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1 INTRODUCTION 

1.1 Purpose 

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 it is no longer required. 

1.2 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 12") 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 loads and 
loading combinations, as required by design, the design criteria and codes to 
satisfy Performance Category 2 (PC-2) requirements. 

2 BASIS 

2.1 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 lbs 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. 

DATE: DATE: 
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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-58RB1806-5-104, Revision 1 and 
DA-58RB 1806-5-105, 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 CH2MHill 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 lbs, as provided by the stack vendor. 

Wind Load = The magnitude and distribution of the wind loading is determined 

ORIGINATOR: /J ./J . • DATE: 

'--"JJ~"-&eY fa,- 8_~ 3-ZS--OG 
DATE: 
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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 affected by a 9" depth of snow, and 
this load may safely be ignored. 

Volcanic ashf all: the as hf all 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 
load, 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 feet. 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 daily temperature variations. They are not constrained from 
expanding or contraction by the surrounding s.oil. The foundations are simple 
rectangular prisms, and no change in the foundations' geometry occurs due to 

DATE: 
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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. International Conference of Building Officials, 
Whittier, California. 

2. AC/ Manual of Concrete Practice, (5 volume set including all current ACI 
standards, and in particular ACl-318 and ACl-336) 1997. American Concrete 
Institute, Farmington Hills, Michigan. 

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

4. ASCE 7-02 Minimum Design Loads for Bi.Ji/dings and Other Structures, 2002. 
American Society of Civil Engineers, Reston, Virginia. 

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

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

7. 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. 
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8. MathCAD software, version 12. Published by Mathsoft Engineering & 
Education Inc., Cambridge, Massachusetts. 

9. G-Ll-001 DBVS Equipment List Revision N, 08-Feb 2005. AMEC. 

10. "Design of Reinforced Concrete", by McCormac, 2nd edition. 

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

4 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# "Dto,\:r:t-.t lO'l':518-

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/ACl-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 is included in this revision of the calculation, since the total weight of the two 
fan/motor assemblies total 22,500 lbs, 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'-9" 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 ACl-336. This condition is included in 
the analysis of the foundation. 

5 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 O 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 loads 3.5 

Friction (sliding) resistance subject to wind load 15.9 

Friction (sliding) resistance subject to seismic load 18.1 

Passive soil resistance to sliding subject to wind load 17.8 

Passive soil resistance to sliding subject to seismic toad 19.8 

DATE: 
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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/ACI 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-ft/ft. 

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

DATE: ORIGINATOR: ~ /J / 1 DATE: , _ 

~~ /'-· Ct.~ 3 ..zg--c){,. J_, Z-<f3 - 0 .G 

M:\Demonslration Bulk VmFiscal Vear 2006 Work\Calculalions\OGTS Stack Founda1ion Cale 1 579-C·CA-015 nalive\Rav.2\ 145579-C-CA-015 
Covar Sheets(Rev.2).doc 

AS-279 

Page 8 of 23 



Jlf P-24544 REV ld 

CALCULATION SHEET Project Number: 145579 

. '-7~_ii9t&:j 
~.M.ltechnology 

Calculation No. 145579-B-CA-015 
Rev. No. 2 . 
Cale. Title OGTS Steel Stack 
Foundation 

6.0 Calculation / Analysis 

· Originator:· M.R Custer 
Date: 03-28-06 

p~ult 
Date:~~- -(){, 

This analysis provides the design of the foundation for the Off-gas Stack. The stack is constructed of 
1/2" 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 -

lbf 
plf:= -

. ft 

kft := kip · ft 

1 . 
psf:= -psi 

144 

kin := kip-in 

psf 
pcf:= -

ft 

. lbf 
ps1:=

. 2 
m 

kif:= 1 000plf ksf := 1 000psf kcf := 1 O00pcf 

Material Properties for Soil 

· q8 := 3000psf 

Material Properties for Concrete 

Ye:= .150kcf 

f c := 40Q0psi 

Material Properties for Reinforcing Steel 

fyr := 60000psi 

Material Properties for Anchor Bolts 

Fy:= 36ksi 

. E := 29000ksi 

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-615 reinforcing 
steel 

Yield strength of ASTM A-36 steel, 
AISC Manual, 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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Date: 03-28-06 

~ecker: D. Chenault 
Date: Yl~ Cale. Title OGTS Steel Stack 

Foundation 

DESIGN LOADS: 

'J-ZB 

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 structural framing system, columns and beams. 

Ws := 45.73k 

Wfm := 22.5k 

WC:= 24ft 

tc := 4ft 

Le:= 36ft 

Ac:= we-Le 

Sci:= (Lc)-wc
2 

• 
6 

2 
Sew:= (wc)-Lc 

• 6 

Wc1 := tc-wc-Lc-rc 

dmax := 7ft 

2 
At:= Lt 

2 
Ab:= Lb 

Lt:= 17.0ft 

At= 289 ft
2 

2 
Ab= 32.15 ft 

Ac= 864 tt2 

3 
Sci= 3456 ft 

3 
Sew= 5184ft 

Wc1 = 518400 lbf 

Lb:= 5.67ft 

AS-282 

Weight of the Off-Gas Stack, reference 
Vendor Stack Drawings, Attachment 6 
Including the weight of the access 
ladder and platform. 

Weight of the Fan/ Motor assemblies per 
Attachment 6. 

Width of the foundation, Attachment 1 

Thickness of the foundation, 
Attachment 1 

Length of the concrete foundation, 
Attachment 1 

Area of the foundation 

Section Modulus of the concrete about the 
length dimension of the foundation. 

Section Modulus of the concrete about the 
width dimension of the foundation. 

Weight of 48" portion of the concrete 
foundation 
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dmax ( . r;:;,:;:_) 
Wc2 := --. At+ Ab+ v At-Ab Ye . 3 

Wc2 = 146138.61 lbf 

Wt := Wc1 + Wc2 + Ws + Wfm 

Wt = 732768.61 lbf 

hs1 := 102ft 

hs2:= 53ft 

ws1 := 4ft 

ws2 := 2ft 

RPP-24544 REV ld 
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Qil~Chenault 
Date: .... ~"""""'~=--"-=~'-----

:1-28 <\'5 

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

Total 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. 
WII = 7000 lbs (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 
velocity 

Importance Factor, I 

Kz, Velocity Pressure 
Exposure Coefficient, 

mi 
Vg:= 85-

hr 

I:= 1.15 

Kz:= 1.39 

AS-283 

TFC-ENG-STD-06, Table 3, page 24 

TFC-ENG-STD-06, Table 3, page 24 

TFC-ENG-STD-06, Table 3, page 24 

ASCE 7-98, Table 6-5, page 60. Height 
above ground level is 155 feet 
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Kzt = Topographic Factor 

Kd = Wind Directionality Factor 

Kzt := 1.0 

Kd := 0.95 

2 hr 
( )

2 

qz := 0.00256-Kz-Kzt-Kd-Vg •I· -.- -lbf * 
m1-ft 

qz = 28.09 psf 

Gf = Gust Factor, Gf := 0.88 

Cf = Net Force Coefficient Cf:= 1.2 

Pw1 := qz-Gf-Cf 

Pw1 = 29.66 psf 

Pfw1 := qz-Gf-Cf-ws1 * Pfw1 = 118.64 plf 

Pfw2 := qz-Gf-Cf-ws2 * Pfw2 = 59.32 plf 

Vmaxw := Pfw1 -hs1 + Pfw2-hs2 * 

Vmaxw = 15245.48 lbf 

Seismic Force: 

Date: 03-28-06 

. <;_l\e~:r: D~henault . 
Date:~ ~-.-u~ 

ASCE 7-98, Section 6.4.1, page 26 

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

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

~-2S.a6 

Applied wind pressure on the structure 

ASCE 7-98, Section 6.5.8, page 29 as 
calculated 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 7-98, 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. 

AS-284 



~m:W:B-technology 
Calculation No. 145579-B-CA-015 
Rev.No.2 
Cale. Title OGTS Steel Stack 
Foundation 

RPP-24544 REV ld 

CALCULATION SHEET Project Number: 145579 
. ?A -+ .d,Page 14 of 23 
1/J~~, 
Originator: M.R Custer 
Date: 03-2lt-06 

c~~: D~henault 
Date: l). -• 

~-Zl!,~l, 

Earthquake loads applied to PC-2 SSCs shall comply with the U8C, Seismic Zone 28 for essential 
facilities, per TFC-ENG-STD-06 (Reference 2. Section 3.6.5.1). 

Seismic Zone = 28 

Soil Profile = Sc 

Seismic Zone Factor, Z = 0.2 

Seismic Coefficient, Cv := 0.32 

Seismic Coefficient, Ct := 0.020 

Importance Factor, le le:= 1.25 

Seismic Coefficient, Ca:= 0.24 

hss:= 155 

T := Ct-hss·
75 

* T = 0.88 

TFC-ENG-STD-06, Rev. A (Reference 2, 
Section 3.6.5.1 ). U8C 1997, Figure 16-2, 
page 2-37 

AMEC Soils Report (Reference 3, page 11) 

U8C 1997, Table 16-1, page 2-30 

U8C 1997, Table 16-R, page 2-35 

U8C 1997, Section 1630.2.2, page 2-14 

UBC 1997, Table 16-K, Occupancy 
Category, page 2-30, Essential Facility. 

AMEC Soils Report (Reference 3, page 11) 
UBC 1997, Table 16-Q, page 2-34 

Height (feet) to top of the structure, 
Attachment 1. 

Structure period, UBC 1997, Equation 
30-8, page 2-14 • 0 

Determine the Lateral Seismic Force based on UBC 1997, Section 1634.5: 

V := 0.56-Ca-le-Ws * V = 7682.64 lbf 

Determine the Lateral Seismic Force based on UBC 1997, Section 1632.2: 

ap:= 2.5 

Rp:= 3.0 

Ip:= 1.5 

hx := Oft * 

AS-285 
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hr:= 155ft 

ap-Ca-lp ( hx) Fp:= --- 1 + 3-- -Ws * 
Rp hr 

Fp = 13719 lbf 

Fpmax := 4-Ca-lp-Ws * 

Fpmin := 0.7 -Ca-lp-Ws * 

Fseismic := 13719Ibf 

Fpmax = 65851.2 lbf 

Fpmin = 11523.96 lbf 

Originator: M.R Custer 
Date: 03-2§-06 

®~c.,Mr: D. CIJ~nault 
Date: __ 'tf.~~~~~-"-'---

3--zta-o-b 

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 1997, Section 1612, as defined per Reference 2, Section 3.6.12, page 10 for allowable 
stress design. 

FOUNDATION DESIGN FOR THE OGTS STACK STRUCTURE: 

Overturning Moment 

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 := 63.65ft 

hs1 (hs2 ) hs1 -Pfw1 -2 + hs2-Pfw2• 2 + hs1 

Ycgw := ------------'-----'
Pfw1 -hs1 + Pfw2-hs2 

Ycgw = 66.98 ft 

* 

AS-286 

Location of the center of gravity of the 
OGTS stack in the vertical direction. 
Attachment 2. 

Location of the resultant wind force on OGTS 
stack. 
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Fseismic := 13719Ibf 

Vmaxw = 15245.48 lbf 

Vmaxw = 15245.48 lbs > Fseismic = 13719 
lbs 

Mot:= Vmaxw-Ycgw Mot = 1 021. 18 kft 

i~t:--&~ 
Originator: M.R Custer· 
Date: 03-28-06 

<:"'c!s~: · D. Cb~nault 
Date: _ _f;:l_ ....... ~ . ..;;.~~=-==;.;..:.. __ 

3-Zl)-06 

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

Maximum base shear force due tc:i 
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, 
Wc1 and Wc2 and determine the Factor of Safety against overturning. The force is applied at the center 
of gravity of the the structure parallel to the least dimension of the stack structure foundation. 

ws3 := 4.5ft 

ws3 
Mres := Wt---

2 

M res = 1648. 73 kft 

Safety Factor Overturning, 
Mres 

SFot:= -
Mot 

SFot = 1.61 > Factor of Safety= 1.5 ... O.K 

Determine the Factor of Safety for the Soil; 

AS-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 arm for the moment. 
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Wt 
qact:=-

wc-Lc 

qa 
SFsoil:= -

qact 

SFsoil = 3.54 

qact = 848.11 psf 

·-r4,u.7d /,,~ 
Originator: M.R Custer 
Date: 03-26-06 

· ~e~henault 
Date:,_li:f::..::..:·~~===--......,.. 

-g-zs-0t 

Soil bearing pressure Safety Factor without 
wind or seismic loadings. 

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 := 15.6k 

µ := 0.34 

Frsl := µ-Wt 

Frsl = 249.14 k 

SFslw := Frsl + Fslw SFslw = 15.97 > 1.5 .. O.K 

Sliding Force on the stack structure 
Vmaxw, due to the wind force. 

Friction coefficient for concrete on the soil 
Reference 3, AMEC Geotech Report, page 4. 

Force resisting sliding of the stack 

Determine 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 

Frsl = 249.14 k 

SFsls := Frsl + Fseismic SFsls = 18.19 > 1.5 .. O.K 

Sliding Force on the stack structure 
Fseismic, due to the seismic force. 

Determine the Factor of Safety against sliding due to the soil pressure. Dead load of the support 

AS-288 
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Originator: M.R Custer 
Date: 03-2g-06 

~e&r: · D. Chenault 
Date: ;(:,I, • --<-fil'-

~ --z.-s -0.-6 

structure, Wt. The resisting force is applied at the bottom of the foundation for the stack structure. 

odry := 85pcf 

~i := 28deg 

Kp := tan( 45deg + :ir * 

Pp:= odry-tc-Kp 

. ( tc ) Fpso1I := Pp-2 -Lc 4 

Wind Force, Vmaxw = 15.25 
kips 

Seismic Force, Fseismic 

Kp = 2.77 

Pp= 941.74psf 

Fpsoil = 271.22 k 

SFsw:= 
Fpsoil 

Fseismic SFsw= 19.8 >1.5 .. O.K 

Fpsoil 
SFse:= --

Vmaxw 
SFse = 17.79 >1.5 .. O.K 

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

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

Reference 8, page 277. 

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

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

Safety Factor, soil resisting seismic 
force 

Safety 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 horizontal 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 overturnig 
moment. This moment is included in determining the maximum soil pressure. 

Paxial := Ws + Wfm • Weight of the stack. 

Paxial = 68230 lbf 

AS-289 
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e := .67ft 

efm := 7.75ft 

-e-Ws Wfm 
esum := -- + efm --- • 

Paxial Paxial 

esum = 2.11 ft 

Mee:= Y cgw • Vmaxw 

Mee = 1021.18 kft 

Ycgw-Vmaxw 
et:= ------

Paxial + Wc1 + Wc2 

et= 1.39 ft 

WC 
ew:=-

6 
ew= 4 ft 

et < ew, use qmax = P/A (+/-) M/S to determine 
the maximum soil pressure 

Determine the maximum soil pressure: 

qmax :=(Wt)+ (Mee) 
Ac Sew 

qmax = 1045. 1 psf 

qmax < qa = 3000 psf .... O.K 

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

AS-290 

~.ft&viz, 
Originator: M.R Custer 
Date: 03-28-06 

· vn,e~er: D_jhenault 
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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 to 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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with a thickened center area of the foundation at the stack 
anchorage 5.67 ft square at a depth 6.83 ft. 

deff := le - 3in - 0.69in * deff = 44.31 in 

Determine the Concrete Reinforcement in the Foundation: 

~f := 0.90 

. 200 
Asmin := ---12indeff 

60000 

Asmin = 1.77in
2 

~7J I-, &wli1 
Originator: M.R Custer 
Date: 03-28-06 

CReC~ · D. Chenault 
Date: ;i:}_ ..... aff 

3-ZB 

Minimum effective depth of the concrete 
(conservative), the distance from the 
extreme compressive face of the concrete 
(al the top of the concrete) to the center of 
the tensile reinforcement steel. Reference 
Section S, drawing DSVS-SK-C006, Rev.A. 

Strength reduction factor for ultimate stress 
design method per use 1997, Section 
1909.3.2.2. 

Minimum reinforcing steel required per use 
1997, Section 1910.5.1. 

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. 

Mreqd := 1021.18kft 
Required moment capacity by design on 
the 24 ft 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. 79 kft 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. 

AS-291 
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Anchor Bolt Requirement Check based on Mreqd: 

Dbc:= 54in 

N := 15 

P := 45.73k 

Mreqd P 
Treqd := 4--- - -

N-Dbc N 

Treqd = 57.47k 

At:= 3.25in2 

Ft:= 19.1ksi 

P := Ft-At P = 62.08k 

AS-292 . 

Diameter of stack bolt circle as determined 
by the stack vendor per Attachment 3. 

Number of Anchor Bolts defined by the 
stack vendor per Attachment 3. 

Weight of OGTS stack as determined by the 
stack vendor per Attachment 3. 

Required anchorage per ASME STS-1 a-2003 

Required capacity per anchor bolt per Mreqd. 

Tensile area of 2 1 /4 Dia.of anchor bolt 

As determined by the stack vendor per 
Attachment 3. 

Load Capacity provided by each 2 1/4" dia 
anchor. 
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Project: GeoMelt - Final DBVS 
Foundation description: 

Re-bar Design For Fdn Pads or Slabs 
Ref: ACI 318 
Bars: Top or Bot only =1, Top & Bot =2 

lfv 
fc 
0 
Mu 
b 
h 
d 

A= 0.59 • fv/fc 
B = -1 

C = Mu /( O:bdA2fy) 
u.Ru - Mu ID• '"~ 

~""o 
QJ.[[Q 

u1,temp::J 
Umin 

Selected}Ilfor design 
Check u <'.8 max 
As req'd per ft (temp) 
As req'd desicm) 
As req'd 1.33 *desianl 
As req'd1 min) 
Select design, 1.33design or min 
As required 
Bar# 
As per Bar 
BarSpacina 
Total As per ft 

psi 
psi 

k-ft 
in 
in 
in 

in2 
in2 
in2 
in2 

in2 

in 

(:t•j,\'::f~-;.}L:tJ~:-~~;tfh•Detei•miriEfQiin"SX\~F}~:f([.;f~;;ff'j'il\\ 
fc 
fv 

~1 = 0.85-0.05*(fc-4l, >=0.65 
pb=0.85*01 *fc*87000/(fy*(fy+87000))= 

pmax =0.75*pb = 

Two options if slab depth known: 

Reference: 145579-C-CA-015, Rev.2 
Foundation# 10 

(il'!Pl!!S in. 
:sliaded) • 
.. ·-,.2-,.- .. :-. 

60000 
,::~000·'•:: 

0.9 
. 59.79 ·. 
, · ,12 ·, 
.,·;.:54_:_:·,-< 
':50.3a·., 

8.85 
-1 

0.0004 
23.6 

0.1126 
0.00044 

··0.00180 •: 
0.0033 
0.00044 

OK 
0.5B 
0.26 
0.35 
2.02 
0.35 
0.35 

0.442 
:·",12·-,: · ·. 

0.44 
OK 

4000 
60000 
0.85 

0.0285 
0.0214 

60 ksi normal 
3-4 ksi normal 
0.9 normal 
required Mu 
unit width or full width 
slab thickness 
depth of steel 

0.18% typical 

considers top and/or bottom 

applies if 1.33 not used 

(diameter in eighths) 

OK or NG (no good) 

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

FIGURE2 

(Minimum reinforcement required, based on latest vendor information) 
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Project: GeoMelt - Final DBVS 
Foundation description: 

Re-bar Design For Fdn Pads or Stabs 
Ref:ACI 31B 
Bars: Top or Bot only =1, Top & Bot =2 
fy·;.. 

fc 
[I 

Mu 
b 
h 
d 

A = 0.59 • fv/fc 
B = -1 

C = Mu /( O.bd"2fy) 
U:KU - MU /DO".! 

iJEJI 
nrrn 
:Jitemp'J 
G.rilin 

SelectedrrIIfor design 
Check D <I}.J max 
As req'd per ft (temp) 
As req'd (design) 
As req'd (1.33 "design) 
As rea'd(min) 
Select design, 1.33design or min 
As required 
Bar# 
As per Bar 
Bar Spacina 
Total As per ft 

IPSi 
!psi 

k-ft 
in 
in 
in 

in2 
in2 
in2 
in2 

in2 

in 

.-~-~-:~ .. ;~~\~\£J.I,i!~;;:0etetm1r;e~u m·ax,;;.,~ .. ·:iti.t\.~;~,::\::2., 
fc 
rv 

131 = 0.85-0.0S"(fc-4), >=0.65 
pb=0.85.-u1 "fc*87000/(fy"(fy+87000))= 

pmax =0.75*pb = 

Two options if slab depth known: 

Reference: 145579-C-CA-015, Rev.2 
Foundation# 10 

(Inputs in, 
'shaded)·. 
:: ... ',.,2· ..... 

60000 
'.s:.4000·· 

0.9 
·,·•:172 ··' 

· ·12 ,:•. • · 
·.: ···48 ,-.,, · 
•:44_5 

8.85 
-1 

0.0016 
86.9 

0.1114 
0.00163 
:0.00180· 

0.0033 
0.00163 

OK 
0.52 
0.87 
1.16 
1.78 
1.16 
1.16 

·,.:.•10 ,::· 

1.227 
... ;,,12 ;:•: 

1.23 
OK 

4000 
60000 
0.85 

0.0285 
0.0214 

60 ksi normal 
3-4 ksi normal 
0.9 normal 
required Mu 
unit width or full width 
slab thickness 
depth of steel 

0.18% typical 

considers top and/or bottom 

applies if 1.33 not used 

(diameter in eighths) 

OK or NG (no good) 

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

FIGURE 3 

Project Number: 145579 
Page 23 of 23 

~/Jt-&i,d:i, 
Originator: M.R Custer 
Date: 03-28-06 

~~: D. tfo:enault 
Date: .... «~ 

;--zB-<J 

(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 

AS-295 
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@ __ ... ······· 
TrPE "A" FDN TYPE "A" FON 

. N .56199.50"~• N 36199.50° ················••············-················-··················•··················· ... 
W 76409.So' W 76399.50' 

l'rP[ 'A" FDN . TYPE 0A0 fDN 
. N 3619?.SO' - N 36199.50' 

w 76425.so· ~ w 76389.oo· 

1YPE "A" FON 
. N 36173.50" 

W 76409.SO' 

. nP£·'A" FD~ · ~;:;~ • ~:~- lYP( "A' fDN 
N 36147.50, ~76402.50" W 7639050" _fmN 36160.50" 
W 76417.50 ~ ~ W 76380.00" 

TYPE 0A" FON 
lYP[ "K FON ~N 36147.50' 

' N J61JJ.50" _ -~-lYPE "A' FD~ w 76387.50' 

W 764J3.50'~ ~= ~:~;~~-
1YPE 0A" FON -------T'YPE ·A• mN. ·. 

• N 36133,50" ~ - ,-~ TYPE "A' FON N 361.ll.50" .•. 

w 76452.SO" -~ _ . . • . - - ____ -~ ___ . • : ~:~~!:;g: w 76l85.oo· . · ~T- ,~T-• TYPE 'A'11JN N 36133.50" N 3612150' 
TYPE 'A" FON : . N J61.3J50' W 7639~.so· W 76374:so· 

. N 36102.50" • W 7641J.5<f . . . . . TYPE '81' FON TYPE 'A' FON 

:: :: : :: : :: :: :: : :: 

:: : :: :: :: ... 
:: : :: :: :: : :: 

:: :: :: : :: 

: :: : :: : :: :: :: : :: : :: :: :: : :: : 

: :: : :: : :: :: :: : :: : :: :: :: : :: : 
: :: : :: : :: : :: :· .. - .. -

:: :: :: : ·• -

:: :: 

: :: :: :: : 
:: : : :: = :: 

W 7&-431.50" ~: • TYPE 'A' FDf'I TrPE "A" FD~ N 36102.50: £J. . . N 36095.00' : : : = : : : : : . . . . • .... __ 
: ( : ~~102.50 · N 36102.50' W 76374 50 _w 76322.00" : : : : 

. ~~i •,~ .. ~1350" ~:so: I : :: : :: : :: :: :: .•• :: :: •••••.•••. ; :: .•.... 

-_ ~~-.. :1dH~: ~: ~~!~!: _ /i".,~~~~~PN: : : ; ; ; ; ; ; ; ; : : , - -- - __ _ 

_ ~~.~~-oo· w 1s314.50• • c_ ___ __, I :r. ~ 1~~'.5~~- _____ ." 10~1_1:5_0:._c_,: .' .. '.' _: '-~: .'. '.'. _' : : .'. _" .'., .!-fOJ..Q'. PEJ!OJN.<L , ,_: .'.'. : : : 
w 76454

-00" _ _ • ~:~-~~ 1 /i".,~~f:~[,P". fj\gf~rw~-t:J>_:_: :.:-: .. : · · · .. ·· · · · · · · · · · · ·· · · · · · · · ··· · · ·· · · · :SKYSHINE· SHIEtDING: · · · · · . ;v~~:;_~~ : W 76.'74.50" W 76364.25 • • • • • •• ··, . . .••••.•.•••••••• : • . • • • •• : : : : : : : : : :SUPPORT:S '. : . . . . . ... 

