The lower segment shall also
be 4'-0™ diameter, 1/2" thick, and be 60°-0" tall.

The upper segment shall have 1/2" thick 3” wide stiffener rings at 10°-0” C/C. The lower two
segments shall have the same stiffener rings at 12°-0” C/C. These stiffeners are placed to
negate the effects of ovalling oscillation.

The upper scgment shall have helical strakes. These strakes are intended to negate the effects
of vortex shedding.

Both the segments shall be connected together using (12) 7/8" diameter ASTM A325 bolts.
The bolts shall bear on a 1™ thick 3" wide ring bearing plate. 172" thick, 12" long stiffener
plates shall be placed on either side of the bolts. The bottom bearing plate shall match the
upper plate. See page 45 of the SMACNA stack manual for a similar detail,

The connection of the lower segment to the concrete foundation shall be similar to the other
connections except the upper bolt bearing plate shall be 1 thick and 6™ wide and the bottom
plate shall be a solid circular plate 5°-0” in diameter. The lower bearing plate shall be 60" in
diameter and 1" thick. The stack shall be anchored using (15) 1 3/4" diameter ASTM A307
rods. 52” below the top concrete surface a 8”x8"x3/4™ plate shall be connected to the rods with
double nuts.

Breeches at 20” diameter pipe penetrations shall utilize a 3™ wide, 1/2" thick doubler plates all
around the breeches. L4x4x3/8 angles shall be paced vertically adjacent to the doubler plate.
These angles shall extend the height of the breech above and below the breech locations. A
stiffener ring as described above shall be placed above and below the breech. Other smaller
breeches shall utilize similar detailing. ‘

The concrete foundation that is to support the stack shall be a minimum 17'-6" square and 58”
thick. The concrete foundation shall have a top mat of steel above the anchor bottom plates.
The footing shall be proportioned such that the top surface shall not crack at service loads.

All steel plate shall conform to ASTM A36. All plate in “end-to-end” contact, such as the plate
to used in fabricating the cylindrical stack segments, shall be connected together using full
penetration groove welds.

All welds shall be special inspected. All welding shall comply with AWS D1.1 and be
performed by AWS certified welders using E70XX electrodes.

All bolts shall be placed per the “turn of the nut” method as described in AISC LRFD 3"
edition. No special inspection of bolt placement is required.
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' - Customer Job Number:_145579 Calculation Number: 4697.1
Customer: THOMPSON MECHANICAL Job Description: Steef Stack

5.0

Results and Conclusions (Continued)

The results of the structural evaluation of the stack are summarized in the below table. The design
allowable, and actual stress or capacity are compared.

Description Applicable Code | Design Allowable Design Actual Result
Normal Stress at Both AISC EQ Scl =24 Ksi Normal Stress = 5,75 Ksi
base of upper Hl-1and ASME | Fa=5.83Ksi Axial Stress = .25 Ksi OK
section EQ4.80r4.9 Fb=23.76 Ksi Bending Stress = 5.5 Ksi
Interaction Equation =.28
Normal Stress at AISC EQ H1-1 Fa = 5.54 Ksi Axial Stress = .30 Ksi
base of upper Fb=19.3 Ksi Bending Stress = 6.55 Ksi OK
section Interaction Equation = 41
(With Corrosion
and Temperature)
Normal Stress at ASMEEQ4.8or Scl=23.6 Ksi Normal Stress = 9.22 Ksi OK
tower base 4.9
Normal Stress at ASMEEQ4.8or Scl=19.24 Ksi Normal Stress = 10.5 Ksi OK
tower base 49
(With Corrosion
and Temperature)
Normal Stress at ASMEEQ4.8o0r Scl=23.6Ksi Normal Stress = 9.3 Ksi OK
breech 49
Normal Stress at ASME EQ4.8 or Scl=19.24 Ksi Normal Stress = 10.1 Ksi OK
breech 49
(With Corrosion
and Temperature) .
Vortex Shedding ASME 5.2.2 (a) | Strakes and stiffener rings provided OK
Ovalling ASME 5,2.2 (b) | Strakes and stiffener rings provided 0K
Anchor Bolts at AISC ASD 9%, A(Req’d) = 1.52 A(prov.) = 1.90 in"2 OK
base (steel stress) in"2
Anchor Bolts at ACI3I8 APP.D ¢Ncb =574 K Nu=5563K OK
base (Concrete
Embedment) -
Concrete Bearing ACI 318 ONbr=161.5K Nu=64K OK
Stress
Connecting Bolts AISC ASD 9" Tmax =26.5K T=209K oK
at upper segment
Connecting boltsat |  AISC ASD 9" Tmax=265K T=250K OK
| lower segment
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L .4-—?: MEIER Enterprises, Inc. ProjectNo. _4697.1_ . - Page: 7 of 3/
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6.0  References
Documents:

1. Tubular Steel Structures, Lincoln Arc Welding Foundation, (as a design reference)
2. SMACNA steel stack design manual

Design Codes:

1997 Uniform Building Code

ASCE 7-02, Minimum Design Loads fopr Buildings or other Structures
ASME STS-1-2000

ACI 318-05, Building Code Requirements for Structural Concrete
SMACNA Steel Stack design Manual.
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Items with elavated tanks or stacks. 48" deep foundation req'd
Meit Area Support structure 44 26 4[PC-2
(slab directly under mett is 24” thick)
Wasts Dryer struclure 4]PC-2
JOti-gas Stack (75°x 2') 16 16 4)PC-2
Baghouse could ba on top of
soil tank and therefore high
PC-2if aseparate |enoughitself. Mechto
Baghousa Stack (40'x17) 8 8 41{stack. detemnine.
itams that are considered "permanent” and require 24* deep foundations
Td-Mer scrubber 35 30 2|GS (PC-1)
Selective Catalytic Reduction Unit PC-2
SCR Scrubber - with SCR
Any Pre-engineered buildings GS (PC-1)
Mams that are considered temporary, but will be anchored (o prevent movement
60x12 Of-Gas Trailer 64 15 2)GS (PC-2)
32x12 eled frailers (2) (13.8 kV and Power Module <L 14 1]GS (PC-1)
32x8 elect trailers {2} (both 480V} 34 10 1}GS (PC-1)
efeles ey
40x8 control traiter 42 10 1]as (PC-1) o
22x3 Generator set 24 11 2[GS (PC-1) TN
10,000 usg Diesel fuel storage tanks (2} 34 10 2[GS (PC-1)
Baghouse near 40'stack 8 8 2|GS (PC-1)
Air Compressor package 10 8 21GS (PC-1)
30x8 Liquid Waste Pump skid 32 10 1]PC-2
30x8 Effiuent pump skid 32 10 1{GS (PC-1)
Wasta dryer steam supply skid 22 10 2|GS (PC-1}
Dryer Chilied Waler System 2 10 21GS (PC-1)
OGTS Chilter 11 6 2|GS (PC-1)
Ammonia evaporator skid GS (PC-1)
Sintered Matat filters pPC-2
Items that are considered temporary and which may not require anchorage
1CV hood support stand | GS (PC-1)
- T
Al non-producton portable bulldings (office’washroom/ch nch) GS (PC-1)
All "Baker” tanks except fuel s GS (PC-1 IE:
Storage and other similar 1ISO containers GS (PC-1)
Other site development concrets or paving Attachment: 4
ICV Box Storage area concrete pad to be determined t]  Calc.No.: 145579-C-CA-Q]S
Concrete paved area at box receipt to be determined 1 _Rev.No.: ¢ T
DBVS North access road 24 X B " , G2 414035
DBVS West side road - (s there room for his777) 7 0.5 _ oheet of __1
Fencing to surround site - gates at truck entry post depih varies
Foundation Chart March 11, 2004.xis Rrepared by paul.mevet 01/12/2005 Page 1
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Attachment 5

E-mail Dec 17, 2004 from Brad Hupy, P.E. (author
of DBVS Geotechnical Report) to P. Meyer
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Paul Meyer (Trail)

From: Brad Hupy -

Sent: Friday, December 17, 2004 2:47 PM

To: Paul Meyer (Trail) :

Subject: RE: Questions about the soils and report at Hanford

In order to have frost heave three things are needed; water, low temperature, and soil fine for enough for capifiary potential
to ralse the water to the freezing front. Because Hanford is a near desert climate, there is litle water near the ground

« surface. Within a The tabulated capillary rise for fine sand is in the range of 1 to 11 feet and for medium sand in the range
of 0.3 to 1.5 feet. Hanford certalnly Is cold enough in the winter to freeze water.

The fittle water In the near surface soil does freeze but the associated heave Is negligible. The sand will not support
capillary rise of several hundred feet that would be required to produce {feed) a growing freezing front and cause
damaging heave. In our opinion, there s fittle risk of frost heave in the soil at the project site.

From: Paul Meyer (Tral)
Sent: Friday, December 17, 2004 1:47 PM

To:

Brad Hupy

Subject: RE: Questions about the soils and report at Hanford

Question: Is it possible to state that a soil identified as “SP" (i.e. sand with few fines) will not be subject o frost
heaving? Especially if it is very deep {e.g. our site at Hanford)

-Paul

From: Brad Hupy _ Calc. No.:  145579-C-CA-O15
%e:t: T'auﬁday, December 07, 2004 3:09 AM Rev. No.: O 2 ML 32812
Ce: Tony Heim Sheet ] of 2

Subject: RE: Questions about the solts and report at Hanford

. Paul,

This Is really pretty simple. The frost depth cited in our report is from statewide tabulation. If Hanford has
determined and published site specific frost depth measurements then they may be used in lieu of the tabulated
data. Site specific data is commonly used in this is way. A very good example is seismic ground motions.

——0Qriginal Messaga~——

From: Paul Meyer (Trail)

Sent: Monday, December 06, 2004 4:33 PM

To: Brad Hupy

Cc: Tomny Heim

Subject: Questions about the soiis and report at Hanford

We are still awaiting approval from the "Independent Qualified Registered Professional Engineer” (IQRPE}
who s checking our foundation designs to ensure they will satisfy all design criteria.

He has ralsed the following points/questions:

Your report indicates a frost depth of 45 inches for granular soil and recommends a foundation depth of 48
inches for criticat structures. This Is at odds with Hanford's' own measurements (See pages 26 through 28 of
the attached Hanford document) which indicate that a temperature of 32 F has never been achieved at depths
of only 36 Inches.  This Is causing some problems for us, as the IQRPE wants us to conform to the
requirements of the Geotech report in addition to Hanford’s own design criteria

For your information, we have three types of foundations on the site. Foundation depths below grade are 45.6,
36.6 and 21.6 inches. Actual concrete thicknesses are 48, 39 and 24 inches, with the top of concrele set at
663.00 feet, while surrounding grade is at 662.8 feet.- We removed the native soil to elevation 661.000 and

1
AS5-350



© RPP-24544 REV 1d

brought the local grade p fo 662.8 with compacted crushed rock.

The four 48° fouﬁdaﬂos;s consist of fwo chimneys. "and two lérge'steel structures. These are all "eritical
structures® to use the phrase from your report. Foundations are uniformly 48" thick, and are 10°x12" and
20'x30" feet for the two chimneys, and 30x44 and 24x62 for the two steel structures. Foundabons arenot
enclosed.

The single 39" foundation Is a pre-engineered building, measuring 50 feet wide by 84 feet long by foundation
consist of a single 12" thick slab with a thickened (to 397) edge. The building will be heated, and have an
overhead crane.

The many (~100) 24" deep foundations support single pleces of freestanding equipment or "utility poles" that
are connected by pipes, cable trays and ducts. Foundations are uniformly 24" thick and vary in size from
44x24 1o 6x5 feat. Most are the 6x6 ones. Minor seasonal movement of the foundations would notbe a
problem. Actual gravity loads are quite Ilght, typical values are substanhany under 250 psf, yes, that's 250 not
2500. Foundations are not enclosed.

All the foundations will bear on compacted native soil, which was prepared as recommended in your report.
As noted, the native soil is basically a gravelly sand, with few fines. 1 don't believe itis frost-susceptible.

Could you please reply to the following questions, raised by our reviewers?
1) Is the frost depth of 45 inches correct? Seems deep compared to other references.

2) Is the frost depth of 45 inches still valid, given we have removed some native soil, and the surface is now
covered with 1.8 feet (21.67) of compacted crushed rock? Does the crushed rock make a difference?

3) Are the depths of foundations shown above for the various types of foundations suitable for the uses
described?

4) IS frost heave an issue for the foundations as described?

Thanks for your help on this, 'l be traveling to Hanford on Tuesday Dec 07, for a meeting Wednesday, Dec
08. I will have e-mail access while there. | will be traveling back to Trail Thursday, Dec 09 and back in the
office Friday, Dec 10. Best way o contact me is via e-mail until Friday, phone after that,

Paul Meyer, P.Eng.

Senior Structural Engineer
AMEC Americas Limited
Energy and Mining Division
1385 Cedar Avenue

Trail BC Canada VIR 4C3
1-250-368-2407, fax 2455
paul. meyer@amec.com

<< File: HNF-SD-GN-ER-501 (Rev. 1).pdf >>

Altachment: 5
Calc. No.: 145579-C.CA-015

Rev. No.: B Z 122 3-2¢ 00
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Attachment 6

Stack and Equipment Vendor Drawings
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‘THESE DOCUMENTS ARE THE PROPERTY OF
1BUSBY MARINE & TANK INC.

IT IS TO BE USED ONLY FOR THE PURPOSE OF WHICH 1T
WAS LENT AND MUST NOT BE REPRODUCED WITHOUT
WRITTEN PERMISSION OR USED IN ANY WAY DETRIMENTAL

TO THE INTEREST OF THIS COMPANY,
IT IS SUBJECT TO RETURN UPON REQUEST.

UNLESS OTHERWISE SPECIFIED:

NOTE:

1.

ALL CONSTRUCTION SHALL BE iN ACCORDANCE WITH THE 2003 EDITION OF THE
INTERNATIONAL BUILDING CODE (IBC), LOCAL RULES AND STANDARDS OF oo
GOVERNING AGENCIES HAVING. JURISDICTION.

. DESIGN LOADS: PER AMEC SPECHICATION 145579-V-005, REV. 3, ASCE 7-02,

ASME STS—1-2000, AND 1997 UBC, (FOR SEiSMIC LOADS)
LIVE LOADS: PLATFORM = 50 PSF

SNOW: PLATFORM = 25 PSF: IS = 1.1 :

WIND: SPEED = 85 MPH; EXPOSURE = C; W = 1.15
SEISMIC: ZONE = 2B; IE = 1.25; SOIL TYPE = SE
THERMAL: MAXIMUM TEMPERATURE = 372 DEG F
CORROSION: ALLOWANCE = 1/16"

. STEEL STACK FOUNDATION DESIGN SHALL BEiBY OTHERS FOUNDATION - SHALL BE

MINIMUM 17'6" IN 'PLAN DIMENSION AND - 60" iDEEP. FOUNDATION CONCRETE.
‘SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH OF 4000 PSI AT 28 DAYS.
FOUNDATION SHALL BE PROPORTIONED SUCH. THAT CRACKING DOES NOT
OCCUR AT SERVICE LOADS.

.;GROUT SHALL BE A NONMETALLIC TYPE SUCH AS MASTER BUILDERS MASTERFLOW 928,

-‘DAYTON SUPERIOR 1107, EUCLID NX GROUT, OR ENGINEER APPROVED EQUAL,
ANCHOR BOLT PIPE SLEEVES ARE FULLY GROUTED.

ENSURE

.;ALL STEEL PLATE AND ANGLE SHALL CONFORM TO ASTM A36 / ASME SA36. ALL

STEEL "W™ SECTIONS SHALL CONFORM TO ASTM A992. ALL STEEL TUBE SHALL CONFORM
‘TO ASTM AS00 GRADE B. ALL STEEL PIPE SHALL CONFORM TO ASTM A53 GRADE B /.
'ASME SA53 GRADE B.

. ALL BOLTS USED FOR THE. CONNECTJON Of PRIMARY STEEL STACK SEGMENTS TO

‘OTHER PRIMARY STEEL STACK :SEGMENTS SHALL BE HIGH STRENGTH BOLTS CONFORMING

7.

11.

- AWS D-1.1.

14,

UNLESS OTHERW]SE SPECIFIED:
NOTE CONTINUED:

ALL BOLTS USED TO CONNECT PLATFORM MEMBERS ‘
SHALL BE CARBON STEEL BOLTS CONFORMING TO ASTM A307
CONCRETE ANCHOR BOLTS SHALL BE THREADED

‘ROD CONFORMING TO ASTM A36. NUTS FOR

CARBON STEEL ’BOLTS SHALL CONFORM TO

ASTM A563. WASHERS FOR CARBON STEEL BOLTS SHALL
CONFORM TO ANSI B18.22.1

. BOLT HOLES SHALL BE BOLT DIAMETER +1 /8"
. UNLESS NOTED jOTHERWISE.
" AND EDGE DISTANCES AND BOLT LENGTHS SHALL BE

BOLY END
PER AISC, UNLéSS NOTED OTHERWISE

. ALL WELDING SHALL BE DONE BY AWS CERTIFIED

WELDERS AND SHALL CONFORM TO

ELECTRODES SHALL BE E70 MINIMUM,
ALL WELDING SHALL BE SPECIAL

INSPECTED PER|IBC 1704.3.1.

10. BOLTED CONNECTIONS SHALL BE "SNUG TIGHT"

WITH NO SPECIAL INSPECTION REQUIRED.
PAINT ALL FERROUS METALS FOR EXTERIOR EXPOSURE.