_ ........... -~;::~?-~·: ~~~- llfflllffllllli.. . . -111111~- -R- - : . : \ · :~\i~~: . -
TYPE "A' rnN · N 36039.50(4 • N J&o6uir-iJ. . . . - lr;E~~fsfPN : : :::: ··- · l ~~~: · : : 

. : 1mt~:-"" W 76413.00' \ W 76387.50" W 76309.50" . • •• , ;v~,.,-,'13~[,PN W 76241.00": : : • =~-~~p J~?~J1.· r::~-~~-
w 

76425
·
00 

• : ~~;;~: . /;"'_,~gf
5

[,PN W 76321.00" ,;--i= N 36.0-JJ.5<>,.. T!PE "B7" FpN: :: w. 10242:75· T\'PE "A" FUN 

• ........... . ........... .,~ ~~4 •~i~ f fll . r: t~¥ it?t.\. . 
: -. -. -- -... -. . . . : .......... : . ~;:~-~~ ~ D: := -~$:~ ~i~;~ig. : '7- :- ·: j\n~Jr - , .. ~ ·-- .............. ~. ·-··········-··--· ··-· ..... ····-····---· ··-· ··-· -····---· .. ··-·. ----_~;~~~~. ..... . .. . . .. :~::.: ·-x~>-. -~~~*~:::·;·!~--- r~n~N ... N,/ 

. . YI 763~1;00' " : I .:: ::: : ~rrss;~-o~f'~ · _: . ·_' ~;~:soFQN 
: • • T'r'PE A FD!" ,. ·.. .."' · : W 76260.00" · 1YPE '/1,2" ~N _- / W 76195.50' 

N J5985.00. · : : , . 'TYPE 'A" FON : N 35987.50 • _r 
w 76327.50 . ·· -N 359n.oo· w 7f?21J.50": t 

lYPE "A' FON • ·w 76272.50" ' 
. N 35969.00' I : TrPE "A" FDN .. : • 

W 76327.50"_9.]: : :::: ri--:-: ~~~~~ .":,: 
nPE "A' FDN J- . ·n· . · .. TYPE··~- FD~ .. 

. N 35951.00" LJ- N 35949.000 

w 76327.50" • I •• •• w 76260.00 . : ::·· ··; : G.-:c T\'P[ '54• FJ)N : ~ .. :· ... ·:- . . . . ~ ~:;~;~-: 
TYPE "A' FON • 

. : ~~~~:~: : . :r3~iri~ '. 
W 76304.25' 

~-~~~~-D 
• W 76304.25 . 

r7 TYPE 'S4' FON 
L..1"'-N JS872.50' 

W 76249.7:f 
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REVISIONS 
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h ~ ~ts to, lro..,mouo1 rA dl!l,., O"J' clectltlfle me,f.Q,. 1N c.:wnpc·..; ~ n,ct, dob;, ogrttS ttoat .t.u£.c Mleficos ~ 
c:clnOl.k hett ~ lormsn .- o..di,\o~of orbqDlld tt. Xq:,o of _.oriQc,ol ~~-~ dalos'#Dtin 
dectronc. rnt6o ot l«in..-.ttird fly' ~ fflCQl'a can ~ 1/ftdele<;tcd o, be ,....sre,d ~A tt. ~•:i ~ 0. 
Compo,,J ~ Mb ~ lllot oUIEC ~ urnotsd connot bo ~ 1io::iJ9 tor tli• ~- a,mpcla'leD or ~ of the 
"""-

NOTES: 

;.~/=~~~ SHALL CONFORM TO CONSTRUCIION SPECIFICATION F 

2. FOUNDATION OCTAD.!i FOR f19. #21 ANO f22 ARE SHOWN ON ORAWJNG ti-14-1Q6500, 
OTHER FOUNOATION·OETAILS ARE SHOWN ON DRAWINGS H-14-106799 & H-14-106801. 

J. THE FOLLOWING SPEOFIC REQUIREMENTS APPLY TO CAST-IN-PIACE CONCRETE. 
REFER TO CONSTRUCTION SP£CIFICATION 145579-G-SP-001 SECTION OJJOD 
FOR DEThll.S. 

a) MINIMUM COMPRESSM: STRENGTH = 4000ps; @ 26 DAYS. 
b) MAXIMUM WATER/CEMENT RATIO - 0.5. 
c) AIR CONTEI-IT SHAlL BE 5%-B%. 

4. All DISTURBED TOP LAYER or COMPACTED CRUSHED GRAVEi. 
SHAU. BE REPLACED BETWEEN FOUNDAT'.ONS To NOMINAL ELEVATION 662.6±0.2 FEET. 

Ll£CW\NIC\l COMPACTION or THE TOP SURFACE or THE GRANULAR BACKFILL 1S 
NOT REQUIRED FOR SPACES BEJWEEN FOUNDATIONS WHERE SPACE IS LESS JHAN 12" 
WIDE. All JO ELEVATION 662.6 ±0.1 FEET. 

ALTERNATiVELY. THE SPACE MAY BE Rll£D WITH UNREINFORCED CONCRETE. TOP or 
CONCRETE JO BE 663.000 MATCHING ADJACENT FOUNDATIO>IS. EXISTING SotlD CONCRETE 
FOUNDATIONS MAY SE USED AS FORMS FOR NEW aJNCRETE FOUNDATIONS IF THE SECOND 
AL1ERNATIVE !S CHOSEN; PRO\'JDE A BOND BREAKER (6 Mil POLYEJHYlENE SHEET, OR 
½" THICK FIBERBOARD) BETWEEN NEW ANO QLD CONCRETE. 

5. COORDINA!£S ARE BASED ON HANFORD 200 WEST OATUl.l 
COtllROL POINTS ARE RR SPIKES IN ASPHALT ON 13TH ST 
(OBVS-1 ANO Dmr.i-2) SEE DRAWING H-14-106788 FOR LOCATIONS. 

6. COORDINATES SHOWN ARE CENTIRUNE REFERENCE POINTS or 
EACH FOUNDATION. 

7. FOR FOUNDAllONS #1 THROUGII 116 LOCATIONS SEE DRAWING H-14-106769. 
(INSTAI.I.ED IJNOER SEPARATE COI-ITRACT) 

8. FOR FOUNDATION 620 (ICV BOX ASSEMBLY 8\JILDING) LOCATION ANO DETAILS 
SEE DRAWING H-14-106797 • 

9. SHADED FOUNDATIONS ARE SUBJECT To THE REOUlREMEI-ITS or THE 
RESOURCE CONSERVATION AND RECOVERY ,a or 1976. (RCRA) 

10. EXISTING 4/0 AWG GROUND CONDUCTORS ARE LOCATED APPROXIMATELY JD INCHES 
BELOW ANISHED GRAOE. REFER TO DRAWING F-145579-00-E-D500 FOR APPROXIMATE 
LOCATIONS. RE-ROUTE AND REPAIR AN'i DAM/GE TO E.XISTING GROUNDING CONDUCTORS 
AS OaAILED ON THE ELECTRICAL GROUNDING DRAWINGS ANO IN THE CONSTRUCTION 
SPEOACATION. 

LOCATION Pl.AN 
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15 FtD 05 DeK PM ... 

TH 

TH 

DI 

TH 

DI 

E 

D 

C 

~ 

~ 
~ 
0 

-l-
± 

A ISSUED FOR INT£RHAL R&t£'W ..... 27 JAN 05 DPK 

'"" 
., Olll'd 

_,, 
:. .. ~ 
0 

~~ 

145579-flNAL DBVS DESIGN 

H-14-106798 0 
I ~ I 

AS-297 



.8 

E 

D 

C 

B 

A 

8 

.7 6 5 4 

@ Hi0"-o• 
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---------+--------- ---------+---------
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I 
I . - I~- -

1=-""""" ___ · ___ · - - · ___ _ 
I 

I 
I 

I 
A 

OFF-GAS STACK 
FOUNDATION #1 O - PLAN 

,, .. • .. 1·-0· 

SECTION 

LIQUID AMMONIA STORAGE TANK 
FOUNDATION #12 - PLAN 

v•·--•·-rr 

Je"Ce,,.qs 

A 

#tJ D 1r E.W. 

"'-"'"' 

OFF-GAS TREATMENT EQUIPMENT 
FOUNDATION #13 - PLAN 

1/a· .. 1·-u-

®I..__•:.;_:__•-.,,. ___J_~r_-....:.:...: .. ··•'--· ____, 

B 

SECONDARY WASTE PUMP SKID 
FOUNDATION #8 - PLAN 

B 

J> o ,rE.W . 
.u.r,as 

NOll:S, 

B 

.. 
COMPRESSED AIR SKID 

. FOUNDATION /19 - Pl.AN 
1/4·-,·4" 

B 

3 

FOR GENERAL NOITS. OESIGN CRITERIA,, ~TERIAL SPECIF'l0i110NS, ANO FOUNDATfON LOCATIONS 
REf'ER To DRAWING H-14-106789 "BULK \IITRlnCATION -OVJl SITE 11.lPROVEMENlS"' 
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dcdlll"\C n,a(,o qt lrM=-1.lod bJ' 
Pld.nric:~•IICQII~. 
u...sda:ledorbaiftOIIUcd~tl'III 
~·11 boslcdgc. the ~ :::: =~':not~~ ~ ·r 
fQf'tha~"baJ-~1-o,,: 
icorndnOlcflbildc1.c. 
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D 

C 
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0900 'R=-14-106796 0 

821145 

AS-298 



8 

F 

E 

D 

'b 
I 

i:::: 
NJ FAR SIDE 

C 

8 

8 

2'-0" O.D. 

7 

WHERE STACK WAU. lHlO<NESS JS LESS 
1IIAN 3/16", PROVIDE UGHlNING TEllldlNALS 
AND DOWN CDNOUCTORS IN ACCOIIIWlCE 
WJlH NFPA 7BO. 
If WAIL JS lHlCKER lHAN 3/16" USE 

,GROUND TERMINALS ON BASE GUSSETS 

N2 

N9 FAR SIDE 
N10 NEAR SIDE 

7 

6 

N5 .-=-==-,,. N6 
113 / -.. N4 

IM~~ 
# I . I ~ i 

\
,' uL1

~ _ _l \ 
, \ -T:/ : ," --r- _/ ',-A_/ 

27(1' 
N7 
N2 
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I 
I 

~uJE=~ I 
PROPOSED BY fABRICAlOR I I 

5 

,-·~,~ '. 
: I : ' 

LOWER SECTION OF 
EXHAUST STACK >S 

l'ROPOSEO BY FABRICA10R 
(~6"-01 

I I I 

~---1---J 
I , __ -t_;-_.,, 
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REF NUMBER mu: 
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EXHAUST 
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NOZZLE No. SERl/lCE SIZE PROJECTION 

Nl STACK DRAIN I" SCHED m 
N2 VISUAi. INSPECTION 4" SCHED 10 

N3 SAMPLE UNE 4" SCHED 10 

N4 SAMPLE UNE 4" SCHED 10 

NS SAMPLE REIURN UNE 2" SCHED 1D 

N6 SAMPLE REIURN LINE 2· SCHED 10 

N7 FLOW D.EMENT 

20• SCHEO 10 

IIOlES: 

1. DRAWING TO BE READ IN CONJUNCTION Willi DATA SHEET 145579-V-DS-005. I 

2. All NOZZU:S TO BE SUPFUED Wl1H 150# R.F. S.O. Fl.mGES 

3. N2 TO BE COVERED Wllll CLEAR ClASS COVER c/w GASKET 

4. SAi.iPL£ LINES ARE NOT SHOWN. CONNECT SHROUDED PROBES TO ANALY2ERS 
LOCATED BY STACK MONITOR VENDOR. 

4• 

4• 

4" 

4" 

4" 

4• 

4• 

4• 

!i. VENDOR TO DESIGN STACK ANCHORAGE >SSUMING DRILLED AND GROUTED ANCHORS. 
FOUNDATION DESIGN SHOWN ON DWG H-14-106796-FOUNDATION §10 

~ llTILIZE MOBILE MANBASKET FOR PERIODIC ACCESS TO THE A.OW El.E),IENJ 

7. SIYL£, LOCATION AND SIZE Of NOZZLES TO BE CONflRMED BY SfilCTED ANALYlER 
VENDOR. 

@>-NOZZLE ELEVATION TO BE CONFJRMED BY BUYER. 

~SAMPLE LINE NOZZLE LOCATIONS SHALL BE LOCA"IEO A MINIMUM Of 8 STACK 
OtAMETERS DOWN STREAM Of FLOW DISTURBANCE TRANSITIONS OR CONNECllONS 
PER 40 CFR 60 METHOD I SEC110N 11.0. 

§;:::,- VENDOR SHALL PROVIDE DETAILS Of PENETRATIONS THROUGH 6' OWJETER LOWER 
STACK >SSEMBLY. 

11. EXHAUST STACK DESIGN, FABRICATION AND lESllNG SHALL BE TO SPECIFICATION 
145579-V-SP-005 AND DATA SHEET 145579-V-DS-005.I. 

l--6'--"-l-+'1'-3/4" 

2 HOLES 9/16"0 
{TYP. ON 2 GUSSEIS) 

GROUND TERMINAL MOUNTING DETAILS 
I 1/2"=1'-o" 

H RE\9D PER oat£.flllHG [IR(CIX)ff 

C REWiD> f£R ~ mccncw 
F Rl\mD f(R o«;HIRD«; IJRB:TlCJI 

E """1111 FDR Dl2II 1111. ""8/9'11 llD'<RI (M£A l& Dll.l) 

D ml!]) f0R 0flll 1111. -/m """" (M£A l& 011.l) 

C ISSUED f'OR INRJRWJlON 
8 IS'SU£D 1"<11 lflERNAL N'PRfN4 

• ISSUD)llRR£WW 

•~- """"'""""""°" 
-f:145579-36-V-0021 ...... 

t-24-06 CST .... 
11.Wf,06 SNII ..... 
11-.l---m CSJ ... 

1JN'R OS JOI ,a 
15 JU.A 05 RIil ,a 
01 FIB 05 RIil ,,. 
IS DEC 04 Rill 

13/0CT/CM R08 

"""' 
., 

N/A 

"1• 
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RPP-24544. REV lei 

OGTS 155 ft Exhaust Stack 

i Hot Rolled Steel Code ! AISC: ASD 9th i 
Leora~eotmeatSt'a'elWotteJ.,1;t%l'1lflr!i:T~t;;:::r:z£tITttt,J81 s1~ao;rasaz~!'+zi:t;t~;;;:;;;;1:,t1 
INDS Wood Code · · . I NOS 91: ASD ! 
. NIDSDtem .. :erat•f.e)¥£\V: .:?):~;t~<r0+:\ti114fv~S;:;:~0~~J1: L<t1~0OE;;;;?~:: ;t;.£.~-z:WJ#«IDhtJ\{fft 
!Concrete Code ! ACI 1999 

-----····-····--·--··---·--------~ 
l4 

Joint Coordinates and Temperatures 

Mar 26, 2006 

.------·-· Label ......... -.
1
, •.•... _X[ftL.-- .... __ .Y[tt]___ ____ Z.(lt._._] ____ ~Tem

0
p [fl-----,.----·-- Detgch FrQm.Diaphragm --, .. 

! 1 : N1A O . 95 , 0 

i 3 ! N8612A . 0 . 100 , 0 . 0 , 

i 5 l N20 -··-_: ·-----·--o --~----43 -·-· o i ____ . __ o ··--·-----· ----·•· . ___ _ 

Joint Boundary Conditions 
:,·. 

1 
i JoinNt L

1
abel . X [k/in]___ __ ·---·- Y [k/inL__ _____ Z [M.n]_ ____ ._ X Rot.[k-ft/radL .•. Y Rot.[k-ft/radJ._. __ Z Rot.[ls-ft/rad}.___ 

Reaction Reaction ! Reaction i Reaction i Reaction Reaction . 

Hot Rolled Steel Properties 

r·--1 !---·-----JAg:-----·--·-----r ·--2~~~ib , 1~ ~~~~ ~~ --·;Ther~fsE5 F): _Dens'.~~ft"3] Yie~d~ksi]___ , 

,~'i2, c'.f'' ·. ,.A572Grade5o:.~:.::: L--~::29000~·--c\.j:·:--.>11!'.154<,·,;,,_: /,(~-\3 .,\-;',- .l, _·,:--.:-~:_55::'''>··1 .. - --~ , .·.:\A9-..~. -- ·>rt.: '.'~S~'.'5Q;\JL:} I 
i 3 : A992 : 29000 i 11154 i .3 ! .65 ! .49 ! 50 i 
1·:4:,.: .. 1<,,y;. >A5O0;,42<·:'+·\,i•·······y29bO0'-i1Ll-:'.?1:1:1'54°·/Ai;,:,'Y"3 ,·:"·' ],'·~; <55i;•; ,:1,,.:">;, 49;,,,,: ::,.,·:::.••:c·,42 : •. ; I 
i 5 ! A500 4i, I 29000 ' 11154 .:.L_~.__,_6;i .49 46 

Hot Rolled Steel Section Sets 
·-·- __ .. ·-- Label_ --·--Shape____ Design__List _ _ Ty,,_pe~-~Material Design RuleA A (ln2]_ Jyy [iD4] __ 1zz.[in4L_, _J_[irL4L 
i 1 1 HR1A i W10X17 !WideFlange! Beam .. _A36 _L_ Typjcal_! 4.99 ! .3.56 ' 81.9 i .16 , 

Member Primary Data 
·---··-----J.A.@l .. -~-'-J..9inL._._J_.)_oinL __ .K.Join.t .... 8Q.tatJ;t(g,,~S..!;t_QILQo/.S.b..ap_e_~_sjgo___ll~L-IYP~-Ma_t_e_ljgl~-~Design Rules -, 

1 ! M46 ! N1 J N1 A ! i .. ______ !Pipe 48 DIA 1/:::LQ!lannel i Beam! A36 Ty.Q.ic=a=-1 __ 

RISA-3D Version 5.0d (C:\ ... \ ... \ ... \ ... \ ... \ ... \ ... \ ... \OGTS ST ACK 48 Pipe Fixed Base w P-Delta.r3d] 
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RPP-24544 REVJd. 

DMJMH&N OGTS 155 ft Exhaust Stack Mar26,2M6 

J Joint K Joint Rotate d... e Desi L" t T e Mate · 
'rSJ86~13~ ~~~¾~~lfifu,~lt~. ~t\~r ~ ~am1 l?fJ~l1fA'3' 

I 3 I lN8612AI iPipe 48 DIA 1/ ... JWide Flan~ I Beaml __ A~3-_6 __ ~--

Basic Load Cases 

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

_____ Jo~i~=ti=~~b-el----~----L __ LD=C_M~----,--l -_=:~_:-_~-Direytion ~~~~--- ··-----i _ Magnitude[~.Illd k*s"2/ft] ___ _ 

Member Distributed Loads (BLC 4 : WIND Z) 
i-

1 
_
1 

Mem~e;iabe1 ___ 
1 

__ Dire~tion ___ Start_Mag~~~e[!s/lt,degj_ , End Mag_~~~t[k/lt,deg]__
1

Start_Lo~ation[ft..,- End Loc~ion[ft,%]_ , 

''t2~;:~:is}t'5?'£';·Ma-a:t:'~1r":•:;.,~--;:':'::::':z::~r,;\'''::''''.'t':''.:·:<,:c~:,~i::~ff9'':':'i'i:,:1''(i';''·qF•::••;,:'(::'','''.:'·;5:'.~1'.;1'9::\'z'5~'.}.''''":•~'.'.":":· 
i_3._ i __ . ______ M46 _____ .. __ ! _______ Z __ . ___________ .1_19 ___ . ___________ ,_____ .119 

Load Combinations 
__________________ Qescriplion ______ -----· _Solve_,PDelta

1
SRSS.BLC Fact.._BLC Fact .. BLC Faet..f3LC .Faet..BLC,FaeLBLC Faet..

1
BLC Faet..l;l~C f:a_cJ._y 

1 : DEAD LOAD i Yes i Y ' i 1 ! 1 : ! ; ' i i i ! ! ; ! i l , 
;>2r10EAoiLPAo>HL1vs.:co~o)tt1NesilH/y-, i\•,.,t::·· 1Ji?i1..:c1>2i'i-""-',1 ?:,1·isi::1:.,1:+,,ii·.!t:,1\•t"•?;tr,:'1t,:< .i , y,i,:::-,\: J/ ::·-•1;y•/:\:;:} · J?:::.:/;; 

3 :DEAD LOAD +LIVE LOAD + .. ( Yes i Y : r 1 ! 1 2 : 1 • 4 : 1 1 ; 

Envelope Joint Reactions 
,---~- ____ Joint____ ____ X fk] le Y (t]__ le __ Z [lsl ____ _le ___ MX_[k-ftj_ ____ le . MY_[k-ft]_. le. ___ MZ [k:flL. ____ _lc -· 

: 1 • N1 ; max. 0 j 1 , 45.235 I 2 ! 0 i 1 ( O : 1 ; 0 : 1 , 431.997 : 2 i 
I I2<:: >.•,::,~•,;.'.;,.·.;;;m1n,i-.· ;sJ31c: ;.r.2:.:;:~: ;,,'5.:> :c.:.·::4,L::.:15Aosr:,s,J·-1024.;9::34l-;s;.,.:,.·::.:,o·->,.,1;.~-1,:;•;:·':o:<~- .::·:.:1, ~:1 
1t\:~;:::j,yT,f;.t:~\~::.\::/:'JAf~\'(c,:::.6~67<i \~if::;1·.·:·,::igl~,~.::<-i'/~::1:-~1s~o5ij;,::~:,::i'r••,'>'-': •·•;,,;•2,j/x.:-;jc:,\f,,:;_;;•;,,i)•\,:.:1•j,L:;:>:5<'::,,;,:::;:;;;;:,:.:·1 

Envelope Member Section Forces 
---.--Memb_ElLT_. __ S_e_c;___·,---~-[l._xial[kL).e_,_y_$heJ;i._r[ls]_

1
_LG.~:cSJ1earLkJ,__Le_,Iomµ_El[IS:itl~Le_r_y:yJl/1_Qment[k:tt] __ ,_1.c_,i:_z_Mom.mll[k.:ft1-Jc_) 

i 1 i M46; 1 imax!45.235!2! 6.737 12i O !1: 0 l1l 1024.934 ;3, 431.997 i2. 
I .. :;t,T.'>'.>:'Y .·1,··. : ,:•_:· ·.[rri1n~.1. <6;~~:jA::c,,, .. :.,.o,.}.:.11d,.·.1s:266:l<3';L,~. ,:.o.<·· .. • l:,.t,J:~, _; , .. ,.X.oL .. ·.,>"'l·:t\L':.s~: rn+\ ..••.• ,.1::1 
I 3 I i 2 ! max !37.557i 2 i 5.432 i 2 i O ! 1 i O i 1 ! 695.818 ! 3 i 287.492 i 2 i 
j':'AYJ '.; < '.·,,·1::,'·t:'·'l''::T' <: :· •. :1i'friff1J~::;_·5t':~l '.4:!'i.:":• ·~,-oY >cJ::1·:1: "~.23449'.~"l's:'::::'.~: .'ot:' ::::::J:;1;,;1 q-:::'.:::T_:"~'..cf e:,•.:·~ ··'.1··:-1:;: .~'.'?<"6?~'.>'' ': :J:··1 
! 5 ! ! 3 ! max i 23.88 ! 2 I 4.125 i 2 I O i 1 i O ! 1 ! 433.606 ! 3 : 173.991 ; 2 l 
1''6'''\·•.· ,-;:;,;;T: ,oj;::·;·••··. t•'rhin·::i:.·:: :d<<Pti~, ·.·.•. o·•: :·,· 1· 1-.I~: ,:··gf632; "f3§:;··. •S,o,:.>.'ld.:1;-< -,,,:,>a ··:t·,;·· ·r1··;·•· ;.·:·:•o~--:·::•~:1·'1 
i 7 : i 4 i max i 16.202 ! 2 i 2.82 l 2 i o l 1 I o I 1 I 238.3 i 3 : 91.513 i 2 : 
w 's\'J',"'•··-·,, -,-,,,1·.····:'·,~·•·:,'i;'rfiinl'·•-,;,,d, ·-•r)r!'~ :r:o·r,.:·,1:rfT;:····s s1s:J1~s;;•,:;:i<1r<·21·:;, q;::·:·:,··:··cr: .·, ;_: :•1:z1•·· , ..... ,:;ci:•cF'T'·~-,r1·,1 
i 9 1 i 5 ! max i 8.525 i 2 : 1.515 ! 2 ! 0 l 1 ! 0 ! 1 i 109.891 : 3 i 40.033 ! 2 i 
l''J-0··:~'.---:·:·,= :"'~~·:''"0.'.i:7·;~''.•··• .·•· tmiff I Z'''<t. ~-,1·:,rn. ··• :,L·o•·:~:';: ·. ·ta: 1·· , ·_,·ttg'gs~:~l'..:aY.:'.~r; ,:a,~.; :\: 1·:1r .•l.'"'.''.:~~::.·:•~,o:.:::''. .. ·::··. : 13J•·c~:'-:''.JJf ~:-::··~··:,;r·1 
i 11 : M47 I 1 ! max 1 6.908 ! 1 ' 1.193 i 2 : O : 1 i o ! 1 ! 91. 768 : 3 i 33.305 : 2 i 

.: ta;:;;.·.· .. ;.,_ ... ,: ;\:'/! ,i. :,,~·."-k.miri:1 ;:,<o,,: ·I :4,:r.···,,:.,.ri2JJ±L±.3~['3:;r·:•[t;"'O ,:•2·:Jd :l0/·C'<fl".': ·:-:c,1:1~;- .. :;:;>:.:u'-i~·; ,•fjJ 
13 ! J 2 ! max l 5.181 i 1 i .899 : 2 i o ! 1 i 0 ! 1 ! 52.094 ; 3 ; 18.923 ; 2 : ·, .. ··:r,r1 "'·"-'t ,···x::1·:•· .. , ·,.·:•·- · 1;mi,rl· :~a- /!·;r1 • :·•," • o: •_- · ··lstl·.·::_2¾EL-J~ar:··::::ztv·.•·-:·•1 :1~1 7

"~- ~ .,.,,<.·o··~·\- ·· , .. ···1'1':·c-•"'"-to"•·v;•,·•·,,T1 
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RISA 3D showing the Maximum Moment on the OGTS Stack at the Foundation 
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--~-·. MEIER Enterprises, Inc; . Project No.. 4697J· .· Page:iot J / 
. . ·· . ·, 6697 Gaga. Boulevard Kennewick: WA 99336 

· .. . •. . phone 509 735.1509 fax· 509.783,5075 
-.-..... v ... ·~ 1Hf'h!Ji1c Cc,m- · Date:2/6/06 By:· Tt7 Ch~cked By: ~-

Customer Job Number:_1-'-4=5=5-'-79=----

Customer: __ T~H'-'-O=-M~PS=O=-'-"N~M=E=C~H~A~N~IC~A=L-

1.0 INTRODUCTION 

1.1 Purpose 

Calculation Number: 4697.1 

Job Description: Steel Stack 

This calculation consists of structural calculations for a 155 '-0" tall steel exhaust stack to be 
. placed_ on the Hanford site, Washington. The stack is part of the demonstration bulk vitrification 
system project 

1.2 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. 