112, ALL CONNECTING PIPING HARDWARE (NOZZLES)

SHALL BE RA[SED FACE, SLIP ON 1504

1 13. N2 GLASS & GASKET COVER TO BE SUPPLIED AND

INSTALLED BY |[CUSTOMER
SAMPLE LINES{TO BE SUPPLIED AND
INSTALLED BY ,CUSTOMER

1 TO ASTM A325 OR ASTM A449. NUTS FOR HIGH STRENGTH BOLTS SHALL CONFORM TO. 15. MOBILE MANBASKET TO BE SUPPLED BY CUSTOMER
. ASTM A563. WASHERS FOR HIGH STRENGTH BOLTS SHALL  CONFORM TO ASTM F436: 16. STYLE LOCATION AND SIZE OF NOZZLES TO BE
t : : f : . - . . CONFIRMED BY THOMPSON (ANALYZER VENDOR)
e b 1‘7. NOZZLE ELEVATIONS TO BE CONFIRMED BY THOMPSON
- : 18. SAMPLE LINE NOZZLE LOCATIONS SHALL BE LOCATED
5 DIT?A WING IN DEX-R’P . A_MINIMUM OF| 8 STACK DIAMETERS (48"X) DOWN
|SHEET|REV -DESCRIPTION ‘ | STREAM OF FLOW DISTURBANCE. TRANSITIONS OR
[ e - Custouet ATz Ton o, SRR 8 8 G 8 TN 100
Py AL g ® 2 4 |EXHAUST STACK — BILL OF MATERIAL ~'SECTION 6.6 SHALL BE PROVIDED BY OTHERS.
EXPIRES 0222 o 3 4. |EXHAUST STACK ASSEMBLY 20. WEIGHT Of STACK IS 45,730 LBS, TOP SECTION=7,030
[ :02-22-oF | MIDDLE SECTION=14,950 LBS, BOTIOM SECTION= 21,350
: 4 4 |STACK BOTTOM SECTION ASSEMBLY LADDER AND PLATFORM=2.400 LBS ‘ :
5 . | 4 |HOLDDOWN ASSEMBLY 4 [CUSTOMER REDISIGNED STACK PER CN 0O7 ™ [2—10-06
6 4 |NOZZLE 1 ASSEMBLY 3'1ADD SHEET 1A AND CHNG 1 T0 18 ALSO ADDED 6N [12-12-05
: ORIENTATION AND! ELEVATIONS TO NOZZLE CHART
7 4 |NOZZLE 2, 3 AND 4 ASSEMBLY & ADD ORIENTATION DEG TO DWG TIILES & DETAILS
: : & ADD WELD MAP DWGS -
8 4 |NOZZLE 5 AND & ASSEMBLY 2 [CHANGE STACK DESIGN N [6=7=05
: ¢} 4 {NOZZLE 8 ASSEMBLY 1 [1ST SUBMITTAL | GN {5—4-05
DESIGN CHANGES _. 10 | 4 |NOZZLE 9 AND 10 ASSEMBLY cﬁsmwe- } RE‘”;‘:;“MPSON MECHANICALAPP DATE
‘[Customer requested design changes after the design hos 11 4 |NOZZLE 9 AND 10 ASSEMBLY C STOMER' STACK N
been completed will incur additional costs and may 12 4 |STACK MIDDLE SECTION ASSEMBLY v 4 145579
affect delivery date. - PURCHASE ORDER No.| —
No design changes are allowed after product:on has 13 4 NOZZLE 7 ASSEMBLY JOB ID No. ‘ 298701
begun. 14 4 |CONNECTION PLATE — BOTTOM/MIDDLE — ASSEMBLY oo N
- {
1’;21"0513 tock il be inviced 30 dovs after it tion|_12__| # | CONNECTION PLATE — MIDDLE/TOP — ASSEMBLY o 2£008
xnaus ack wi € Imvoice Qys aqiier its compietion = x /B 253} 383-5000
or upon delivery if sooner. Storoge fees will also stort fo 16 4 | STACK TOP SECTION ASSEMBLY Bl ISBRY ;ﬁgOMA E253§ 593-3742
accrue 30 days after scheduled delivery. 17 4 | TOP STACK SECTION DETAILS = -
If stack wos not completed on time storage fees 18 4 |LADDER — DETAILS MARINE‘ ‘
will not stort accruing until 60 days after completion ‘
ira i9 4 JLADDER — PLATFORM — DETAILS AND
For details see our standard terms and conditions BUSBY MARINE & TANK INC,
( ) 20 | 4 |PLATFORM HANDRAIL — DETAILS TANK, INC, 1840 MARINE VIEW DRIVE
21 | 4 [PLATFORM GRATING — DETAILS A == = _ 1id TACOMA, WA 98422
22 4 PLATFORM SUPPORTS — DETANS COPYR[SHEZOU:SBUSBYMAR!NE;(TANK INC.
RAWN: J ‘ DATE: (02— 27— 0F |BUSBY DRAWNG No.
23 4 |PLATFORM SUPPORTS — DETAILS lcHECKED: KO DA% 02— 2706 BMASMES TA CK
24 | 4 |SPREADER BAR — DETAILS cueoen:RA 0a02—27-06
ne:JOM MERZ 0ie02—~27—0
AUTHORIZED CUSTOMER SIGNATURE TITLE DATE APPROVED: MM 02— 27—06P°™ 1 lnm 4 Isnsr-:r1 oF _

RPP-24544 REV 1d

A5-355



 RPP-24544 REV 1d

M b ' — Desorpfion - WVatenal [em b ' Description Material 1TEM Py Description___ i ' ' Materiat-

{11301 1 {HOLDDOWN BASE RING PL 1" X60° OD ASME SA36 [50061] 1 |N6 PIPE 2" X SCH 40 X5" COPE TOSTACKID ASME SAS3 GR Bl65001] 14|L3X3X1/4 X 4" LONG {3/4" HOLE) . ASME SA36
11302] 30] HOLDDOWN GUSSET PL 172" X5 172" X 12° R ASME SA36 _|50062] 1 iN6 FLANGE SLIP-ON 150 # RF 2" ASME SA182-F1165002] 6 |L3X3X1/4 X 71 1/4" LONG (2 EACH 3/4" HOLES) _ 1 ASME SA36
11303] 1 HOLDDOWN UPPER PL 1" X 48 1/4" ID X 60" OD . . ASME SA36  |50063] 2 N6 L4X4X3/8 X 8 1/2" LONG ASME SA36  |65003] 18 BOLT 5/8"-NC X 1 142" LONG | ] ASTM A307

111304} 15{HOLDDOWN FOUNDATION ANCHOR PL 3/4 X 8 X 8 ASME SA36 |[50064f 1 N6 DOULBLER PL 1/2 X 8 3/8" X 8 3/8"ROLL TO 48" ID ASME SA36 [65004] 6 jL3X3X1/4 X 5 3/8" LONG (3/4" HOLE) 'ASME SA36

WITH 1 5/8” DiA HOLE CENTERED IN PLATE FOR ROD ‘ WITH 2 1/2" DIA HOLE IN CENTER ' 8 IFLAT BAR 2 X 1/4 X 3" LONG (3/4" HOLE) , ASME SA36
11305] 15[HOLDDOWN FOUNDATION PIPE SLEEVE 3" SCH40 X 6" LONG - JASME SA53 GR BJ50071f 1 IN7 PIPE 2* X SCH 40 X 5 COPE TO STACK ID ASME SA53 GR BJ65006 4 [FLAT BAR 6 X 1/2 X 75 3/4" LONG ROLLED TO 48 1/41D {180 DEG)__ | ASME SA36
11306 75NUT 1 3/4" DIA - NC ASTM A563  [50072] 1 {N7 FLANGE SLIP-ON 150 # RFF 2" . ASME SA182-F1[65007] 1§|NUT 5/8~NC_____ l ~ ASTM A563
11307] 15[ROD THRD 1 3/4" DIA - NG X 60" LONG (THRD LAST 6° EACH END)| ASTMA307 150073 2 |N7 L4X4X3/8 X & 1/2° LONG ASME SA36 |65008] 18|WASHER FOR 5/8" DIABOLT | ' ANSIB18.22.1
11308{ 15WASHER FOR 1 3/4" DIA ROD ANSI B18.22.1 50074} 1 [N7 DOULBLERPL 1/2 X 8 3/8" X 8 3/8" ROLL TO 48" ID  ASME SA36 | s :: -

: FHTH 212" DIAHOLE IN CENTER [66001 1 | 1 1/4" SCH 40 PIPE X 198" LONG ROLL TO 75 3/4" IR (180 DEG) {ASME SA53GRB
11401] 1 [ELLIPITICAL 2:1 ASME CODE HEAD 47" 0D 38" PLATE ASME SA36 |50081] 1 [NB PIPE 12° X 5CH 40 X 5" COPE TO STACK 1D ASME SA53 GR Bl66002] 2 | 1 1/4™ SCH 40 PIPE X 73" LONG X ROLL TO 75 3/4" IR {55 DEG) JASME SA53 GR B}
11402] 7 ISTACKBOTTOM PL 1/2 X ROLL TO 360 DEG AT 48" OD X 96 H ASME SA36 ‘_50082 1 [N8 FLANGE SLIP-ON 150 # RF 12" ASME SATB2-F1{66003] 6 | 1 1/4° SCH 40 PIPE X 50° LONG ROLL 1O 75 3/4" IR {45 DEG) _|ASME SA53GR B
11403 1 [STACK BOTTOM PL 1/2 X ROLL TO 360 DEG AT 48"OD X 47" H ASME SA36 50083] 2 |N8 L 4X4X3/8 X-35° LONG COPE OVER STIFFENERS ASME SA36 {66004} 2 | 1/4" SCH 40 PIPE X 16" LONG ROLL TO 75 3/4" IR COPE END ASME SA53GR B

- - 150084] 1 [N8 DOULBLER PL 12X 197/8" X 197/8" ROLL TO 48" D ASME SA36 [66005) 5 | MID POST FLAT BAR 2 X 1/2 X 41 7/8" LONG COPE END - ASME SA35
11501]a51STACK STIFFENER RING PL 1/2° X 48 1/4” ID X 54 1/4" OD ASME SA36 |WITH 12 7/8" DIA HOLE IN CENTER 66006} 4 | END POST FLAT BAR 2 X 172 X 43" LONG ASME SA36
EACH RING IS TO BE MADE IN 2 EACH 180 DEG HALVES .1 -
11502} 10[STACK STIFFENER RING PL 1/2" X 24 1/4" ID X 30 114" OD ASME SA36 [50001] 1 [NO PIPE 20" X SCHA40 X 33 COPE TOSTACKID ~ ~  ASME SA53 GRB[67007] 1 ISQUARE TUBE 2 X 9 X 120 X 88° LONG CUT ENDS AT 45 DEG ASTM AS00 GR B’
EACH RING IS TO BE MADE IN 2 EACH 180 DEG HALVES Imrz T [NO FLANGE SLIP-ON 150 # RF 20° ASME SATB2-F1i57002] 3 ISQUARE TUBE 2 X 2 X 120 X 42 3/4" LONG CUT ONE END AT 45 DEG |JASTM AS00 GR B
11601} 4 | CONNECTION PL 1" X 48 1/4" ID X 54 1/4" OD ASME SA36 [50003] 2 |NO L4X4X3/8 X 87" LONG COPE OVER STIFFENERS ASME SA36 67003 2 [SQUARE TUBE 2 X 2 X 120 X 40 3/4" LONG {ASTMAS00 GR B
116021200 CONNECTION GUSSET PL 1/2° X 2 1/2" X 12" ASME SA36 50094 1 NG DOULBLER PL 1/2 X 26 1/4" X 35 3/4° ROLL TO 48" ID ASME SA36 (67004} 3 RUNG 3/4" DIA X 28 7/8" LONG ASME SA36
11603] 24| WASHER FOR 7/8" DIA - NC BOLT ASTM F436 WITH ELLIPTICAL HOLE iN CENTER APPROX. 20 1/4" X 29" 67003 1 iSQUARE TUBE 2 X 2 X 120 X 38 7/8" LONG CUT ONE END AT 45 DEG |ASTM A500 GR B
11604} 12} BOLT 7/8" DIA - NC X 32" LtONG : ASTM A325 [67006] 3 RUNG 3/4" DIA X 36 7/8° LONG ASME SA36
11605 24| NUT 7/8" DIA - NC ASTM A563 _[50T07] 1 |[N10 PIPE 20" X SCH 40 X 33" COPE TO STACK ID ASME SAG63 GR B}67007] 2 |SQUARE TUBE 2 X 2 X 120 X 24 172" LONG ASTM A500 GR B

: - ' : 50102 1 [N10 FLANGE SLIP-ON 150 # RF 20" ASME SA182-Fi ' ] ‘ N .

"[21101} 4 [STACK MIDDLE PL 172 X ROLL TO 360 DEG AT 48" OD X 96" H ASME SA36 150T03] 2 [N10 LAX4X3/8 X 87" LONG VERT - ASME SA36 |71001] 1 W12 X 15 X 47 1/2° LONG CORE ENDS ASTM AQ92-

121162 1 |STACK MIDDLE IN - PL 3/8 X ROLL TO 360 DEG AT 48" OD X36"H ASME SA36 {50704 1 [N10 DOULBLER PL 1/2 X 26 /4" X 35 34" ROLL TO 48" ID ASME SA36 |71002] 2 W12 X 15 X 29" LONG . _ASTM A932

121201 2 {TOP TRANSITION PL 1/2" X TOP 24" OD X WITH ELLIPTICAL HOLE IN CENTER APPROX. 20 1/4" X 29" 71003] 4 W12 X 15 X 11 3/8" LONG GORE END ASTM A992

_ BOTTOM 48" OD X 60" H {180 DEG EACH HALF) ASME SA35 ‘ 71004]16 [PLATE 1/2 X 3" X 11 516" HIGH ASME SA36
21301] 1 KTACK MIDDLE PIPE 24" SCH 40 {.687" WALL) X 24" H ASME SA53 GR BE1007] 2 |STRINGER /8 X 2 1/2 FLAT BAR X462 LONG ASME SA36 {71005] 1 LIFT LUG PLATE 1 172 X 7 1/2°.X 7 1/2" RIGH (3 DIA HOLE) ASME SA36

131101 1 [STACK TOP PIPE 24" SCH 40 (687" WALL) X24"H ASME SA53 GR Blg1602] 47iIRUNG 374" DIA X 24" LONG ASME SA36 — -
31102] 1 [STACK TOP PIPE 24" SCH 20 {375" WALL) X 612" (51-0"H ASME SA53 GR Bigi003] 12iFASTENING 378 X 2 172 FLA] BAR X 14 58" LONG ASME SA36
31201] 6 [CONNECTION PL 1" X 24 1/4” IDX 30 1/4" OD ASME SA36 151004] 12/STUD 1/2° DIANC X 1 /2" LONG Ny ASTM A307
31301 15 [HELICAL STRAKES PL 1/4" X 3" X 120" LONG (HELIX TO }42NUT 12" DIA-NC ASTM A563 j

; 26" 1D X 9-10" FIN LONGYPITCH: 120" X REVALUTIONS: 1) ASME SA36 12]WASHER FOR 4/2* DIA- NCSTUD |} . ANSI B18.22.1 ( :

1131302] 60JHELICAL STRAKES WELD TAB PL 1/4" X 2" X 2" SPACE AT 90 DEG! _ ASME SA36 _61005] 7 [SAF-T-CLIME FALL. PREVENTION SYSTEM BY MANUFAC .

1150011 1 N1 PIPE 1" X SCH 40 X 26" LONG _ ASTM A312 GR TP304 CARRIER RAIL AND RUNG CLAMPS X 460" ) i

150012} 1 [N1 FLANGE SLIP-ON 150 # RF 1° ASTM A312 GR TP304 ASME SA36 : ‘ ;

150013 1 N1 ELBOW BW 1" SCH 40 X 90 DEG LR ASTM A312 GR TP304162001| 7 [CAGE VERT BARS 1/4 X 2 FLAT BAR X 30-4 3/4" LONG ASME SA36 :

[50014F 1 [N1 PIPE 1" X SCH 40 X 10 314" LONG . }ASTM A312 GR TP304{62002| 1.|BAND TOP #/4 X 3 FLAT BAR X 60° LONG ASME SA36 | NOZZLE TABLE -‘ :

{50015] 2 |N1 L4X4X3/8 X 12 1/2" LONG 'ASME SA36 _[52003] 7 [BAND MID 1/4 X 2 FLAT BAR X 60" LONG ASME SA36 | NO IORIENTIELEV | NOZZLE SERVICE SIZE/PROJECTION

{50016] 1 N1 DOULBLER PL 1/2 X 12 3/8" X 12 3/8" ROLL TO 48" ID ASME SA36 62004 1 |BAND CONNECTION 1/4 X 3 FLAT BAR X 60" LONG ASMESA36 | N1 | 270 § 5—6 = ISTACK DRA! 17 SCH 40 / 4

IWITH 6" DIA HOLE IN CENTER : $62005| 1 [SANDBOTTOM 1/4 X 3 FLAT BAR X 68° LONG ASVE SA% | N2 | 270 |45'~6" [VISUAL INSPECTION [4” SCH 40 / 4

:[50021} 1 [N2 PIPE 4 X SCH 40 X 5" COPE TO STACK ID ASME SA53 GR Bi62006] 7 [CAGE VERT BARS BOTTOM 1/4 X 2 FLAT BAR X 50" LONG ASME SASs |N3 | 45 148'—6" [SAMPLE uNg . |4" ScH 40 / &7

‘1500221 1 |N2 FLANGE SLIP-ON 150 # RF 4 ASME SA182-F1 - ] ASME SA36_{ (N4 | 135 -{46'—-6" {SAMPLE LINE 4" SCH 40 / 4" 3

{50023} 2 |N2 LAX4X3/8 X 11 1/2" LONG ASME SA36 [63001] 2 [L5X3X1/4 X 204" LONG ROLL TO 13-0F OD (180 DEG) ASME SA36 }IN5 | 45 |48'-6" |[SAMPLE RETURN LINE[2” SCH 40 / 47

150024] 1 JN2 DOULBLER PL 1/2 X 11 3/8" X 11 3/8" ROLL TO 48° ID ASME SA36 " 18" TOE UP 3" TOE IN NG | 135 [48'—6" ISAMPLE RETURN LINE]2" SCH 40 / 4" :

j WITH 4 3/4” DIA HOLE IN CENTER 63002 2 |L5X3Xi/4 X 84 3/4" LONG ROLL TO 54" iD (180 DEG) ASME SA36 |IN7 | 270 |68'-6" [FLOW ELEMENT . - [2” SCH 40 / 4"

'{50031] 1 |N3 PIPE 4" X SCH 40 X 5" COPE TO STACK D hSME SAS3 GRB 5" TOE UP 3" TOE OUT N8 | 90 |14'—8" [BYPASS UNE 12" SCH 40 /4"
50032} 1 |[N3 FLANGE SLIP-ON 150# RF 4" ASME SA182-F1 [63003] 4 |L3X3X1/2 X 69" LONG COPE END ASME SA36 | IN9 | 135 [13'—6.5"{OFF—GAS INLEr n o 120, SCH 40 /SEE DIL 10 AND 11
50033 2 [N3 L4XaX3/18 X 11 #/2" LONG ASME SA36 3 [L3X3X1/4 X 30" LONG COPE END ASME SA36 | IN1Q 225 [13'-6.5"|OFF—GAS, AL SP0" SCH 40 /SEE DIL 10 AND 11
50034] 1 N3 DOULBLERPL 1/2 X 11 3/8° X 11 3/8"ROLL TO 48" ID ASME SA36 [63005] 2 JL3X3X1/4 X 53" LONG COPE ENDS ASME SA36 ' '

WITH 4 374" DIA HOLE [N CENTER 1-|E3X3X1/4 X 28" LONG ASME SA36 7 - 3’/’ﬁ> 'Y
500413 1 | N4 PIPE 4" X SCH 40 X 5" COPE TO STACK ID ASME SA53 GR B[63007] 4 |L3X3x1/4 X 36" LONG COPE ENDS ASME SA36 _ AT \'
50042{ 1 N4 FLANGE SLIP-ON 150 # RF 4" ASME SA182-F1 2 L3X3X1/4 X 20 3/4" LONG COPE END ASME SA36
150043 2 IN4 1L4X4X3/8 X 11 172" LONG ASME SA36_ |63009 1 JL3X3X14/4 X 51" LONG COPE ENDS ASME SA36
50044] 1 [N4 DOULBLER PL #/2 X 11 3/8" X 11 3/8" ROLL TO 48" ID ASME SA36 1630707 1 L3X3X1/4 X 36 1/4” LONG COPE END ASME SA36
WITH 4 3/4" DIA HOLE IN CENTER 63011] 2 {L3X3X1/4 X 33 1/12°LONG ASME SA36
50051] 1 INS PIPE 2" X SCH 40 X 5" COPE TQ STACK ID ASME SA53 GR BI63072] 2 IL3X31/4 X 36" LONG COPE END (3/4" HOLE) ASME SA36
50052] 1 [N5 FLANGE SLIP-ON 150 # RF 2" ASME SA182-F1 [63013] 1 [BAR GRATING; BEARING BARS 3/4 X 3/16 X 59-10" LONG ASME SA36
50053} 2 [N5 L4X4X3/8 X 8 1/2" LONG ASME SA36 CROSS BARS 1/4 DIA X 36" WIDE CUT LONG X WIDE AS REQE, GALV
50054] 1 {N5 DOULBLER PL 1/2 X 8 3/8" X 8 3/8" ROLL TO 48" D ASME SA36 STEEL TYPE W-19 {(STANDARD MESH RY-WELD OPEN STEEL Aara i
WITH 2 1/2" DIA HOLE IN CENTER 6 {BOLT TAB PLATE 1/4 X 2 3/4" X 2 3/4" {3/4" HOLE) ASME SA36 IFXP]RFS- 12.27.08 ]
VIR o || me » ) I 0 23BN s B = g i
;ADD SHEET 1A AND CHNG 17O 18 pJB|GNT2-12-058 - 1 — T i ESIEEES%%%E'ETD (?l'giE!R\;Vj;SE “E.ﬁgiELETARY mNng 027706 £ EXHAUST STACK - BILL OF MATERIAL ' BUSBY |2
ISTACK HE! bl PP B Iomo s e RIS G” ——s) N o 3
485&%1;\??;) gi—?NEng\églgS LS DJBITMP2-62-06 STACK DIA + 1/8 /- 1/8" ::;n@‘zém%"?ﬂﬁm o RA EXHAUST STACK ASSEMBLY 10001 259%(;%% -
+1/8"1- 18" SSOUET IR KL R b : v
DA ST ENERSIGUSSETS +.06/ 03 | = o o oa s ] 270_§]Lﬁ' BMASMESTACK 02-BOM ! 4
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- NOTE: - e .o . 5
a THE TOTAL WEIGHT OF THE STACK IS 45,730- LBS . -
s THE WEIGHT OF THE BOTTOM SECTION 1S 21,350 LBS o 1
_CI’. THE WEIGHT OF THE MIDDLE SECTION IS 14,950 LBS o .
< THE WEIGHT OF THE TOP SECTION: IS 7,030 iBS P -
0y THE WEIGHT OF THE LADDER AND :PLATFORM IS 2,400 LBS c? ‘
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FEVEH wojee ATE L] AN . ] TATE BN ROLE: DATE ]‘ . el e
3ADD SHEET 1A AND CHNG 1 TO 1B DJB|GNI2-12-05} - |- - 3 | TOLERANCE PROPRIETARY mﬁ? oz-zmsg(HAUST STACK ASSEMBLY _ BUSBY |3
ORIENTATION & ELEV TO NOZZLE CHART SEE SHEET 2 L e KO | ‘ 5E008 | *
4|CUSTOMER CHNG DESIGN HJBIGNI2-02-06 : IS SN e —y : EXHAUST STACK ASSEMBLY - 10001 10002 AND 11002 508701 1 -
(ISCLOSEI CRLLE WWHLE O I AT - x [PRSOU T 2y =3
BT o) PR TR W e WT:M 02 ?7-06 BMASMESTACK T3-STACK! 4
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NOTE: , . |
| THE TOTAL WEIGHT .OF THE BOTTOM E -
. STACK SECTION IS 21,350 LBS = 60-0
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TECHNICAL DATA SHEET
AMEC Americas Limited

ame«

The document revision number is indicated below. Please replace all revised pages of this
document and destroy the superseded coples.