2~0 Basis 

2.1 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 

2.2 Criteria 

I. Design Loads: 
a. Design Wind Speed, 85 mph, exposure C, Iw = 1.15 
b. Snow Loads: use 15 PSF ground snow load 
c. Live Load applied to catwalk: 50 PSF 
d. Seismic Loads per 1997 UBC for zone 2B, and soil type SE, IE=l.25 
e. Maximum exhaust stack temperature= 372° F, Minimum temperature= -25°F 
f. Corrosion Allowance= 1/16" 
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Date: 2/6i06 By: 7/1 . Checked By:tf7~ 1.-.,,..,.._.~ mt-It!1u,c_;;orn 

· Customer-Job Number:_1.,_4=5=57-'-'9"--

Customer: __ _,__T,_.H=O=M,.,_P--=S=O=N'-'-M=E=C=H~A~N=IC=A~L~ 

3.0 Methods 

Calculation 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:.. l. 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 shal1 be analyzed to determine the number and 
arrangement of bolts. Bolts shall be sized per AISC ASD 9tti~ 

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 embedmentdepth 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. 

4.0 Calculations and.Analyses 

See attached hand calculations. 
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,,;,.· .. w, me1eriric.tcn1 Date: 2/6/06 By: Th Checked By: Pll'"1 
Customer Job Number:_1,_,4=55=7=9 __ _ Calculation Number: 4697.1 

Customer: __ TH-'-'--'-'O=M=P'-'S""'O"'"N.,_..M==EC=H~A-"-N~l=CA~L;,_ Job Description: Steel Stack 

5.0 Results and Conclusions 

The steel stack shall have the following design characteristics: 

.1. 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 A53 grade B. The middle segment shall be 4'-0" diameter 
and fabricated froml/2" thick steel plate and shall be 42'-0' tall. The lower segmentshaU also 
be 4 '-0" diameter, 1/2" thick, and be 60'-0" tall. 

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

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

4. Both the segments shall be connected together using (12) 718" diameter ASTM A325 bolts. 
The bolts shall bear on a I" thick 3" wide ring bearing plate. 112" 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, 

5. 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 l" 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 l" thick. The stack shall be anchored using (15) 1 314" diameter ASTM A307 
rods. 52" below the top concrete surface a 8"x8"x314" plate shall be connected to the rods with 
double nuts. 

6. 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. 

7. The concrete foundation that is to support the stack shall be a minimum 17'-6" square and 5 8" 
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. 

8. 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. 

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

10. All bolts shall be placed per the "turn of the nut" method as described in AISC LRFD 3rd 

edition. No special inspection of bolt placement is required. 
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· Customer Job Number:_1~4=55=7~9 __ _ 

Customer: __ T-'-'H-'-'O=<-'M.!!2P'-'S""O""'N-'-M=EC~H'-"A'-"N=l=CA:..:.L=--

Date: 2/6/06 By: TH 

Calculation Number: 4697.1 

Job Description: Steel 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 BothAISC EQ Sci =24 Ksi Normal Stress= 5.75 Ksi 
base of upper Hl-1 and ASME Fa= 5.83 Ksi Axial Stress = .25 Ksi OK 
section EQ 4.8 or4.9 Fb = 23.76 Ksi Bending Stress= 5.5 Ksi 

Interaction Equation = .28 
Normal Stress at AISC EQ Hl-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 ASME EQ 4,8 or Sci = 23.6 Ksi Normal Stress= 9.22 Ksi OK 
tower base 4.9 
Normal Stress at ASME EQ 4.8 or Sci= 19.24 Ksi Normal Stress = I 0.5 Ksi OK 
tower base 4.9 
(With Corrosion 
and Temperature) 
Normal Stress at ASME EQ 4.8 or Sci= 23.6 Ksi Normal Stress = 9.3 Ksi OK 
breech 4.9 
Normal Stress at ASME EQ 4.8 or Sci= 19.24 Ksi Normal Stress = 10.1 Ksi OK 
breech 4.9 
(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 OK 
Anchor Bolts at AISCASD91

'\ A(Req'd) = 1.52 A(prov.) = 1.90 in"2 OK 
base (steel stress) in"2 
Anchor Bolts at ACI 318 APP. D ~Neb= 57.4 K Nu= 55.63 K OK 
base (Concrete 
Embedment) 
Concrete Bearing ACI 318 ~Nbr = 161.5 K Nu=64K OK 
Stress 
Connecting Bolts AISC ASD 9th Tmax=26.5 K T=20.9 K OK 
at upper segment 
Connecting bolts at AISC ASD 9m Tmax=26.5 K T=25.0K OK 

I lower segment 
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Date: 2/6/06 

Customer Job Number: 145579 

Customer: __ ...:..TH:...=:cO=M:.:..P-=S-=0.,_,N'-'-M=E=C=H"""A"""N=IC=A~L~ 

6.0 References 

Documents: 

Page:...z_of 3 / 

By: Tt?. Checked By:/(~ 

Calculation Number: 4697.1 

Job Description: Steel Stack 

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

Design Codes: 

I. 1997 Uniform Building Code 
2. ASCE 7-02, Minimum Design Loads fopr Buildings or other Structures 
3. ASME STS-1-2000 
4. ACI 3 I 8-05, Building Code Requirements for Structural Concrete 
5. SMACNA Steel Stack design Manual. 
6. AISC ASD 9th 

7. AISC LRFD 3rd 
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145579-C-CA-015 

Attachment 4 

Foundation· information Chart Showing 
Performance Category 
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Length Width Depth 
(ft.) (ft.) (ft.) 

'd 
26 

16 

Ba house Stack 40'x1' 8 8 

Items that are considered n ennanent" and re foundations 
Tri-Mer scrubber · 30 
Selective Catalytic Reduction Unit 
SCR Scrubber 
An Pre-en ineered buildin s 

Items that are considered tern ora , but will be anchored to revent movement 

60x12 Off-Gas Trailer 64 15 

32x12 elect trailers 2 13.8 kV and Power Modul 34 14 

32x8 elect trailers (2) both 480V) 34 10 

40x8 control trailer 42 10 
22x9 Generator set 24 11 

34 10 
8 8 

10 8 
32 10 
32 10 
22 10 
22 10 
11 6 

Ammonia eva orator skid 
Sintered Metal filters 

ICV hood support stand 

Other site development concrete or paving 

4 PC-2 

4 PC-2 
4 PC-2 

PC-2 if a separate 
4 stack. 

2 GS PC-1 
PC-2 
with SCR 
GS PC-1 

2 GS PC-2 

1 GS PC-1 

1 GS PC-1 

1 GS PC-1 
2 GS PC-1 

2 GS PC-1 
2 GS PC-1 
2 GS PC-1 

2 GS PC-1 
2 GS PC-1 

GS PC-1 

GS PC-1 

ICV Box Storage area concrete pad to be detennined 1 Cale. No.: 
Concrete paved area at box receipt to be determined 1 
DBVS North access road 24 0.5 
DBVS West side road - is there room for this??? ? 0.5 

Rev. No.: 
Sheet 

Fencing to surround site - gates at truck entry post deplh varies 

Foundation Chart March 11, 2004.xls aul.me e 01/12/2005 
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Baghouse could be on top of 
soil tank and therefore high 
enough itself. Mech to 
detennlne. 

Anchored 
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145579-C-CA-015 

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 

Paul Meyer (Trail) To: 
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 
to raise the water to the freezing front. Because Hanford is a near desert climate, there is little water near the ground 
surface. Within a The tabulated capillary rise for fine sanc;t is in the range of 1 to 11 feet and for medium sand in the range 
of 0.3 to 1.5 feet. Hanford certainly is cold enough in the winter to freeze water. 

The little-water in the near surface soil does freeze but the.associated heave is negligible. The sand will not support 
.. capillary rise Qf several hundred feet that would be required to proquce (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. 

-Original Message--
From: Paul Meyer (Trail} 
Sent: Friday, December 17, 2004 1:47 PM 
To: Brad Hupy 
Subject: RE: Questi~ns 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 
h~aving? Especially if it is very deep (e.g. our site at Hanford) 

-Paul 
-Original Message-

From: Brad Hupy 

Attachment: 5 --------,---
Cale. No.: 145579-C-CA- OJ 5" 

Sent: Tuesday, December 07, 2004 9:09 AM 
To: Paul Meyer (Trail} 
Cc: Tony Heim 

Rev. No.: Q :Z.. /1-'lf!,[., 3-Z<?;-tJL 
She~t of 2. . 

---''----
. 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 motions. 

--Original Message---
From: Paul Meyer (Trail} 
Sent: Monday, December 06, 2004 4:33 PM 
To: Brad Hupy 
Cc: Tony Heim 
Subject: Questions about the soils and report at Hanford 

We are still awaiting approval from the "Independent Qualified Registered Professional Engineer" (IQRPE) 
who is checking our foundation designs to 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 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 concrete set at 
663.00 (eet, while surrounding grade is at 662.8 feet.· We removed the native soil to elevation 661.000 and 

1 
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. • . :bro~ght the local gra~e up to 662:8 with compacted crushed rock .. 

··The four 48". foundatio~s consist of two chimneys,· and two large steel structures; Theseare·ail ,;critical · 
stnictures".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. 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 (to 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 
44x24 to 6x6 feet Most are the 6x6 ones. Minor seasonal movement of the foundations would not be a 
problem. Actual gravity loads are quite light, typical values are substantially 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 .. I don't believe it is frost-susceptible. 

Could you please reply to the following questions, raised by our reviewers? 

1) ls.the frost depth of45 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) IS frost heave an issue for the foundations as described? 

Thank~ for your help on this. I'll be traveling to Hanford on Tuesday Dec 07, for a meeting Wednesday, Dec 
08. I will have e-mail access while there. I will be traveling back to Trail Thursday, Dec 09 and back in the 
office Friday, Dec 10. Best way to 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 V1 R 4C3 
1-25~368-2407, fax 2455 
paul.meyer@amec.com 

« File: HNF-SD-GN-ER-501 (Rev. 1).pdf » 
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145579-C-CA-015 

Attachment 6 

· Stack and Equipment Vendor Drawings 
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DETAIL "B" 
ESPEY BURGMANN 

SHAFT SEAL 
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NOT£ 
WHEB.WMHEATEDN«J 

INS;,.u.fD AT TME FJrCt'ORY 
,o,otEVE1'111r 

NrcRF£REHCE 8ETWEEfiol 
FN4 SHAFT AHO wtEB.. HUB 

TOl!OUE THE TWO 

5 

EXPO.LER VANES 

1101.TS 1" 7S ~ - ~ - -+--ii~' 
AHO "'1D 2 F\ATS ~~!ul/...U:::=ilc., 

TOilOUE MAIN ENO 
CN' 801.T 

150 FT.-l.BS. N«J 
WO..O 2 F\ATS 

• J 

NOTES CONTINUED: 

10. EXPANSION JOINTS IN ALL DUCT1f0RK 
AND PIP/NC TO AND FROM FAN ARE 
REQUIRED. THESE JOINTS ARE TO BE 
IMMEDIATELY ADJACENT TO THE FAN. 
CUSTOMERS DUCT1fORK JIUST BE 
STRUCTURALLY ANCHORED 'fTITHIN 
APPROXIMATELY U" OP EXP.4NSION 
JOINT. 

II. FAN IS TO BE rrELDED PER ASTM 
Dl4.6 AND DI. I. QUAUFIED 'fl'ELDERS 
ARE REQUIRED. 

12. FAN HOUSINC TO BE DESICNED FOR 
SOPS! CONTAINMENT. 

13. PAN HOUSINC TO BE CONTINUOUSLY 
rrELDED INSIDE AND OUTSIDE. PAN 
BASE TO BE STITCH WELDED. 

14. 1fELD MAPS TO BE PROYIDED BEFORE 
FABRICATION IS TO BECIN. 

2 

MATERIAL LIST 

15. CERTIFIED WELD INSPECTION JS 
REQUIRED 'fTITH DOCUIIENTATION. 

16. FAN HOUSINC TO RECIEYE A PRESSURE l-_j~4~~~!:!!!,~~.,,f!~~!!!!!!~...:!!!~l--l 
TEST AT l.25z FAN OPERATl.'VC 
PRESSURE (SOAP BUBBLE TEST). 

17. OVERSPEED (lo min.) TEST REQUIRED 
AT 4083 RPM (115'% OF OPERATINC) 

18. FAN TO HAYE A I HOUR MECHANICAL 
RUN TEST. 

l!J. SOUND TEST REQUIRED TO AJ/CA 300. 
F 

,,.._ T11'1CAl 
20. COVERS OVER INLET AND OUTLET f' 

E 

~ 

NOTE: 
ROBINSON TO SUPPLY COMPLETE BENTLY 

NEVADA SYSTEM INCLUDINC RACK 'fTITH 
MONITORS FOR MOTOR RTD'S ALONC 'tr/TH 
FAN RTD'S FOR BOTH FANS. RACK 1r/U 
ALSO INCLUDE MONITORS FOR 2 PROXIMITY 
PROBES PER BEAR/NC (RADIAL OPPOSITE 
DRIYE END FAN BEAR/NC) AND I 
ACCELEROMETER (RADIAL) ON DR/YE END 
BEAR/NC. THERE 1r/LL ALSO BE IIONITORS 
FOR AXIAL ACCELERATION PROBE ON 
COUPUNC FACE FOR BOTH FANS. ONE RACK 
1f/LL INCLUDE MONITORS FOR BOTH FANS. 
COMPLETE PART NUMBERS AND 
DESCRIPTIONS TO BE PROYIDED ON DRAW/NC 
DA-5!JRB1806- 5 - 104-1 UPON RECEIPT OF 
INFORMATION FROM VENDOR. 

FLO'/f 
~ 

INLET 
FLANGE DRILLTNC 

(BOLT/NC BASE ON 18" 
1500,. FUNCE DRILL/NC) 

E6 

A17 

~ 1'/lT.ur. ·c· 
TYl'JC.U. B/LUU1'C "1UIANCEIIJNT 

{niffD TIIOII Dur, SJ1'E) 
ONE 7Elfl'VU ff1IIJt JJEffCT'0/1 

OYr/1 LICII /IJ/LUU1'C 

& REV.Ml- 1\COEDDET."C" 
AND C.O.G. M.DffG Willi 
LIFT LUGS. REV. TAG 
AM> AMBENTCOIOITIONS 
FOR BEARINGS. CHANGED 
OUTLET RANGE N'D SHOW 
PORT SIZE IN SHAFT SEAL 

l--26Jic.o.c.-
BOLT PLAN 

1-- --- --- ------11-H--------------I 
1q-g-t1---- ---- ,o~----- ---I 

.... ----.,E- ---+---- - - - ~ --------1 
i·= OCTWE£N 

--lf-----cOll'UNC HUBS 
AHO SHAFTS 

INSP£C1lOH 
OOORSHOWM 

HCIIE FOR l.OCATIOH 
DOOR IS ON 

INl£T sioc or 
,,,. H0USINC 

0 . 

DETAIL "A" 
WHEEL TO INLET PIECE CLEARANCE 

WHEEL MUST BE LOCATED THAT ALL EXPELLER 
YJ.JIES CLEAR CASINC SIDE BY A MIN. OF ~

SOJ/E FIELD ADJUSTMENT MAY BE NECESSARY 
TO OBTAIN ABOVE CLEARANCES 

~g~~~ FOR SHIPPINC. DRAIN TO BE 1--::--1--::--'~~~=......,..,...====='"==~=--I 
21. ROBINSON TO SUPPLY LUBE PO'/fER 

CIRCULATINC OIL LUBE UNIT. MODEL 
NUMBER U - 2z.5{20}/2;;i:. I [!JO]'lf-2X 
- OX'lf- CS/CS- NEJIA 4. 2:r.5 CPI/, 
4000 BTU/BR. HEAT LOAD DISSIPATED 
ONE LUBE OIL SYST!:ll '/flLL HANDLE 
BOTH cw AND cc,r FANS. 

TAG FAN WITH STNl«.ESS 
STEEi. NAMEPlATE INCWOING 
TIE FOU.OWING: 

as,,arr. 11.400 a:M 
PRESSC.$E- t21,-t20 
RPM- 3550 

1---- - ~--- -1-- ----sql-----~ 
8K'• 334W 
wtEB...OIA.- 59"'DIA.. 
BEARING-IOnnTU<NEI. 

BEN<INGWffiiSFO 
LUIIIVCAHf- ISO VG 32 
FAN WEIGHT- I 1,250 1,o_ 
YEM-

1------ ----- - - •1.I---------- - --I 
DRIVE SIDE 

CLOCKWISE ROTATION 

UNITS PER OR -
RB 1II05-4 
FOl-101'8n 

FAN PERF'ORNAHCE 

NOTES: 
1. FAN TO BE FABRICATED FROJI A- 36 

STEEL MATERIAL, WITH 1fHEEL AND 
SHAFT TO BE AS NOTED ABOVE. 
CERTIFIED MATERIAL REPORTS REQ'D 
FOR ALL MATERIAL AND FASTENERS. 

2 . ALL MILD STEEL TO BE CLEANED PER 
SSPC-SPIO AND P.A.INTED '/ffTH ONE 
PRIME COAT OF CARBOZINC I I 'lflTH A 
TOP COAT OF CARBOUNE CARBOCUARD 
888. FINAL COLOR TO BE CRAY (0700). 
LIFT LUCS ON FAN TO BE PAINTED 
SAFETY YELLO'/f (0600) 

3 . FAN HOUSING TO BE SPUT FOR 
WHEEL AND SHAFT REMOVAL. 

4. CASKET MATERIAL TO BE ZETEX TAPE. 
5. TOTAL APPROX. WHEEL AND SH.AFT 

'fl'EICHT= 390 U,:,. 
6. TOTAL APPROX. FAN rrEICHT INCLUDINC 

MOTOR AND BASE= 11250 U,a. 
7. ROBINSON RECOMMENDS A CONCRETE 

MASS UNDER THE FAN OF 56250 lb~. 
8 . I/AX/MUM DYNAMIC LOAD ON FIXED 

BEAR/NC BASED ON .25 IN/S. 
YIBRATION AT 3550 RPM=54 LBS. 
ILAXIJIUM DYNAMIC LOAD ON FLOAT 
BEAR/NC BASED ON .25 IN/S. 
YIBRATION AT 3550 RPM= 175.8 LBS. 

!J. BEARINCS ITEMS DB AND D!J ARE TO 
BE CIRCULATING OIL LUBRICATED. 
USE ISO- VC-32 OIL. 

f \ 

T :: t;-17.7 \\rtV\ c- ~<'-\/ 

. \ l \ 1 c:- C, l\;':F (£D-GL) __ \.;v1 : , ,- , 

"' C .., 
I 
~ 

SUfAX 

~~ lHIS DRAWING IS 1l£ PROPERTY Of 
N>., INC. N«J IS LOANED Bf.ARINGS~~IIAXllol.lU 

F AH \JjlT WILL BE SHf PED 181 ASSEMBLED 
CERTIFIED F'OR 

YOUR ORDER ----.,IW7f 
IIAlOIIUM FAN lXSCII TEMPERAllJRE 250"F O 3550 RPM T'IPE ..-s1-11,.-u1--4. ocr .,, __ r 

FOR ADC i.utfll ~ ll1"UOltlaln'U. l1fC. IHEil. 

~ -I09Dl'UIQISIIIBIFIO ~- TS 

ll NO. AEl,1Sl(JN DATE IN ~ I CAD COIEJIATID DRAll!INC, DO NOT OIANQ; IN HANO 

CXHllllON lHAT IT IS HOT 10 CASING z ~~ REPROOUC8> OR COPEi IN WHOLE 
PEl>ESTAL ~,1 PART FOO FURNISHING INfORUATION 

DAMPER O11£RS FOR NlY PURPOSE 
TAl. 10 OUR INlERES1S AND 

HU8 6 l1. BE RE1UlHED ll'ON REQUEST. 
SHAFT • 

u 12 11 10 9 

WITH ounn 1RANSl110N TO 
AMBIENT 1URE & 0 DISASSOIBl.m SHIP LOOSE OUR .kl8 NO lfff'IZ 

BY~DAlE -
00 HOT USE SUBS11~ al 
OIIER WBRICA~ BE 
'«JOEi)~ 110N 
INS1RUC AK. • 

J181iP¼ 

8 7_ 6 5 

DATE 

3550 11.400 121.0 .0374 248 1163 334.0 -RP11 CfV f'SPR IDIP EUV BIi' 

4 J 2 

IUf:IUJUI. ,,., 

M.L DIJDllalOIIS U/1 DI DICllllS 
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, 
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NOTe 
'MEB. WAS HIEAJED NO 

INSTAU.B) AT l>E FACTORY 
TOM:HIEV£,m

lNTEflRf'EHCEIE1WEEN 
fllH SHAFT N4J WHEEL.._. 

TOAQUE JH£ n,o 

'"'-',__-1--- li:TSC:.O:o 75 FT.-tBS. 
r"----'"--1'.c..!.CL.Gdl N1D WEl.D 2 flATS 

DETAIL "A" 

TOffQU£ MAIN £ND 
CN' eou 
150 fT.-UIS. -
wru, 2 f1AlS 

rTHEEL TO INLET PIECE CLEARANCE 
rHEEL MUST BE LOCATED THAT ALL EXPELLER 
YANES CLEAR CASINC SIDE BY A MIN. OF¼" 

SOJIE FIELD ADJUSTMENT MAY BE NECESSARY 
TO OBTAIN ABOVE CLEARANCES 

I\ OUTLET FLANCE ~o ~ti, £ 
~ DRILL/NC ~..,.._. A 

...f!}gJ,_TINC BASED ON ..f'" / '-.. 
~60U>. FLANCI! ,f'</' 

DRIUINC) < 
BOU ON EVASE 

SUPPLIED B'I" R001NSON 
TO SltP LOOSE 

10 9 8 

DRIVE SIOE 

DETAIL "B" 
ESPEY BURCMANN 

SHAFT SEAL 

NOTE: 
ROBINSON TO SUPPLY COMPLETE BENTLY 

NEVADA SYSTEM INCLUDJNC RACK rTITH 
J/ONITORS FOR J/OTOR RTD'S ALONC rrtTH 
FAN RTD'S FOR BOTH FANS. RACI{ rILL 
ALSO INCLUDE JIONITORS FOR 2 PROXIJIITY 
PROBES PER BEAR/NC (RADIAL OPPOSITE 
DRIVE END FAN BEAR/NC) AND 1 
ACCELEROMETER (RADIAL) ON DR/YE END 
BEAR/NC. THERE rTILL ALSO BE MONITORS 
FOR AXIAL ACCELERATION PROBE ON 
COUPUNC FACE FOR BOTH FANS. ONE RACK 
rlLL INCLUDE J/ONJTORS FOR BOTH FANS. 
COMPLETE PART NUMBERS AND 
DESCRIPTIONS TO BE PROYIDED ON DRArJNC 
DA - 59RB1806- 5 - t04-t UPON RECEIPT OF 
INFORJlATION FROM VENDOR. ~,,_"I' 

~t 
~~ ..,~~~ 
~ .., 

G .., 

;;; 

.. 
G 

7 6 5 

1011 

,.ij t ,-. 

- 5 1---21 21 2 1 21 -
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11 
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£ ...S..HArr .. --- - -
.. 
~ 

I ~ 
g ilL 01 - 0 0 ' 0 

12 HOl.£S_/ WC& 015.3_/ 
- ~ 

l"l>IA.l't'PICAI. OW,NEJ.. 

INSPECTlOH 
OOOII SHOWN 

BOLT PLAN 
'--26Jt:.o.c.--J 

1--------------11~---------------l ----10:;H-----1-1,oij 
t--------•~ -------1-----••H- - ---i-

a-- -COUPUNC t«J8S __ _,__ 

- S>WTS 

HERE FM LOCAJION 
DOOR RS ON 
IHI.IT SIOC OF 
FAN HOUSINC 

t-------s<ij------1-----<o! -------' 

flEY _.,. AOOED DET."C
NIO C.O.G. Al.ONG WITH 
LFTLUGS. REV. TAG 
N«J l'MSENJ CONOmONS 
FOR BEARINGS. Cttl\HGED 

. Olll\.ETRANGENIOSHOW 
PORT SIZE IN SHAFT SEAL 

t------------9711 - - - --------1 

ONENT SUfflX 

WHEE. , 
CASING ., 

PEDESTAL 
DAMPER - f 

SHAFT , 
10 

DRIVE SIDE 
CLOCKWISE ROTATION 

<.l S ORAYIVIG IS lHE PROPERTY OF i!;,_ 
o:l~ IND., INC. ANO IS LOANED 

~:~ 
CONDITION lHA T IT IS NOT TO 

REPRODUCED OR COPED IN WHOI.£ 
PART FOR FlJRNI~ N"CJGtATIOtl ~, Oll£RS FOR NfY PURPOSE 

M..TOOURllmRESTS~ 
~ BE RE1URNED U"ON REQUEST. 
a::i!i 

9 

=r~malibMAXIWM 
DO NOT USE SUBS11RITE ~ OR ffln~CATE. WARRANTY WU 
INSTRUC~~~llON 

8 

UNllS PER ORO -CERTIAED FOR f AH UNIT 'MU. BE SHIPPED 
'1111H OU1lET lRAHSlllON TO 

1!11 ASSEMBLED YOUR ORDER ___,.7Nl'f 
SHIP LOOSE • DISASSEM8LED OUR JOB NO tf1ffl! 

BY_ll__ DAlE 
,_ 

~~ EIBIP~ 
H'11~:-:::S 
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Al 7 

RPP-24544 REV Id 
4 :, 

NOTES CONTINUED: 

10. EXPANSION JOINTS IN ALL DUCTl'ORX 
AND PIPINC TO AND FROM FAN ARE 
REQUIRED. THESE JOINTS A/IE TO BE 

2 I 

HA TERIAL UST 

IIESCRJPTIDI 

IJIMEDIATELY ADJACENT TO THE FAN. INSPEC1lON OOOR-1B"DIA. OPO--. - A PUJC 
CUSTOMERS DUCTrTORK MUST BE Al'f'ROX. WT. OF PWG- 5C1be. 
STRUcnJRI.LLY ANCHORED "1THIN 1HD.- A-38 IIIAlDIAI. 
APPROXIMATELY 24• OF EXPANSION SHAFT- A1S1 IOIII CJIS 
JOINT. GIA SHNT SEM.- ESPEY-etJIIQIANN SHAFT SEM.-

t t . FAN IS TO BE WELDED PER ASTJI 1'tPE ~/20/4ND4, ESPEY--- SHNT 
Dt4.6 AND Dt. t . QUAUFIED rTELDERS 9..EE',E- TlPE WOS8 210/ 4, 4 RINGS-IIIAl[RIAl; 
ARE REQUIRED. ANl1MONY IMPREGNAl(]) CRN'lllE '11111H 31611 SS 

12. FAN HOUSINC TO BE DESICNED FOR _, SEE OETAl. "II" 
SOPS/ CONTAINMENT. Ds ~ PONF"-3111 '11111H SIQUEE2E FUI 0AMP£R 

13. FAN HOUSINC TO BE CONTINUOUSLY ORNE ENO IIEAMIG (flXE])}- Bll5-Cl,. IIC)nm 

WELDED INSIDE AND OUTSIDE. FAN =-&E~ ~ = ~ :~ 
BASE TO BE STITCH rELDED. ,. 

14. rTELD MAPS TO BE PROYIDED BEFORE :,lH CIRQJLAllHC 01.. S'fS1DI. SEE: NC1lE Ii ANO 

FABRICATION IS TO BECIN. 1>12 IIIOlOR- 400HP, 3600APU, -• 3PH, 6<lll. 
15. CERTIFIED rTELD INSPECTION IS 1.1551', a.ASS F NS1L IN\oOffiR DUlY, ~ 

REQUIRED rJTH DOCUJIENTATION. RlD'S. STAltlR ~ RlD'S, EPOXY PMIT, 
16. FAN ROUS/NC TO RECIEVE A PRESSURE k-l-,,---~~~T~~~~JFRAME~~!!Nl!!!IIIIIER!!;!!.J5009Af!!!!!~--1 

TEST AT t .25:,; FAN OPERATINC 1>14 COUPUIC-~ Pll-3 
PRESSURE (SOAP BUBBLE TEST). FAM ~ ... ~i-~73 +.ootO - .0000 

17. OYERSPEED (to ,nm.) TEST REQUIRED MOTOR HALF BOllE- 2.823 + .ooto - .0000 
AT 4083 RPM (tt5% OF OPERATJNC} OAY- ,.-x'l(.• 

18. FAN TO HAYE A t HOUR MECHANICAL COUPUNQ CUNIO- A- J8 IIAlOIAL 
RUN TEST. T-lEC iflOIIO-A-12-S-A. 11«.111, 100olwne • 

19. SOUND TEST REQUIRED TO Al/CA 300. O"c. SINQ.E ODotENT 

G 

20. COVERS OYER INLET AND OUTLET F ;:i~~~ FOR SHIPP/NC. DP.A.IN TO BE t-:::--f--::--,~~=..,az;t::'i:..:"'7'""'..-.;;;.;;;;;,-;=.-,..,._,---i 

21. ROBINSON TO SUPPLY LUBE POrrER 
CIRCULATINC OIL LUBE UNIT. MODEL 
NUMBER Ll-Zz..5(20]/2:,;. t {90]'ff- 2K 
- OCll'-CS/CS-NEJIA 4. Zz.5 . CPM, 
4000 BTU/HR. HEAT LOAD DISSIPATED 
ONE LUBE OIL SYSTEM rTILL HANDLE 
BOTH err AND ccrr FANS • . 

INLET 
FLANGE DRILL/NC 
(BOLT/NC BASE ON tB" 

t50lb. FLJ.NCE DRILL/NC} 

TN; f/tHWITHSTAIN....ESS 
STIR. HAMEPIATE INCLUDING 
Tl£ FOll.OWING: 

CAPN;ffY- 11.«.0a:M 
PRESSLIIE- 12l'H20 
RPM-3550 
- - l>4K' 
W>ED.DIA.· 5n>IA. 
BEARING-"°""' l\.HEI. 
BEAM«i WITH 5m 

LUIIRICAHT-1SO 11G 32 
FAN WBGHT- 11.250 a.. 
YEAR-
RB 1"°" 
<»-1ann 

CAllO DRAWING f8A1079n 

FAN PERFORMANCE 

NOTES: 
t . FAN TO BE FABRICATED FROM A-36 

STEEL MATERIAL, 11'/TH rHEEL AND 
SHAFT TO BE AS NOTED ABOVE. 
CERTIFIED MATERIAL REPORTS REQ'D 
FOR ALL MATERIAL AND FASTENERS. 

2. ALL MILD STEEL TO BE CLEANED PER 
SSPC- SP10 AND PAINTED 'ff/TH ONE 
PRIME COAT OF CARBOZINC t t rTITH A 
TOP COAT OF CARBOLINE CARBOCUARD 
888. FINAL COLOR TO BE CRAY (0700). 
LIFT LUCS ON FAN TO BE PAINTED 
SAFETY YELLOW (0600) 

3. FAN HOUSINC TO BE SPLIT FOR 
WHEEL AND SHAFT REMOVAL. 

4. CASKET MATER.UL TO BE ZETEX TAPE. 
5 . TOTAL APPROX. WHEEL AND SHAFT 

WEICHT= 390 lb.,,. 
6. TOTAL APPROX. FAN WEICHT JNCLUDINC 

MOTOR AND BASE= 11250 lbs. 
7. ROBINSON RECOMMENDS A CONCRETE 

MASS UNDER THE FAN OF 56250 lbs. 
8 . MAXIMUM DYNAMIC LOAD ON FIXED 

BEAR/NC BASED ON .25 IN/S. 
YIBRATION AT 3550 RPM=54 LBS. 
JI.AXIMUM DYNAMIC LOAD ON FLOAT 
BEAR/NC BASED ON .25 IN/S. 
YIBRATION AT 3550 RPM= f75.8 LBS • 

9. BEARINCS ITEMS DB AND D9 ARE TO 
BE CIRCULAT/NC OIL LUBRICATED. 
USE ISO-YC-32 OIL. 

~ RfJo§l/JX,~ON -« ZELIENOPLE. PENNS'll.VANIA 16063 
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THESE DOCUMENTS ARE THE PROPERTY OF UNLESS OTHERWISE SPECIFIED: UNLESS ·· OTHERWISE SPECIFIED: 
. BUSBY MARINE & TANK INC. NOTE: NOTE CONTINUED: 

IT IS TO BE USED ONLY FOR THE PURPOSE OF WHICH IT 1. ALL CONSTRUCTION SHALL BE IN ACCORDANCE WITH THE 2003 EDITION OF THE 7. ALL BOLTS USED TO CONNECT PLATFORM MEMBERS 
WAS LENT AND MUST NOT BE REPRODUCED WITHOUT INTERNATIONAL BUILDING CODE (IBC), LOCAL RULES AND STANDARDS OF SHALL BE CARBON STEEL BOLTS CONFORMING TO ASTM A307 

WRITTEN PERMISSION OR USED IN ANY WAY DETRIMENTAL GOVERNING AGENCIES HAVING JURISDICTION. CONCRETE ANCHOR BOLTS SHALL BE THREADED 

TO TH E INTEREST OF THIS COMPANY. 2. DESIGN LOADS: PER AMEC SPECIFICATION 145579- V-005, REV. 3, ASCE 7- 02 , ROD CONFORMING TO ASTM A36 . NUTS FOR 

IT IS SUBJECT TO RETURN UPON REQUEST. ASME STS- 1- 2000, AND 1997 UBC. ( FOR SEISMIC LOADS) CARBON STEEL BOLTS SHALL CONFORM TO 
LIVE LOADS: PLATFORM = 50 PSF ASTM A563. WASHERS FOR CARBON STEEL BOLTS SHALL 
SNOW: PLATFORM = 25 PSF: IS = 1. 1 CONFORM TO ANSI 818.22.1 
WIND: SPEED = 85 MPH; EXPOSURE == C; IW = 1. 15 8. BOLT HOLES SHALL BE BOLT DIAMETER +1/8" 
SEISMIC: ZONE = 28; IE = 1.25; SOIL TYPE = SE UNLESS NOTED OTHERWISE. BOLT END 
THERMAL: MAXIMUM TEMPERATURE = 372 DEG F AND EDGE DISTANCES AND BOLT LENGTHS SHALL BE 
CORROSION: ALLOWANCE = 1/16" PER AISC, UNLESS NOTED OTHERWISE 

3. STEEL STACK FOUNDATION DESIGN SHALL BE BY OTHERS. FOUNDATION SHALL BE 9. ALL WELDING SHALL BE DONE BY AWS CERTIFIED 
MINIMUM 17'6" IN PLAN DIMENSION AND 60" DEEP. FOUNDATION CONCRETE WELDERS AND SHALL CONFORM TO 

SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH OF 4000 PSI AT 28 DAYS. AWS D-1 . 1. ELECTRODES SHALL BE E70 MINIMUM. 

FOUNDATION SHALL BE PROPORTIONED SUCH THAT CRACKING DOES NOT ALL WELDING SHALL BE SPECIAL 

OCCUR AT SERVICE LOADS. INSPECTED PER IBC 1704.3.1. 

4. GROUT SHALL BE A NONMETALLIC TYPE SUCH AS MASTER BUILDERS MASTERFLOW 928, 10. BOLTED CONNECTIONS SHALL BE "SNUG TIGHT" 
DAYTON SUPERIOR 1107, EUCLID NX GROUT, OR ENGINEER APPROVED EQUAL. ENSURE WITH NO SPECIAL INSPECTION REQUIRED. 
ANCHOR BOLT PIPE SLEEVES ARE FULLY GROUTED. 11 . PAINT ALL FERROUS METALS FOR EXTERIOR EXPOSURE. 

5. ALL STEEL PLATE AND ANGLE SHALL CONFORM TO ASTM A36 / ASME SA36. ALL 1 2. ALL CONNECTING PIPING HARDWARE (NOZZLES) 

STEEL "W" SECTIONS SHALL CONFORM TO ASTM A992. ALL STEEL TUBE SHALL CONFORM SHALL BE RAISED-FACE, SLIP ON 150# 

TO ASTM A500 GRADE 8 . ALL STEEL PIPE SHALL CONFORM TO ASTM A53 GRADE B / . 13. N2 GLASS & GASKET COVER TO BE SUPPLIED ANO 

--·-·-- ASME SA53 GRADE B. INSTALLED BY CUSTOMER 

0
~s V. ,11, 3/;,/46 

6. ALL BOLTS 1,JSED FOR THE CONNECTION OF PRIMARY STEEL STACK SEGMENTS TO 14. SAMPLE LINES TO BE SUPPLIED AND 
OTI-IER PRIMARY STEEL STACK SEGMENTS SHALL BE HIGH STRENGTH BOLTS CONFORMING INSTALLED BY CUSTOMER 

;i, o'f~• 
TO ASTM A325 OR ASTM A449. NUTS FOR HIGH STRENGTH BOLTS SHALL CONFORM TO 15. MOBILE MANBASKET TO BE SUPPLIED BY CUSTOMER 

4 ~ ~ f.~~ -~ ~ •J ASTM A563. WASHERS FOR HIGH STRENGTH BOLTS SHALL CONFORM TO ASTM F 436: 16. STYLE LOCATION AND SIZE OF NOZZLES TO BE 

11 . j~ . . • CONFIRMED BY THOMPSON . (ANALYZER VENDOR) 

SI I • 
17. NOZZLE ELEVATIONS TO BE CONFIRMED BY THOMPSON ! 

\"& l II DRAWING INDEX: 18. SAMPLE LINE NOZZLE LOCATIONS SHALL BE LOCATED 

,~~~~~ SHEET REV DESCRIPTION 
A MINIMUM OF 8 STACK DIAMETERS ( 48"X) DOWN 
STREAM OF FLOW DISTURBANCE TRANSITIONS OR 

1 4 TITLE - CUS TOMER AUTHORIZA T/ON CONNECTIONS PER 40 CFR 60 METHOD 1 SECTION 11 .0 

~NAL~G 2 4 EXHAUST STACK - BILL OF MATERIAL 
1 9. THERMAL PROTECTION COMPLYING WITH ASME STS- 1 -··---- EXHAUST STACK ASSEMBLY 

SECTION 6.6 SHALL BE PROVIDED BY OTHERS. 

I EXPIRES: 02-22- oF I J 4 20. WEIGHT OF STACK IS 45,730 LBS. TOP SECTION= 7,030 

4 4 STACK BOTTOM SECTION ASSEMBLY MIDDLE SECTION= 14,950 LBS, BOTTOM SECTION = 21,350 

5 4 HOLDDOWN ASSEMBLY 
LADDER AND PLATFORM=2,400 LBS 

4 !CUSTOMER RE:DISIGNED STACK PER CN 001 TM 2 10 06 
6 4 NOZZLE 1 ASSEMBLY J IADD SHEET 1A AND CHNG 1 TO 18 ALSO ADDED ':JN 12-12- 05 

7 4 NOZZLE 2, 3 AND 4 ASSEMBLY 
!ORIENTATION AND ELEVATIONS TO NOZZLE CHART 
& ADD ORIENTATION DEG TO DWG TITLES & DETAILS 

8 4 NOZZLE 5 AND 6 ASSEMBLY , 
!k Ann WP/ f) AAAD nwr.c:: 

2 !CHANGE STACK Of.SIGN 'GN 6 7 05 
9 4 NOZZLE 8 ASSEMBLY 1 j1ST SUBMITTAL 'GN 5-4-05 ' ! 

DESIGN CHANGES 10 4 NOZZLE 9 AND 10 ASSEMBLY 
._TRI REVISION APP DAT£ 

Customer requested design changes after the design hos 11 4 NOZZLE 9 AND 10 ASSEMBLY 
CUSTOMER: THOMPSON MECHANICAL 

been completed will incur additional cos.ts and may 
CUSTOMER STACK No. 145579 

12 4 STACK MIDDLE SECTION ASSEMBL y 
affect delivery dote. PURCHASE ORDER No. 

13 4 NOZZLE 7 ASSEMBLY 
-

No design changes ore allowed ofter production hos JOB ID No. 298701 
begun. 14 4 CONNECTION PLATE - BOTTOM/MIDDLE - ASSEMBLY 
NOTICE: 15 4 CONNECTION PLATE - MIDDLE/TOP - ASSEMBLY 

ENGG No. 5E008 
Exhaust Stock will be invoiced 30 days ofter its completion 

16 4 STACK TOP SECTION ASSEMBLY El! BUSBY II! TACOMA (253) 383-5000 
or upon delivery if sooner. Storage fees will also start to FAX (253) 593-3742 
accrue 30 days ofter scheduled delivery. 17 4 TOP STACK SECTION DETAILS .... 
If stoc k was no t completed on time storage fees 18 4 LADDER - DETAILS CMARINE will not start acc ru ing until 60 days after c omplet ion 

19 4 LADDER - PLATFORM - DETAILS ANO 
(For details see our standard terms and conditions) TANK. INC. 

BUSBY MARINE & TANK INC. 
20 4 PLATFORM HANDRAIL - DETAILS 1840 MARINE VIEW DRIVE 

' 21 4 PLATFORM GRATING - DETAILS -;-1 = = .- TACOMA, WA 98422 

22 4 PLATFORM SUPPORTS - DETAILS COPYRIGHT 2003 BUSBY MARINE & TANK INC. 
nRAIIN: DJB DATf: 02 27 06 BUSBY DRA'MNC No. 

23 4 PLATFORM SUPPORTS DETAILS CH[CKfD: KO DATf: 02- 27- 06 i BMASM[STACK 
24 4 SPREADER BAR - DETAILS ~n~CKEO: RA DATE:02- 27- 06 

~Nc:TOM MERZ DATE:02 2 7 QF:. 
AUTHORIZED CUSTOMER SIGNATURE TITLE DATE kPPRO\£D: MM DME:Q2· 2 7 06 QTY: 1 I REV: 4 I SHEEr 1 OF 

A5-355 
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ITEM on Deserio lion Material ITEM :rn Descrintion Material ITEM an Description Material · 
11301 1 HOLDDOWN BASE RING PL 1" X 60" OD ASMESA36 50061 1 N6 PIPE 2" X SCH 40 X 5" COPE TO STACK ID ~SME SA53 GR B 65001 14 L3X3X1/4 X 4" LONG (3/4" HOLE ASMESA36 
11302 30 HOLDDOWN GUSSET PL 1/2" X 5 1/2" X 12" ASMESA36 50062 1 N6 FLANGE SLIP-ON 150 # RF 2" ASME SA182-F1 6500 6 l3X3X1/4 X 71 1/4" LONG (2 EACH 3/4" HOLES\ ASMESA36 
11303 1 HOLDDOWN UPPER PL 1" X 48 1/4" ID X 60" OD ASMESA36 50063 2 N6 L4X4X3/8 X 8 1/2" LONG ASMESA36 6500 18 BOLT 5/8"-NC X 11/2" LONG ASTMA307 
11304 15 HOLDDOWN FOUNDATION ANCHOR PL 3/4 X 8 X 8 ASMESA36 50064 1 N6 DOULBLER PL 1/2 X 8 3/8" X 8 3/8" ROLL TO 48" ID ASMESA36 65004 6 L3X3X1/4 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 65005 8 FLAT BAR 2 X 1/4 X 3" LONG (3/4" HOLE) ASMESA36 
11305 15 HOLDDOWN FOUNDATION PIPE SLEEVE 3" SCH 40 X 6" LONG ASME SA53 GR B 50071 1 N7 PIPE 2• X SCH 40 X s· COPE TO STACK ID ~SME SA53 GR B 6500 4 FLAT BAR 6 X 1/2 X 75 3/4" LONG ROLLED TO 48 1/4" ID i180 DEG) ASME SA36 
1130€ 75 NUT 1 3/4" DIA - NC ASTMA563 50072 1 N7 FLANGE SLIP-ON 150 # RF 2" ASME SA182-F1 65007 18 NUT 5/8"-NC ASTM A563 : 

1130/ 15 ROD THRO 1 3/4" DIA - NC X 60" LONG fTHRD LAST 6" EACH END' ASTMA307 5007: 2 N7 L4X4X3/8 X 8 1/2" LONG ASME SA36 6500€ 18 WASHER FOR 5/8" DIA BOLT ANSI B 18.22.1 
1130f 15 WASHER FOR 1 3/4" DIA ROD ANSI 818.22.1 50074 1 N7 DOULBLER PL 1/2 X 8 3/8" X 8 3/8" ROLL TO 48" 10 ASMESA36 

!WITH 2 1/2" DIA HOLE IN CENTER 66001 1 11/4" SCH 40 PIPE X 19'-8" LONG ROLL TO 75 3/4" IR (180 DEG) ASME SA53 GR B 
11401 1 ELLIPITICAL 2:1 ASME CODE HEAD 47" OD 3/8" PLATE ASMESA36 50081 1 N8 PIPE 12" X SCH 40 X 5" COPE TO STACK ID I\SME SA53 GR B 66002 2 1 1/4" SCH 40 PIPE X 73" LONG X RU.L TO 75 3/4" IR (55 DEG) ASME SA53 GR 8 
1140~ 7 STACK BOTTOM 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 SA182-F1 66002 6 1 1/4" SCH 40 PIPE X 59" LONG ROLL TO 75 3W IR (45 DEG) ASME SA53 GR B 
11403 1 STACK BOTTOM PL 1/2 X ROLL TO 360 DEG AT 48" OD X 47" H ASME SA36 50083 2 N8 L4X4X3/8 X 35" LONG COPE OVER STIFFENERS ASMESA36 66004 2 1 1/4" SCH 40 PIPE X 16" LONG ROLL TO 75 3/4" IR COPE END ASME SA53 GR B 

50084 1 N8 DOULBLER PL 1/2 X 19 7/8" X 19 7/8" ROLL TO 48" ID ASME SA36 6600E 5 MID POST FLAT BAR 2 X 1/2 X 41 7/8" LONG COPE END ASMESA36 
11501 45 STACK STIFFENER RING PL 1/2" X 48 1/4" ID X 54 1/4" OD ASMESA36 !WITH 12 7/8" DIA HOLE IN CENTER 6600 4 END POST FLAT BAR 2 X 1/2 X 43" LONG ASMESA36 

EACH RING IS TO BE MADE IN 2 EACH 180 DEG HALVES 
11502 10 STACK STIFFENER RING PL 1/2" X 24 1/4" ID X 30 1/4" OD ASMESA36 1:>UU91 1 INl:l 1-'lt't: ZU X ~LlH 40 X 33" COPE TO::; I ACK ID r\SME SA53 liK B 67001 1 !SQUARE TUBE 2 X 2 X 120 X 86" LONG CUT ENDS AT 45 DEG ASTM A500 GR B 

EACH RING IS TO BE MADE IN 2 EACH 180 DEG HALVES 50092 1 IN9 FLANG~S0?-ON 150 # RF 2U' ASME SA182-F1 67002 3 SQUARE TUBE 2 X 2 X 120 X 42 3/4" LONG CUT ONE ENO AT 45 DEG ASTM A500 GR 8 
11601 4 CONNECTION PL 1• X 48 1/4" ID X 54 1/4" OD ASME SA36 l:>l/Ul:JJ 2 N9 L4X4X3/8 X 87" LONG COPE OVER STIFFENERS ASMESA36 6700 2 SQUARE TUBE 2 X 2 X 120 X 40 3/4" LONG ASTM A500 GR B 
11602 121 CONNECTION GUSSET PL 1/2" X 2 1/2" X 12" ASMESA36 500l:J.11 1 N9 DOULBLER PL 1/2 X 26 1/4" X 35 3/4" ROLL TO 48" ID ASMESA36 67004 3 IRUNG 3W DIA X 28 7/8" LONG ASMESA36 
1160~ 24 WASHER FOR 7/8" DIA-NC BOLT ASTM F436 IWITH ELLIPTICAL HOLE IN CENTER APPROX. 20 1/4" X 29" 6700~ 1 SQUARE TUBE 2 X 2 X 120 X 38 7/8" LONG CUT ONE END AT 45 DEG ASTM A500 GR B 
11604 12 BU. T 7/8" DIA - NC X 32" LONG ASTMA325 6700 3 RUNG 3/4" DIA X 36 7/8" LONG ASME SA36 
11605 24 NUT 7/8" DIA- NC ASTMA563 l!>lJ1u 1 1 N10 PIPE 20" X SCH 40 X 33" COPE TO STACK ID ~SME SA53 GR 8 6700, 2 !SQUARE TUBE 2 X 2 X 120 X 24 1/2" LONG ASTM A500 GR 8 

50102 1 N10 FLANGE SLIP-ON 150 # RF 20" ASME SA182-F1 
21101 4 STACK MIDDLE PL 1/2 X ROLL TO 360 DEG AT 48" OD X 96" H ASME SA36 1ou1u~ 2 N10 L4X4X3/8 X 87" LONG VERT ASME SA36 71001 1 IW12 X 15 X 47 1/2" LONG COPE ENDS ASTM A992 
21102 1 STACK MIDDLE IN- PL 3/8 X ROLL TO 360 DEG AT 48" OD X 36" H ASMESA36 1ou1u~ 1 N10 DOULBLER PL 1/2 X 26 1W X 35 314" ROLL TO 48" ID ASME SA36 7100, 2 W12 X 15 X 29" LONG . ASTMA992 
21201 2 TOP TRANSITION PL 1/2" X TOP 24" OD X IWITH ELLIPTICAL HOLE IN CENTER APPROX. 20 1/4" X 29" 7100~ 4 W12 X 15 X 11 3/8" LONG COPE END ASTMA992 