-|PROJECT: Final DBVS Design 145579-V-DS-005.1 | REV. 2
PROJECT NO.: 145579 EXHAUST STACK
CLIENT: AMEC E&E - Richland Washington EQ. NO.: 36-N26-024

ECiE e e eted e BT

A lInternal Review DW 02-Sep-04 DW

B [internal Approval ' ’ DW | 12-Oct-04 DW

C _{CH2M Hill Review DW | 19-Oct-04 DW

o |cConstruction . . DW 15-Dec-04 DW

1 |Bid Request ' DW 11-Jan-05 DW

2 |Bid Request DwW 02-Feb-05 |™ %~ _o
DOGCUMENT APPROVAL

CLIENT APPROVAL (AMEC RICHLAND)
Originat Approvals on Flle

Project Manager:

Date:

Q.A. Rep.:

Datg:

CLIENT APPROVAL {CH2M HILL)

AMEC AMERICAS LIMITED (TRAIL)
Criginat Approvals on Flle

Project Manager: j . Aé{jnv

Date:

Discipline Lead:

Date: 1l 2/65

Originator: Wﬂﬁ*
-

Y V- v L O SRS

Date; @ YA ; ZW(
Project Manager:
Date:
Attachment: 7
" Calc. No.: 145579-C-CA-015
Rev. No.: G2 AMel 3250
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TECHNICAL DATA SHEET

PROJECT; - Final DBVS Design 145579-V-DS-005.1_| _ REV.2
PROJECT NO.: . 145579 - EXHAUST STACK
CLIENT: AMEC E&E - Richland Washington EQ. NO.: 36-N26-024

REFERENCE SPECIFICATION

Document No. Specification
145579-V-SP-005 EXHAUST STACK
CONTENTS

Data Sheet ' 2 Pages

Bidders Drawing éData Comrﬁitrﬁenis Sheet K Page
Aftachment: 7
Calc. No.:  145579-C-CA-015
Rev.No.. " = 7 A2 pger 3-700
Sheet 2 of 5
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amec®

Final DBVS Design

145579-V-D8-005.1 ! REV. 2 '
EXHAUST STAC

145579
AMEC E&E - Richland Washins_;ton EG. NO.: 36-N25-023
1 Area .
F-145579-00-A-0023 Stream Number
Reference Specifications 145579-V-SP-005 Quality Assurance Level
Operating Conditions Rey Rev
Location (Indoors/Qutdoors) Qutdoors Environment
Cperation (Cont. / Intermittent) Continuous -Radioactive No
{Days per year 365 -Texic No
* [Hours per day 24 ~Corrosive Yes
 Availability T (%) 100 ~Flammable No
Site Elevation i) 663 Ambient temp - min 3} -25
Stack Temperature - max ¢} 248 0 jAmbient terp - max ) 115
Stack Temperature - min ¥3) 25
Description
Service : : Process Data:
Outsige Diameter in) 24 Design Temp 5] 248 10 -25
Wall Thickness (i) * Design Pressure (in WG) 2
JHeight A )55 1 2 (GasFlow (ACFM) 7305 0
Top of Stack Bl 6] 8i8 Gas Velocity {fpm) 2
AWeight No greater than (lbs) 40,060 2 [Stack Exit Velocity (fpm) 2677 0
Concrete Pad Dimensions Minimum Stack Exit Velocity (fprm) 2500 1
- Height (f1) 4 Corrosion Allowance (i) 0.0625
- Width (fn 20 Wind Loads:
-Length (ft) 30 Velocity (3 second gust) (mph) 85
Supports: * Importance Factor - ' 115
Exposure Category c
Seismic Loads: (Zone 2b, soil type SE)
: Coeff Aa 2
Anchor Bolts: TR Coeif Av 9
[Number * Grating Floor Load (ps) 2
Size (i} *
Construction e
— [Type Material Number Thickness Comments |Rev|
Shell
Bottom
Strakes
Stiffeners
Eiﬁ:} g;z; Attachment: 7
.Calc, No.: 145579-C-CA-015
Rev. No.: g 7t 50506
Sheet 3 of 5
Date 02-Sep-04 12-Oct-04 18-Oct-04 15-Dec-04. | 11-Jan-05 02-Feb-05
By DIW DW DW DW DwW — )
Chked AP AP AP AP AP o -
Rev. A B C 0 1 "2
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amec®

TECHNICAL DATA SHEETS
Data sheet 2 of 2
Construction cont'a :
‘ Type [Material fNumber Thickness Comments Rev
Pipe Supports
Platforms Landing at 17.5 f&. 1 See ASME STS-1
Grating Floor of landing See ASME STS-1
Ladder Up to landing 1 See ASME §TS-1
Handrails Around Landing See ASME STS-1
Supports s
(Gaskets, externa -
Gaskets, internal *
Bolts, external *
Bolts, internal *
Nuts, internal >
Insulation .
Grovading Lugs Terminals Steel 2 3/16" min Opposite sides
Lifting Lugs * '
Lining o
Grout ¥
Testing & Inspections - ~ |Coatings and Insulation
‘Witness Req'd|Rev {External Surface Preparation *®
Dye Penetrant welds as per STS-1 2 IExtemnal Coatings, Primer *
Magnetic Particle welds asper STS-1 | 2 |External Coatings, Finish *
Radiograph welds as per §TS-1 Internal Surface Preparation *
Intemnal Coating! *
[Instrumentation Connection Ports - Minimum nezzles required indicated below
Purpose - Size Number Rating Elevation(s} Comments
Sample Return Lines 2" 2 1504 31-6" at 90° offset
Sample Lines 4" 2 150# 29-6" at 90° offser
| Visual Inspection 4" 1 150# 28-6"
Flow Element 2" 1 1504 51-6"
Inlet 24" 1 1504 20 Angled -45° from
‘horizontal
Stack Drain 1" 1 1508 Lowest drainage point
Comments: _ _ ) -
1. Items marked with an * shall be filled in by VENDOR B
‘ Altachment: 7
sk For the exact locations of the grounding lugs see drawing F-145579-36-V-0021° ~ Calc. No.: = __145579-C-CA-015
Rev. No.: PP rrLl F-P-2C
Sheet 4 of S
Date 02-Sep-04 12-Oct-04 18-Oct-04 15-Dec-04 11-Jan-035 02-Feb-05
By DW DW DW oW DW {2
Iphked AP AP AP AP AP %Eg
Rev. A B C 0 1 2
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amec®

TECHNICAL DATA SHEETS

PROJECT: Final DBVS Design _ 145570-V-DS-005.1 | REV.2
IPROJECT NO.: ' 145579 T EXHAUST STACK
ICLIENT: AMEC E&E ~ Richland, Washington o o

BIDDERS DRAWING AND DATA COMMITMENTS

Vendor shall supply all drawings, manuals and documentation in the quantities indicated. Approval drawings are due within the listed
number of calendar days after issue of the Purchase Order or Letter of Intent. The dates set out for drawing and data su

SEND ALL DOCUMENTS TO: . AMEC Americas Limited

1385 Cedar Avenue
Submit all documents via cotrier service o ' : Trail, BC, Canada
Faxed documents must be followed by the originals. = VIR 4C3
Electronic E-mail or FTP transmissions of drawings & data must be copied to Atin: Document Control
Document Control - ) ) _ Phone: {250) 2368-2400
Always include a transmittal S _ ~...Fax:  (250) 368-2401
BIDDERS MUST PROVIDE ESTIMATED LEAD TIMES FOR APPROVAL DRAWINGS
Proposal  Bidder shall inciude this data for each item o ) REVIEW VENDOR
Raview  Requirad before ordering or start of fabrication ITEMS DUE { COMMITMENT
Final Regulred within 7 days prior to shipment and before final payment WITHIN (SEE NOTE 3)
PROPOSAL REVIEW FINAL, - DESCRIPTION {DAYS) {DAYS)
1 QA program Bid
1 . Experience list and maintainability information Bid
E+3 . Design, fabrication & delivery scheduls B PO+7
Outfine drawings and layout drawings indicating weights and
E+3 E+3 E+6  |dimensions PO+14
E+3 E+3 E+6 __[Technical brochures on purchased components PO+21
E+3 E+b Calculations ' ' T PO+14
E+1 E46  ISpare paris list ' C T Del14
Set of installation and mainterance manuals c/w-technical iteratura for,
E+1 E+6 alj equipment and devices ' ' Co Del-14
6 Sito commissioning record & test results o COM+14

THE TIVMELY RECEIPT OF THE VENDOR DOCUMENTS IS CRITICAL TO THIS PROJEC

1agree to provide the listed documentation and data and the dates shown above.

Vendor Signature - Date
Attachment: 7
Calc. No.: 145579-C-CA-015
Rev. No.: 4 2 rpee 3-75-06
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CALC.TITLE: Reagent Tank Foundations (Fdns #21, 22)
PROJECTNO.: 145579 PROJECT TITLE: Final DBVS Design

1.2

INTRODUCTION
Purpose

The purpose of these calculations is to verify foundation designs and confirm that
the foundation/slabs will support attached tanks under design loadings.

Scope

. The scope of this calculation includes determining the loads that each tank places

on Its associated foundation due to wind, gravity and seismic forces. It is assumed
that the tanks will be secured rigidly to the foundations using drilled-in and grouted
ASTM A36 anchors of up to 1 inch in diameter. Foundations are sized to ensure
that anchors will have adequate depth and edge distances {min 12) to develop
their full shear and tensile capacities. Foundation details will be given to tank
vendors to allow for anchorage designs by them. This calculation verifies that the
foundations will not exceed the soil bearing capacity under gravity, wind or seismic
loading, and that the foundations have adequate overturning capacity and strength.

BASIS

Design inputs

G-L1-001 Rev O, DBVS Equipment Uist prepared by AMEC Trail Mechanical Group,
Issued March 4, 2005. This provides data for the filtered water tank.

Individual Data Sheets are provided from the Mechanical group for each of the
Reagent tanks. These are inchxded In attachment 6.

Criteria
From: TFC-ENG-STD-06 Rev B-1, October 27, 2003.

The foundations are 24" thick, as required by the standard listed above. The
foundations are large enough that they act as the local “top of grade® compared to
the equipment supported. Finished grade of the granular surface adjacent to the
foundation will be approximately 22*-24" depending on final grade accuracy.” Frost
heaving has been considered and will be negligible. This Is confirmed in an e-mail
from the author of the Geotechnical report and s included as Attachment 5.

3 DATE: DATE: —
%—M‘s %M M&Y AMarcl. | 0_/Ob
PADSsGMCIVCakcs \CA-D TR 45579-C-CA-O18 (Rov D)doc v Page20t7
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Design Loads:

Dead load = Self weight of tanks.
Wind Load = 3-second gust 85 mph,
Exposure Category *C”

Importance factor 1.15

. Seismic Load = Zone 2B per UBC

Live load: Tank contents. Weights are based on the known contents of the 1anks.
For the purposes of seismic analysis, the tanks are assumed to be fult, whereas for
wind loading the tanks are assumed to be empty.

An additional live load on the slabs will be foot tratfic beside and around the
perimeter of the tanks. By inspection, a 24" thick reinforced slab will withstand foot
traffic, and this load may safely be ignored.

Snow load: the ground snow load on the Hanford site Is 15 psf. By inspection, a
24" thick reinforced slab will not be atfected by a 9" depth of snow, and this load
may safely be ignored.

Volcanic ashfall: the ashfall load on the Hanford site Is 5 psf for PC-2 SSCs. By
inspection, a 24" thick reinforced slab-on-grade will not be affected by such a minor
load, and this load may safely be ignored.

Flood: the DBVS site Is at elevation 663 fect and is not in any of the fiood areas
identified in HNF-SD-GN-ER-501. Flood loads may safely be ignored.

Groundwater Pressure: the DBVS site is at elevation 663 feet. The Geotechnical
report notes that groundwater levels are approximately 300 fest below the ground
surface. Groundwater pressure may safely be ignored.

Thermal: like any exterior concrete slab on grade, the foundations are subjected to
normal annual and daily temperature variations. They are not constrained from
expanding or contraction by the surrounding soil. The foundations are simple
rectangular prisms, and no change in the foundations’ geometry occurs due to
thermal stresses. Thermal stresses will be very small and may safely be ignored.

DATE: MCKER. DATE:
lT&r—é{m Alas w/05 LJMA* I“{Q&L_LO_AS_—

AGIRIASITE-CCA DI (Rew O1dx .7 * Pago 3ol 7
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Concrele creep: the foundations will be cast in place on a firm compacted soil
subgrade. Long term creep of a non-suspended slab will be negligible. Concrete
creep stresses may salely be ignored.

Lightning: the entire DBVS site will have a grounding grid installed. Pigtails are
provided from the grounding grid through foundations for attachment to equipment.
Details of the grounding system are not part of the scope of this calculation.

2.3 Assumptions

1.

For the UBC method of analysis, tanks are assumed to be rigid cylinders with
their centre of gravity at 0.5 of their height.

For the AP! method of analysis, the tank seff weight has been assumed to be
distributed 30% top surface, 50% walls and 20% base. This is slightly
conservative for single wall tanks with an aspect ratio of ~1:1 (25%-50%-25% is
correct) and Is reasonable to conservative for double wall tanks. The contents
have a far greater effect on the total seismic load than the tank self-weight.

Tanks will be provided with mounting holes in their bases suitable for mounting
on a concrete pad. The precise sizes and locations of these mounting holes
are not known at this time. It is assumed the equipment will be secured to the
concrete foundation with field-instatled drill-in anchors in all mounting holes and
that these anchors will be adequate tc provide lateral and vertical support for
the base of the tanks. Vendors are required to design and supply tanks
conforming to Hanford site standards. Drill-in anchors for this size of tank are
typically one-half inch to one inch in diameter. It is assumed that one inch
anchors will be used. Anchors will be located more than 12" away from the
edge of a 24" deep slab, and are therefore able to develop thelr full tensile and
shear capacities, regardiess of their precise locations.

Stability analysis assumes the foundations are round and have a top diameter
equal to that of the tanks. Foundations are 24" thick and forces from the tanks
transfer through the concrete towards the ground at a 45 degree angle. It Is
assumed that there is a minimum 4" flange around the base of tanks. The
average diameter of the effective conic foundation Is 2'-8" greater than the
diameter of the tanks, and the effective diameter of the base of the foundation
is 4'-8" greater than the tanks. The actual rectangular foundation sizes are
larger than the assumed circular foundations; this assumption is conservative.

[ DATE: caec_x_en:_ DATE:
%MJ T -1 @M LJ /\/arc&jo/oS'
: 1EISSTI-C-CA-G16 (Rev 0).doc [ Pa;o ack?
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5. The reagent tanks are assumed to be Performance Category PC-2 pending

confirmation from the design authority. As all SSCs In this project are either PC-
1 or PC-2, this assumption is conservative.

REFERENCES

1. Uniform Building Code, 1997. International Conference of Building Officials,

2.

Whittier, Caliornia.

AC! Manual of Concrete Practice, 1997. American Concrete Institute,
Farmington Hills, Michigan.

TFC-ENG-STD-06 Rev B-1, Design Loads for Tank Farm Facilities, Issued
October 22, 2003 by CH2M Hill Hanford Group Inc. Hanford, Washington.

ASCE 7-02 Minimum Design Loads for Buildings and Other Structures, 2002,
American Society of Civil Engineers, Reston, Virginia,

Report of Geotechnical Engineering Services, Bulk Vitrification Process Partial
DBVS Richland, Washington. April 2004, AMEC Earth & Environmenta! Inc.,
Portland, Oregon.

HNF-SD-GN-ER-501 Rev 1B, Natural Phenomena Hazards, Hanford Site,
Washington. As revised by ECN 672877, May 15, 2002. Numatec Hanford
Company, Richland, Washington.

DOE-STD-1020-2002 Natural Phenomena Hazards Design and Evaluation
Criteria for Department of Energy Facilities January 2002. U.S. Department of
Energy, Washington, D.C.

. .G-LI-001 Rev O, DBVS Equipment List prepared by AMEC Trail Mechanical

Group, Issued March 4, 2005.

MathCAD software, version 11. Published by Mathsoft Engineering &
Education Inc., Cambridge, Massachusetis,

10. American Petroleum Institute, 2000. Welded Stee! Tanks for Oil Storags. AP

650, 10™ Edition, Addendum 1.

OR; DATE: KER: DATE.
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METHODS

Loads have been calculated using the Tank Farm Facllities Design Loads and the
analysis of load effects follows the procedures of the Uniform Building Code, and
ASCE-7 as applicable, Foundation allowable resisting forces have been calculated
using the methods In the Uniform Building Code and ACI-318. Calculations were
performed using MathCAD 11 computer software.

Calculations determine soll bearing pressures on the leeward and windward sides
of the foundations during both wind and seismic loading. For seismic design,
*windward” is understood to mean the side an earthquake “pushes” from.

Provided that the calculated bearing pressure on the soil is always compressive
{i.e. no uplift) and less than the allowable soil bearing pressure of 3000 pounds per
square foot, the foundations are stable with a safety factor of at least 2.0.

We have conservalively not used the 4000 psf allowable soil bearing capacity for
short-term loading (wind/seismic) permitted by the Geotechnical Report.

Positive bending moment in the slabs (bottom bars in tension) are calculated by
taking the maximum factored soil bearing pressure times the lever amm of the
assumed foundation base back to the tank walls. To consider negative (top bars in
tension) bending, the maximum factored net upward pressure on the foundation
has been conservatively assumed to apply across the full width of the tank and the
resulitant negative bending moment calculated for a one-foot wide strip.

Slab bending strengths on a per-foot width basis, and minimum reinforcement have
been calculated following the UBC/ACI-318 method and provided in Attachment 4.

Given the low absolute bearing pressures and the very large tank perimeters,
punching shear stresses will be negligible.

For greater certainty, we have also calculated the base shear and slab bottom
overturning moments using the methods for flat bottom tanks provided in APf 650
Appendix E “Selsmic Design for Storage Tanks.” It is found that the “rigid body”
model analysis from the UBC gives conservative results.

DATE: CHECKER: DATE:
Mﬂ-%o 0.5 Derere- “ﬂiﬂgg Marcl. 1o /05'
PADaalgiCIACaics\CA-O A1 455T9-C-CA-018 (Rev 0000 Pag'aao!'r
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5 RESULTS AND CONCLUSIONS

Each concrete base will support the specified equipment against design loads.
Bearing pressures on the soil are always compressive {no uplift) and always less
than the allowable 3000 pst soll bearing pressure under gravity, wind and seismic
loads.

The maximum calculated bearing pressure Is under the NaClO, Tank #1 and #2
under seismic loading and is 1380 psf. The minimum bearing pressure occurs
under the NaClO, Tank #1 and #2 under seismic¢ loading and is 41 psf. Both are
within acceptable [imits.

The maximum uniform bearing pressure under gravity load occurs under the
Filtered Water Storage Tank and is 792 psf.

The maximum bending moment in any slab occurs in the Filtered Water Storage
Tank under selsmic loading and is 11 kip-ft/ft, compared o a calculated slab
bending moment resistance of 40 kip-ft/ft.

The foundation designs have been added to the 3-D computer modei of the project.
Foundation drawings are attached.