BOTTOM 48" OD X 60" H (180 DEG EACH HALF) ASME SA36 71004 16 PLATE 1/2 X 3" X 11 5/16" HIGH ASME SA36 
21301 1 RTACK MIDDLE PIPE 24" SCH 40 l.687" WALU X 24" H ASME SA53 GR 1 1n1001 2 STRINGER 3/8 X 2 1/2 FLAT BAR X 46'-2" LONG ASMESA36 7100~ 1 k.lFT LUG PLATE 1 1/2 X 7 1/2" X 7 1/2" HIGH(3" DIA HOLE) ASME SA36 
31101 1 STACK TOP PIPE 24" SCH 40 (.687" WALL) X 24" H ASME SA53 GR 1 161002 47 RUNG 3/4" DIA X 24" LONG ASMESA36 
31102 1 STACK TOP PIPE 24" SCH 20 (.375" WALL) X 612" (51'-0"l H ~SME SA53 GR t 161003 12 FASTENING 3/8 X 2 1/2 FLAT BAR X 14 5/8" LONG ASMESA36 
31201 6 CONNECTION PL 1" X 24 1/4" ID X 30 1/4" OD ASME SA36 161004 12 STUD 1/2" DIA NC X 1 1/2" LONG ASTMA307 

31301 15 HELICAL STRAKES PL 1/4" X 3" X 12'-0" LONG (HELIX TO 12 NUT 1/2" DIA - NC ASTMA563 
126" ID X 9'-1 0" FIN LONG)(PITCH: 120" X REVALUTIONS: 1 l ASME SA36 12 WASHER FOR 1/2" DIA - NC STUD ANSI 818.22.1 

31302 60 HELICAL STRAKES WELD TAB PL 1W X 2" X 2" SPACE AT 90 DEG ASME SA36 61005 1 f::;At-- r-CLIMB FALL t'Kt:VENTION ~Y~l t:M 1:H MANUt-AC 
50011 1 N1 PIPE 1" X SCH 40 X 26" LONG ASTM A312 GR TP304 CARRIER RAIL AND RUNG CLAMPS X 46'-0" 
50012 1 N1 FLANGE SLIP-ON 150 # RF 1" ASTM A312 GR TP304 ASMESA36 
50012 1 N1 ELBOW BW 1" SCH 40 X 90 DEG LR ASTM A312 GR TP304 162001 7 CAGE VERT BARS 1/4 X 2 FLAT BAR X 30'-4 3/4" LONG ASMESA36 
50014 1 N1 PIPE 1" X SCH 40 X 10 3/4" LONG ASTM A312 GR TP304 62002 1 BAND TOP 1/4 X 3 FLAT BAR X 60" LONG ASME SA36 NOZZLE Tl RIF 
5001E 2 N1 L4X4X3/8 X 12 1/2" LONG ASMESA36 162003 7 BAND MID 1/4 X 2 FLAT BAR X 60" LONG ASMESA36 No hRIENl IELEV NOZZLE SERVICE SIZE /PROJFCTION 
5001€ 1 N1 OOULBLER PL 1/2 X 12 3/8" X 12 3/8" ROLL TO 48" ID ASME SA36 162004 1 BAND CONNECTION 1/4 X 3 FLAT BAR X 60" LONG ASME SA36 N1 270 3'-6" STACK DRAIN r SCH 40 / 4" 

WITH 6" DIA HOLE IN CENTER 62005 1 BAND BOTTOM 1/4 X 3 FLAT BAR X 68" LONG ASME SA36 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 E fl2006 7 CAGE VERT BARS BOTTOM 1/4X 2 FLAT BARX 50" LONG ASME SA36 N3 45 46'-6" SAMPLE LINE 4" SCH 40 / 4" 
50022 1 N2 FLANGE SLIP-ON 150 # RF 4" ASME SA182-F1 ASME SA36 N4 135 46'-6" SAMPLE LINE 4" SCH 40 / 4" 
50023 2 N2 L4X4X3/8 X 11 1 /2" LONG ASME SA36 63001 2 L5X3X1/4 X 20'-4" LONG ROLL TO 13'-0" OD (180 DEG) ASMESA36 N5 45 48'-6" SAMPLE RETURN LINE 2" SCH 40 / 4" 
50024 1 N2 DOULBLER PL 1/2 X 11 3/8" X 11 3/8" ROLL TO 48" ID ASME SA36 5" TOE UP 3" TOE IN N6 135 48'-6" SAMPLE RETURN LINE 2" SCH 40 / 4" 

WITH 4 3/4" DIA HOLE IN CENTER IM0U2 2 L5X3X1/4 X 84 3/4" LONG ROLL TO 54" ID (180 DEG) ASME SA36 N7 270 68'-6" FLOW ELEMENT 2" SCH 40 / 4" 
50031 1 N3 PIPE 4" X SCH 40 X 5" COPE TO STACK ID >..SME SA53 GR B 5" TOE UP 3" TOE OUT NB 90 14'-6" BYPASS UNE 12" SCH 40 /4" 
50032 1 N3 FLANGE SLIP-ON 150 # RF 4" ASME SA182-F1 63003 4 L3X3X1/4 X 69" LONG COPE END ASMESA36 N9 135 13'-6.5" OFF- GAS INL~• 20" SCH 40 /SEE DTL 10 AND 11 
50033 2 N3 L4X4X3/8 X 11 1/2" LONG ASME SA36 10.:lUU'I 4 L3X3X1/4 X 30" LONG COPE END ASMESA36 N1C 225 13' 6 .5" OFF GAS..Jl!ll __ • .on" SCH 40 /SEE DTL 10 ANO 11 
50034 1 N3 DOULBLER PL 1/2 X 11 3/8" X 11 3/8" ROLL TO 48" ID ASME SA36 lti;jlJU~ 2 L3X3X1/4 X 53" LONG COPE ENDS ASME SA36 

~~,w~/46 WITH 4 3/4" DIA HOLE IN CENTER 10.j\JUO 1 L3X3X1/4 X 28" LONG ASME SA36 
50041 1 N4 PIPE 4" X SCH 40 X 5" COPE TO STACK ID C\.SME SA53 GR B 63007 4 L3X3X1/4 X 36" LONG COPE ENDS ASME SA36 ~ ~ .- .Jc~ 0, ~· J 50042 1 N4 FLANGE SLIP-ON 150 # RF 4" ASME SA 182-F1 lt);jU\Jtl 2 L3X3X1/4 X 20 3/4" LONG COPE END ASME SA36 li1 tJ' ~·AJT, . II 
5004~ 2 N4 L4X4X3/8 X 11 1/2" LONG ASME SA36 6300~ 1 L3X3X1/4 X 51" LONG COPE ENDS ASME SA36 ~ ~ I -50044 1 N4 DOULBLER PL 1/2 X 11 3/8" X 11 3/8" ROLL TO 48" ID ASME SA36 10.jU((J 1 L3X3X1/4 X 36 1/4" LONG COPE END ASMESA36 

-~• ''' ~ WITH 4 3/4" DIA HOLE IN CENTER IMU11 2 L3X3X1/4 X 331/2" LONG ASMESA36 1 ~~~~G~~~ ~ 50051 1 N5 PIPE 2" X SCH 40 X 5" COPE TO ST ACK ID >..SME SA53 GR B IMU12 2 L3X3X1/4 X 36" LONG COPE END (3/4" HOLE) ASMESA36 
50052 1 N5 FLANGE SLIP-ON 150 # RF 2" ASME SA182-F1 6.:lul;J 1 BAR GRATING; BEARING BARS 3/4 X 3/1 6 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 REQ[ GALV ~01\'AL~G 
50054 1 N5 DOULBLER PL 1/2 X 8 3/8" X 8 3/8" ROLL TO 48" ID ASME SA36 STEEL lYPE W-19 (STANDARD MESH RY-WELD OPEN STEEL - ... lilffillP-

WITH 2 1/2" DIA HOLE IN CENTER IMUi4 6 BOLT TAB PLATE 1/4 X 2 3/4" X 2 3/4" (3/4" HOLE) ASME SA36 I 1-xµfRFS· rrJ_77_,,.,,1 I .. - IT ... - • ..... " ... wt -ta'YIGtT2llll 

JS,1's¾'cl'if'o OTHERWISE ,-~y ir,,u,NA ... ··- ~ am 

31ADD SHEET 1AAND CHNG 1 TO 18 bJB G~ h2-12-05 BUSBY d 
- DJS 02-27-06 EXHAUST STACK-BILL OF MATERIAL BUSBY 2 . - . 
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NOTE: · .·. · . . · . · . 
THE TOTAL WEIGHT OF THE STACK ·IS 45,730- LBS 
THE WEIGHT OF THE BOTTOM. SECTION. IS 21,350 LBS 
THE WEIGHT OF THE MIDDLE SECTION. IS 14,950- LBS 
THE WEIGHT OF THE TOP SECTION IS 7 ,030 LBS . 
THE WEIGHT OF THE LADDER AND PLATFORM IS 2,400 LBS 
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NOTE: 
THE TOTAL WEIGHT -OF THE BOTTOM 
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NOTE: 
THE TOTAL WEIGHT Of" THE MIDDLE 
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FLUID HIGH TEMPERATURE SILICONE GASKET MATERIAL 
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2. ITEM 11604 BOLT 7 /8" DIA-NC X 32" LONG CAN BE 
SUBSTITUTED WITH ROD 7 /8" DIA-NC X 36" LONG 
THE MATERIAL MUST BE EQUAL TO OR BETTER THAN 
ASTM A325 OR ASTM A449 
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NOTE: 
TH E TOTAL WEIGHT· OF THE TOP 
STACK SECTION IS 7,030 LBS 
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go· 

@STACK TOP VIEW 
NOTE: 
HELICAL STRAKES ASSEMBLY SET (TYP 5) 
EACH ASSEMBLY SET IS COMPRISED OF 
3 EACH ITEM 31301 = 1/4 X 3 FLAT BAR 
HELCAL: 26" ID X 32" OD X 
118" PITCH X 1 REVOLUTION 
START EACH SET AT 
ORIENTATION 90, 210 AND 330 
WELD EACH IN PLACE WITH (3102) 
PL 1/4 X 2 X 2 WELD TABS 
TYP AT 90 DEG APART 
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NOTE: 
1. THIS LADDER COMPLIES WITH 

TITLE 29 - LABOR, CHAPTER XVII OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION 
DEPARTMENT OF LABOR. PART 1910 OCCUPATIONAL SAFETY AND HEALTH STANDARDS. 
SUBPART D WALKING WORKING SURFACES. SEC. 1910.27 FIXED LADDERS 

2. ALL BOLT OR STUD CONNECTIONS ARE 3/4" HOLE FOR 5/8" BOLTS 
(ITEMS 65003, 65007 AND 65008) 

3. LADDER AND PLATFORM SHIP LOOSE AND ATTACH TO STACK AFTER STACK IS ASSEMBLED 
4. RUNGS ARE SPACED AT 1 O" FROM STACK TO ALLOW FOR THERMAL PROTECTION. 
5. THE TOTAL . WEIGHT OF THE LADDER AND PLATFORM IS 2,400 LBS 
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NOTE: 
1. THIS PLATF'ORM COMPLIES WITH 

TITLE 29 - LABOR, CHAPTER XVII OCCUPATIONAL 
SAFETY AND HEALTH ADMINISTRATION · 
DEPARTMENT or LABOR. PART 1910 
OCCUPATIONAL SAFETY ANO HEALTH STANDARDS. 
SUBPART D WALKING WORKING SURFACES. 

2. ALL BOLT CONNECTIONS ARE 3/4" HOLE 
FOR 5/8" BOLTS (ITEMS 65003 65007 
AND 65008) 

3. LADDER AND PLATFORM SHIP LOOSE AND 
ATTACH TO STACK AFTER STACK IS ASSEMBLED 
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TECHNICAL DATA SHEET 
AMEC Americas Limited amec!J 

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

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

PROJECT NO.: 145579 EXHAUST STACK 

CLIENT: AMEC E&E • Richland Washinaton EQ.NO.: 36-N26-024 

REFERENCE SPECIFICATION 

Document No. Soecification 

145579-V-SP-005 EXHAUST STACK 

CONTENTS 

Data Sheet _____________ 2 Pages 

Bidders Drawing & Data Commitments Sheet ___ 1 Page 

Attachment: 7 ___ _..:_ ___ _ 
Cale. No.: 145579-C-CA-015 
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ame<fi 
TECHNICAL DATA SHEETS 
PROJECT: Final DBVS Design 145579-V-DS-005,1 REV.2 
PROJECT NO.: 145579 EXHAUST STACK 
CLIENT: AMEC E&E • Richland Washington EC.NO.: 36-N26-024 
Data Sheet 1 of 2 
No.ReQUired 1 Area 36 
PFD# F-145579-00-A-0023 Stream Number 46 
Reference Snecification: 145579-V-SP-005 Quality Assurance Level EQ 

10peratin~ Conditions Rev Rev 
Location (Indoors/Outdoors) Outdoors Environment 
Operation (Cont./ Intermittent) Continuous -Radioactive No 

Days l'er year 365 -Toxic No 

Hours per day 24 -Corrosive Yes 

Availability (%) 100 -Flammable No 

Site Elevation (ft) 663 Ambient temp - min (°F) -25 

Stack Temperature - max ("F) 248 0 Ambient temp • max (°F) 115 

Stack Temperature - min ("F) -25 

Description 
Service Process Data: 
Outside Diameter ..il& 24 Design Temp (OF) 248 to-25 

Wall Thickness (in) * Design Pressure (inWG) 2 

· Heii?ht ..il!L 155 2 Gas Flow (ACFM) 7305 0 
Top of Stack El. (ft) 818 Gas Velocity (fpm) * 2 
Weie:ht No ~ter than (lbs) 40000 2 Stack Exit Velocity (fpm) 2677 0 
Concrete Pad Dimensions Minimum Stack Exit Velocity (fpm) 2500 1 

- Height (ft) 4 Corrosion Allowance (in) 0.0625 

- Width (ft) 20 Wind Loads: 
-Length (ft) 30 Velocity (3 second gust) (mph) 85 

Suppons: * Importance Factor 1.15 
Exposure Category C 

Seismic Loads: (Zone 2b, soil type SE) 
Coeff Aa ,i. 2 

Anchor Bolts: * Coeff Av * 2 
Number * Grating Floor Load (psi) * 2 
Size (in) * 

!Construction 
Tvoe Material Number Thickness Comments Rev 

Shell . 
Bottom . 
Strakes . 
Stiffeners . 
Internal Pipe . 
Internal Plate . Attachment: 7 

Cale. No.: 145579-C-CA-0 15 

Rev. No.: (j 'Z 14/J.t'. °!; - '?5-P(,, 

Sheet 3 of 5 

Date 02-Seo-04 12-0ct-04 18-Oct-04 15-Dec-04 · 11-Jan-05 02-Feb-05 
Bv DJW DW DW DW DW -.--:>-~ J 
Chked AP AP AP AP AP ~ 
Rev. A B C 0 1 2 
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ame& 
TECHNICAL DATA SHEETS 
Data sheet 2 of 2 
Construction cont'd 

IType Material Number Thickness Comments Rev 
Pipe Supports 
Platforms Landing at 17.5 ft. I See ASME STS-1 
Grating Floor of landin2 See ASME STS-1 
Ladder Uo to land.in!? 1 See ASME STS-1 
Handrails Arolllld Landing See ASME STS-1 

Supports . 
Gaskets. cxtema . 
Gaskets, internal . 
Bolts, external . 
Bolts, internal . 
Nuts, internal . 
Insulation . 
Grounding Lugs Terminals Steel 2 3/16" min Onoosite sides 
Lifting Lugs . 
Lining . 
Grout . 

Testing & Inspections Coatines and Insulation 
Witness Req'd Rev External Surface Preoaration * 

Dye Penetrant welds as perSTS-1 2 External Coatings, Primer * 
Magnetic Particle welds as per STS-1 2 External Coatings, Finish * 
Radio graph welds as perSTS-1 Internal Surface Preparation * 

Internal Coating * 

Instrumentation Connection Ports • Minimum nozzles required indicated below 
Purpose Size Number Rating Elevation(s) Comments 

Samole Return Lines 2" 2 150# 31'-6" at 90° offset 
Sample Lines 4" 2 150# 29'-6" at 90° offset 
Visual Insoection 4" I 150# 28'-6" 
Flow Element 2" 1 150# 51'-6" 
Inlet 24" 1 150# 20' Angled -45° from 

horizontal 
Stack Drain l" 1 150# Lowest drainage point 

Comments: 
1. Items marked with an * shall be filled in by VENDOR 

Attachment: 7 
*** For the exact locations of the grounding lugs see drawing F-145579-36-V-0021 Cale. No.: 145579-C-CA-0 15 

Rev. No.: liZ µiU' J ,'l1Nt 
Sheet 4 of 5 

Date 02-Sep-04 12-Oct-04 18-Oct-04 15-Dec-04 11-Jan-05 02-Feb-05 
By DW DW DW DW DW -c,~) 
Chked AP AP AP AP AP LX-. 

Rev. A B C 0 1 2 
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TECHNICAL DATA SHEETS ame& 
PROJECT: Final DBVS Design 145579-V-DS-005.1 I REV.2 

PROJECT NO.: 145579 EXHAUST STACK 
CLIENT: AMEC E&E - Richland, Washington 

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 courier service Trail, BC, Canada 
Faxed documents must be followed by the originals. V1R 4C3 

Electronic E-mail or FTP transmissions of drawings & data must be copied to Attn: Document Control 
Document Control Phone: (250) 368-2400 

Always include a transmittal Fax: (250) 368-2401 

BIDDERS MUST PROVIDE ESTIMATED LEAD TIMES FOR APPROVAL DRAWINGS 

Proposal Bidder shall include this data for each item REVIEW VENDOR 

Review Required before ordering or start of fabrication ITEMS DUE COMMITMENT 

Final Required within 7 days prior to shipment and before final pavment WITHIN (SEE NOTE4) 

PROPOSAL REVIEW FINAL DESCRIPTION (DAYS) (DAYS) 

1 QA program Bid 

1 Experience list and maintainability information Bid 

E+3 Design, fabrication & delivery schedule P0+7 

Outline drawings and layout drawings indicating weights and 
E+3 E+3 E+6 dimensions P0+14 

E+3 E+3 E+6 Technical brochures on purchased components PO+21 

E+3 E+6 Calculations PO+14 

E+1 E+6 Spare parts list Del•14 

Set of installation and maintenance manuals c/w.technical literature for 
E+1 E+6 all equipment and devices Del-14 

6 Site commissioning record & test results COM+14 
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Task/Project#: Demonstration Bulk Vitrification 
System A77977 

Calculation Number: 

145579-C-CA-015 

Reviewer/Checker (print name): K. J. McCracken 

Reviewer performed or supervised subject calculation. 
_X_NO _YES Justification Attachment _-· _ ______ , __ pages 

Alternate Verification method approved _NIA Method _Calculation Independently Checked_ 

ITEM (S) CHECKED ACCEPT 
Y/N 

Revision 

2 

OBJECTIVE EVIDENCE 

SHEETS 

1. Cover forms properly completed. Y Pg 1-23 

Safety Related? 

Y-SS 

Date 

03128/06 

INITIAUDATE 

1--------------------------+----1------------------------------------1 
2. Calculation Sheet headers complete with calc . no., rev., etc. Y Pg 1-23 

1--------------------------+------+- ------+------
3. Calculation Sheet contents complete per format. Y Pg 1-23 

4. Listed attachments included. Y Pg 1 

5. Calculation Objective clearly described. Y Pg 2 Section 1.1 and 
1.2 

7. Assumptions and data described and attached or referenced to task 
documents. 

N/A No assumptions 
required 

1--------------------------+-------------------------------< 
8. Calculation method identified and appropriate for the design activity. Y Pg 6 Section 4.0 

1---------------------------+------+·--------------------------+-,:::....0...'------4 
9. Calculation results reasonable and correctly described in Results & Y Pg 7-8 Section 5.0 

Conclusions. 
t---------------------------+-----+--------········-·••·••······--------+-------j 

10. Computer Program identified with version and revision. y Pg 6 Section 4.0 1s1 

Paragraph 
1---------------------------+-----+-------------------------+-__,."------i 

11 . Computer Program references method used, etc. y 

12. Computer input/output provided. Y 

Pg 6 Section 4.0 
Paragraphs 1, 5, and 
7 

Attachment 2 
t---------------------------+------+---------- --------------------

13. Computer runs traceable to calculation. Y Attachment 2 and 
Section 6.0 

t----------------------------------------------·······•·••---·••+--------! 
14. Computer input data within permissible design input range. 

15. Computer Program validation/verification addressed. 

REMARKS 
None 

K. J. McCracken 0:42,) cr,---.J; ~ kco .. 
Reviewer/Checker Print Name & Signature 

M. R. Custer 19a;?, 
1
/2 J1>--/(&s, L~rlQate 3)2 JI fa? 

Originator Print L & Signature 

EP 3.9-4F October 2003 

AS-385 

y Attachment 2 ~--y:>.ida: 
y Pg 6 Section 4.0 1st 
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The subject document has been reviewed by the undersigned. 
The reviewer reviewed and verified the following items as applicable. 

Documents Reviewed: CAL.(, :\f 145570 - C,-C.,A - OlS !<Ev. 1... 

AnalysisPerfonnedBy: AMEC. (M. (.l).STbR) 

• Design Input 
• Basic Assumptions 
• Approach/Design Methodology 
• Consistency with item or document supported by the calculation 
• Conclusion/Results lnterpretation 
• Impact on existing requirements 
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CALCULATION COVER SHEET 
ame& 

CALC. NO.: _'1_4_5_5·7_9_-_c_-C_A_-_01_6 __ ...,I REV: w DATE: 10 March 2005 

CALC. TITLE: Reagent Tank Foundations (Fdns #21, 22) 

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design 

Design Verification Required: D Yes 0 No 
- - - ----------

Calculation Type: D Scoping D Preliminary 

Superseded by Calculation No.: 

ORIGINAL AND REVISED CALCULATIONS/ANALYSIS APPROVAL 
REV. 

0 

AFFECTED DOCUMENTS 

[2J Final 

0 Voided 

REV. DISC. LEAD 
DOCUMENT NUMBER: TITLE: NO.: INITIALS 

H-14-106800 Bulk Vitrification Miscellaneous Foundations Plans and C 
Details 

RECORD OF REVISION 

REV. 
NO. REASON FOR REVISION: 

0 Issued for Construction 

ATTACHMENTS 
TOTAL 

DOCUMENT NUMBER/ID: TITLE: PAGES 

Attachment 1 Aeaaent Tank Foundations Drawinas 2 

Attachment 2 East AeaoentTank Foundation (Fdn #21) (MathCAD Calculations) 22 

Attachment 3 West Aeacient Tank Foundation (Fdn #22) (MathCAD Calculations) 15 

Attachment 4 Rebar Desicin for Foundation Pads or Slabs 1 

Attachment 5 e-mail from Brad Huov, Senior Geotechnical Encilneer, to P. Mever 3 

Attachment 6 Reaqent Tank Technical Data Sheets 4 

P:\Oasign\CIV\Cales'CA-016\145579-C-CA-016 (Rev O).doc Pagel of7 
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CALCULATION SHEET 
ame& 

CALC. NO.: I 145579-C-CA-016 I REV: [Ll DATE: __ 1_0_M_a_rc_h_2_0_0_5 __ 

CALC. TITLE: Reagent Tank Foundations (Fdns #21, 22} 

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design 

1 INTRODUCTION 

1.1 Purpose 

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

1.2 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. 

2 BASIS 

2.1 Design Inputs 

G-Ll-001 Rev 0, DBVS Equipment List 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 included in attachment 6. 

2.2 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 is included as Attachment 5. 

.\Oesign\C~; ms79-C-CA-016 (Rev O).doe 

I 0t{g,d,. IO /0"£' I 
' Page2of7 
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CALCULATION SHEET 
ame& 

CALC. NO.: I 145579-C-CA-016 I REV: W DATE; __ 1 0_M_a_rc_h_2_0_0_5 __ 

CALC. TITLE; Reagent Tank Foundations (Fdns #21, 22) 

PROJECT NO.; 145579 PROJECT TITLE: Final DBVS Design 

Design Loads: 

Dead load = Self weight of tanks. 

Winq 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 tanks. 
For the purposes of seismic analysis, the tanks are assumed to be full , whereas for 
wind loading the tanks are assumed to be empty. 

An additional live load on the slabs will be foot traffic 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 pst. By inspection, a 
24" thick reinforced slab will not be affected by a 9" depth of snow, and this load 
may sat ely be ignored. 

Volcanic ashfall: the ash fall 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 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 feet. 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 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. 

{o oS-
Page 3ol 7 
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CALCULATION SHEET 
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CALC. NO.: I 145579-C-CA-016 I REV: w DATE: __ 1_o_M_a_r_ch_2_o_o_s __ 

CALC. mLE: Reagent Tank Foundations (Fdns #21, 22) 

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design 

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 sat ely 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. 

2. For the API method of analysis, the tank sett 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 -i :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. 

3. 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-installed drill-in anchors in all mounting holes and 
that these anchors will be adequate to 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 their full tensile and 
shear capacities, regardless of their precise locations. 

4. 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. 

~R: IDATE: 
: /L(~/14AJa m as 
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CALCULATION SHEET 
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CALC. NO.: I 145579-C-CA-016 I REV: W DATE: __ 10_M_a_rc_h_2_00_5 __ 

CALC. TITLE: Reagent Tank Foundations (Fdns #21, 22} 

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design 

5. The reagent tanks are assumed to be Perfonnance 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. 

3 REFERENCES 

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

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

3. 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. 