A check of the equipment Vendor Drawings will be made once they become
available to verify the equipment loading is within assumed values. Corrective
action will be taken if tank size assumptions are found to be non-conservative.

A check of the equipment Vendor drawings will be made to confirm that the
proposed method of anchoring the equipment is acceptable

: DATE: crEu_Ea; oﬁ
YRR . oS @MUM{ rech [0/05'
PDesigniCIMCaloNCA-01 BiT4S579-C-CA-818 (Flew 0).d0s Paga7ol7
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Attachment 1

Reagent Tank Foundations Drawings

H-14-106798 Rev. C
Bulk Vitrification Minor Foundations General Arrangement

. H-14-106800 Rev. C
Bulk Vitrification Miscellaneous Foundations Plans & Details
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East Reagent Tank Foundation (Fdn #21)
(MathCAD Calculations)
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CALCULATION SHEET 0

CALC.: NO: 145579-C-CA-015 REV: 0

CALC. TITLE: Reagent Tank Foundations (Fdn #21 and 22) ISSUE DATE: 10 March 2005
PROJECT NO.: 145579

ATTACHMENT: 2 PROJECT TITLE:Final DBVS Deslian

ATTACHMENT TITLE: East Reagent Tank Foundation {Fdn Page: 10f22
ORIGINATOR: A VA CHECKER: < {uya.-
DATE: Alarch |°/°5 DATE:

AL IO oS

FILTERED WATER STORAGE TANK (00-D74-017B)

GENERAL DIMENSION
PC = Performance Class PCi=2
H = Height of tank H:= 161t
D = Diameter of tank D:= 12t
Heg = Height to center of gravity Heg:= 0.5-H Heg=8f
of tank

Wi, = Weight of full tank Wig:= 1100001b Equipment List
Wt = Volume tank Vti= 12000gal Equipmenl List
p = density of water p=624 L)

3

ft

Wt = Weight of tank contents Wto = p-Vt Wt, = 1001001b
W, = Weight of empty tank Wi, 1= Wie— Wi, Wt, = 99001t
h = Height of concrete foundation h= 2R
D1 = Diameter of concrele Dl:=D+2ft + 8in Dl = 14.667#1

foundation for weight

D2 = Diameter of eHfective area of D2:= D + 4f + 8in D2 = 16.667R
concrete foundation In

contact with the soil
=D2 2
A2 = Area of D2 A2:= 2 A2 =21821
wc = unit weight of concrete we = 150-'—!3- ASCE 7 Table C3-2
ﬁS pg 250
p1)?

We1 = Weight of concrete Wel = wc-h-n-(—) Wel = 506841b

foundation 2

N xD2> 3

S2 = Elastic section modulusof S2:= S2=455M

foundation
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CALC.: ND: 145579-C-CA-D16 . REV: D

CALC. TITLE: Reagent Tank Foundations {Fdn #21 and ISSUE DATE: 10 March 2005
PROJECT NO.: 145579

ATTACHMENT: 2 PROJECT TITLE:Einal DBYS Deslign

ATTACHMENT TITLE: East Reagent Ta ation (Fd Page: 2 0f 22
ORIGINATOR: SDirame. L CHECKER: X s Asyo—
DATE:  pfarel. 10 /o5 DATE:

Al ;o oax

SOIL BEARING CAPACITY
AllowBC = Allowable bearing AllowBC = 30001—b- Reference 5 Figure 4
tapacity ﬁ2
Wi+ Wel b
AclBC = Actual bearing ActBC iz —— ActBC=T736.523 —
pressure A2 a2
FOS = Factor of Safety FOS := AllowBC FOS = 4.073
ActBC
WIND

Following DOE-STD-1020-2002 and ASCE 7 standards
Method2 6.5.13

TFC-ENG-5TD-06
Exposure C REV B-1 Table 3
Page 24
Kz = Velocity Pressure KAH) = |086 if H<16ft . ASCET7page75
Exposure Coefficient 098 if H=30R
1.04 if H=40R
1.19 if H=751
“prob™ otherwise
Kz(H) = 0.36
Kzt = Topographic Faclor . Kzt= ) ASCE 7 page 47
: flat ground
Kd = Wind Directionality Factor Kd:= 0.95 ASCE 7 page 76
round
mi TFC-ENG-STD-06
V= "Thre?-second gust” wind V= 35 -h_ REVB-1 Table 3
velocity t
Page 24
I = Importance Factor I(PC):= 1.15 if PC=2 KPC) = 1.15 TFC-ENG-STD-08
; REV B-1 Table 3
10 if PC=1 Page 24
"prob™ otherwise
hr 2
gz = Velocity Pressure qz = 0.00256 (_-E) .tb.xz(m.m.xd.vz.l(pc) ASCE 7 page 31
m-
qz= 17.381—h
ft
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CALCULATION SHEET 0

CALC.: NO: 145579-C-CA-016 . REV:Q
CALC. TITLE: Reagent Tank Foundations (Fdn #21 and 22) ISSUE DATE: 10 March 2005
PROJECT NO.: 145579
ATTACHMENT: 2 PROJECT TITLE:Final DBVS Design
ATTACHMENT TITLE: East Reagent Tank Foundation [Fdn #21 Page: 3 of 22
ORIGINATOR: ZPthaman. ) CHECKER: ey s
DATE: Afarcl. fo0 fo5 DATE: 24r2.7p 20es
G = Gust factor . G:= 0385 ASCE 7 page 30

if (D-Jq—z > 2.5y/Ib, "Use shown Cf factors* ,"Change fnctors") = "Use shown Cf factors”
Cf = Force Coefiicient Ci(x) = |05 if -g- <7 ASCE 7 page 69
07 if7s L <25
D

0.8 if 255-}-{-
D

"prob” otherwise

Cf (E) =05
D

Cp = Pressure Coefficient Cp:= 0.8 UBC page 2-2%
_ Table H
Af = Area npormal to the wind Af = H.D Af =192 2
Pw = Wind pressure Pw:= qz.G-Cp Pweo 11.82E
ﬁz
Fw = Wind force Fw:= qz.G-Cp-Af Fw = 22691
Mw = Wind moment Mw:= Fw-(Heg+h)  Mw=226891bft

Wite+ Wel
W, = Unfactored wind W, = Mg+ Ve Mw

pressure A2 §2
W1, =786 %
_ ft
il‘[Wlu < :‘:ooo--“l2 *Design is Good" ,"Design is Bad* | = "Design is Good"
fi
Wt, + Wel
wzl.' = ;—.— - _N.(._Vf.
Al 52
qu = 228 'E;‘
ft

if(0 < W2,,,"Design is Good" ,"Design is Bad" ) = "Design is Good*
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Fea = 132001b

Femax = Max ea-rthquake force  Femax:= 4.0-Ca-Ip(PC)- Wty

Femax = 158400 b

Femin = Min earthquake force Femin := 0.7-Ca-Ip(PC)-Wt;

Femin=277201b

Fe:= {Femin if Femin> Fea
Femax if Fea » Femax

Fea otherwise
Fe=277201b
Mc=2772001bft

. Me = Seismic moment Me:= Fe:(Heg + h)

A5-402
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CALCULATION SHEET 0
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CALC, TITLE: Reagent Tank Foundations (Fdn #21 and 22 ISSUE DATE: 10 March 2005
PROJECT NO.: 145579
ATTACHMENT: 2 PROJECT TITLE:Final DBVS Dasiqn
ATTACHMENT TITLE: East Reagent Tank Foundation (F Page: 4 of 22
ORIGINATOR: ‘Buiama_ ui'i ﬁ;; -T- CHECKER: %__//trym-
areh. [0 /o5 M ooS
SEISMIC
Following 1997 Uniform Building Code {UBC) standards
Seismic Zone = 2B UBC page 2-37
Figure 16-2
Soil Profile = S¢ . Reference 5 Page 11
Ip = Importance Factor Ip(PC):= {15 if PC=2 UBC page 2-30
10 if PC= ] Table 16-K
*prob" otherwise
Ip(PC) = 1.5
Z = Seismic zone factor Z=02 UBC page 2-30
Table 16-|
Ca = Seismic coefficient Ca:= 024 UBC page 2-34
. Table 16-Q
ap = Horizonta! Force Factor 1 ap:=1 UBC page 2-33
Table 16-0
Rp = Horizontal Force Factor 2 . Rp=3 UBC page 2-33
Table 16-0
hx = Height from ground to hx := 0.0ft
bottom of element
Fe = Earthquake Force Fea:= ."Ec_“l‘:___.;m.(l + 3..‘1;{‘_).‘“{ :J%ngage 2-18
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CALC.: NO: 145579-C-CA-018 _ REV:D .

CALC. TITLE: Reagent Tank Foundations (Fdn #21 and 22} ISSUE DATE: 10 March 2005
PROJECT NO.: 145579

ATTACHMENT: 2 PROJECT TITLE:Fina! DBVS Design

ATTACHMENT TITLE: East Reagent Tank Foundation (Fdn% . Page:50f22
ORIGINATOR: c'})m R} }qm,,{ CHECKER: A-/—//f”?ﬂ'\—-

DATE: /‘7%'\ o o5 DATE: Adar 10 zoeS

Wtf+ Wel Me

E, = Unfactored seismic El,* +
‘A2 S2
prossure
1, = 13462
f
if(l-:lu < 3000-]%,"Design is Good" , "Design is Bad"] = "Design is Good"
i
Wee+ Wel
By M
A2 s2
| E2, = 127
] ﬂz
] if(o < E2,,"Design is Good" ,"Design is Bad") = "Design is Good”
|
~ LOAD CASES - FACTORED PRESSURE ~ UBC page 2-4
. 1612.2.1
1.4-(Wle 4 Wcl)
LC1=1.4D LCl = —te——= (12-1)
a2 b
LCl =389 =
ﬂz
12{Wt, + Wel) + 1.6-Wt
LC 2= 1.2D0+1.6L L2 = HWe AZ) < (12-2)
LC2 = 10672
ﬂl
12.fwt, + Wel) + 1.0-W ,
LC 3= 1.2D+1.0L4+1.3W LC3 = (¥ ) B ASMy
A2 s2
LC3 = 8572
ﬁZ
' 12 (We, + Wel) + 1.0W
LC 4 = 1.2D+1.0L+1.0E LCA := (W + Wet) B loMe o)
A2 s2
T LC4 = 14022
: ' nz

max(LC1,LC2,LC3,LC4) = 1402%

® "
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CALCULATION SHEET
amecG
CALC.: NO: 145579-C-CA-016 _ REV: 0
CALC. TITLE: Reagent Tank Foundations (Fdn #21 and 22} ISSUE DATE: 10 March 2005
PROJECT NO.: 145579
ATTACHMENT: 2 PROJECT TITLE:Final DBVS Desian

ATTACHMENT TITLE: ank Fou n Page: 6 of 22
ORIGINATOR: SR amo. W) CHECKER: Nraw——/ ry o
DATE: A, L. (8 /og DATE: si0n o 2eos

SLAB MOMENT CAPACITY CHECK

if (Me £ Mw,"Wind Govems® ,"Scismic Governs®) = "Scismic Govemns®

Between the seismic and wind moments, seismic has a farger moment,
12:(Wt, + Wel) + 1.0-Wi,

Py = Factored downward pressure Pg:= o

from tank and contents

jio]
Pp=792—
f 2

fr
LC4 is the maximum factored upwards pressure. Subtracting the downwards pressure from the upwards
pressure and assuming that the result Is a uniformly distributred load along a simple beam, the diameter of the
tank, a conservative moment at the center or the fpundation in the top rebar will be found.

(L4~ py D’ -
M, = Top rebar moment My = -—s—- M, = 10978 T

Assumning a catilever of 2 feet with the maximum factored pressure LC4 acting as a uniformly distributed foad,
the moment in the bottom rebar will be found.

L = Assumed overhang L= 2ft
. 2
M, = Bottom rebar moment My, = LC;-L Mbr = 2804 l‘l.f.‘.
Mu = Moment resistance per foot Mu = 4000011-’62 Allachment 4

if (Mtr A My, < Mu,"Rebar is sufficient” ,"More rebar is neeced") = *Rebar is sufficient®

American Petroleum Institute - shear and moment check UBC page 2-22

Of tha emply weight: 30% Is the waight of the roof, 1634.42
50% Is the weight of the walls and
20% is the weight of the floor

W, = Welght of roof W= 0.3-Wt, W, =29701b
W, = Weight of lank shell W= 0.5Wt, Wy =49501b
Y
A, = Area of top and bottom A= u-(-lm) A =123 #*
oftank 2
A, = Area of walls A,=n-DH A, =603 8%
H_ = Height of liquid Hy =H-1ft Hy =i5f
D/H, = Diameter to height ratio -}TD- = 0.8
L
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CALCULATION SHEET eco
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CALC.: NO: 145579-C-CA-016 . REV: 0
CALC. TITLE: Reagent Tank Foundalions (Fdn #21 and 22) ISSUE DATE: 10 March 2005
PROJECT NO.: 145579
ATTACHMENT: 2 PROJECT TITLE:Final DBVS Deslign

ATTACHMENT TITLE: East Reagent Tank Foundation {Fd ) Page:7 of 22
ORIGINATOR: “Dinome_ LIA; CHECKER: Yoo Aoy

DATE: /.fa rele {0 /d I DATE: 192 4o o0

Iap = Importance factor Tapr= 125 APIE3A

S = Site Coefficlent S=12 APl Table E-2

k = Factor k= 0.59 AP Figure E-4

T = Factor T=k ED T=204 APIE.33.2

C1 = Factor ' Cl:= 06 APIE33.1

C2 = Factor . 2 o.:rrss £ T<4s APIE3.32

33158 st rsas
C2=0.44

W1 = Mass in unison W1 := 0.86-Wt, W1 =860361b

W2 = Mass sloshing W2 := 0.18-Wt, W2 =180181b

X1 = Height for W, X1:= 0.42-Hp X1=631t

X2 = Height for W, X2:= 0.79-Hy X2=11851

X, = Tank centre of gravity Xg:= % X;=88

Sy, = Base shear
Spi= Z14pp(C1- Wy + CL-W, + C1-WI + C2W2)

Sy, = 16084 1b
if (Fe v Fw> §,,"UBC Govems, OK","API Govemns, Redo") = "UBC Govemns, OK"”

M, = Moment at bottom of foundation
My, i= Z1,ppf C1W(Xg+ ) + CLW,(H + B) + CLWI(X1 + h) + C2W2(X2 + ]

My, = 150093 bRt

if| (Me v Mw > M,,,"UBC Govems, OK" ,"API Govems, Redo") = "UBC Govems, OK"
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CALCULATION SHEETY

CALC.: NO: 145579-C-CA-016

REV:0

CALC. TITLE: Reagent Tank Foundations {Fdn #21 and 22)

amec®

" ISSUEDATE: 10M 05

PROJECT NO.: 145579
ATTACHMENT: 2 PROJECT TITLE:Final DBVS Design
ATTACHMENT TITLE: East Reagent Tank Foundation {Edn'#21% Page: § of 22
ORIGINATOR: “T)iema, LI /ﬂ_;tﬂ_ma, CHECKER:
DATE: A7 . 1 16 /oS5 DATE: tt4n ¢0 20us
NaOH 15% SOLUTION TANK (36-D74-113)
GENERAL DIMENSION
PC = Performance Class PC:=2
H, = Helght of tank Hy = 16R
D, = Diameter of tank Dy :=t0ft
Heg, = Height fo center of gravity Heg, = 0.5.11) Heg, = 81t
of tank
Wi, = Weight of full tank Wiy == 540001b Attachment 6
Wy, = Weight of empty tank Wi,y += 1000016 Attachment 6
Wi, = \_Ne!ght of tank contents Wit q = Wiy = Wiy Wi,y = 44000 b
h = Height of concrete foundation h:=2f
D1, = Diameter of concrete Dly=D; +2ft+8in DIy = 12667/
foundation for weight
D2, = Diameter of effective area D2 := D, +4ft+ 8in  D2) = 146678
of concrele foundation in
contact with the soll
x-D2,° )
A2, = Area of D2 A2 = 7 A2 = 168.9f¢
we = unit welght of concrete we = 150—|~ll ASCE 7 Table C3-2
a3 pg 250

DIl
Wei, = Weight of concrete

foundation

3
n-DZI
a2

§2, = Elastic section modulus of 52y =
foundation

1
Wel | := we-home| —
Cl Wﬂ(z

2
) Wely = 378041

§2; =3108°
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CALCULATION SHEET o
. CALC.: NO: 145579-C-CA-016 REV: O
CALC. TITLE: Reagent Yank Foundations (Fdn #21 and 22) ISSUE DATE: 10 005
PROJECT NO.: 145579
ATTACHMENT: 2 PROJECT TITLE:Einal DBVS Deslgn
ATTACHMENT TITLE: East ent Tank Foundation (Fdn #2 Page:90f22
ORIGINATOR: ZD)ivuma_ LIS CHECKER: ey
DATE: / DATE: _tt4n s0 2005
/ZIrer lg' (5= /
SOIL BEARING CAPACITY
AllowBC = Allowable bearing AllowBC = 3000_].].’. Referenca 5 Figure 4
capacity ﬁz
Wity + Wely b
AciBC, = Actual bearing AcDC} = ————— ACBC) = 543386 —
pressure A2y f
FOS, = Factor of Safety Fos = 200™BC  pos, - 5521
0 ACIBCI
WIND

Following DOE-STD-1020-2002 and ASCE 7 standards
Method2 6.5.13

Expo TFC-ENG-STD-08
. surec REV B-1 Table 3
| Page 24
Kz = Velocity Pressure H,}:= |0.86 if H, <16t
Exposure Coefficient Kz( l) 1 ASCE 7 page 75

0.98 if H, =30R
1.04 if Hy = 40R
119 if Hy =750

*prob" otherwise

Kz{H;) = 0.36
Kzt = Topographic Factor , Kzt:= 1 ASCE 7 page 47
flat ground
Kd = Wind Directionality Factor Kd:= 095 ASCE 7 page 76
round
V = "Three-second gust” wind V= ss-'“—i TFC-ENG-STD-06
hr REV B-1 Table 3
velocity
Page 24
1= Importance Factor PC)= J115 if PC=2  IPC)=1.15 TFC-ENG-STD-06
- . REV B-1 Table 3
1.0 if PC=1 Page 24
“prob™ otherwise
b\ |
qz = Velocity Pressure qz = 0.00256 (ﬂ) -lb-Kz(H])-Kzt-Kd-Vz-l(PC) ASCE7 page 31
m .
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PROJECT NO.: 145579
ATTACHMENT: 2 PROJECT TITLE:Final DBVS Desian’
ATTACHMENT TITLE: East Reagent Tank Founda Fdn Page: 100f 22
ORIGINATOR: Y w ﬁlﬂ: E CHECKER: @v—/ N
AABND
DATE: amL fO /05 DATE: ’Lfﬂ N yO0200 S
’
= 17382
ﬁz
G = Gust factor G:=0.85 ASCE 7 page 30

if (Dl fqz> 2.5@,"Usc shown Cf factors” ,"Change factors') = *Use shown Cf factors”
i H
Cf = Force Coefficient ctx) = |05 if .D_‘ <7 _ ASCE7page 69
|
H,
0.7 if Ts— <25
D)

I,
08 if 25—
D

"prob* otherwise

cfl — =05
Dy

Cp = Pressure Coefficient Cp:=038 UBC page 2-29

Table H
Al = Areanomattothewind  Afy == H,D, Afy = 1608
Pw = Wind pressure Pw:= qz-G-Cp Pw= 11.82%
fi
Fw, = Wind force Fw) 1= qzG-Cp-Af) Fw) = 18911b
Mw, = Wind moment Mwy := Fw)-(Heg) + h) Mw) =139071bR
i Wi + Welp  Mw
W, 4 = Unfactored wind Wiy = +
pressure Ay 52)
b
w‘l.ll = 604"'"2'
ft

if [WIuI < 3000-l-b- »"Design is Good" ,"Design is Bad"] = "Design is Good”
nz .
Wt,y + Wcl Mw
el 1 1
w2 = - -
! A2) 52)

w2, =222
ﬁz

if(0 £ W2,),"Design is Good" ,"Design is Bad" ) = "Design is Good"
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CALCULATION SHEET 0
. CALC.: NO: 145579-C-CA-016 . REV: D
CALC. TITLE: Reagent Tank Foundations (Fdn #21 and 22 ISSUE DATE: 10 March 2005
PROJECT NO.: 145579 :
ATTACHMENT: 2 - PROJECT TITLE:Final DBVS Deslgn
ATTACHMENT TITLE: East Reagent Tank Foundation (Fdn Page: 11 0f 22
ORIGINATOR: @M w AI] CHECKER:
DATE:  ./irch 1O /o 5 DATE: Aux /0 205
SEISMIC
Following 1997 Uniform Building Code (UBC) standards
Seismic Zone = 2B " UBC page 2-37
Figure 16-2
Soll Profile = S¢ Reference 5 Page 11
Ip = Importance Factor Ip(PC) = [1.5 if PC=2 UBC page 2-30
10 if PC 1 Table 16-K
*prob™ otherwise
Ip(PO) =135
Z = Seismic zone factor Z:=02 UBC page 2-30
- Table 16-1
Ca = Seismic coefficient Ca:=024 UBC page 2-34
. Table 16-Q
ap = Horizontal Force Factor 1 ap:=1 UBC page 2-33
Table 16-0
Rp = Horizontal Forge Factor 2 Rp=3 UBC page 2-33
Table 16-0
hx = Height from ground to hx = 0.0R
bottom of element
= _ ap-CaIp{PC) bx UBC page 2-18
Fe, = Earthquake Force Feay i= - .(] +3 ™ ]’W‘n 1632.2
Fea| = 64801b
Femax, = Max earthquake force  Femax, := 4.0-Ca-Ip(PC)- Wiy UBC page 2-18
16322
Femax) =777601b
Femin, = Min earthquake force  Feminy = 0.7-Ca-Ip(PC)-Wig - UBC page 2-18
1632.2

Femin| = 136081b
Fe)i= {Femin; if Femin| > Fea,
Femax| if Fea; > Femax
Fea otherwise
Fep = 136081b
. Me, = Seismic moment M‘l - F‘l'(H“gl + h) Me, = 136080 1b £t
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CALCULATION SHEET
— amec®
CALC.: NO: 145579-C-CA-016 REV: 0 .
" CALC. TITLE: Reagent Tank Foundations (Fdn #21 and 22) ISSUE DATE: 10 March 2005
PROJECT NO.: 145579 : .
ATTACHMENT: 2 PROJECT TITLE:Final DBVS Design

ATTACHMENT TITLE: East Reagent Tank Foundation (Fdn Page: 12 0f 22
ORIGINATOR: S)ireuma, m,_ﬂ, CHECKER: @»—//&;m._

DATE:  af. 7 16 [ DATE: Af0n s 2 0as

Wy + Wely Me,;
+

= Unfactored seismic El, =

pressure

Bl =983 -[%
f
if(lalnl < 3000-“-’2-,'Design is Good" ,"Design is Bad"] = "Design is Good®
A
Wig + Wel;  Me;
YT

Ezul'lm'r%
£

if(0 < B2,),"Design is Good” , "Design is Bad" ) = "Design is Good”

Ezul -

LOAD CASES - FACTORED PRESSURE _ UBC page 24

1612.2.1
L4 (Wt + Wely)

LC1=14D LCly = e (12-1)
1

LCl; = 395-[%
ft
12(We | + Wely) + 1L6Wt,

LC2=1.2D+16L LC2; = (12:2)
A2 :

Lce, -mﬂ2
f

12(Witgy + Wely) + 1.0t . 13Mw;

24)
A, 82,

LC3=12D+1.0L#1.3W 1G =

LC3, =679%
fi
1.2:(Wt,y + Welp) + LOWt . 1.0-Me; (12:5)

A2 52

LC 4 =1.2D+1.0L+1.0E LC4| =

LC41 - ]039£
ﬁ2

b

max(LC1y,LC2y,LC3{,LCA ) = 1039
f
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DATE: Adupcll lO/dS' DATE: A Muz. so 2005

SLAB MOMENT CAPACITY CHECK
if (Me) < Mw},"Wind Governs™ ,"Seismic Govems” ) = "Scismic Govems"

Between the seismic and wind moments, seismic has a larger moment.

L2 (Wt + Wely )+ LO-Wt
Py = Factored downward P (Weey 1) cl

pressure from tank and A2

contents Ppy = 600 L
ﬂz

LC4, is the maximum factored upwards pressure. Subtracting the downwards pressure from the upwards

pressure and assuming that the result is a uniformly distributred load along a simple beam, the diameter of the
tank, a conservative moment at the center or the foundation in the top rebar will be found.

2
LC4, -Pp D
M, = Top rebar moment My = .(._..l...?“)_l- My = 5492%

Assuming a catilever of 2 feet with the maximum factored pressure LC4, acting as a uniformly distributed load,
the moment in the bottom rebar will be found.

1. = Assumed overhang L:=2f
LC4, L2 bR
M = Bottom rebar moment My, = My = 2079T
. b-ft
Mu, = Moment resistance per foot Mu; = 40000T Attachment 4

if(Mgy A Mpgp < Muy,"Rebar is sufficient* , "More rebar is neeced”) = "Rebar is sufficieat”

American Petroleum Institute - shear and moment check UBC page 2-22

Of the empty weight; 30% is the weight of the roof, 163442
50% is the weight of the walls and
20% is the weight of the floor

W,y = Weight of roof Wy = 03-Wt,,y W, =30001b
W, = Weight of tank shell W,y = 0.5-Wt,; W, = 50001b
Dl + 6iﬂ Ch 2
A, = Area of top and bottom Ay = A,y =878
of tank 2
&1 = Area of walls A‘Wl = n.D] .Hl A\Vl = 503 ﬁz
Hy = Height of liquid Hyp=H) - IR H =158
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CALC.: NO: 145579-C-CA-016 REV: 0
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PROJECT NO.: 145579

ATTACHMENT: 2 PROJECT TITLE:Final DBVS Design

ATTACHMENT TITLE: East Reagent Tan ndation (Fdn Page: 14 0f 22
ORIGINATOR: “D\inmmar. uj,a—_q,_\a, CHECKER: %gw//(aym_,

DATE: Az o] 10 /o5 DATE: 14z s0 2005

D
DM, , = Diameter to height ratio —L 0667
_ Hp,
lp = Importance factor Iypr= 125 APIE.3A
S = Site Coefficient  8=12 AP] Table E-2
k = Factor k= 059 API Figure E<4
D
T, = Factor Tymk ?' T, =187 APIE3.3.2
C1=Factor Cl=06 APIE.3.3.1
C2, = Factor C2, l:rz_s_s: if T, 545 APIE3.32
1
3338 4 Ty >45
2
T
Ql =048 .
W1, = Mass in unison Wi = 0.86-Wt W1, =378401
W2, = Mass sloshing W2, = 0.18- Wt W2 =79201b
X1, = Height for W, X1y = 042-Hy X1y =631
X2y =Heightfor W, X2, = 0.79-Hy ) X2y = 11.85R
. H,
X4 = Tank centre of gravity Xg = ? X =8

S, = Base shear
Sp1:= ZIzpp{C1-Wy) + C1-Wyy + CLWI + C2y-W2y)

Spp =783 1b
if(Fe; v Fw) > Syy,"UBC Govems, OK" ,"API Govems, Redo” ) = "UBC Govems, OK"
M, = Moment at bottom of foundation
My = Z1ypr] C1-Wyp (X5 + ) + CLWp(Hy + B) + CLWI(X1) + B) + €2 W2 (X2, + h)]
Mp; = 75939 1bft

if (Mel v Mw, > Mp; ,"UBC Govems, OK" ,"API Govems, Redo") = "UBC Govems, OK”
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ISSUE DATE: 10 March 2005

PROJECT NO.: 145579
ATTACHMENT: 2 PROJECT TITLE:Final DBVS Design
ATTACHMENT TITLE: en k Foundation (Fdn #2 Page: 15 0f 22
ORIGINATOR: Sunams_ LI CHECKER: Yo Aoy
DATE: /%PGL- o /05' DATE: Al 10 2045
NaOH 50% SOLUTION TANK (36-D74-007)
GENERAL DIMENSION
PC = Performance Class PC=2
H, = Helght of tank Hy= 120
D, = Diameter of tank D, = 6ft
Heg, = Height to center of gravity Heg, = 0.5-H, Hegy =6 ft
of tank
Wi, = Weight of full tank Wtp = 270001b Attachment 6
Wi, = Weight of empty tank Wty = 50000b Attachment 6
. Wi, = Weight of tank contents Wiy i= Wepy -~ Wty Wiy = 2200010
h = Height of concrete foundation h=2f
D1, = Diameter of concrete Dlyi= Do 4 2ft+ 8in D1, = 8.66711
foundation for weight
D2, = Diameter of effective area D2, := Dy + 46t + 8in D2, = 10.667R
of concrete foundation in
contact with the soil
I'I:-Dlzz 2
A22 = Area of 022 A.22 = n A22 =8944
we = unit weight of concrete we:= 1502 ASCE 7 Table C3-2
ft pg 250

We1, = Weight of concrete
foundation

n-D2 3

52y 1= ———

$2, = Elastic section modulus of
foundation

Dl

2
Wely = wc-h-x{—z—z) Wely = 1769761

S2, = 1191488
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SOIL BEARING CAPACITY

AllowBC = Allowable bearing AllowBC m 3000-‘1’- Reference 5 Figure 4
capacity at
. Wip + Wely b
AciBC, = Actual bearing ActBCy 1= ——————— ActBCy = 500.193
pressure Al a2
FOS, = Factor of Safety FOS, := AllowBC FOS, = 5998
) ActB
WIND

Following DOE-STD-1020-2002 and ASCE 7 standards
Method2 6.5.13

TFC-ENG-STD-06
Exposure C REV B-1 Table 3
Page 24
Kz = Velocity Pressure H,):= [0.86 if H, S 160t
Exposure Coefficient Kz( 2) 2 ASCET page 75
098 if H, =30R
1.04 if HZ = 40ft
1.19 if Hy =758
"prob* othcrwise
Kz{Hp) = 0.86
Kzt = Topographic Factor Kzt==1 ASCE 7 page 47
. fiat ground
Kd = Wind Directionality Factor Kd:= 0.95 ASCE 7 page 76
. round
V = "Three-second gusl® wind V= :;531-i ;FC'E‘N 3-570-06
: hr EV B-1 Table 3
velocity
Page 24
I = Importance Faclor KPC)= |1.15 if PC=2  KPC)=115 TFC-ENG-STD-06
, REV B-1Table 3
1.0 if PC=r1 Page 24
"prob” otherwise
hr 2
gz = Velocity Pressure qz:= 0.00256 (-—5) -Ib-l(z(Hz)-Kzt-Kd-Vz-l(PC) ASCE 7 page 31
mi-

AS5-414
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ORIGINATOR: ZD{nama_ L) CHECKER: Ymu— ey
DATE: /\ﬁm.'k to /05’ DATE: A1re 10 2005

@ = 11382 )
G = Gust factor G:=0385 ASCE 7 page 30

if(Dvaq_z > 2.5\/b,"Use shown Cf factors" ,"Change faciors") = "Use shown Cf factors™

H.
Cf = Force Coefficient Cf(xy== |05 if B% <7 . ASCET7 page 69

H,
07 if 78— <25
D,

08 if 25522
Dy

"prob” otherwise

Cp = Pressure Coefficient _ Cp:== 028 UBC page 2-29

2 Table H
Af, = Area normal to the wind Afy = HyDy Afy =720
Pw = Wind pressure Pw:= qzG-Cp Pw= 11.82-l~t-’-

ﬁz
Fw, = Wind force Fwy 12 qzG-Cp-Afy Fwy = 85116
Mw, = Wind moment Mvw, = Fwy-(Hegy + h) Mwy = 63071bR

Wt + Wel Mw.
W, = Unfactored wind Wlp= 2 2,2
pressure 2 51y
Wlnz = 557-‘%

ft

iff Wl 4% 3000-“—)'."Design is Good" ,"Design is Bad" | = "Design is Good”

Wi,y + Wely  Mwy
A, 5y

wzuz = 197-1'11
ﬁ2

it(0 < W2,5,"Design is Good" ,"Design is Bad") = “Design is Good"

quz bt ]

A5-415




RPP-24544 REV 14

CALCULATION SHEET

CALC.: NO: 145579-C-CA-018

REV:D

ame®

CALC. TITLE: Reagent Tank Foundalions {Fdn #21 and ISSUE DATE: arch 2005
PROJECT NO.: 145579
ATTACHMENT: 2 . PROJECT TITLE:Einal DBVS Design
ATTACHMENT TITLE: East Reagent Tank Foundation (Fdn Page: 18 of 22
ORIGINATOR. @ m‘_a, CHECKER: &MMW;\_
SEISMIC
Following 1997 Uniform Building Code (UBC) standards
Seismic Zone = 2B UBC page 2-37
. Figure 18-2
Soll Profile = Sc Reference 5 Page 11
Ip = Importance Factor Ip(PC):= [1.5 if PC=2 UBC page 2-30
"prob™ - otherwise
IMPCY =15
Z = Seismic zone factor Z:=02 UBC page 2-30
Table 16-
Ca = Seismic coefficient Ca:= 0.24 UBC page 2-34
Table 16-Q
ap = Horizontal Force Factor 1 ap:=1 UBC page 2-33
Table 16-O0
Rp = Horizontal Force Factor 2 Rp=3 UBC page 2-33
Table 18-0
hx = Height from ground 1o Chx = 0.0

bottom of element

Fe, = Earthquake Force
Rp

Femax, = Max earthquake force

Femin, = Min earthquake force

Feap = M—(l + 3-3)-%,2

Hy
Fea = 3240

Femaxy == 4.0-Ca-Ip(PC)-Wip

Femax, = 38880TH
Feminy = 0.7-Ca-Ip(PC)-Wtp,

Femin, = 630415

Fez:- Feminy if chinz > Feay

Femaxy if Feay

Feay otherwise

Me, = Seismic moment

> quz

Fez =63041b

Moy i= Fey-(Hegy + h)  Mey = 544320t

A5-416
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PROJECT NO.: 145579
ATTACHMENT: 2 PROJECT TITLE:Final DBVS Design
ATTACHMENT TITLE: East Reagent Tank Foundation (Fdn : Page: 19 of 22
ORIGINATOR: T)inoma W CHECKER: @Moy’m
DATE: /‘ﬁrck o /o 5 DATE: Atax i1020ss
Wim + Wel M
E,» = Unfactored seismic Elyy= g 2 + 2
pressure Al $2, b
El,p =957 —
nz
if[Eluz < 30003; ,"Design is Good" , "Design is Bad"] = "Design is Good”
f
Wiy + Wel, M
| B2y tn 2 Mo
o AY 52,
| E2jp=43 %
fi
if(o < E2,9,"Design is Good" ,"Design is Bad“) = *Design is Good"
- LOAD CASES - FACTORED PRESSURE _ UBC page 24
. 1612.2.1
14(Wegp + Wel,)
LC1=14D LCly:= (12-1}
A2 b
LCl, = 356 —
o2
1.2(Wt_o + Wel,) + 1.6We
LC 2=1.2D+1.6L LC2, - (W2 2) <2 (12:2)
A2y
chz = 699 l—b2
ft
12{Wt o + Wecl,) + LOWE ,  13-Mw
LC 3 = 1.2D+1.0L+1.3W LC3,:= (Wteg + Wely) <2, 212.4)
A2, s2,
LC3, =625 b
ﬁz
1.2{Wt o+ Wel,) + 1.0Wt, 1.0M
LC 4 = 1.2D+1.0L+1.0E LG4y = (Wtez 2) 2, 2425
! A2,
- b
K

b
! max(LCl5,1C25,LC35,LC4g) = 1008
fi

A5-417




RPP-24544 REV 1d
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ATTACHMENT: 2 PROJECT TITLE:Final DBVS Design

ATTACHMENT TITLE: East Reagent Tank Foundation {Fdn #22 Page: 20 of 22
ORIGINATOR: DDinama W) CHECKER: &Y e

DATE: /‘{dr&k lo/os DATE: Afre 10 1005

SLAB MOMENT CAPACITY CHECK
if (M"'Z < Mw,,"Wind Governs” ,"Seismic Govcms") = “Seismic Governs®
Between the seismic and wind moments, seismic has a larger moment,

1.2:(Wtg + Welp) + 1.0-Weg
=
AZ

Py, = Factored downward P
pressure from tank and
contents . ‘ Pp = 551 R
2
. fr
LC42'is the maximum factored upwards pressure. Subtracting the downwards pressure from the upwards

pressure and assuming that the resuft is a uniformly distributred load along a simple beam, the diameter of the
tank, a conservative moment at the center or the foundation in the top rebar will be found.

2
e S (LC4s = Po}Ds2
M, = Top rebar moment My, = ( 2 - Q)D2

Assuming a catilever of 2 feet with the maximum factored pressure LC4 acling as a uniformly distributed load,
the moment in the bottom rebar will be found,

Mt;z';ib's&-‘%ﬁ S

L = Assumed overhang L= 28
2
LC4y-L
M,,» = Bottom rebar moment Myg= 5 . Mpp= 2016-‘%2
Mu, = Moment resislance per foot Muy = 40000%2 Attachment 4

if(My2 A Mprp S Mug,"Rebar js sufficient” ,*More rebar is necced" ) = *Rebar is sufficient”

American Petroleum Institute - shear and moment check UBC page 2-22

Of the empty weight: 30% is the weight of the roof, 163442
50% Js the weight of the walls and

20% is the weight of the ficor
W,, = Weight of roof Wiy = 0.3 Wty Wiy = 15001
W‘z = Weight of tank shell wsz = OS-Wtcz wsz =25001b

N2
A,, = Area of top and bottom Ay = R[Dz * Gm) Ap=33 ﬁz
of tank 2

A,z = Area of walls Ay = wDyHy Ay =226 a2
H, , = Height of liquid Hiy:=H, - 1Rt Hja=118

A5-418
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ATTACHMENT: 2 PROJECT TITLE:Final DBVS Design
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ORIGINATOR: 2D 2vama_ L) CHECKER: Yoou—o {6y
DATE: /%re_L lO/o’S DATE: ee 74 2005
0 . , Dy
,/H, » = Diameter to height ratio —_— =545
Hea
S = Site Coefficient S:=12 APl Table E-2
k = Faclor k:= 0.59 API Figure E-4
T, = Factor Ty=k ’-1;—2 Ty =145 APIE.33.2
C1 = Factor . Cl:=06 APl E.3.31
€2, = Faclor = o;ss i T <45 APIE3.32
2
3358 Ty >45
T,?
C2, = 0.62
W1, = Mass in unison Wip = 0.86- Wiy W1,y = 189201b
W2, = Mass sloshing W2y := 0.18-Wt 5 W2, =39601b
X1, = Helght for W, X1y = 04215 X1, =4.62ft
X2, = Height for W, X2y = 0.79-H; 5 X2, = 8.69ft
H
Xg=Tankcentreof gravity Xy T’ X =68

Spy = Base shear
Sy = Z14p(C1-Wgp + C1-Wp5 + CLW1y + C23:W2,)
Sy = 40551
if (Fez v Fwy > 59."UBC Gove;'ns, OK" ,"AP] Govems, Redo") = "UBC Govemns, OK"
. M, = Moment at bottom of foundation
My = ZIpi| CHWeg (X2 + B) 4 C1-Wp:(Hy + B) ¢ C1-W15(X13 + h) + C2pW2y:(X2; + B]]
Mg = 31528 bt

if| (Mo)_ v Mwy > Myy,"UBC Govems, OK*,"API Governs, Redo") = "UBC Govemns, OK"

A5-419
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ISSUE DATE: 10 March 2005

ATTACHMENT: 2 L _ PROJECT TITLE:E]nal
A e vt e L
DATE: A7) t0/os ¢ DATE: 14z 10 2005
GENERAL DIMENSIONS OF WHOLE FOUNDATION
| = Lenght of foundation 1= 30t
b = Width of foundation b= 24f
Wy = Total Weight W= Wel + Welg + Welg + Wigs W + Wip
W =297186T0
Fwy = Total Wind Force Fwp = Fw+ Fw, + Fw, Fwp=50111b
* Fer = Total Selsmic Force Fep:=Fe + Fey; + Fey  Fep=481321b
FRICTION
f = friction coefficient f=034 Reference § Page 4

ResSD = Resistance from siding  ResSD = W-r-f

ResSD = 1010431b

Table 1

if{Fw < ResSD, "Design is Good" , “Design is Bad") = "Design is Good”