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

5. Report of Geotechnica/ Engineering Services, Bulk Vitrification Process Partial 
DBVS Richland, Washington. April 2004. AMEC Earth & Environmental Inc., 
Portland, Oregon. 

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

7. 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. 

8 . . G-Ll-001 Rev 0, DBVS Equipment List prepared by AMEC Trail Mechanical 
Group, Issued March 4, 2005. 

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

10. American Petroleum Institute, 2000. Welded Steel Tanks tor Oil Storage. API 
650, 10th Edition, Addendum 1. 
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CALC. mLE: Reagent Tank Foundations (Fdns #21 , 22) 

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design 

4 METHODS 

Loads rave been calculated using the Tank Farm Facilities 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 ACl-318. Calculations were 
performed using MathCAD 11 computer software. 

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 with a safety factor of at least 2.0. 

We have conservatively 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 arm 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 
resultant 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/ACl-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 AP/ 650 
Appendix E "Seismic Design for Storage Tanks." It is found that the "rigid body" 
model analysis from the UBC gives conservative results. 

l~R: li>ATE: 

~ ~L"qQ.- /1144 10 0.5 
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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 psf soil bearing pressure under gravity, wind and seismic 
loads. 

The maximum calculated bearing pressure is under the NaClO2 Tank #1 and #2 
under seismic loading and is 1380 psf. The minimum bearing pressure occurs 
under the NaClO2 Tank #1 and #2 under seismic loading and is 41 psf. Both are 
within acceptable limits. 

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 seismic loading and is 11 kip-ft/ft, compared to a calculated slab 
bending moment resistance of 40 kip-ft/ft. 

The foundation designs have been added to the 3-D computer model 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 
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FILTERED WATER STORAGE TANK (00-D74-017B) 

GENERAL DIMENSION 

PC = Performance Class 

H = Height of tank 

D = Diameter of tank 

Hcg = Height to center of gravity Hcg := 0.5· H 
of tank 

Wtr = Weight of full tank 

Vt = Volume tank 

p = density of water 

Wtc = Weight of tank contents 

Wte = Weight of empty tank 

h = Height of concrete foundation 

D 1 = Diameter of concrete 
foundation for weight 

Wtc := p -Vt 

DI := D + 2ft + Sin 

D2 = Diameter of effective area of D2 := D + 4ft + Sin 
concrete foundation in 
contact with the soil 

A2. = Area of D2 
rt-Di 

A2·- --.- 4 

wc = unit weight of concrete 

PC := 2 

H := 16ft 

D := 12ft 

Hcg = S ft 

W1f := 1100001b 

Vt:= 12000gal 

lb 
p := 62.4 -

ft3 

Wtc = !OOIOO !b 

Wte = 99001b 

h := 2ft 

DJ =14.667ft 

D2 = 16.667ft 

A2 = 2IS.2ft
2 

lb 
we := 150-

ft3 

Wc1 = Weight of concrete 
foundation 

Wel := we• h•1t{~l r Wei = 506S4Jb 

S2 = Elastic section modulus of 
foundation 

3 
1t·D2 

S2 :=--
32 

S2 = 455ft3 

AS-399 
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SOIL BEARING CAPACITY 

AllowBC = Allowable bearing 
capacity 

ActBC = Actual bearing 
pressure 

FOS = Factor of Safety 

WIND 

W1f+ Wei 
ActBC := --

A2 

FOS := AllowBC 
ActBC 

lb 
AllowBC := 3000-

tt2 
lb 

ActBC = 736.523 -
ft.2 

FOS = 4.073 

Following DOE-STD-1020-2002 and ASCE 7 standards 
Method 2 6.5.13 

Exposure C 

Kz = Velocity Pressure 
Exposure Coefficient 

Kzt = Topographic Factor 

Kd = Wind Directionality Factor 

V = "Three-second gust" wind 
velocity 

I= Importance Factor 

Kz(H) := 0.86 if H ~ 16ft 

0.98 if H = 30ft 

1.04 if H = 40ft 

1.19 if H = 75ft 

"prob" otherwise 

Kz(H) = 0.86 

Kzt := I 

Kd := 0.95 

m1 
V := 85-

hr 

l{PC) := 1.15 if PC= 2 l(PC) = l.15 

1.0 if PC= 1 

"prob" otherwise 

Page: 2 of22 

Reference 5 Figure 4 

TFC-ENG-STD-06 
REV B-1 Table 3 
Page 24 

ASCE 7 page 75 

ASCE 7 page 47 
flat ground 

ASCE 7 page 76 
round 

TFC-ENG-STD-06 
REV B-1 Table 3 
Page 24 

TFC-ENG-STD-06 
REV B-1 Table 3 
Page 24 

qz = Velocity Pressure qz := 0.00256 (~)

2

-Ib-Kz(H)-Kzt-Kd-v2·I(PC) ASCE 7 page 31 
m1·ft 

lb 
qz = 17.38-

ft.2 
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G = Gust factor G := 0.85 ASCE 7 page 30 

if(D-/qz > 2.5,/Jb, "Use shown Cf factors", "Change factors") == "Use shown Cf factors" 

Cf = Force Coefficient 

Cp = Pressure Coefficient 

Af = Area normal to the wind 

Pw = Wind pressure 

Fw = Wind force 

Mw = Wind moment 

Wu= Unfactored wind 

pressure 

Cf(x) := 0.5 if H < 7 
D 

0.7 if 7 s _!! < 25 
D 

0 .8 if 25 s H 
D 

"prob" otherwise 

Af := H-D 

Pw := qz• G- Cp 

Fw := qz•G·Cp·Af 

Mw := Fw·(Hcg + h) 

cr(ii) = o.5 
Cp:= 0.8 

Af = 192ft
2 

lb 
Pw = 11.82-

f/ 
Fw = 2269\b 

Mw = 22689\bft 

Wtr+ We! Mw 
Wlu:== +-

A2 S2 

lb 
WI =786-

u 2 
ft 

ASCE 7 page 69 

UBC page 2-29 
Table H 

if( WI " <3000 :: , "0.,Ogn ;, Good" , "0.,sign is B,d") a "Design is Good" 

Wte+ Wcl Mw 
W2u:== ----

A2 S2 

lb 
W2 =228-

u 2 
ft 

if( 0 s W2u, "Design is Good" , "Design is Bad") == "Design is Good" 

AS-401 
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SEISMIC 

Following 1997 Uniform Building Code (UBC) standards 

Seismic Zone= 28 

Soil Profile = Sc 

Ip= Importance Factor 

Z = Seismic zone factor 

Ca = Seismic coefficient 

ap = Horizontal Force Factor 1 

Rp = Horizontal Force Factor 2 

hx = Height from ground to 
bottom of element 

Fe = Earthquake Force 

lp(PC) := 1.5 if PC = 2 

1.0 if PC = I 

"prob" otherwise 

Ip(PC) = 1.5 

Z := 0.2 

Ca:= 0.24 

ap := I 

Rp:= 3 

hx := 0.0ft 

F 
ap-Ca·Ip(PC) ( h,x) 

ea :=----. 1+3·- ·Wtr 
Rp H 

Fea = 132001b 

Femax = Max earthquake force Femax := 4.0-Ca•Ip(PC)•Wtr 

Femin = Min earthquake force 

Me = Seismic moment 

Femax = 1584001b 

Femin := 0.7-Ca·Ip(PC)•Wtr 

Femin = 27720 lb 

Fe := Femin if Femin > Fea 

Femax if Fea > Femax 

Fea otherwise 

Me:= Fe•(Hcg + h) 

Fe= 277201b 

Me= 277200lbft 

AS-402 
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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 16-0 

UBC page 2-33 
Table 16-0 

USC page 2-18 
1632.2 

UBC page 2-18 
1632.2 

use page 2-18 
1632.2 

------
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Eu = Unfactored seismic 

pressure 

Wtr+ Wcl Me 
Elu:=---+-

A2 S2 

El = 1346_!!: 
u 2 

ft 

ff( El" < 3000 :, , "Design is Good" , "Design is Bad") a "Design is Good" 

W1f+ Wcl 
E2u := --

A2 

Me 

S2 

lb 
E2u = 127-

ti 
if( 0 S E2u, "Design is Good" , "Design is Bad") = "Design is Good" 

LOAD CASES - FACTORED PRESSURE 

LC 1 = 1.4D 

LC 2 == 1.2D+1.6L 

LC 3 = 1.2D+1.0L+1 .3W 

LC 4 = 1.2D+1.DL +1 .DE 

1.4-(Wte + Wcl) 
LC1:=----

A2 
lb 

LCl =389-

tl 
1.2(Wte + Wei) + 1.6-Wtc 

LC2 := -------
A2 

lb 
LC2 = !067-

ft2 

1.2-(Wte + Wei) + l.0-Wtc l.3•Mw 
LC3 := --'------'---- + --

A2 S2 

LC3 = 857~ 

rt2 
1.2-(Wte +Wei)+ 1.0-Wtc 1.0-Me 

LC4 := --'------'---- + --
A2 S2 

lb 
LC4 == 1402-

Jb 
max(LCJ,LC2,LC3,LC4) = 1402-

ft2 

A5-403 

r/ 

USC page 2-4 
1612.2.1 

(12-1) 

(12-2) 

(12-4) 

(12-5) 
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SLAB MOMENT CAPACITY CHECK 

if(Me 5 Mw, "Wind Governs" , "Seismic Governs") = "Seismic Governs" 

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

1.2-(Wte +Wei)+ 1.0-Wtc 
P1 = Factored downward pressure Pr:= ---------

from tank and contents A2 
lb 

Pr= 792-
ti 

Page: 6 of22 

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. 

Mir= Top rebar moment 
(LC4 - Pr)-D

2 

Mtr:= -'---~-
8 

lb-ft 
Mtr= 10978-

ft 

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. 

L = Assumed overhang 

Mbr = Bottom rebar moment 

Mu = Moment resistance per foot 

LC4-L
2 

Mbr:=--
2 

L := 2ft 

lb-ft 
Mbr = 2804 ft 

lb-ft 
Mu:= 40000-

ft 
Attachment 4 

if{Mtr /\ Mbr ~ Mu, "Rebar is sufficient", "More rebar is neeced") = "Rebar is sufficient" 

American Petroleum Institute - shear and moment check 
Of the empty weight: 30% is the weight of the roof, 

50% is the weight of the walls and 
20% is the weight of the floor 

Wr = Weight of roof 

W 5 ::: Weight of tank shell 

Ar = Area of top and bottom 

of tank 

Aw = Area of walls 

Hl == Height of liquid 

O/HL = Diameter to height ratio 

W s := 0.5-Wte 

(
D + 6in)

2 

~:=7!· --
2 

Aw := 1t·D·H 

W5 = 4950\b 

~= 123 ft
2 

Aw=603ft
2 

HL = 15ft 

D 
-=0.8 
HL 

AS-404 

UBC page 2-22 
1634.4 2 
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IAPI = Importance factor 

S = Site Coefficient 

k = Factor 

T = Factor 

C1 = Factor 

C2 = Factor 

W1 = Mass in unison 

W2 = Mass sloshing 

X1 = Height for W1 

X2 = Height for W2 

Xs = Tank centre of gravity 

Sb= Base shear 

T:= k-1¥ 

C2 ·-.- 0.75S 

T 

3.375-S 

WI:= 0.86-Wtc 

W2 := 0.18-Wtc 

XI := 0.42-HL 

X2 := 0.79-HL 

H 
~-=-. . 2 

if T !, 4.5 

IAPI := 1.25 

S:= 1.2 

k := 0.59 

T=2.04 

Cl:= 0.6 

if T > 4.5 

C2 = 0.44 

WI= 86086 lb 

W2 = 18018 lb 

XI = 6.3ft 

X2 = 11.85ft 

XS= 8 ft 

St,:= Z-IAPr(Cl•Ws + Cl-WT+ Cl-WI+ C2-W2) 

8b = 16084 lb 

API E.3.1 

API Table E-2 

API Figure E-4 

API E.3.3.2 

API E.3.3.1 

API E.3.3.2 

if(Fe v Fw > 81>, "UBC Governs, OK", "API Governs, Redo") = "UBC Governs, OK" 

Mb= Moment at bottom of foundation 

Page: 7 of22 

• 

Mb:= Z·IAPr[Ct-W5-(X5 + h) + Cl•Wr•(H+ h) + Cl•Wl-(Xl + h) + C2-W2-(X2 + h)] 

Mb= 150093lbft 

if(Me v Mw > M "UBC Governs OK" "API Governs Redo") = "UBC Governs OK" h' , , ' , 

AS-405 
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NaOH 15% SOLUTION TANK (36-D7 4-113) 

GENERAL DIMENSION 

PC = Performance Class PC:= 2 

H1 = Height of tank 

01 = Diameter of tank 

Hcg1 = Height to center of gravity Hcg1 := 0.5-H1 

H 1 := 16ft 

D1 := 10ft 

Hcg1 = 8 ft 
of tank 

Wt11 = Weight of full tank 

Wte1 = Weight of empty tank 

Wtc1 = Weight of tank contents Wtcl := WtrJ. - Wtel 

WtrJ. := 540001b 

Wtel := 100001b 

Wtcl = 44000 lb 

h := 2ft h = Height of concrete foundation 

D1 1 = Diameter of concrete 

foundation for weight 
DI I := D1 + 2ft + 8in DI l = 12.667ft 

021 = Diameter of effective area n21 := n 1 + 4ft + 8in 021 = 14.667 ft 

of concrete foundation in 
contact with the soil 

A21 = Area of 02 

wc = unit weight of concrete 

2 
1t·D21 

A2 1 :=--
4 

2 
A21 = 168.9ft 

lb 
we:= 150-

ft3 

Wc1 1 = Weight of concrete 

foundation 
(

DI )

2 

Wei 1 := wc•h•n• -f Wcl 1 = 37804 lb 

3 
n·D21 

S21 = Elastic section modulus of s21 := --
32 foundation 

3 
S21 = 310ft 

AS-406 

Attachment 6 

Attachment 6 

Page: 8 of22 

ASCE 7 Table C3-2 
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SOIL BEARING CAPACITY 

AllowBC = Allowable bearing 
capacity 

ActBC1 = Actual bearing 

pressure 

FOS1 = Factor of Safety 

WIND 

lb 
AllowBC := 3000-

ft.2 

W1fi + Wcl 1 lb 
ActBC1 := ----ActBC1 = 543.386-

A21 ft.2 

FOS := AllowBC 
l ActBC1 

FOS 1 = 5.521 

Following DOE-STD-1020-2002 and ASCE 7 standards 
Method 2 6.5.13 

Exposure C 

Kz = Velocity Pressure 
Exposure Coefficient 

Kzt = Topographic Factor 

Kd = Wind Directionality Factor 

V = "Three-second gust" wind 
velocity 

I = Importance Factor 

0.86 if H1 .516ft 

0.98 if H1 = 30ft 

1.04 if H1 = 40ft 

1.1 9 if H1 = 75ft 

"prob" otherwise 

Kz{tI1) = 0.86 

Kzt := l 

Kd := 0.95 

mi 
V:= 85-

hr 

I(PC) := 1.15 if PC = 2 I(PC) = 1.15 

1.0 if PC= l 

"prob" otheiwise 

Page: 9 of 22 

Reference 5 Figure 4 

TFC-ENG-STO-06 
REV B-1 Table 3 
Page 24 

ASCE 7 page 75 

ASCE 7 page 47 
flat ground 

ASCE 7 page 76 
round 

TFC-ENG-STD-06 
REV B-1 Table 3 
Page 24 

TFC-ENG-STD-06 
REV 8-1 Table 3 
Page24 

qz = Velocity Pressure qz:= 0.00256(~)
2
-lb-Kz{Hi)•Kzt·Kd-v2-I(PC) ASCE 7 page 31 

m1-ft 

A5-407 
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G = Gust factor 

lb 
qz= 17.38-

ft.2 

G:= 0.85 

Page: 1 0 of 22 

ASCE 7 page 30 

if(D1 .,r;;;. > 2.5{Th , "Use shown Cf factors", "Change factors")= "Use shown Cf factors" 

H1 
Cf= Force Coefficient Cf(x) := o.s if - < 7 ASCE 7 page 69 

Cp = Pressure Coefficient 

Af1 = Area normal to the wind 

Pw = Wind pressure 

Fw1 = Wind force 

Mw1 = Wind moment 

Wu1 = Unfactored wind 

pressure 

D1 

H1 
0.7 if 7 :$ - < 25 

D1 

H1 
0.8 if 25 :$ -

D1 

"prob" otheiwise 

Pw := qz·G·Cp 

c,(::) = o., 

Cp := 0.8 

2 
Af1 = 160ft 

lb 
Pw = 11.82-

ti 
Fw1 = 1891 lb 

lb 
Wlul = 604-

ft.2 

UBC page 2-29 
Table H 

if(Wlul s; 3000~ , "Design is Good", "Design is Bad") = "Design is Good" 
ft2 . 

Wtel + Wet I Mw1 
W2ul := ----'·--

A21 S21 

lb 
W2ul = 222-

ft2 

if( 0 _'5. W2u 1 , "Design is Good" , "Design is Bad") = "Design is Good" 

AS-408 
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SEISMIC 

Following 1997 Uniform Building Code (UBC) standards 

Seismic Zone = 2B 

Soil Profile = Sc 

Ip = Importance Factor 

Z = Seismic zone factor 

Ca = Seismic coefficient 

ap = Horizontal Force Factor 1 

Rp = Horizontal Force Factor 2 

hx = Height from ground to 
bottom of element 

Fe1 = Earthquake Force 

Ip(PC) := 1.5 if PC = 2 

1.0 if PC = I 

"prob" otherwise 

Ip(PC) = 1.5 

Z := 0.2 

Ca:= 0.24 

ap := I 

Rp:= 3 

hx := 0.0ft 

Fea1 := -'--....:.....;..---'- . I+ 3-- · tfl ap-Ca·Ip(PC) ( hx) W 

Rp H1 

Fea I = 6480 lb 

Femax1 = Max earthquake force Femax1 := 4.0·Ca-Ip(PC)•WtrJ 

Femax1 = 77760 lb 

Femin1 = Min earthquake force Femin1 := 0.7-Ca-Ip(PC)•WtrJ 

Me1 = Seismic moment 

Femin1 = 13608 lb 

Fe 1 := Fernin1 if Femin1 > Fea1 

Femax1 if Fea1 > Femax.1 

Fea 1 otherwise 

Fe1 = 13608 lb 

Me1 := Fel'(Hcg1 + h) Me1 = 136080lbft 

AS-409 
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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 

USC page 2-33 
Table 16-0 

UBC page 2-33 
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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Eu1 = Unfactored seismic 
W1ft + Wei I Me1 

Elu1:= +-
A21 S21 pressure 

lb 
Elul =983-

tt2 
ir(Elul $ 3000 :: ,"Design is Good", "Design is Bad")= "Design is Good" 

Wfn +Weil 
E2u1 := A2 

I 

Me1 

s2 1 
lb 

E2ui = 104-
tt2 

if( 0 $ E2u 1, "Design is Good" , "Design is Bad") = "Design is Good" 

Page: 12 of 22 

LOAD CASES - FACTORED PRESSURE 

1.4-(Wtel + Wei 1) 
LC1 1 := 

use page 2-4 
1612.2.1 

LC 1 = 1.4D 

LC 2 = 1.2D+1 .6L 

LC 3 = 1.2D+1 .0L+1.3W 

LC 4 = 1.2D+1.0L+1.0E 

A2l lb 
LC1 1 =396 -

r/ 
i.2(Wtel + Wei 1) + 1.6-Wtel LC2

1 
:= _.;__ ___ ..:...._ __ _ 

A21 
lb 

LC21 = 756-

rt2 

(12-1) 

(12-2) 

1.2-(Wtel + Wei 1) + l.0•Wtcl 1.3-Mw1 
LC3 1 := --'------'---- + ---12-4) 

A21 S21 

lb 
LC3 1 =679-

ft2 

1.2-(Wtel + Wei 1) + 1.0-Wtel l.0·Me1 LC4
1 

:= _..,c__ ___ ...;__ ___ + --(12-5) 
A21 S21 

lb 
LC41 = 1039-

tl 

A5-410 
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SLAB MOMENT CAPACITY CHECK 

if(Me1 ~ Mw1, "Wind Governs", "Seismic Governs") = "Seismic Governs" 

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

Pf1 = Factored downward 

pressure from tank and 
contents 

1.2-(Wtel + Wei 1) + 1.0-Wtcl 
Pn := --------~---

A21 
lb 

Pn = 600-

ft2 

Page: 13 of 22 

LC41 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 conseNative moment at the center or the foundation in the top rebar will be found. 

M1r1 = Top rebar moment 

Assuming a catilever of 2 feet with the maximum factored pressure LC41 acting as a uniformly distributed load, 

the moment in the bottom rebar will be found. 

L = Assumed overhang 

Mbr1 = Bottom rebar moment 

Mu1 = Moment resistance per foot 

2 
LC41-L 

Mbr1 :=---
2 

L := 2ft 

lb·ft 
Mbrl = 2079-

ft 

lb-ft 
Mu l := 40000 -

ft 
Attachment 4 

if(Mtrl /\ Mbrl ~ Mu1, "Rebar is sufficient" , "More rebar is neeced") = "Rebar is sufficient" 

American Petroleum Institute - shear and moment check 
Of the empty weight: 30% is the weight of the roof, 

50% is the weight of the walls and 
20% is the weight of the floor 

Wr1 = Weight of roof Wrl := 0.3,Wtel wrl = 30001b 

W 51 = Weight of tank shell Wsl := 0.5-Wtel Wsl = 50001b 

Ar1 = Area of top and bottom (DJ+ 6fo)' 2 
.\1 := 1t· .\1=87ft 

of tank 2 

A.w-i = Area of walls ¾1 := 1t·D1 ·H1 
2 

¾1 = 503 ft 

Hu = Height of liquid HLI := H1 - 1ft Hu= 15ft 

AS-411 

UBC page 2-22 
1634.4 2 
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D1'HL 1 = Diameter to height ratio 

IAPI = Importance factor 

S = Site Coefficient 

k = Factor 

T1 = Factor 

C1 = Factor 

C21 = Factor 

W1 1 = Mass in unison 

W2 1 = Mass sloshing 

X1 1 = Height for W1 

X21 = Height for W2 

X51 = Tank centre of gravity 

Sb1 = Base shear 

D1 
- =0.667 
HLI 

IAPI := 1.25 

S := 1.2 

k := 0.59 

TI = 1.87 

Cl:= 0.6 

0.75S ·r T 4 -- 1 1 s .5 
Tl 

3.375-S 

r/ 

WI l := 0.86-Wtcl 

W2 1 := 0.18-Wtcl 

XI l := 0.42•Hu 

X2 1 := 0.79·Hu 

H1 
Xsl := -

2 

if T 1 > 4.5 

C21 = 0.48 

WI l = 378401b 

W2 1 = 79201b 

XI I= 6.3ft 

X2 I = 11.85 ft 

%1 := Z-IAPr(Cl·Wsl + Cl •Wrl + Cl•Wl l + C21 •W21) 

3t1 = 7831 lb 

Page: 14 of 22 

API E.3.1 

API Table E-2 

API Figure E-4 

API E.3.3.2 

API E.3.3.1 

API E.3.3.2 

if(Fe1 v Fw1 > Sbl, "UBC Governs, OK", "API Governs, Redo")= "UBC Governs, OK" 

Mb = Moment at bottom of foundation 

Mbl := Z·IAPr[Cl•W51 •(Xsl + h) + Cl •Wri ·(H1 + h) + Cl •WII"(X1 1 + h) + C2rW2r(X21 + h)] 

Mbl = 75939lbft 

if(Me1 v Mw1 > Mbl, "UBC Governs, OK" , "API Governs, Redo")= "UBC Governs, OK" 

AS-412 
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NaOH 50% SOLUTION TANK (36-D7 4-007) 

GENERAL DIMENSION 

PC = Perfomiance Class 

H2 = Height of tank 

D2 = Diameter of tank 

Hcg2 = Height to center of gravity Hcg2 := 0.5-Hz 

of tank 

Wt12 = Weight of full tank 

Wte2 = Weight of empty tank 

PC:= 2 

Hz:= 12ft 

Hcg2 = 6 ft 

Wtc2 = Weight of tank contents Wtc2 := w42 - Wtez 

W42 := Z7000lb 

Wte2 := 5000Tb 

Wtc2 = 22000 lb 

h := 2ft h = Height of concrete foundat ion 

D1 2 = Diameter of concrete Dlz := Dz + Zft + 8in DI z = 8.667 ft 

foundation for weight 

D~ = Diameter of effective area nz2 := Dz + 4ft + 8in D22 = 10.667 ft 

of concrete foundation in 
contact with the soil 

A22 = Area of 022 

wc = unit weight of concrete 

Wc1 2 = Weight of concrete 

foundation 

2 
n -Dz2 

A22:=--
4 

2 
A22 = 89.4 ft 

_ lb 
we:= l:i0-

ft3 

(
DI )

2 

Wcl 2 := wc-h-1t · -!- Wcl 2 = 17697 .6 lb 

3 
1t·D22 

S22 = Elastic section modulus of s22 := --
32 

foundation 

A5-413 

Attachment 6 

Attachment 6 
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ASCE 7 Table C3-2 
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SOIL BEARING CAPACITY 

AllowBC = Allowable bearing 
capacity 

ActBC2 = Actual bearing 

pressure 

FOS2 = Factor of Safety 

WIND 

lb 
AllowBC := 3000-

ft2 

Wtri + Welz lb 
ActBC2 := ---- ActBCz = 500.193 -

A22 ft2 

FOS := AllowBC 
z ActBCz_ 

FOSz = 5.998 

.Following .DOE-STD-1020-2002 and ASCE 7 standards 
Method 2 6.5.13 

Exposure C 

Kz = Velocity Pressure 
Exposure Coefficient 

Kzt = Topographic Factor 

Kd = Wind Directionality Factor 

V = ''Three-second gust" wind 
velocity 

I = Importance Factor 

Kz{Hz) := 0.86 if Hz :5 16ft 

0.98 if H2 = 30ft 

1.04 if Hz = 40ft 

1.19 if Hz= 75ft 

"prob" otherwise 

Kz{H2) = 0.86 

Kzt := 1 

Kd:= 0.95 

mi 
V:= 85-

hr 

l(PC) := 1.15 if PC= 2 I(PC) = 1.15 

1.0 if PC= 1 

"prob" otherwise 

Page: 16 of 22 

Reference 5 Figure 4 

TF C-ENG-STD-06 
REV 8-1 Table 3 
Page 24 

ASCE 7 page 75 

ASCE 7 page 47 
flat ground 

ASCE 7 page 76 
round 

TFC-ENG-STD-06 
REV B-1 Table 3 
Page 24 

TFC-ENG-STD-06 
REV 8-1 Table 3 
Page 24 

qz = Velocity Pressure qz:= 0.00256(~)

2
-1b-Kz{H2)-Kzt-Kd-v2-I(PC) ASCE 7 page 31 

m1-ft 

AS-414 
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lb 
qz= 17.38-

fl 

Page: 17 of 22 

G = Gust factor G := 0.85 ASCE 7 page 30 

if(D2 -{qz. > 2.5 jib, "Use shown Cf factors" , "Change factors") = "Use shown Cf factors" 

Hz 
Cf= Force Coefficient Cf(x) := 0.5 if - < 7 ASCE 7 page 69 

Cp ;:: Pressure Coefficient 

Af2 = Area normal to the wind 

Pw = Wind pressure 

Fw2 = Wind force 

Mw2 = Wind moment 

Wu2 = Unfactored wind 

pressure 

D2 . 