FOS4 = Factor of Safety

FOS4 :m e—me—

Fwp

FOS4 = 20,16

if(Fol- < ResSD, *Design is Good" ,*Design is Bad") = "Design is Good"

FOS5 = Factor of Safety

FOS3 =

ResSD
Fer

FOs5=12.1

AS-420
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West Reagent Tank Foundation (Fdn #22)
(MathCAD Calculations)
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We1 = Weight of concrele Wel = 378041

2
Wel = wc-h-n-(%)

foundation
, ‘u-D23 3
§2 = Elastic section modulus of S2= 310K
foundation 2

A5-422

CALCULATION SHEET 0
CALC.: NO: 145579-C-CA-016 REV: 0 .
CALC. TITLE: Reagent Tank Foundations (Fdn #21 and ISSUE DATE: 10 March 2005
PROJECT NO.: 145579
ATTACHMENT: 3 . PROJECT TITLE:Final DBVS Des
ATTACHMENT TITLE: eagent Tank Found Page: 10of15
ORIGINATOR: Divera_ W) CHECKER. =2 Ay or

- NaClO2 TANK NO. 1 (36-D74-005) &
NaClO2 TANK NO. 2 (36-D74-112)
GENERAL DIMENSION
PC = Performance Class PC=2
H = Height of tank H:= 16ft
D = Diameter of tank D= 10/t
Heg = Height to center of gravity  Heg= 0.5H Heg=8ft
of tank
WL, = Weight of tank Wip:i= 8230010 Altachment §
Wi, = Weight of empty tank Wt := 85001 Aftachment 6
Wi, = Weight of tank contents W, .= Weg— Wi, Wt = 738001b
h = Height of concrete foundation h=2ft
D1 = Diameter of concrete Di:=D+2ft+ 8in = |2.667H
foundation for weight
D2 = Diameter of effective area of D2 = D + 4t + 8in D2 = 14.6671
’ concrete foundation in
contact with the soil
1t-D22
A2 = Area of D2 A= A2 = 16890
wc = unit weight of concrete we = ISO-l£ ASCE 7 Table C3-2
ﬁ3 Pg 250
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~ CALC,: NO; 145579-C-CA-016 . REV:0 ] .
CALC. TITLE: ent Tank Foundations (Fdn #29 and 22 JISSUE DATE: 10 March 2005
PROJECT NO.: 145579
ATTACHMENT: 3 PROJECT TITLE:Fjnal DBYS Desian
ATTACHMENT TITLE: West Reagent Tank Foundation (Fdn Page: 2 of 15
ORIGINATOR: T trama (W b ﬁ ; ! ,  CHECKER: &_//&yh
DATE: ALl b /o DATE: nri4e 0 2005

7
SOIL BEARING CAPACITY
AllowBC = Allowable bearing AllowBC = 3000-13 Reference 5 Figure 4
capacity a2
Wte+ Wel b
ActBC = Actual bearing AcBC = =——r—== ABC = 711 —
pressure A2 fi2
FOS = Factor of Safety FOS := M FOS =422
ActBC
WIND
Following DOE-STD-1020-2002 and ASCE 7 standards
Method 2 6.5.13
TFC-ENG-STD-06
. Exposure C REV B-1 Table 3
Page 24
Kz = Velocity Pressure Kz(H):= [0.86 if H< 160 ASCE 7 page 75
Exposure Coefficient 098 if H=130R
1.04 if H=40ft
1.19 if H=758
*prob” otherwise
Kz(H) = 0.86
Kzt = Topographic Factor Kzt:=1 ASCE 7 page 47
fiat ground
Kd = Wind Directionality Factor Kd:= 095 ASCE 7 page 76
round
" e TFC-ENG-STD-06
ve :';';;e?‘sm"d gust wind V=85 REV B-1 Table 3
city
Page 24
1 = Importance Factor KPC):= |1.15 if PC=2  KPC)=1.15 TFC-ENG-STD-06
: . REV B-1 Table 3
1.0 if PC®= | Page 24
“prob® otherwise
he 2
qz = Velocity Pressure gz = 0.00256 (_E) -Isz(}D-Kzt-Kd-vz-l(PC) ASCE 7 page 31
'm-
. qz= 11.38-1%
: fi
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CALC.: NO: 145579-C-CA-016 , _REV: 0
CALC. TITLE: Reagent Tank Foundations (Fdn #21 and 22) ISSUE DATE: 10 March 2005
PROJECT NO.: 145579
ATTACHMENT: 3 PROJECT TITLE:Einal DBVS Design
ATTACHMENT Tlg‘!LE: West Reagent Tank Foundation (Fdn gé) Page: 30t 15
ORIGINATOR: ‘D iamma, WAL CHECKER: D
DATE: /fa rel 1o /o 5 DATE: 1w /0 2ews
G = Gust factor G:= 0.83 ASCE 7 page 30

if(D-\fq-E> 2.5\/1b,"Use shown Cf factors™ ,"Change factors") = "Use shown Cf factors”
Cf = Force Coefficient Cf(x):= [0.5 if —g <7 ASCE 7 page 69

0.7 if 7S-l—l<25
D

0.8 if 25% H
D

"prob” otherwise

o)

Cp = Pressure Coefficien! Cp:=08 UBC page 2-29
Table H

Af = Area normal to the wind Af:=HD Af =160 ﬁ2
Pw = Wind pressure Pw:= qz.G-Cp Pw= 11.32-1-tl

nz
Fw = Wind force Fw:= qz-G-Cp-Af Fw=18911
Mw = Wind moment Mw ;= Fw-(Heg + h) Mw = 18%071bf1

Wite+ Wel
W, = Unfactored wind Wi, 1= Her Vel | Mw
pressure a2 S2
W1, =772 %
ft

if| (Wln < 3000]—!;- " Design is Good" ,"Design is Bad") = "Design is Good"
fi

if(0 < W2,,"Design is Good" , "Design is Bad" ) = "Design is Good"

AS5-424
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ISSUE DATE: 10 March 2005

ATTACHMENT: 3
ATTACHMENT TFTLE MLMJJ&I&MLQ@U.QMEG&@ Page:40f15
ORIGINATOR:~T) (Jfitlo,y  CHECKER: R Mey o
DATE: /ﬁ”_L 10/05- DATE: Ator /@ 200%
SEISMIC
Following 1997 Uniform Building Code (UBC) standands
Seismic Zone =28 UBC page 2-37
Figure 18-2
Soll Profile = Sc Reference § Page 11
Ip = Importance Fattor pPC)= |15 if PC=2 UBC page 2-30
10 it PC=1 Table 16K
"prob” otherwise
1p(PC) = 1.5
Z = Seismic zone factor Z:=02 UBC page 2-30
Table 16
Ca = Seismic coefficient Ca:= 024 UBC page 2-34
Table 16-Q
ap = Horizental Force Factor 1 api=1 UBC page 2-33
Table 16-0
Rp = Horizontal Force Factor 2 Rp=13 UEBC page 2-33
Table 16-0
hx = Height from ground to hx = 0.0ft

bottom of element

Fe = Earthquake Force

Femax = Max earthquake force

Femin = Min earthquake force

Me = Seismic moment

Fea'= _ap-Ca-Ip(PC)-(! + JE)W"I
’ Rp " H
Fea = 98761b
Femax = 4.0-Ca-Ip(PC)-Wtp

Femax = 1185121
Femin = 0.7-Ca-Ip(PC)- Wty

Femin = 20739.61b

Fe:= |Femin if Femnin > Fea
Femax if Fea > Femax
Fea otherwise
" Fe=207401b

Me = Fe-(Heg + h) Me=2073961b £t

A5-425
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CALC.: NO: 145579-C-CA-016 REV: 0 .
CALC. TITLE: Reagent Tank Foundalions (Fdn #21 and 22 ISSUE DATE: 10 March 200
PROJECT NO.: 145579
ATTACHMENT: 3 PROJECT TITLE:Final DBVS Design
ATTACHMENT TITLE: West Reagent Tank dation (Fdn #22 Page: 5of 15
ORIGINATOR: D trama LA luy CHECKER: FL/‘:‘M——MWN
DATE; /tté rede fo /o 5 DATE: e 40 2e0S
) Wis+ Wel
E, = Unfactored seismic El, = _tf-.—-.. + Me -
pressure A2 s2 "
El, =1380—
a2
it‘(EIu < 3000—"?2- ,*Design is Good" ,*Design is Bad-] = "Desipn is Good"
ft
Wtf+ Wel Me
Ezu =4] "I'E'
a2
ir(o S E2,,,"Design is Good" , “Design is Bad") = "Design is Good"
LOAD CASES - FACTORED PRESSURE UBC page 2-4
1612.2.1
14:( Wt + Wel)
LC1=1.4D IClim ——* (12-1)
a2 b
LCl =384 —
ﬁz
12(Wt, + Wel) + 1.6:Wt,
LC2=1.2D+1.6L LC2:= (12-2)
A2
1C2 = 10282
a2
L2 (Wt + Wel) + 1.0Wt :
LC 3 = 1.2D+1.0L+1.3W LC3:= (e ) ¢ I3MY oy
A2 S2
LC3 =845 -n','
fl _
12 {Wt. + Wel) + 1L.O0-Wt
LC 4 = 1.20+1.0L+1.0E LC4:= (e ) ¢ L2Me 125
. : A2 S2
LCA= 1435-’3-
a?

b
max(LC1,LC2,LC3,LC4) = 14351;

fl

A5-426
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ATTACHMENT: 3 PROJECT TITLE:Final DBVS Design
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ORlGlNATOR CHECKER -

. cyon.
Wy et

SLAB MOMENT CAPACITY CHECK
if(Me £ Mw,*Wind Govans‘: »"Scismic Governg") = "Scismic Governs”
Between the seismic and wind moments, selsmic has a larger moment.
12{(Wt, + Wet) + 1.0-Wt,
A2

Py = Factored downward pressure Pg:=

from tank and contents

Ib
PfB 766 '—2

ft
LCA Is the maximum factored upwards pressure. Subtracting the downwards pressure from the upwards

pressure and assuming that the result is a uniformly distributred load along a simple beam, the diameter of the
tank, a conservative moment at the center or the foundation in the top rebar will be found.

LC4 ~ Py-D
(eme ekt
8 il

Assuming a catilever of 2 feet with the maximum factored pressure LC4 acting as a uniformly distributed load,
the moment in the bottom rebar will be found. .

M, = Top rebar moment My =

L = Assumed overhang L:=2f
2
M,y = Bottom rebar moment M= LC:-L My, = 2871 -Ib;&
Mu = Moment resistance per foot Mu:= 40000%;& Attachment 4

if{M,. A My _< Mu,"Rebar is sufficient” ,*More rebar is necced™ ) = “Rebar is sufficient”
tr br

American Petroleum Institute - shear and moment check UBC page 2-22

Of the empty weight: 30% is the weight of the roof, 1634.4 2
50% is the weight of the walls and

20% Is the weight of the floor
W, = Weight of roof W= 03-Wt, W, =2550b
W, = Weight of tank shell W= 05-Wt, W, = 42500
. 2
A, = Area of top and bottom A= !_(D ud Gm) A =87 a2
of tank 2
A,=Areacfwalls - A,=xDH A, = 50387
H_ = Height of liquid H =H=-1ft Hp =15f
D/H, = Diameter 1o height ratio L = 0.667

H

A5-427
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ATTACHMENT: 3
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ISSUE DATE: 10 March 2005
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ATTACHMENT TITLE: West Reagent Tank Foundation {Fdn Page:7of 15
ORIGINATOR: T\ inema_ LA CHECKER: Ren—vlfry sin _
OATE:  pforel to f65° DATE: ttere 10 05
lapy = Importance factor Iopr= 125 APIE.2.1
S = Site Coetficient 8=12 APl Table E-2
k = Factor k= 0.59 AP Figure E4
T = Factor T=k E T=187 APIE3.3.2
C1 = Factor Cl:= 06 APIE3.3.1
C2 = Factor . Q2= % if T<4.5 APIE332
338 irrsas
C2=048
W1 = Mass in unison Wi = 0.86-Wt, W1=634681b
W2 = Mass sloshing W2:=0.18-Wt, W2 =132841
" X1 = Height for W, X1 5= 0.42:H] X1=63R
X2 = Height for W, X2:= 0.79-H; X2 = 11.85#
Xg = Tank centre of gravity xsh% X, =8ft

S, = Base shear
Sp = Z1app(C1- Wy + C1-W, + CLW1 + C2:W2)

Sp = 121421

if| (Fe v Fw > §,"UBC Govems, OK™ ,"AF] Govems, Rcdo‘) = "UBC Governs, OK"

M,, = Moment at bottom of foundation

Mp = ZIppr{ C1-Wg (X + b) + CLW(H + b) + CL-WI-(X1 + 1) + C2W2:02 + 1]

My, = 114465 b ft

if(Me v Mw > My, "UBC Govems, OK" ,"API Govems, Redo") = *UBC Govems, OK"

A5-428
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DATE: /'ﬁrcL Io/os- DATE: prlac 10 065

Na2S TANK (36-D74-006)

GENERAL DIMENSION
PC = Performance Class PC:=2
H, = Height of tank lll = 12125in Hl =10.11t
D, = Diameter of tank D := 102in D;=85f
Heg, = Height to center of gravity Hcgy = 0.5-H, Hegy =5.052f
of tank
Wi, = Weight of full tank Wig = 312001b Attachment &
Wi, = Weight of empty tank Wi,y i= 40001b Attachment 6

Wi, = Weight of tank contents Wt = Wi - Wi, Wt =272001b
h = Helght of concrele foundation hi= 21t

D1, = Diameter of concrele D1y =D +2ft+8in DI} =1L16TH
foundation for weight

D2, = Diameter of effeclive area D2y :=D; +4ft+38in D2, =131671

of concrete foundation in
contact with the soil

2
n-DZl 2
A2, = Area of D2 A2 =— A2 = 1362¢
wc = unit weight of concrete we = 150 L] ASCE 7 Teble C3-2
. a3 pg 250
2
. D1y

Wet, = Weight of concrete Wel 1= wc.h.n{T) Wel, = 29380 b

foundation _

. "'ml3 3

$2 = Elastic section modulus of 52, := 52) =224A0

foundation 32
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CALCULATION SHEET - )

CALC.: NO: 145579.-C-CA-016 ~ REV:0
CALC. TITLE: Reaqent Tank Foundations (Fdn #21 and 22 ISSUE DATE: 10 March 2005
PROJECT NO.: 145579
ATTACHMENT: 3 PROJECT TITLE:Final DBVS Design
ATTACHMENT TITLE: eagent Tank Foundation {(Fdn Page: 8 of 15
ORIGINATOR: ED)inama_ L2 CHECKER: Yoty on-
DATE: /%’TJ« lo /05 DATE: AL 20 OS
SOIL BEARING CAPACITY
AllowBG = Allowable bearing AllowBC 3= 30002 Reference 5 Figure 4
capacity n’
. Wlﬂ + Wcl, b
ActBC, = Actual bearing ActBCj = ————— AciBC| = 444929 —
pressure A2y 12
FOS, = Factor of Safety FOS, := AllowBC FOS; = 6.743
WIND
Following DOE-STD-1020-2002 and ASCE 7 standards
Method2 6.5.13
TFC-ENG-STD-06
Exposure C REV B-1 Table 3
Page 24
Kz = Velocity Pressure Hy):= |0.86 if H, <16ft
Exposure Coefficlent Kz( l) ! ASCE7 page 75
0.98 if 11, =30f
104 if Hy =4on
119 if I} =75ft
"prob” otherwise
Kz{H}) =086
Kzt = Topographic Faclor Kzt= 1 ASCE 7 page 47
flat ground
Kd = Wind Directionality Faclor Xd:= 0.95 ASCE 7page 76
round
= " o gemi TFC-ENG-STD-08
A ’I‘hre?-second gust” wind . V=85 - REV B-1 Table 3
velocity
Page 24
1= Importance Factor I(PC)= |1.15 if PC=2 KPC) =115 TFC-ENG-STD-06
b o REV B-1 Table 3
1.0 if PC=1 Page 24
"prob™ otherwise
hr 2
qz = Velocity Pressure qz:= 0.00256 (——ﬁ) -Ib-Kz(Hl)-Kzt-Kd-Vz-l(PC) ASCE 7 page 31
mi .
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CALC.: NO: 145579 6

REV: 0

CALC. TITLE: Reage k Foundations (Fdn #21 and 22

PROJECT NO.: 145579

amec®

ISSUE DATE: 10 March 2005

ATTACHMENT: 3 PROJECT TITLE:Einal DBVS Design
ATTACHMENT TrI'LE ea en ank Foundation (Fdn Page: 10 of 15
ORIGINATOR: 9 CHECKER:
DATE: /%mk I 95- DATE: Agyas/0 0S
qz= 17.381%
ft
G = Gust factor G:= 0.85 ASCE 7 page 30

if (Dl -\fq—z > 2.5fIb, "Use shown Cf factors™ ,"Change factom") a "Use shown Cf factors”

- .
Cf = Force Coefficient i) = |os i -5'- <7 ASCE 7 page 69
1 . -
,
07 if 7s— <25
D,
I,
0.8 if 255 —
D,
"prob” otherwise
H
cf| — O.S
Dy
Cp = Pressure Coefficient Cp=1038 UBC page 2-29
2 Table H
Af, = Area normal to the wind Afy = H|-D| Af; =85.8385R
Pw = Wind pressure Pw = qzG-Cp Pw=1! 321_.‘;
fi
FW, = Wind force FWI = qu-Cp-Afl Fw‘ = 10151b
Mw, = Wind moment Mwy := Fw)-(Heg +h) Mw| =715T7Ibft
. Wig + Welp  Mw,;
W1 = Unfactored wind Wiy = +
pressure A2 52)
Wi,y = 477—'%
fl
if(Wlul 5 3000-%."01:51‘91 is Good” ,"Design is Bad" | = “Design is Good”
ﬁ -
Wtd + Wcll Mwl
Vl=— 5 "%
l 1
W2,y =213 I—";—
fi

if(0 W2y, "Design is Good" ,“Design is Bad") = *Design is Good"

A5-431
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CALC.: NO: 145579-C-CA-016 . REV: 0
CALC. TITLE: Rea T ations {(Fdn #21 and 22

PROJECT NO.: 145579
ATTACHMENT: 3

DATE: AL )0 0S5

DATE:  Afared | 0, Jfo5”

amec®

* ISSUE DATE: 10 March 2005

PROJECT TITLE:Final DBVS Design

ATTACHMENT TM:M@@M&M@M&%_
ORIGINATOR: “Binena_ LA CHECKER: Aeso_

Page: 110f 15

SEISMIC

Following 1997 Uniform Building Code {UBC) standards

Seismic Zone = 28
Soil Profile = Sc
Ip = Importance Factor Ip(PC)= |15 if PCw2
1.0 if PC=)
"prob* otherwise
Ip(PC) =15
Z = Seismic zone factor Z:=02
Ca = Seismi¢ coefficient Ca= 024
ap = Horizontal Force Factor 1 api= |
Rp = Horizontal Force Factor 2 Rpi=3
hx = Height from ground to hx = 0.0ft
bottom of element
Fe, = Earthquake Force Fea) = M- 1+ 3-E -Win
Feay = 3744 b

Femayx, = Max earthquake force  Femax | = 4.0-CaIp(PC)-Wip

Femax) = 4492816

Femin, = Min earthquake force  Femin| := 0.7.CaIp(PC)- Wt

Femin = 786241b
Fel = Femin] if Fcrm'nl >Feal
Femaxl if Fea) >Femax|
Feay otherwise
Fey = 786241b

Me, = Seismic moment Me := Fey-(Heg) +1h) Mep = 554463 Dbt

A5-432

UBC page 2-37

Figure 16-2

Reference 5 Page 11
UBC page 2-30

Table 16-K

UBC page 2-30

Table 16-1

UBC page 2-34

Table 16-Q

UBC page 2-33

Table 16-Q

UBC page 2-32

Table 16-0

UBC page 2-18

1632.2

UBC page 2-18

1632.2

UBC page 2-18

1632.2
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CALCULATION SHEET R 0
CALC.: NO: 145579-C-CA-016 | . REV:Q _
CALC. TITLE: Reagent Tank Foundations {Fdp #21 and 22} ISSUE DATE: 10 March 2005
PROJECT NO.: 145579 .
ATTACHMENT: 3 PROJECT TITLE:Einal DBVS Design
ATTACHMENT TITLE: West Reagent Tank Foundation {Fi . Page: 12015
ORIGINATOR: Einmma_ WL CHECKER: Aezor— .
DATE:  _Aforeh. (0 /05 DATE: 429 p 2003
. Wlﬂ + Wcll Mtl
E,4 = Unfaclored seismic Ely = +
pressure Ay 52y b
Elu] = 692 "';

ft

if|El; < 3000]—:,"Design is Good™ ,"Design is Bad™ | = "Design is Good"
ft
Wi + Wcll Me;

E2 ==
&l A2 S2,
E2) = 193-9’5
ft
if(o < E2,,1,"Design is Good" ,"Design is Bad") = "Design is Good”
LOAD CASES - FACTORED PRESSURE UBC page 24
1612.2.1
14:(Wtgy + Wely)
LC1=1.4D LCl = (12-1)
A Ib
LCly =343—
f
1.2{Wi .y + Wel )+ 1.6Wt
LC2 = 1.2D+1.6L L2, = (M 1) cl (122)
A2
chl = 6]4£
ﬁz
12:(Wig + Wely) + 10Wp  13Mw,
LC 3 = 1.2D+1.0L+1.3W LC3y = + 124)
A2, 82
L3 = s
ﬁz
1.2:(Wt_, + Wely) + 1.0W 1.0-Me
LG 4 = 1.2D+4.0L+1.0E L4, = (e 1) f 112.5)
A2 82,
fi

max(LCll,LCZI,LCSI.Lﬂl)=741-l—I;-
fi
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CALC.: NO: 145579-C-CA-016 REV: 0 _
CALC. TITLE: Reagent Tank Foundations (Fdn #21 and 22) . ISSUE DATE: 10 March 2005
PROJECT NO.: 145579
ATTACHMENT: 3 PROJECT TITLE:Final DBVS Design
ATTACHMENT TITLE: en undatio 22 Page: 13 of 15
ORIGINATOR: cBiramta. ; CHECKER: Aoton,
DATE: /‘ﬁrd\. (0/05' DATE: Aen.ie 2405
SLAB MOMENT CAPACITY CHECK

if| (Mcl £ Mwy,"Wind Governs® ,“Seismic Govcms") = "Seismic Governs”
Between the seismic and wind moments, seismic has a larger moment,

12:(Wig) + Wel ) + 1L.0-Wt,

Py, = Factored downward Pg =
A2
pressure from tank and 1 b
contents Py - as4 &
ﬁz

- LCA,isthe maximum factored upwards pressure. Subtracting the downwards pressure from the upwards

pressure and assuming thal the result is a uniformly distributred load along a simple beam, the diameter of the
tank, a conservative moment at the center or the foundation in the top rebar will be found.

e -sPn)'Dlz M = s 2R

M,;, = Top rebar moment Mgy = .

Assuming a calilever of 2 feet with the maximum factored pressure LC4, acting as a uniformly distributed load,
the moment in the bottom rebar will be found.

L = Assumed overhang L:=2ft
LC4) 12 b-ft
My = Bottom rebar moment My,y:= > My, = 1433?
Mu, = Moment resistance per foot Mu = 40000% Attachment 4

if| (Mtrl A My, S Muj,"Rebar is sufficient” , "More rebar is neeced") = “"Rebar js sufficient”

American Petroleum Institute - shear and moment check UBC page 2-22

Of the empty weight: 30% is the weight of the roof, 163442
50% is the weight of the walls and

20% is the weight of the floor
W, = Weight of roof Wiy i= 03- Wt W,y = 12001b
W,, = Weight of tank shel W, = 0.5-Wigy W, = 20001
Area of top and bottom Dy + 6in)’ 2
= a 0 an : 2= qpe| e—
A P A=~ Arp = GAR
of tank
A,y = Area of walls A,q =Dy H, Ay = 27087
Hy = Height of liquid Hpj=Hp-1f Hpp = 9.104f
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[ CALCULATION SHEET
@ o amecC
CALC.: NO: 145579-C.CA-016 REV:0
‘ CALC. TITLE: Reagent Tank Foundations (Fdn #21 ISSUE DATE: 10 March 2005
‘ PROJECT NO.: 145579
| ATTACHMENT: 3 PROJECT TITLE:Final DBVS Design
| ATTACHMENT TITLE: West Reaq dation Page: 14 of 15
ORIGlNATOR:%_‘L k)} ! CHECKER: m.__//(.fyﬂ_
DATE: /ﬁrr’k [0 /05 DATE! At s0 2005
: D,
D,/H, ; = Diameter to height ratio — =0934
| He
| 11 = Importance factor L= 125 APIE3.1
S = Site Coefficient Sm=12 AP| Table E-2
k= Factor k:= 0.59 API Figure E4
D
T1 = Faclor Tl =k —l-:- Tl =1.72 APIEA.3.2
C1 = Factor Cl:=046 APIE33.1
C2, = Factor c2y g it T, $45 APIE33.2
1
| 33755 441 545
| T
| . €2, =052
| W1, = Mass in unison Wi = 086 Wt W =233921b
W2, = Mass sloshing . W2, = 0.18-Wt W2, =4396Db
X1, = Height for W, X1y = 0.42-Hp, X1 =3.824M
H
X4 = Tank centre of gravily X = ?l X51 = 5.0521t

S, = Base shear
Spy = ZTppr(C1-Wy) + C1-Wyy + CL-W1 | +C2)0W2))

if] (Fel v Fw| > §1,"UBC Govems, OK" +"API Govems, Rcdo") = "UBC Govems, OK"

M,, = Moment at bottom of foundation
. My, 3= Z1apr{C1- Wy (Xgp + B) + C1-Wyo(Hy + b) + CL-W1 (X1 + b) + C2;:W2(X2) + h)]
My = 30616 b ft

if(Me v Mw; > M, ,"UBC Govers, OK","API Govems, Redo” ) = “UBC Govems, OK*
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CALC.: NO: 145579-C-CA-016 REV: D
CALC. TITLE: Reagent Tank Foundations (Fdn #21 and 22) ISSUE DATE: 10 Ma 005
PROJECT NO.: 145579
ATTACHMENT: 3 PROJECT TITLE:Einat DBVS Design
ATTACHMENT TITLE: West Reagen oundatio Page: 15 of 15
ORIGINATOR: ZDhema_ (I L y CHECKER: g«n._/«&yn___
DATE: Mfarel, lofoS DATE: Ltsc 4o Ze0s
GENERAL DIMENSIONS OF WHOLE FOUNDATION

I = Lenght of foundation 1= 36ft

b = Width of foundation b= 291t

Wy = Total Weight W= 2Wel + Wely 4 2Wtp+ Wi

Wy = 300788 1b

Fwy = Total Wind Force Fwpi= 2Fw+ Fw) Fwr = 479710

Fer = Total Seismic Force Fep:= 2Fe + Fe; Fep=493421b
FRICTION

f = friction coeflicient fi= 034 . Reference 5 Page 4

Table 1
ResSD = Resistance from siding  ResSD:= Wr-f ResSD = 102268.068 b

if(FwT £ ResSD,"Design is Good" ,"Design is Bad") = *Design is Good"
ResSD

FWT
if(l-‘o-r < ResSD,"Design is Good” ,"Design is Bad") = "Design is Good”

FOS4 = Factor of Safety FOS34 := FOS4=2132

FOS5 = Factor of Safety FOS5:= B—;S-%P- FOS5=2.073
‘T
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Rebar Design for Foundation Pads or Slabs
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@  sovDesinche AMEC - Trail Civil Group. 01/28/2005
Project: GeoMelt - Final DBVS Reference:  145579-C-CA-016
Foundation description: Foundabion # 218 22
Re-bar Deslgn For Fdn Pads or Siabs
Ref: AC1 318
[Bars: Top or Bot only =1, Top & Bot =2
fy psi 60 kst normal
[ psi 3-4 ksl nomal
3 0.9 normal
Mu k-ft required Mu
b in unit width or full width
h in stab thickness
d - [in depth of steel

A= 0.59 * fylfc
B=-1
C = Mu I{  bd”2fy)
¢ Ru = Mu /ba’d
p{1) 0.1111
p2)
p (temp) 0.18% typical
D min

.  [Selected p for design 0.00188
Check p <p max OK
As req'd per ft (temp) in2 0.26 considers top and/or bottom
|As req'd (design) in2 0.45
As req'd (1.33 *design) in2 0.60
As req'd(min) in2 0.80 applies if 1.33 not used
Select design, 1.33design or min 0.60
As required in2 0.60
Bar # ; (diameter in eighths)
As per Bar
|Bar Spacing in
Total As per ft

OK or NG (no good)
4000
60000
B1 = 0.85-0.05*(Pc-4), >=0.65 0.85
pb=0.85*41*Fc*87000/(fy*(fy+B87000))= 0.0285
~pmax =0.75"b = 0.0214
Attachment: 4 .
Calc. No: 145579-C-CA-016
Rev. No.: 0
. Sheet 1 of 1
i din
ACl-Concrete Design.ds A15 438 Bending(Slab)
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Attachment 5

E-mail Dec 17, 2004 from Brad Hupy, P.E. (author
of DBVS Geotechnical Report) to P. Meyer
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. - Paul Meyer (Trail)

From: Brad Hupy

Sent: Friday, December 17, 2004 2.47 PM

To: Paul Meyer (Trait) )

Subject: RE: Questions about the soils and report at Hanford

In order to have frost heave three things are needed; water, low temperature, and soil fine for enough for capillary potential
fo raise the water to the freezing front. Because Hanford is a near desert climate, there is litle water near the ground

-+ surface. Within a The tabulated capillary rise for fine sand is in the range of 1 to 11 feet and for medium sand in the range
of 0.3 to 1.5 feel. Hanford certainly is cold encugh in the winler to freeze water.

The htle water in the near surface soil does freeze but the assoclated heave Is negligible. The sand will not support
capillary rise of several hundred feet that would be required to produce (feed) a growing freezing front and cause
damaging heave. In our opinion, there is little risk of frost heave in the soil at the project site.

Attachment: - 5
) Cale. No.: 145578-C-CA-016
—Oxiginat ngm p— i) Rev. No.; 0
.From: Meyer (Tra
Sent: friday, December 17, 2004 1:47 PM Sheet LI 2
To: Brad Rupy

Subject: RE: Questions about the soils and report at Hanford

Question: is it possible to state that a soil identified as “SP* (i.e. sand with few fines) will not be subject to frost
heaving? Especially if it Is very deep (e.g. our site at Hanford)

~Paul
. —0Original Message—-

From: Brad Hupy :
Sent:  Tuesday, December 07, 2004 9:09 AM

To: Paut Meyer (Trail)
Ca Tory Heim
Subject: RE: Questions about the soils and report at Hanford

Paul,

This Is really pretty simple. The frost depth cited in our report is from statewide tabulation. If Hanford has
determined and published site specific frost depth measurements then they may be used In lieu of the tabulated
data. Site specific data Is commonly used in this Is way. A very good example is seismic ground molions.

+~—Criginal Message—~—

From: Paul Meyer (Tra#l)

Sent: Monday, December 06, 2004 4:33 PM

To: Brad Hupy

Cc: Tony Heim

Subject: Questions about the solis. and report at Hanford

We are still awaiting approval from the "Independent Qualified Registered Professional Engineer” {IQRPE)
who Is checking our foundation designs 1o ensure they will satisfy all design criteria.

He has raised the following points/questions:

Your report indicates a frost depth of 45 Inches for granular soil and recommends a foundation depth of 48
inches for critical stuctures. This Is at odds with Hanford's' own measurements (See pages 26 through 28 of
the attached Hanford document) which indicate that a temperature of 32 F has never been achieved at depths
of only 36 inches.  This is causing some problems for us, as the IQRPE wants us to conform to the
requirements of the Geotech report in addition lo Hanford's own design criteria

For your information, we have three types of foundations on the site. Foundation depths below grade are 45.6,
36.6 and 21.6 inches. Actual concrete thicknesses are 48, 39 and 24 inches, with the top of concrete set at
663.00 feet, while surrounding grade is at 662.8 feet. We removed the native sofl to elevation 661.000 and

1
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brought the local grade up to 662.8 with compacted crushed rock.

The four 48" foundations consist of two chimneys, and two large steel structures. These are all "critical
structures” to use the phrase from your report. Foundations are uniformly 48" thick, and are 10’x12' and
20%30" feet for the two chimneys, and 30x44 and 24x62 for the two steel structures. Foundations are not
enclosed.

The single 39" foundation is a pre-engineered building, measuring 50 feet wide by 84 feet long by foundation
consist of a single 12" thick slab with a thickened (fo 39") edge. The building will be heated, and have an
. overhead crane. .

The many (~100) 24" deep foundations support single pieces of freestanding equipment or "utility poles™ that
are connected by pipes, cable trays and ducts. Foundations are uniformly 24" thick and vary In size from
4424 to 6x6 feet. Most are the 6x6 ones. Minor seasonal movement of the foundations would notbe a
problem, Actual gravity loads are quite ight, typical values are substantially under 250 psf, yes, that's 250, not
2500. Foundations are not enclosed. :

Al the foundations will bear on compacted native soil, which was prepared as recommended in your report.
As noted, the native soil Is basically a gravelly sand, with few fines. | don't befieve it is frost-susceptible.

Could you please reply to the following questions, raised by our reviewers?
1) Is the frost depth of 45 inches correct? Seems deep compared to other references.

2) Is the frost depth of 45 inches still valid, given we have removed some native soil, and the surface is now
covered with 1.8 feet (21.6™) of compacted crushed rock? Does the crushed rock make a difference?

3) Are the depths of foundations shown above for the various types of foundations suitable for the uses
described?

4) 1S frost heave an Issue for the foundations as described?
Thanks for your help on this. I'll be traveling to Hanford on Tuesday Dec 07, for a meeting Wednesday, Dec

08. 1will have e-mail access while there. | will be traveling back to Trail Thutsday, Dec¢ 09 and back in the
- office Friday, Dec 10. Best way to contact me Is via e-mail unti} Friday, phone after that.

Paul Meyer, P.Eng.
Senior Structural Engineer

AMEC Americas Limited Attachment: ‘5

Energy and Mining Division Cale. No.: 145579-C-CA-016
1385 Cedar Avenue Rev. No.: 0

Trail BC Canada VIR 4C3 . sh o
1-250-368-2407, fax 2455 eet o 3
paul.meyer@amec.com

<< File: HNF-SD-GN-ER-501 {Rev. 1).pdf >>
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.Paul Meyer (Trail)
From: Brad Hupy
Sent; Wednesday, October 20, 2004 8:31 AM
To: Paul Meyer (Trail)
Ce: ‘michael.custer@dmjm.com"; John Stephens (TRL); Tony Heim
Subject: RE: Aflowable soil bearing pressure at the DBVS Project in Hanford Washingten
Paul,

As we discussed yesterday aftemoon, the near surface sand at the DBVS site is a relatively good foundation soil. All of '

the

loads imposed on foundations at the DBVS can be considered light and allowable bearing capacity is controlled by

efastic deflection rather than shear failure. It would be appropriate to use a single allowable bearing capacity for all
foundations of 3000 psf. Our analysis indicates that foundations loaded to 3000 psf will deflect under full loading in the
range of 0.1 to 0.3 inches.-

—0riginal Message-—=- .

From: Paul Meyer {Trail)

Sent: Tuesday, October 19, 2004 2:20 PM

To: Brad Hupy

Cc: ‘michael.custer@dmjm.com’; John Stephens (TRL); Tony Helm

Subject: Allowable soil bearing pressure at the DBVS Project in Hanford Washington

Would it be passible for you to provide a simpli'fyirig statement to me conceming the allowable bearing pressure for the
compacted native soil at the Hanford DBVS Project? This site was the subject of your report 4-94M-000310-660, April
2004.

While Mike Custer and | understand the load/settlement curve presehted as Figure 4 in your repont, and that the
allowable bearing pressure increases with greater loads, it doesn't seem to be translating well for the non-Civi¥Geotech
audience. Most of them are used to seeing a single “allowable pressure” number.

! have assumed a minimum safe bearing pressure of 3000 psf, which | believe to be conservative, | have also advised
that, as per your report, and increase of 1/3, i.e. to 4000 psf, is appropriate for transient loads such as wind or seismic.

Would it be bossible for you to 'conﬂrm this by return e-mail? Thanks. If you have any questions, please call.

Paul Meyer, P.Eng.