H2 
0.7 if 7 :$ - < 25 

D2 

Hz 
0.8 if 25 :$ -

Dz 

"prob" otherwise 

c{::) = os 

Pw := qz-G•Cp 

Fw2 := qz•G·Cp-Af2 

Cp := 0.8 

2 
Af2 = 72ft 

lb 
Pw = 11 .82-

f/ 
Fw2 = 851 lb 

Mw2 := Fw2-(Hcg2 + h) Mw2 = 6807lbft 

W½ + Welz Mw2 
WI~~ +--

A22 S22 

lb 
Wlu2 =557-

fl 

USC page 2-29 
Table H 

if( WI u2 S 3000 ; , "Desig, is Good" , "Desig, ;, Bad") = "Desig, is Good" 

Wte2 + Wc! 2 Mw2 
W2u2:=----

A22 S22 

lb 
W2u2 = 197-

ft2 

if{ 0 S W2u2, "Design is Good" , "Desi$11 is Bad") = "Design is Good" 

AS-415 
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SEISMIC 

Following 1997 Uniform Building Code (UBC) standards 

Seismic Zone = 2B 

Soil Profile = Sc 

Ip = Importance Factor 

Z = Seismic zone fcictor 

Ca = Seismic coefficient 

ap = Horizontal Force Factor 1 

Rp = Horizontal Force Factor 2 

hx = Height from ground to 
bottom of element 

Fe2 = Earthquake Force 

Femax2 == Max earthquake force 

Femin2 == Min earthquake force 

Me2 = Seismic moment 

Ip(PC) :== 1.5 if PC = 2 

1.0 if PC::: I 

"prob" otherwise 

Ip(PC) = 1.5 

Z:= 0.2 

Ca:= 0.24 

ap :== 1 

Rp :== 3 

hx := 0.0ft 

Fea2 := ap·Ca·Ip(PC) ·(l + 3· hx )·W1f2 
Rp H2 

Fea2 == 3240 lb 

Femax2 := 4.0·Ca·Ip(PC)·W1f2 

Fernax.2 = 388801b 

Fernin2 := 0.7•Ca·Ip(PC)•W1f2 

Fernin2 == 6804 lb 

Fe2 := Femin2 if Fernin2 > Fea2 

Femax2 if Fea2 > Fernax2 

Fea2 otherwise 

Fe2 = 68041b 

Mez := Fez·(Hcg2 + h) Mez = 54432lbft 

AS-416 

use 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 

use page 2-33 
Table 16-0 

UBC page 2-33 
Table 16-0 

UBC page 2-18 
1632.2 

UBC page 2-18 
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Eu2 = Unfactored seismic 
. WtrJ. + Wcl 2 M~ 

Elu2:= +-
A22 S22 pressure 

lb 
El 2 =957-

u 2 
ft 

if( Elu2 S 3000 :: , "Design is Good" , "Design is Bad") = "Design is Good" 

W½:z + Wc I2 M~ 
E2u2 := A2 

2 S22 
lb 

E2uz =43 -
t? 

if(O s E2uz, "Design is Good", "Design is Bad" ) = "Design is Good" 

Page: 19 of 22 

LOAD CASES - FACTORED PRESSURE 

l.4·(Wte2 + Wc l 2) 
LCI2 := -----

A2z 

USC page 2-4 
1612.2.1 

LC 1 = 1.4D 

LC 2 = 1.2D+1.6L 

LC 3 = 1.2D+1.0L+1 .3W 

LC4= 1.2D+1.0L+1 .0E 

lb 
LC I2 = 356-

fl 
1.2(Wte2 + WcI 2) + !.6-Wtc2 

LC22 := --------
A2z 

lb 
LC22 = 699-

ft.2 

(12-1 ) 

(12-2) 

1.2-(Wtez + Wc! 2) + l.O•Wtc2 l.3 •Mw2 LC3
2 

:= ---'------_:,_ ___ + ---12-4) 
A22 S22 

lb 
LC32 =625-

ft.2 

1.2-(Wtez + Wc! 2) + l.O-Wtc2 l.O·M~ 
LC42 := ---'------'----- + --(12-5) 

A22 S22 

lb 
LC42 = !008-

ft2 
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SLAB MOMENT CAPACITY CHECK 

if{M~ ::; Mw2 , "Wind Governs", "Seismic Governs") = "Seismic Governs" 

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

P12 = Factored downward 

pressure from tank and 
contents 

1.2-(Wtez +Welz)+ 1.0.Wtcz 
pf2 := -~------''-----

A2z 

lb 
Pf2 = 551-

rt2 

Page: 20 of 22 

LC42.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. 

(LC42 -. :Pn)·Dz 
2 

lb-ft 
M1r2 = Top rebar moment Mtr2 := 

8 
Mtrz = 2056ft 

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. 

L = Assumed overhang 

Mbr2 = Bottom rebar moment 

Mu2 = Moment resistance per foot 

L := 2ft 

lb-ft 
Mbr2 = 2016ft 

lb-ft 
Mu2 := 40000 ft Attachment 4 

if{Mtr2 " Mbr2::; Muz, "Rebar is sufficient" , "More rebar is neeced") = "Rebar is sufficient" 

American Petroleum Institute - shear and moment check 
Of the empty weight: 30% is the weight of the roof, 

50% is the weight of the walls and 
20% is the weight of the floor 

Wr2 = Weight of roof W r2 := 0.3· Wtez Wrz = I500Ib 

Ws2 = Weight of tank shell W 52 := 0.5· Wtez Wsz = 2500Ib 

Ar2 = Area of top and bottom ('½ + 6;n )' ,\z = 33ft
2 

Ay.z :=7t· 
of tank 

2 

Aw2 = Area of walls ¾2 := 1t•D2·Hz ¾2 = 226ft 
2 

HL2 = Height of liquid HLz := Hz - !ft H12 = 11 ft 

AS-418 
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Dz'H1.2 = Diameter to height ratio 

I API = Importance factor 

S = Site Coefficient 

k = Factor 

T2 = Factor 

C1 == Factor 

C2i = Factor 

W1 2 = Mass in unison 

W2.i = Mass sloshing 

X1 2 = Height for W 1 

X2 2 = Height for W 2 

X52 = Tank centre of gravity 

Sb2 = Base shear 

D2 
-=0.545 
HL2 

IAPI := 1.25 

S := 1.2 

k := 0.59 

C l := 0.6 

0.75S .f T 5 -- I z5:4. 
T2 

3.375-S 
if Tz > 4.5 

T 2 
2 

C½ = 0.62 

w1 2 := 0.86-Wtcz WJ 2 = 189201b 

W22 := 0.18•Wtcz W22 = 39601b 

Xlz := 0.42-HL2 Xlz = 4.62 ft 

X27_ := 0.79-HL2 X22 = 8.69ft 

Hz 
~2 = 6ft ~2 :=-

2 

~2 := Z-IAPr(Cl •Ws2 + Cl·Wr2 + Cl -Wlz + C22·W22) 

~ 2 = 40551b 

Page: 21 of 22 

API E.3.1 

API Table E-2 

API Figure E-4 

APIE.3.3.2 

API E.3.3.1 

API E.3.3.2 

if(Fe2 v Fw2 > sb2 , "UBC Governs, OK" , "API Governs, Redo") = "UBC Governs, OK" 

Mb2 = Moment at bottom of foundation 

Mb2 := Z·IAPi{CI -W5z·(~2 + h) + Cl ·Wrz·(H2 + h) + Cl·Wlz·(Xlz + h) + C22-W2z·(X22 + h)] 

Mb2 = 31528 lbft 

if(Mez v Mw2 > Mbz, "UBC Governs, OK" , "API Governs, Redo") = "UBC Governs, OK" 

AS-419 
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GENERAL DIMENSIONS OF WHOLE FOUNDATION 

I = Lenght of foundation 

b = Width of foundation 

WT= Total Weight 

FwT = Total W ind Force 

· FeT = Total Seismic Force 

FRICTION 

f = friction coefficient 

\ := 30ft 

b := 24ft 

WT= 297 1861b 

FwT := Fw + Fw1 + Fw2 FwT = 5011 lb 

Fei-, := Fe+ Fe1 + Fei Fer = 48132 lb 

f:= 0.34 

ResSD = Resistance from siding ResSD := Wr-f ResSD = 1010431b 

Page: 22 of 22 

Reference 5 Page 4 
Table 1 

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

FOS4 = Factor of Safety FOS4 := ResSD 
Fwr 

FOS4 = 20.16 

if(Fer s ResSD, "Design is Good" , "Design is Bad") = "Design is Good" 

FOSS = Factor of Safety 
ResSD 

F0S5 :=--
Fei-, 

FOSS== 2.1 

AS-420 
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NaCIO2 TANK NO. 1 (36-074-005) & 
NaCIO2 TANK NO. 2 (36-074-112) 

GENERAL DIMENSION 

PC = Performance Class 

H = Height of tank 

D = Diameter of tank 

Hcg = Height to center of gravity Hcg :~ 0.5-H 
of tank 

W~ = Weight of tank 

Wte = Weight of empty tank 

Wte = Weight of tank contents 

h = Height of concrete foundation 

D1 = Diameter of concrete 
foundation for weight 

Dl := D + 2ft + 8in 

D2 = Diameter of effective area of D2 := D + 4ft + 8in 
concrete foundation in 
contact with the soil 

A2 = Area of D2 

wc = unit weight of concrete 

n-Dz2 
A2 :=--

4 

PC := 2 

H := 16ft 

D := !Oft 

Reg= 8 ft 

Wt(= 823001b 

Wte := 85001b 

Wte = 73800 lb 

h := 2ft 

DI = 12.667 ft 

D2 = 14.667 ft 

A2 = 168.9ft
2 

lb 
we:= 150-

ft3 

Wc1 = Weight of concrete 
foundation 

Wei := WC·h·1t{~1 r Wei = 37804 lb 

S2 = Elastic section modulus of 
foundation 

1C •D23 3 
S2 := -- S2 = 310ft 

32 

A5-422 
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Attachment 6 

Attachment 6 

ASCE 7 Table C3-2 
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SOIL BEARING CAPACITY 

AllowBC = Allowable bearing 
capacity 

ActBC = Actual bearing 
pressure 

FOS = Factor of Safety 

WIND 

Wit+ Wei 
ActBC:=--

A2 

FOS := AllowBC 
ActBC 

lb 
AllowBC := 3000-

lb 
ActBC = 711-

1/ 

FOS = 4.22 

ft2 

Following DOE-STD-1020-2002 and ASCE 7 standards 
Method 2 6.5.13 

Exposure C 

Kz = Velocity Pressure 
Exposure Coefficient 

Kzt = Topographic Factor 

Kd = Wind Directionality Factor 

V = "Three-second gust" wind 
velocity 

I = Importance Factor 

Kz(H) := 0.86 if H ~ I 6ft 

0.98 if H = 30ft 

1.04 if H = 40ft 

1.19 if H = 75ft 

"prob" otheIWise 

Kz(H) = 0.86 

Kzt:= 1 

Kd := 0.95 

mi 
V := 85-

hr 

I(PC) := 1.15 if PC= 2 I(PC) = 1.15 

1.0 if PC= I 

"prob" otheIWise 

Page: 2 of 15 

Reference 5 Figure 4 

TFC-ENG-STD-06 
REV 8-1 Table 3 
Page 24 

ASCE 7 page 75 

ASCE 7 page 47 
flat ground 

ASCE 7 page 76 
round 

TFC-ENG-STD-06 
REV B-1 Table 3 
Page 24 

TFC-ENG-STD-06 
REV 8-1 Table 3 
Page 24 

qz = Velocity Pressure qz:= 0.00256(~)
2

-lb-Kz(H)·Kzt-Kd-v2-I(PC) ASCE 7 page 31 
tru•ft 

lb 
qz = 17.38-

ft.2 
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G = Gust factor G:= 0.85 ASCE 7 page 30 

if(D·VqZ > 2.5../ib, "Use shown Cffaetors", "Change factors")= "Use shown Cf factors" 

Cf= Force Coefficient 

Cp = Pressure Coefficient 

Af = Area normal to the wind 

Pw = Wind pressure 

Fw = Wind force 

Mw = Wind moment 

Wu= Unfactored wind 

pressure 

Cf(x) := 0.5 if H < 7 
D 

0.7 if 7 s H < 25 
D 

0.8 if 25 s H 
D 

"prob" otherwise 

Af:= H-D 

Pw := qz• G· Cp 

Fw:= qz- G-Cp•Af 

Mw := Fw•(Heg + h) 

er(~)= o.s 
Cp := 0.8 

Af = 160 ft
2 

lb 
Pw = 11.82 -

ti 
Fw = 1891 lb 

Mw = 189071bft 

W4" + We i Mw 
Wlu:= +-

A2 S2 

WI = 772~ 
u 2 

ft 

ASCE 7 page 69 

UBC page 2-29 
Table H 

if( WI u S 3000 ~~ , "Design is Good" , "Design is Bad") = "Design is Good" 

Wte+ Wei Mw 
W2 :=----

u A2 S2 

lb 
W2 = 213-

u 2 
ft 

if ( 0 S W2u, "Design is Good" , "Design is Bad" ) = "Design is Good" 
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SEISMIC 

Following 1997 Uniform Building Code (UBC) standards 

Seismic Zone= 28 

Soil Profile= Sc 

Ip = Importance Factor 

Z = Seismic zone factor 

Ca = Seismic coefficient 

ap = Horizontal Force Factor 1 

Rp = Horizontal Force Factor 2 

hx = Height from ground to 
bottom of element 

Fe= Earthquake Force 

Ip(PC) := 1.5 if PC = 2 

1.0 if PC= 1 

"prob" otherwise 

lp(PC) = 1 .5 

Z:= 0.2 

Ca:= 0.24 

ap := I 

Rp := 3 

hx := 0.0ft 

Fea := ap-Ca•lp(PC) ·(! + J . hx) •W1f 
Rp . H 

Fea = 98761b 

Femax = Max earthquake force Femax := 4.0-Ca-lp(PC)•Wtr 

Femin = Min earthquake force 

Me = Seismic moment 

Femax = 1185121b 

Femin := 0.7-Ca·lp(PC)•Wtr 

Femin = 20739.6 lb 

Fe := Femin if Femin > Fea 

Femax if Fea > Femax 

Fea otherwise 

Me:= Fe•(Hcg + h) 

Fe = 207401b 

Me= 2073961bft 

AS-425 
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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 16-0 

UBC page 2-33 
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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Eu = Unfactored seismic 

pressure 

W1f+ Wcl Me 
Elu := + -

A2 S2 

lb 
El = 1380-

u 2 
ft 

ir( Elu :$ 3000 ; , "Design is Good" , "Design is Bad") = "Design is Good" 

Wtr+ Wcl 
E2u := 

A2 

Me 

S2 

lb 
E2u =41-

tt2 
if( 0 :$ E2u , "Design is Good" , "Design is Bad" ) = "Design is Good" 

LOAD CASES - FACTORED PRESSURE 

LC 1 = 1.40 

LC 2 = 1.2D+1 .6L 

LC 3 = 1.2O+1 .0l+1 .3W 

LC 4 = 1.2D+1.0l+1 .0E 

1.4-(Wte + Wei) 
LCI :=-----

A2 
lb 

LCl = 384-

Ji 
1.2(Wte + Wei)+ 1.6-Wte 

LC2 := --'-------'---
A2 

lb 
LC2 = 1028-

tt2 
1.2-(Wte +Wei)+ 1.0-Wte 1.3-Mw 

LC3 := --'----------- + --
A2 S2 

lb 
LC3 = 845-

tl 
1.2-(Wte +Wei)+ 1.0-Wtc 1.0-Me 

LC4 := -------- + --
A2 S2 

lb 
LC4 = 1435-

lb 
max(LCl , LC2,LC3,LC4) = 1435-

t/ 

AS-426 

ft2 

UBC page 2-4 
1612.2.1 

(12-1) 

(12-2) 

(12-4) 

(12-5) 
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SLAB MOMENT CAPACITY CHECK 
if(Me ~ Mw, "Wind Governs" , "Seismic Governs") = "Seismic Governs" 

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

1.2-(Wte + Wcl) + 1.0-Wtc 
Pr= Factored downward pressure Pr==--'----'-----

from tank and contents A
2 

lb 
Pr= 766-

rt2 

Page: 6 of 15 

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. 

Mtr = Top rebar moment 
(LC4 - Prj•D

2 

Mtr:= -----
8 

Mtr = 8370 lb-ft 
ft 

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 . 

L = Assumed overhang 

Mb.'= Bottom rebar moment 

Mu = Moment resistance per foot 

L := 2ft 

Mb = 2871 lb-ft 
r ft 

lb-ft 
Mu:= 40000-

ft 
Attachment 4 

if(Mtr " Mbr :5; Mu, "Rebar is sufficient" , "More rebar is neeced") = "Rebar is sufficient" 

American Petroleum Institute - shear and moment check 
Of the empty weight: 30% is the weight of the roof, 

50% is the weight of the walls and 
20% is the weight of the floor 

Wr = Weight of roof 

W 5 = Weight of tank shell 

Ar = Area of top and bottom 

of tank 

Aw = Area of walls 

HL = Height of liquid 

D/HL = Diameter to height ratio 

W r :== 0.3· Wte 

W8 :== 0.5-Wte 

~ := 1t{D +/in r 
Av,:== 1t·D·H 

HL := H - 1ft 

W5 = 42501b 

~= s1tl 

Aw=503ft2 

HL == 15ft 

D 
- =0.667 
HL 

A5-427 
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IAP1 = Importance factor 

S = Site Coefficient 

k = Factor 

T = Factor 

C1 = Factor 

C2 = Factor 

W1 = Mass in unison 

W2 = Mass sloshing 

X1 = Height forW1 

X2 = Height forW2 

X5 = Tank centre of gravity 

Sb= Base shear 

T:= k-1¥ 

C2:= 
0.75S 

T 
if T ~ 4.5 

IAPI := 1.25 

S := 1.2 

k := 0.59 

T = 1.87 

Cl:= 0.6 

3.3?S·S if T > 4.5 

T 2 

C2 = 0.48 

WI:= 0.86-Wtc WI= 63468 lb 

W2 := 0.18-Wtc W2 = 13284 lb 

XI := 0.42-HL XI =6.3ft 

X2 := 0.79-HL X2 = 11.85ft 

H 
~ = 8ft X ·= -s · 2 

Si,:= Z-IAPr(Cl•Ws + Cl•Wr+ Cl-WI+ C2-W2) 

Si,=12142lb 

API E.3.1 

API Table E-2 

API Figure E-4 

API E.3.3.2 

API E.3.3.1 

API E.3.3.2 

if(Fe v Fw > Sb, "UBC Governs, OK" , "API Governs, Redo")= "UBC Governs, OK" 

Mb= Moment at bottom of foundation 

Page: 7 of 15 

Mb:= Z·IAPr[C1-W5-(Xs + h) + Cl •Wr·(H + h) + Cl•Wl •(Xl + h) + C2-W2-(X2 + h)] 

Mb= 114465lbft 

if(Me v Mw > Mb, "UBC Governs. OK" , "API Governs, Redo") = "UBC Governs, OK" 
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Na2S TANK (36-D74-006) 

GENERAL DIMENSION 

PC = Performance Class 

H1 = Height of tank 

D1 = Diameter of tank 

H1 := 121.25in 

Hcg1 = Height to center of gravity Hcg1 := 0.5-H1 
of tank 

Wtf1 = Weight of full lank 

Wte1 = Weight of empty lank 

PC:= 2 

H1 =JO.I ft 

D 1 =8.5ft 

HcgJ = 5.052 ft 

Wtc1 = Weight of lank contents Wtcl := WtrJ - Wtel 

WtrJ := 3 J2001b 

Wtel := 40001b 

Wtcl = 27200Jb 

h := 2ft h = Height of concrete foundation 

D1 1 = Diameter of concrete 

foundation for weight 
DJ 1 :=DI+ 2ft + 8in DJ I = I l.l67ft 

021 = Diameter of effective area D2 1 := DJ + 4ft + 8in D2 1 = 13 .167 ft 

of concrete foundation in 
contact with the soil 

A2.1 = Area of 02 

wc = unit weight of concrete 

2 
1t·D21 

A21:=--
4 

2 
A21 = 136.2ft 

lb 
WC := 150-

ft3 

Wc1 1 = Weight of concrete 

foundation 
(

Dl )
2 

Wei I := wc•h·1t • -:!- Wcl I = 293801b 

3 
1t·D21 

S21 = Elastic section modulus of s21 := --

foundation 
32 

3 
S21 = 224 ft 

AS-429 
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SOIL BEARING CAPACITY 

AllowBC == Allowable bearing 
capacity 

ActBC 1 == Actual bearing 

pressure 

FOS1 = Factor of Safety 

WIND 

Jb 
AllowBC :== 3000-

tl 
Wtn + Well lb 

ActBC1 := ---- ActBC1 = 444.929 -
A21 fl 

FOSi := AllowBC 
ActBC1 

FOS1 = 6.743 

Following DOE-STD-1020-2002 and ASCE 7 standards 
Method 2 6.5.13 

Exposure C 

Kz = Velocity Pressure 
Exposure Coefficient 

Kzt = Topographic Factor 

Kd = Wind Directionality Factor 

V = "Three-second gust" wind 
velocity 

I = Importance Factor 

0.86 if H1 ~ 16ft 

0.98 if H1 = 30ft 

1.04 if H1 = 40ft 

1.19 if H1 = 75ft 

"prob" otherwise 

Kzt := l 

Kd := 0.95 

mi 
V := 85-

hr 

I(PC) := 1.15 if PC = 2 I(PC) = 1.15 

1.0 if PC= l 

"prob" otherwise 

Page: 9 of 15 

Reference 5 Figure 4 

TFC-ENG-STD-06 
REV B-1 Table 3 
Page 24 

ASCE 7 page 75 

ASCE 7 page 47 
flat ground 

ASCE 7 page 76 
round 

TFC-ENG-STD-06 
REV 8-1 Table 3 
Page 24 

TFC-ENG-STD-06 
REV 8-1 Table 3 
Page 24 

qz = Velocity Pressure qz := 0.00256 (~)
2

-Jb-Kz{Hi) ·Kzt-Kd-v2-I(PC) ASCE 7 page 31 
m1-ft 
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G = Gust factor 

lb 
qz= 17.38-

tl 
G:= 0.85 

Page: 10 of 15 

ASCE 7 page 30 

if( D1 .jqi, > 2.5'1tt,, "Use shown Cf factors", "Change factors") = "Use shown Cf factors" 

H1 
Cf = Force Coefficient Cf(x) := 0.5 if - < 7 ASCE 7 page 69 

Cp = Pressure Coefficient 

Af1 = Area normal to the wind 

Pw = Wind pressure 

Fw1 = Wind force 

Mw1 = Wind moment 

Wu1 = Unfactored wind 

pressure 

D1 

H1 
0.7 if 7 ~- <25 

D1 

H1 
0.8 if 25 ~ -

D1 

''prob" otherwise 

Pw := qz· G· Cp 

(HI) · 
Cf Di = 0.5 

Cp := 0.8 

Af1 = 85.88Sti 

lb 
Pw = 11 .82-

f/ 
Fw1 = 1015 1b 

WtrJ + We! l Mw1 
Wlul := +--

A21 S2 1 

WI = 477_!!: ul 2 
ft 

UBC page 2-29 
Table H 

ir( Wlul ~ 3000 :~ , "Design is Good" , "Design is Bad")= "Design is Good" 

Wtel + Wcl I Mw1 
W2u1:= ----

A2 1 S2 1 

W2 = 213_!!: 
ul 2 

ft 

if(O s; W2ul, "Design is .Good", "Design is Bad")= "Design is Good" 
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SEISMIC 

Following 1997 Unifonn Building Code (UBC) standards 

Seismic Zone= 28 

Soil Profile = Sc 

Ip = Importance Factor 

Z = Seismic zone factor 

Ca = Seismic coefficient 

ap = Horizontal Force Factor 1 

Rp = Horizontal Force Factor 2 

hx = Height from ground to 
bottom of element 

Fe1 = Earthquake Force 

lp(PC) := 1.5 if PC = 2 

1.0 if PC = I 

"prob" otherwise 

Ip(PC) = 1.5 

Z:= 0.2 

Ca := 0.24 

ap := I 

Rp := 3 

hx := 0.0ft 

ea 1 .= • + ·- • ¼, F . ap·Ca·Ip(PC) (I 3 hx) W 

Rp H1 

Fea1 = 3744 lb 

Femax1 = Max earthquake force Femax1 := 4.0-Ca•lp(PC) ·W¼, 

Femax1 = 44928 lb 

Femin1 = Min earthquake force Femin1 := 0.7•Ca-Ip(PC)-W¼, 

Me1 = Seismic moment 

Femin1 = 7862.4 lb 

Fe1 := Femin1 if Femin1 > Fea1 

Femax1 if Fea1 > Femax1 

Fea1 otherwise 

Fe1 = 7862.4 lb 

Me1 := Fe1 ·(Hcg1 + h) Me1 = 55446.3 lbft 

AS-432 
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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 16-0 

UBC page 2-33 
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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Eu1 = Unfactored seismic 

pressure 

WtrJ + Wcl 1 Me1 
Elul := ---- + -

A2 1 S21 
lb 

El I= 692-
u 2 

ft 

ir(Elu I ~ 3000 : : , "Design is Good" , "Design is Bad") = "Design is Good" 

WtrJ + Wcl I Mel 
E2u l := ---- - -

A21 S21 

lb 
E2u l = 198 -

tt2 
if(O ~ E2u 1, "Design is Good", "Design is Bad") = "Design is Good" 

Page: 12 of 15 

LOAD CASES - FACTORED PRESSURE 

l.4 •(Wtel + Wei 1) 
LCI 1 := -----

A2 1 

UBC page 2-4 
1612.2.1 

LC 1 = 1.4D 

LC 2 = 1.2D+1 .6L 

LC 3 = 1.2D+1 .0L+1 .3W 

LC 4 = 1.2D+1.0L +1.0E 

lb 
LCI 1 =343 -

tt2 

!.2(Wtel + Wei 1) + 1.6-Wte l 

A21 
lb 

LC21 = 614-
ft2 

(12-1) 

(12-2) 

l.2•(Wtel + Wei 1) + 1.0-Wtel l.3•Mw1 
LC31 := --------- + ---12-4) 

A2 1 S21 

lb 
LC3 1 = 535-

ft2 

1.2-(Wtel +Wel 1)+ 1.0-Wtel LO-Mel 
LC4

1 
:= _...:__ _ __ _;__ ___ + ---(12-5) 

A2 1 S2 1 

lb 
LC41 = 741-

tl 
lb 

max(LCl 1,LC21 ,LC31 ,LC41) = 741-

fl 
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SLAB MOMENT CAPACITY CHECK 

if(Me1 5; Mw1, "Wind Governs", "Seismic Governs") = "Seismic Governs" 

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

P f1 = Factored downward 

pressure from tank and 
contents 

1.2-(Wtel + Wei 1) + 1.0-Wtcl 
Pn:=----------

A21 

lb 
pfl = 494-

t? 