Senior Structural Engineer

AMEC Americas Limited

Energy and Mining Division

1385 Cedar Avenue

Trail BC Canada V1R 4C3

1-250-368-2407, fax 2455

paul.meyer@amec.com Attachment: 5
Calc. No.: 145579-C-CA ~016
Rev. No.: 0
Sheet 3 of 3
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Technicai Data Sheets
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amec®
TECHNICAL DATA SHEETS
{provECT: Final DBVS Design 145573-D-DS-058.5 | rev. | €
|PROJECT NO.2 145579 NaOH 15% Solution Tank
leuent. AMEC EAE - Richland Washington FQ.#0: o e
l
EA Required 1 Ares Off Gas 36
&ID# ] P-145579-36-A-0102 Stream No. .
[Reference Specillcation: NA Quality Assarance Level 1 €O
tons Rev Rev
it (Indoors/Outdoors) Owtdoort Environmental Conditions
Operation {Continuous / Intermittent) Intermehient Ambicot Terperature Range Pl w1
pet year 363 |Relative Jhemidity Range %) 1000100
Hours per day 24 Hall Diameter )| core0s
Noise Leve] Allowable per 8 br shift (4B - Lex) .15 Sand and dost concentrations o] LIzt
Shift Length (b} 2 = typical size (om)] Qs
Noise Level Allowable (<8} 23 Solar Radiation (12-hour period) Qangiey] 500
Site Elevation ) 663 Avwvailabilivy (v.3] 95
* |Min Outdoor Operational Service Grean) 2 Environment - Radioactive No
Max Outdoer Openational Time (ean) 5 ~Toxic - Yes
[Maintained Operating Temperatore ‘P 2] =+ Comosive to steel on ambienttem] — No
= Flammable No
Storage Tank Information.
General 'Tank Attachments
Manufacturer (or spproved equal) Highland Tank Site Leved Gape . No
Mode] Mumber Dowble Wall U5-142 _ {Manway and Fill Cap (Noo-sealed ) 18
Fluid to be stored Composition Vent Pipe Yes
“water - 85 [Tank Accessorics
«NaCH -caustic =2 135 Ladders . Yes
Viscosity {cP) 107 Tie Down System Yes
Specific Gravity : 116 Tank Leve! Sensing System Yes
Double Wall Storage Capacity usc 4000 Power Supply 24 VDC
Overall Dimensions = Interface options for clicnt control system yes
Discoer {in) 96 Fluid Isclation Valves
Hepht (i) 126 « Sucticn Line Yes
[Matedat Carbon Siecd - Discharge Line Yer
Density o/ Process temperature sensor for beater controller Yes
Shipping Weight (Rs)* 10000 D57-113F Mixer/Agitator
{Operating Weight o) *] 34000 iManofactorer Qlevedand Exstexs Mixers
Fluid entry, propelier type, dectrically drivea BHD
ITack Fittings (Nozales) Motor ol 2
Fill-in Volage/Phase/Herty (VLD A4S0
Ni Lartc (in) 1
N2 “Wate (i) 1 35- D91 - 0113B NaOH Tank Heater
N3 Draw-out ()} 2 Voksge (Y/PHzY ABVI/60
N4 Level Transminer ) 3 Electrical power W) 53
Fitting -Drain Yes Over-temnperatare soums {Type K - thermocrople) Yey
Lining «Inside Yes Heates controlber {refet cormment 3) Mo
type . fProcess sensor for heater cootroller (RTD) Yes
Thermal Insulation Yes {36- D61 « 0113A NaOH 15% Taak Purrp
~type . Manufucnmer [Wildea
Diaphragm Displacerent, Alr Driven Pump Type F1
{gp)] 177
jon Head - wo] s
Totsl Dynamic Head {KWG) 545
‘3;“’ 0”::'05 %FS'OS LL :ﬁms Attachment: 6
Chied DW DW B .3 Calc. No.:  145579-C-CA-O16
[Rev. A B < Rev. No.: 9
Sheet 1 o__ Y
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61118('.G
TECHNICAL DATA SHEETS . .
|pro=ECT: Final DBVS Design 1455790050534 | mev. | ¢
PROJECT NO.: . 145579 » NaOH 50% Solution Tank
IEG—em: AMIEC EAE - Fichiand Washington EQ NO: 36-D74-007438-D91-0078
|
0. Required 1 ~ |Area Off Gas 36
P& IDS | F-143579-36-A-0104 Stream Ne. .
5 Quality Assurance Level | ©Q
Rer . - Rev
Oudoors Environmential Conditions
Tntertpittent Ambleat Temperature Range Bl 2SS
365 Relative Humidity Rangs . {%)] 1010 300
" Hail Diameter . o) <ormtu?s
[ Sand and dust concentrations . | Moy 112105
by} 0 1 « typleal size . fum)] 015
(D) [ Solar Radiation (12-bour paiod) - Quglens)) 900
[ IS Availability ) ) o
{years) 2 Environment - Radicactive No
(yeans) 5 = Toxic Yeu
M7 - Corrosive to steel at ambient No
= Flammable No
Tank Attachments
. [Highhad TasK Site Leve]l Gage . . No
Dooble Wl UL-142 :
Manway and Fill Cap (Non-sealed (i) 18
. % 50 Down Pipe No
«NaOH-Caustic % 50 Vent Pipe i) 6
[Double Wall Storage Capacity UsG 2000 :
Overall Dimensions Tank Accessories
Diameter (ia) 64} Ladders | Yes
Height () 144]  [Tie Down System . Yes
Material Carbon Steel Iuid Isolation Yalves
Density ua « Suction Line Ya
Shipping Weight (e)*} _ s000 - Discharge Line Yes
Operatiag Weight Qo) *) 27000 Fluid Temperature Indicator/Transducers-by Othersy)  Yes
Fluid pressure smmespheric = Entering »a
[Tank Fittings (Noxzles) = Leaving - /s
N1 Filt-in ) I Tack Level Sensing System by Others Yes
N2 Dnw-ont () 2 Power Sopply 24 VDC
N3 Level Transmitter &) 2 = Interface options for client control system yes
N4 Spare ) @) 2
. 36- D91 - 0078 NaOH Immeryion Heater& Controlier
Fiting -Drain Yes « Sisgle-point non-fused disconnect switch Yes
Lining «Inside Yes = Electrical Power W) 2
type . = Voltage/Phase/Hertz, (V)| 24010
Thermal Insulation Yes = Line voltage thermostat Yes
type * = Resettabie over-temperature cut-out Yes
-
»
m N i L}
llg;ic = Y3 ”"’3 TLphe05 L Atachment: [
. ed DW DW "% Calc. No.:  145579-C-CA-©1b
' 2 A — < Rev. No.: o
Sheet 2. of Y
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amec®
TECHNICAL DATA SHEETS
Final DBVS Design 1455790050582 | REV. | ¢
145579 NaClO2 Tank Mo.1 and No.2
AMET EAE - Richland Washington EQ. NO.: 36-D74-005 & IDTANIZ
2 JArea Off Gas 36
P-145579-36-A-0104 JStream Ne. T
NA [Quality Assurance Level | CQ
iﬂl_ . Rev
Ostdoors Enviroamental Conditions
on (Coatinuous / Intermittent) Intermitteot |Amblent Tanperature Range (Rl 2wl
265 IRelative Humidity Range %) 10w
24 Hai} Diameter . On)| <oe=015
oise Level ADowable per 8 he shifl (4 - Le) W Sand and dust concentrations ooty i xi0”
an) 8 « “-typical size ° {mm)] 015
wWe] wh Solar Radiation (12-hour period) Garglep)] 500
- 663 Availability . (%) 95
Min Outdoor Operational Service {yeans) 2z Bnvironment - Radioactive No
{rewre) 5 =Toxic ¢ Yes
Maintained Operating Tamperatare ml 7 « Comrosive Yes
- Flammable No
IStorape Tank Information 1
General -+ - - oS mmamem s m - Tank Attachments
Manufacturer (or approved equal) KEFCO Site Level Gage Yes
Modcl Number ssrosovgT201L. | Float Level Gage : Yes
Fluid to be stored Composition Manway and Fill Cap (Non-scaled @ e
~water % 57.5 Down Pipe ' Na°
=NaQ102 Sadium Chlorite % 125 Vent Pipe ). &
|Doubte Watt Storage Capacity vse[ _sso0
Overall Dinwnsions - §Tank Accessories .
* Disoeier (i) 1270 Ladders Tank-Saver Platform Yes
Heght {in) 198 114 Tie Down System , No
Material HDPE High Density Polyethylene; Tank Level Sensing Systemn-by Others Yes
Deasity . Power Supply 24 VDC
Shipping Weight Me)*| 8500 = Interfacs opticas for client coatrol system yo3
Operatiog Weight )% 5200 Fluid Jsolation Valves
id pressure Atmospheric = Suction Line Yes
[Tank Fittings (Nozzles) s per Fig.l -Di Line Yes
N1 Fill-in (i) 4 Fluid Tempersture Indicator/Transducers-by Others | Yes
N2 Draw-out @) 2
N3 Leve] Transmitier (i) 2 36- D31 - 095B NaCl02 Tmersion Heater& Controller
N4 Spare (o) 2 « Singlo-point pon-fused disconnect switch Yes
s Elevations . = Electrical Power &w)* 2
ting -Drain « Voluge/Phase/Hertz vroa)|  zevie0
Lining -Inside s]  Alkalise - Line voltage thermostat Yo
fype . « Rezettable over-tempenature (212F) cut-out Yes
Therma! Insulation Yes 13¢- D91 « 112B NaQ102 Immmersion Heater& Controller
type . - Siogle-polot non-fused disconnect switch Yes
. - Blectrical Power Gw)* 2
= Voltage/Phase/Hestz (Vi) 240010
« Lipe voltage thermostat Yes
= Resettable over-temperature (212F) cut-out Yes
. BD;’” 2 AP 2 AP 07 Mar 05 Attachment: 6
Chked DW DW % Calc.No.:  145579-C-CA-Olb
- L) 2 = Rev. No.: o
Sheet 3  of 4
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amec‘s
. TECHNICAL DATA SHEETS .
Final DBVS Design 1455790050583 | Rev. | ¢
145579 . + Na2$ Storage Tank
AREC EAE + Flchland Washingion £Q. RO 36-D74-006 & 36-D81-006B
1 Area Off Gas 36
F-145579-36-A-0104 Stream No. *
NA Quality Assurance Leve) ] O
L
Rev . - Rey
Outdonrs Environmental Conditions
Operation (Continuoms / Intermittent) Inteoittent Ambient Temperatore Range. (Pl 25118
368 Relative Humidity Range {%)] 10w 100
dxy 4 Hall Diameter () <orm 0.5
Noise Level Allowable per § br shift (dB -Lex) Sand and dust eancentrations Moty 11x10°7,
G}l 8 » typical size’ (mm)l__ Q15
(dB) 83 SolarMaﬂon (12-hour pu-lod) (angleys)] 900
Site Elevation e Availability (&) o
Min Outdoor Operstional Service Cyenrt) 2 Environment - Radioacdye No
Max Outdoor Operational Time (yeans) 5 «Toxic * Yes
Maintained Operating Temperature (3] T » Corrosive Yes
= Flammable No
Storage Tank Information
General Tank Attachments .o
Manufacturer (or approved equal) XEFCO Site Leve! Gage No
LModcl Number $580600N97201L  [Float Level Gage Yeu
Fluid to be stored Composition |Manway and Fill Cap (Non-sealed o) 1
~water % 90 |Down Pipe .
~Na28-Sodium Sulfide - % 10 Vent Pipe ) 6
Double Wall Storage Capacity UsG)|__ 2500 '
Overall Dimeasions
JDiameter (is) 102
Height {in) 121 1/4 Tank Accessories
{Material HDPE High Density Polyethviene| Ladders . Yea
Deasity . Tie Down System Yes
Shipping Weight sy*| 4000 Fluid Lsolation Valves
Operating Weight (s} * 31200 - Suction Line Yes
Fluid pressure sroospheric ~ Discharge Line Yes
N1 Fill-in (o) 4 Fuid Temperature Indicator/Transducers-By Others]  Yes
N2 Draw-out (o) 2 ~Entering »h
N3 Level Transmitter (e} 2 «Leaving s
N4 Spare o) 2 Tank Level Sensing Systmny Others Yes
Power Sopply U4 YDC
' « Interface options for client control system
Fdag -Drain v
Lining Inside . * 36- D91 « DOGB Na2S Inumersion Heater& Cootrolier
Aype * - Single-polnt non-fused disconnect switch Yes
[Thermal Insulation . Yes « Blectrical Power ' W) 2
-type * = Voltage/Phase/Hertz (vewin)| 2401260
~ Line voltage thermostat Yes
=~ Resenable over-temperature cut-out Yea
.-D;lc 09-]::-“ 24-!::;-05 07-Mar05 Attachment: 6
Chked DW DW Calc. No.:  145579-C-CA-Olb
Rev. A B = Rev. No.: . - O
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The subject document has been reviewed by the undersigned.
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~ Analysis Performed By: AMEC (MEYE-.P\-\
. . /

Design Input”

Basic Assumptions
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CALCULATION COVER SHEET Date: 04/22/05

Calculation No: 145579-D-CA-043

Calculation Title: DBVS Detectable Leak Volume for the OGTS Wet Scrubber System
Project No. & Title: 145579 DBVS, Demonstration Bulk Vitrification System

Design Verification Rcéurcd [ Yes P {] No

Calculation Type: Scoping %] Preliminary [_] Final
Superseded by Calcu]atxon No: ] Voided

ORIGINAL AND REVISED CALCULATION/ANALYSIS APPROVAL

Rev. A Rev. B Rev. __
Printed Printed Printed
Name/Signature/Inifials/D | Name/Signature/Initials/D | Name/Signature/Initials/
Originator: Irwi / W 1
4 John J Irwin / /]
Checked By: les E s
%2,:%—/ ik
Approved By:
Other:
AFFECTED DOCUMENTS
Document Rev. Responsible Discipline
Number Document Title Number Lead Initials
RECORD OF REVISION
Rev. Reason for Revislon
A | Initial review
‘ ATTACHMENTS
Attachments Title Total Pages
A DBVS P&IDs 4

TOTAL CALCULATION PAGE COUNT 10
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a3
s MU echnology CALCULATION SHEET Date: 04/22/05

Calculation No. 145579-D-CA-043

Rev.No. A ORIGINATOR: J. J. lrw.%/i/

Calculation Title: DBVS Detectable Leak

Volume for the OGTS Wet
Scrubber System CHECKER: C.E. Grenard %

1.0

1.2

2.0

2.1

Form EP 3.3-2F, Sept 2002

Introduction

Purpose

The purpose of this calculation is to determine the maximum credible fluid volumes for
leaks in the primary waste caustic piping in the DBVS OGTS Wet Scrubber system. The
Wet Scrubber system’s waste caustic load out is comprised of the wet scrubber enclosure
interconnected by hose-in-hose transfer lines (HIHTLs) to two waste storage tanks. The
scrubber skid and the storage tanks transfer line contains interface piping connection
points. The connection points allow leakage in the HIHTLSs to drain back to the wet
scrubber enclosure and into its containment sump which contains a leak detector. The
connection point on the storage tanks is at a higher elevation than the connection point on
the wet scrubber enclosure.

Scope

The scope of this calculation is to determine the maximum credible fluid volumes
resulting from a leak in the primary interconnecting piping prior to a leak detection
alarm. For the purpose of this report, leaks are assumed to occur at one of the secondary
waste storage tanks, at the HIHTL penetration, and it flows by gravity to the wet scrubber
enclosure.

Basis

Design Inputs

The fluid flow network for the OGTS wet scrubber system is depicted on the system
P&IDs, F-145579-F-36-0100, F-145579-F-36-0101, F-145579-F-36-01 02 and
F-145579-F-37-0101 (Attachment A). A depiction of the wet scrubber enclosure plan

layout is depicted in Figure 1. A discrete depiction of the fluid leak paths are listed in
Table 1. _ L

AS5-451
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Date: 04/22/05

Calculation No. 145579-D-CA-043

ORIGINATOR: J.J. IMW

Rev.No. A
Calcutation Title: DBVS Detectable Leak
Volume for the OGTS Wet
Scrubber System CHECKER: C.E. Grenard cgﬁ_

Figure 1. OGTS Wet Scrubber Assembly Plan Layout.
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CALCULATION SHEET Date: 04/22/05

Calculation No. 145579-D-CA-043
Rev.No. A ORIGINATOR: J. J. Irwir//.

Calculation Title: DBVS Detectable Leak

Volume for the OGTS Wet
Scrubber System

CHECKER: C.E.Grenard £ S242.

Table 1. Wet Scrubber Fluid Leak Configurations

Input Description I?eferefice Reference Location
Dimensions

OGTS Wet scrubber enclosure , leak containment na mﬂ?;;g::y 474 Figure 1.

2 inch HIHTL, 2-PSS-36-0311, waste caustic feed to 130  Long™ 145579-D-SP-010,

secondary waste storape tank Appendix C

Notes:

1) The 2 inch HTHTL contains a 2.0 inch OD primary and a 4 inch ID Secondary.

2.2

2.3

Criteria
There are no pre-determined acceptance crileria.

Assumptions

The assumptlons used in the calculation are as stated below and w:thm the body of the
calculatlon and/or attachments.

The OGTS wet scrubber enclosure dimensions are determined from Flgure 1 (submitted
by the wet scrubber fabrication vendor).

Piping external to the OGTS wet scrubber enclosure or secondary waste storage tanks are
Hose-in Hose Transfer Lines (HIHTLs). Hose lengths are determined from the DBVS
HIHTL technical specification and are assumed to be bounding. Drain slopes in the
HIHTLs are as specified on the P&IDs (Attachment A). Note: the drain slope depicted
on F-145579-F-37-0101 is in error, it should show drain slope from the storage tank to
the wet scrubber enclosure, .

A leak originating in the primary of a HIHTL fills the annular region between the inner

- and outer hose before draining through a connection point penetration assembly to the

wet scrubber enclosure. The HIHTL leak is assumed to result from a complete rupture of
the primary.

Fluid leaking into the wet scrubber enclosure covers its catch basin to a depth of ¥ inch
before draining to the skid’s leak detector sump. The leak detector sump and pump-out
port were assumed to have a volume of 0.2 cu ft (1.5 gallons), this is an engineering
assumption.

Form EP 3.3-2F, Sept 2002 " A5-453
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CALCULATION SHEET Date: 04/22/05

Calculation No. 145579-D-CA-043
Rev.No. A ORIGINATOR: J.J. uw;//./ .

Calculation Title: DBVS Detectable Leak

. Volume for the OGTS Wet .
Scrubber System CHECKER: C. E. Grenard Cc%\

3.0

4.0

5.0

6.0

. ;
;
-

References

145579-D-SP-010, Hose-In-Hose Transfer Line Assemblies, Rev, 0, DMJM, December,
2004.

145579-D-SP-037, Wet Scrubber Skid Assembly Design and Fabrication, Rev. 0,
DMIM, December, 2004.

F-145579-F-36-0100, Revision I, Sheet 1, “Bulk Vitrification Wet Scrubber Skid No. 1
P&ID” (Attachment A).

F-145579-F-36-0101, Revision 1, Sheet 1, “Bulk Vitrification Wet Scrubber Skid No. 2
P&ID™ (Attachment A).

F-145579-F-36-0102, Revision I, Sheet 1, “Bulk Vitrification Off-Gas Trailer Scrubber
Filter P&ID” (Attachment A). '

F-145579-F-37-0101, Revision 0, Sheet 1, “Bulk Vitrification Secondary Waste Storage
P&ID” {Attachment A).

Methods

Standard mathematical expressions are utilized to calculate the volumes in the annulus of
the HIHTLs or the wet scrubber enclosure catch pan.

Results and Conclusions

The result of the calculation shows that a leak from waste caustic HIHTL to the OGTS
wet scrubber enclosure catch pan will result in a leak volume of 123.7 gallons.

Calculations and Analysis .

Using standard mathematical techniques the volumes of simple geometries can be
calculate for the various elements of the wet scrubber waste caustic components. Table 2
lists the results of the fluid volume calculations.
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CALCULATION SHEET Date: 04/22/05
Calculation No. 145579-D-CA-043
Rev.No. A ORIGINATOR: J. J. |MW
Calculation Title: DBVS Detectable Leak .
Volume for the OGTS Wet
Scrubber System CHECKER: C. E. Grenard ~g4-
Table 2. Calculated Fluid YVolumes for Wet Scrubber Compounents
Wet Scrubber Compopent Volume, Volume,
cu.ft. gallons
Wet scrubber enclosure catch pan at ¥4 inch depth plus leak detector sump. 8.02 60.0
2 inch HIHITL, 2-PSS-36-0311, OGTS Scrubber Enclosure to secondary waste
8.51 63.7
storage tank
. Total: 16.53 123.7
Notes:

1) Volume of a rectangular enclosure is width x length x height of fluid
2) Volume of a cylindrical annulus is Pi x (D272 - D142)/4 * length of Muid
3) Volume of a cylinder is Pi x D122/4 * length of fluid

Where:

D2 =D of HIHTL outer hose, 2.0 inches

D1 = 0D of HIHTL inner hose or ID of Flex Line, 4.0 inches
Pi= Approx. 3.1

Form EP 3.3-2F, Sept 2002 | A5-455
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EP 3.3, Revision 6, Engineering Calculations

Engineering Procedure-April 15, 2005

** SAMPLE **

" FORM EP 3.3-3F — CALCULATION PROCEDURE CHECKLIST
; RCebRb ROCEDURE D

The calcutation number has been obtained from Document Control and the

! calculation number is logged in the hard copy Calculation Log. ezd-1 7/;%’,,’ |
2] The calbhla‘tion has been prepared using the forms associated with this procedure ‘
(i.e., calculation cover sheet, summary sheet, and calculation sheet). czt I%%" ’
3| The calculatibn has been formatted per this procedure (header, page number, etc). 4’%- / % st
4 | The appropriate revision number has been assigned. &2 | Yashedt
5 Thé discipline lead of affected doctiments has been notified of any changes. - NA
6 | All calculation sheets have been signedfinitialed and dated. ' ezl ! Y5t
7 | Attachments 1o the calculation are formatted as required and are included in the /
calculation package. c£E ' yhshst
8 | The calculation package is complete and submitted to the assigned checker. e2s !y, 768"
9 | The checker has accepted comment resolution and signed the cover sheet. ez | Y3574
to gflxsec icpﬁ:;ug:gg:e;:;;?e has been submitted to Document Control {Preliminary) or é‘ﬂ- i % l/;;"
B Final Only - o
. '\f 11 | Design Verifications, where applicable, are complete in accordance with EP3.9. /
12 | The calculations aré stamped by a Registered PE (when required). !
13 | The Discipline Lead has approved the calculation and signed the cover sheet. f
; 14 The_ Discipline Lead has forwarded the calculation package to the Document /
| Control. ‘ :
} _ Calculation Revisions . |
| | 15 { The calculation cover page is updated, hoting the reason for revision. f
16 | Calculation sheets are updated in accordance with this procedure. !
17 | The appropriate revision number has been assigned. I
| 18 | The checking and approval (when required) have been completed and cover sheet !
' is signed.
Form EP 3.3F (00/02)

[ ’ ? Each action is to be verified by the Originatar.

! ®This checklist applies to preliminary and final calculations.
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Figure 1. Subcentractor Calculation Review Checklist. 7

Pagé 1 of 1

Subject: BBVS Dete_ctable Leak Volnme for the OGTS Wet Scrubber System

The subject document has been reviewed by the undersigned.
The checker reviewed and verified the following items as applicable.

Documents Reviewed: 145570-D-CA-043 rev A

Analysis Performed By: DMIM

Design Input

Basic Assumptions

Approach/Design Methodology

Consistency with item or document supported by the calculation
Conclusion/Results Interpretation

Impact on existing requirements

Checker (prihted'name, ignature, and date) P
Thomas H May e’xfzﬁrwﬁr Zirg ~f, / 4 /// &

- Organizational Manager (printeﬂ/;me, signature and date)

Dave Shufordbéw'cgf' Qé@ﬂ d "f/l?/? 4

The following correction need to be made to the text:

1. The calculation is acceptable for the IQRPE package, but lacks an approval signature
by DMJM. :
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