Page: 13 of 15 

LC4 1 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. 

M1r1 = Top rebar moment 
(LC41 - Pn)·D12 lb-ft 

Mtrl := ------Mtrl =2235-
8 ft 

Assuming a catilever of 2 feet with the maximum factored pressure LC41 acting as a uniformly distributed load, 

the moment in the bottom rebar will be found. 

L = Assumed overhang 

Ma-1 = Bottom rebar moment 

Mu1 = Moment resistance per foot 

2 
LC4 1-L 

Mbrl := --
2
--

L := 2ft 

lb-ft 
Mbrl = 1483 ft 

lb-ft 
Mu I := 40000-

ft 
Attachment 4 

if(Mtrl "Mbrl :;; Mui, "Rebar is sufficient", "More rebar is neeced") = "Rebar is sufficient" 

American Petroleum Institute - shear and moment check 
Of the empty weight: 30% is the weight of the roof, 

50% is the weight of the walls and 
20% is the weight of the floor 

Wr1 = Weight of roof Wrl := 0.3-Wtel Wrl = 12001b 

W51 = Weight of tank shell Wsl := 0.5-Wtel wsl = 20001b 

Ar1 = Area of top and bottom (D1 + 61n r 2 
.\-1 := 7t · .\-1 = 64ft 

of tank 
2 

Aw1 = Area of walls ¾I := 1t·D1 ·H1 ¾I= 270ft 
2 

Hu = Height of liquid Hu:= H1 - lft H11 = 9.104ft 

AS-434 
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D1'HL1 = Diameter to height ratio 

I API = Importance factor 

S = Site Coefficient 

k = Factor 

T1 = Factor 

C1 = Factor 

C21 = Factor 

W1 1 = Mass in. unison 

W21 = Mass sloshing 

X1 1 = Height for W1 

X21 = Height for W 2 

X51 = Tank centre of gravity 

Sb1 = Base shear 

3.375-S 

T 2 
I 

XJ 1 := 0.42-HLI 

X2 1 := 0.79-HLI 

H1 
Xsl :=-

2 

D1 
- =0.934 
Hu 

IAP(= 1.25 

S := 1.2 

k:= 0.59 

T1 = l.72 

Cl := 0.6 

ifT1 > 4.5 

C21 = 0.52 

WI I = 23392 lb 

W21 = 48961b 

XI I = 3.824ft 

X21 = 7.192 ft 

~l = 5.052ft 

~I := Z·IAPr(Cl•Wsl + Cl•Wrl + Cl•WI 1 + C21-w21) 

Sb! = 46291b 

Page: 14 of 15 

API E.3.1 

API Table E-2 

API Figure E-4 

API E.3.3.2 

API E.3.3.1 

API E.3.3.2 

if(Fe1 v Fw1 > Sbl, "UBC Governs, OK", "API Governs, Redo") = "UBC Governs, OK" 

Mb = Moment at bottom of foundation 

Mb! := Z·IAPr[ Cl ·Wsr(Xsl + b) + Cl•Wrr(H1 + h) + Cl-WI i-(Xl l + h) + C2rW21 ·(X21 + h)] 

Mbl = 30616 lbft 

if(Me1 v Mw1 > Mbl, "UBC Governs, OK" , "API Governs, Redo")= "UBC Governs, OK" 
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ORIGINATOR: g)~ WA.i_i.L.,.J/ CHECKER: ~ayn,.._ 
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GENERAL DIMENSIONS OF WHOLE FOUNDATION 

1 := 36ft 

b := 29ft 

I = Lenght of foundation 

b = Width of foundation 

WT= Total Weight WT:= 2Wcl + Wei I + 2Wtr+ W1fl 

Fwr = Total Wind Force 

Fer= Total Seismic Force 

FRICTION 

Fei, := 2Fe + Fe1 

f = friction coefficient f := 0.34 

ResSD = Resistance from siding ResSD := WTf 

WT = 300788 lb 

FwT = 4797 1b 

F~ = 49342 1b 

ResSD = I 02268.068 lb 

Page: 15 of 15 

Reference 5 Page 4 
Table 1 

if{FwT :s; ResSD , "Design is Good" , "Design is Bad") = "Design is Good" 

FOS4 = Factor of Safety FOS4 := ResSD 
FwT 

FOS4 = 21 .32 

if(F~ :s; ResSD ,"Design is Good" ,"Design is Bad") = "Design is Good" 

FOSS= Factor of Safety FOSS = 2.073 
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Attachment 4 

Rebar Design for Foundation Pads or Slabs 
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Slab Design Check AMEC - Trail Civil Group. 

Project: GeoMelt - Final DBVS 
Foundation description: 

Re-bar Design For Fdn Pads or Slabs 
Ref: ACI 318 

· Bars: Top or Bot only =1, Top & Bot =2 

tv 
fc 

4> 
Mu 
b 
h 
d 

A= 0.59 * fy/fc 
B = -1 

C = Mu /( ~ bd"2fy) 
~ Ru - Mu /D0"2 

p (1) 

IP (2) 
p (temp) 
pmin 

Selected p for design 
Check p < p max 

psi 
psi 

k-ft 
in 
in 
in 

Reference: 145579-C-CA-016 

8.85 
-1 

0.0019 
100.0 

0.1111 
0.00188 

Foundation# 21 & 22 

60 ksi normal 
3-4 ksi normal 
0.9 normal 
required Mu 
unit width or full width 
slab thickness 
depth of steel 

~:~~~~ 0.18% typical 
0.0033 

0.00188 
OK 

01/28/2005 

As req'd per ft (temp) in2 0.26 considers top and/or bottom 
As reQ'd (desiQn) 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 0.307 
Bar Spacing in 
Total As per ft 0.61 

OK OK or NG (no good) 

4000 
60000 

1 = 0.85-0.05* fc-4 , >=0.65 0.85 
pb=O. 85*131 *fc*87000/(fy*(fy+87000))= 0.0285 

pmax =0.75*pb = 0.0214 

Attachment: 4 --------
Ca I c. No.: 145579-C-CA-016 

Rev. No.: 0 
Sheet 1 of 

ACI-Concrete Design.xis 1 
AS-438 
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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 

Paul Meyer (Trail) To: 
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 
to raise the water to the freezing front. Because Hanford is a near desert climate, there is little 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 certainly is cold enough in the winter to freeze water. 

The little water in the near surface soil does freeze but the associated h!;lave 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. 

--Ortginal Message---
.From: Paul Meyer {Trail) 
sent: Friday, December 17, 2004 1:47 PM 
To: Brad Hupy 
Subject RE: Questions about the soils and report at Hanford 

Attachment: 5 
__ 1_4_5_5_7_9--C---C-A--0-1_6 __ 

Cale. No.: 
Rev. No.: 0 

Sheet 1 of 

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 
--Original Message--

From: Brad Hupy 
sent Tuesday, December 07, 2004 9:09 AM 
To: Paul Meyer {Trail) 
Cc: Tony 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 motions. 

---Original Message--
From: Paul Meyer {Trail) 
Sent: Monday, December 06, 2004 4:33 PM 
To: Brad Hupy 
Cc: Tony Heim 
Subject! Questions about the soils.and report at Hanford 

We are still awaiting approval from the "Independent Qualified Registered Professional Engineer" (IQRPE) 
who is checking our foundation designs to 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 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 concrete set at 
663.00 feet, while surrounding grade is at 662.8 feet We removed the native soil 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'x30' 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 (to 39j 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 
44x24 to 6x6 feet. Most are the 6x6 ones. Minor seasonal movement of the foundations would not be a 
problem. Actual gravity loads are quite light, typical values are substantially 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. I don't believe 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) IS 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. I will have e-mail access while there. I will be traveling back to Trail Thursday, Dec 09 and back in the 
office Friday, Dec 10. Best way to contact me is via e-mail until Friday, phol!e after that. 

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 

« 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 

Paul Meyer (Trail) To: 
Cc: 'michael.custer@dmjm.com'; John Stephens (TRL); Tony Heim 
Subject: RE: Allowable soil bearing pressure at the DBVS Project in Hanford Washington 

Paul, 

As we discussed yesterday afternoon, 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 
elastic 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. · 

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

Would it be possible for you to provide a simplifying statement to me concerning the allowable bearing pressure for the 
compacted native soil at the Hanford DBVS Project? Th is site was the subject of your report 4-94M-000310-660, April 
2004. 

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

I have assumed a minimum safe bearing pressure of 3000 psf, which I believe to be conservative. I 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 possible for you to confi rm th is 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 V1 R 4C3 
1-250-368.-2407, fax 2455 
paul.meyer@amec.com Attachment ____ 5 ___ ---:-:~ 

Cale. No.: 145579-c-o,-o\G 

Rev. No.: 0 
Sheet ___ 3_ of __ 3 __ 
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Technical Data Sheets 
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amecG 
TECHNICAL DATA SHEETS 

PROJECT: Final DBVS Design 145579-0-05-058.5 REV. C 

PROJECT NO.: 145579 NaOH 15% Solution Tank 
EQ.NO.: 36-074-113; 36-074-113A; 

CLIENT: AMEC E&E - Richland Washington 36-D74-1139 

No. - . l Area Off Gas 36 
P&IDlt P-14S579-36-A-Ol 02 Stream No. 
Refermce Soecification: NIA Oualitv Assurance Lem CQ 

Operating Conditions Rev Rn 
Location (Indom/Outdoors) Outdoo!1 Environmental Cooditioos 
Operation (Continnoua / Intermittent) Intamllla!t Ambient Tempaature Range (°F) .25 to 115 

lDays per year 365 Relative Hmnidity Range ('h) IOID 100 

Hours per day 24 Hail Diameter rm) <or=0.75 
Noise I..evcl Allowable per 8 hr shift (dB • Lex) . &S Sand and dust concentrations (lbm/ft') LJ x JO" 
Shift Length (hrs) 8 - typical size (mm) 0.15 
Noise Level Allowable (dB) &S Solar Radiation (12-hoor period) (ll!Jlgleys) 900 
Site Elevation (It) 663 Availability (%) 95 
Min C>.itdoor Operational Service {ycan) 2 F.n vironme:nt - Radioactive No 
Max C>.itdoor Operational TllDC (years) 5 - Toxic Yes 
Maintained Operating Temperature (°F) n • Corrosive to steel on ambient tem No 

-Flammable No 

Storaec: Tank lnfonnation, 
Genera] Tank Attachments 
Manufacturer (or approved equal) Highland Thnkl Site Level Gage No 
Model Number Double Wall UJ-142 Manway and Fill Cap (Non-sealed (Io) 18 

Fluid to be stored Composition Vent Pipe Yes 
-water % 85 Tank Accessories 
-NaOH - caustic % 15 Ladders Yes 

Viscosity (cP) 2.00 Tie Down System Yes 
Specific Gravity 1.16 Tanlc Leve] Sensing System Yes 
Double Wall Storage Capacity USG 4000 Power Supply 24VDC 
Overall Dimensions • Interface options for client control system yes 

Diameter (in) 96 fluid Isolation Valves 
Height (in) 126 • Suction Linc Yes 

Material Camon Stul - Discharge Line Yes 
Density nl• Process temperarure sensor for heater controller Yt3 

Shipping Weight (lbs)* 10000 36-D57-113F Miur/Agibtor 
Operating Weight (It...) * S4000 Manofactnrc:r Ocvdand Eastan Millm 
Fluid pressure jl)pc,top emtry, propeller IJPC- dedrically driven BHD 
Tank Fittings (Nozzles) MOIOr (bp)I 2 

Fill-in Voltage/Phase/Hertz (V/Ph/Hz) 4800/60 
Nl -Caustic rm) 2 

N2 -Wata (in) 2 36- D91 - 0113B NaOH Tank Heater 
N3 Draw-out (in) 2 Voltage (V/Ph/Hz) 4800/liO 
N4 Levd Transmitter (in) 3 Electrical power (kW) S3 

Fitting -Drain Yes K)vcNtmpcnlllrC SCJl3l0T (Type K - thermoeooplc) Yes 
Lining -Inside Yes Beata cootrolla (rdu commc:lll 3) No 

-type • l>roccs5 5emor for ~ coolrolla (RID) Yes 
Thermal Insulation Yes 36- D61 • 0113A NaOH 15%Tank Pump 

-type • Pump Manufaamcr Wildt.II 
Air Diaphragm Displaa:ltlent. Air Driven Pump Type Pl 

Flow (gpm) 121 

Suction Head (ftWG) 28.8 
rTotal Dynamic Head (IIWG) 545 

Date 09-Feb-OS 24-Feb-OS 07-Mar-OS 
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TECHNICAL DATA SHEETS 

PROJECT: Flnal DBVS Design 145579-0-DS-058.4 REV. C 

PROJECT NO.: 145579 NaOH 50% Solution Tank 
CLIENT: AMEC E&E - Richland Washington EQ.N9.: 36-074-007&36-091·0078 

No. Rtaoired 1 Ana I OffGas 36 
IP&ID# I P..145579-36-A-0104 StnamNo. 
Rd'erence Snerificauon: NIA :On.aHtv ~ce Level I CQ 

Operating Conditions RcT Rn 
Location (Indoors/Outdoors) Ouldoots F..ovironmCDtal Conditions 
Operation (Continuous / Intermittent) In!.tnni1tr.nt Ambient Temperature Range {"F) -25 to 115 

Days per year 365 Relative Humidity Range • (%) !Oto JOO 

H= per day 24 Hail Diameter (ln) <or=0.7S 
Noise Level Allowable per 8 hr shift (dB - Lex) 8S Sand and dust COllCClltrations (lbm/lt1) 1.1 X JO" 

Shift Length (bn) 8 - typical size (mm) 0.15 

Noise uvel Allowable (dB) &S Solar Radiation (12-bwr period) OangJey,) 900 
Site Elevatioo (ft) 663 Avail ability (%) 95 

Min Outdoor Operational Service 6'tan) 2 Environment • Radioactive No 

Max Outdoor OperatiooaJ Time (years) s -Toxic Yes 
Maintained Operating Temperature (°F) 77 - Corrosive to steel at ambient No 

• Flammable No 

Stora~e Tank lnfonnation 
General Tank Attachments 
Manufactun:r (or approved equal) Highland Tanld Site Level Gage No 

Model Number Dooble Wall Ulrl42 

Fluid to be stored Composition Manway and FiU Cap (Non-sealed ("in) 18 

-water % 50 Down Pipe No 

-NaOH-C:iustic % 50 Vent Pipe (111) 6 

Double Wall Storage Capacity USG 2000 ; 

Overul Dimensions Tank Accessories 
Diameta (ID) 64 Ladders Yes 

Height (111) 144 Tie Down Sys1em Yes 

Material CArbonStttl Fluid Isolation Valves 
Density n/a. - Suction Line Yes 

Shipping Weight (lbs)* 5000 • Discharge Line Yes 
Operating Weight (lbs)* 27000 Fluid Temperature Indicator/Transducers-by Others Yes 
Fluid pressure atmospheric • Entering n/a 

Tank Fittings (Nozzles) • Leaving n/a 

NI Fill-in (m) 4 Tank Level Sensing Sy&em-by Others Yes 
N2Draw-out (m) 2 Power Supply 24VDC 

· N3 Level Transmitter (in) 2 - Interface options for client control system )'CS 

N4Sparc (ID) 2 

36- D91 • 007B NaOB Immenion Btater& Controller 
Firting -Drain Yes - Single-point non-fused disconnect switc.h yr:3 

lining -Inside Yes - Electrical Power (kW)• 2 

-type * - Voltage/Phase/Hem (V/Pb/Hz) 240/1/60 

Thermal Insulation Yes • Line voltage thenno.stat Yes 
-type * - Resettable over-temperature C\11-0Ut Yes 

* 
* 

Date 09-Feb-05 24-P~0S 07-Mar-05 
Attachment: 6 By AP AP ,H\ 
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TECHNICAL DATA SHEETS 

PROJECT: Final DBVS Design 1iiss1s-0-0S-0Sa2 REV. C 

PROJECT NO.: 145579 Na<:102 Tank No.1 and No.2 
CLIENT: AMEC EAE - Rlc:hland Washington EC.NO.: 3&-074-005 & 36-074-112 

No. Jlmuired 2 Area Off Gas 36 
P&ID# P-145579-36-A-0104 StnamNo. : 
ReffftDce Snttification: NIA Quality Assurance Level co 
Data Sheet 1 of 3 
Operating Conditions Ru Rn 
µ,cation (Indoors/Outdoors) o,udoon Environmental Conditions 
Operation (Continuous / Intermittent) lnt.crmittenl Ambient Temperature Range (°F) -ZS to 115 

Days per year 365 Relative Humidity Range (%) !Oto 100 

Hours per day 24 Hail Diameter [in) <or=0.75 

Noise Level Allowable per 8 hr shift (dB cw) n/a Sand and dust COllCClltrations (lb~ 1.1 X 10"' 

Shift Length (Im) 8 - typical size {mm) 0.15 

Noise Level Allowable (dB) n/a Solar Radiation (12-hour period) (J,mg)eys) 900 
Site Elevation (ft) 663 Availability (%) 95 

Min Outdoor Operatjonal Service ~) 2 Environment • Radioactive No 

Max Outdoor Operational Time ~) 5 -Toxic : Yrs 
Maintainal Operating Temperature ("F) TT - Com>S1ve Yrs 

-Flammable No 

Storae:e Tank Information ·. 

General - · . ·- . . ··- ·•• • • - - --·· ~- . - -- -- -· Tank Atbcltments 
Manufacturer (or approval equal) KEFCO Site Level Gage Yeo 
Model NIDilber Float Level Gage 

: 
Yes Sli70600N97201 L 

Fluid to be stored Composition Manway and Fill Cap (Non-sealed [m) 18 

-waler % 87.5 Down Pipe No· 

-Na002 Sodium Chlorite % 12.5 Vent Pipe (in) 6 
Double Wall Storage Capacity USG 6500 

Overall Dimensions Tank Accessories 
Diameter [ in) 120 Ladders Tanlc-Saver Platform Yrs 
Height (in) 198 1/4 Tie Down System No 

Material HDPEHigl, .Den,aty Polyclhyla,c Tank Levtl Sensing System-by Others Yrs 
Density * Power Supply 24 VDC 

Shipping Weight (lbs)* 8500 - Jnterlao: options fur client control system yes 

Operating Weight (lbs) * 82300 Auid Isolation Valves 
Fluid pressure Atrnospbcric - Suction Line Yes 

Tank IJtting., (Nozzles) as per Fi g.1 - Discharge Line Yes 
NI Fill-in [in) 4 Fluid Tempcratuie Iodicator/I'ransduccrs-by Others Yrs 
N2Draw-out {in) 2 

N3 Levcl Transmiuer (in) 2 36- »91- 005B NaCl02 ·1rmnemon Heater& Controller 
N4Sp~ (in) 2 - Si_ng)t>-point non-fused disconnect switch Yes 

Nozzle FJcvations * - Electrical Power (kW)• 2 

Fitting -Drain - V oltagr/Phase/Hertz {Vll'Mh) 24M/60 

Lining -Inside * Alkaline - Line voltage thcnnostat Yes 
-type • - Resettable over-temperature (212F) cut-out Yes 

Thennal Insulation Yes 36- »91- 112B Na002 Immersion Beater& Controller 
-type * - Single-point non-fusal disconnect switch Yeo 

- Electrical Power (kW)* 2 

- Voltagr/Phawl-Iertz (V/Pb/Hz) 240/1/60 

- Line voltage thermostat Yes 
- Resettable over-temperature (2 I 2F) cut-out Yes 

Date 09-Feb-05 24-Peb-05 07-Mar-05 
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TECHNICAL DATA SHEETS 
PROJECT: Final DBVS Design 145579-0-0S-058.3 REV. C 

PROJECT NO.: 145579 Na2S Storage Tank 
CLIENT: AMEC E6E • Rlchlarid Washington EQ.NO.: 36-074-006 &36-061-006B 

No. Reouired 1 Area OffGas 36 
P&IDt I P..145579-36-A-Ol 04 StnamNo. - - SDeCilication: WA Quality ~ Level co 
Data Sheet 1 ot 2 ~ 

Operating Conditions Rn Rev 
Location (lndoon/Outdoors) Outdoon Environmental Conditions 
Operation (Continuous / Intermittent) IDlmDillent Ambient Temperature Range. (°F) .25 tollS 

Pays per year 365 Relative Hwnidity Range (%) !Oto 100 

Hours per day 24 Hail Diameter [m) <or=0.75 
Noise Level Allowable per 8 hr shift (dB - Ltx) 85 Sand and dust concentrations (Jbmlft') J.lxlO:'. 

Shift Length (hn) 8 • typical site (mm) 0.15 

Noise Level Allowable {dB) 85 Solar Radiation (12-hour paiod) (lang)eys) 900 

Site Elevation (ft) 663 Availability : (~) 9S 

Min Outdoor Operational Service (yean) 2 Environment - Radioaaiye No 
Max Outdoor Operational Time (yr:an) 5 - Toxic ' Yes 
Maintained Operating Temperature (°F) i1 - Corrosive Yes 

- Flammable No 

Storaee Tank Information ', 

General Tank Atbchments 
Manufacturer (or. approved equal) KEFCO Site Level Gage No 
Model Number 5S800l0N97201L Float Level Gage Yes 
Fluid to be stored Composition Manway and Fill Cap (Non-sealed ("m) 18 

-water % 90 Down Pipe . 
-Na2S-Sodium Sulfide % 10 Vent Pipe [m) 6 

Double Wall Swrage Capacity (USG) 2500 ' 
Overall Dimensions 

,~ameter (in) 102 

Height (in) 1211/4 Tank Accessories 
Material HDPE High Density Pol)'tlhylene Ladders Yes 

Dais:ity • Tic Down System Yes 
Shipping Weight (lb,)* 4000 Fluid lsolation Valves 
Operating Weight (lb$)* 31200 - Suction Line Yes 
Fluid pressure atmosnlvric - Discharge Line Yes 
NJ Fill-in ("m) 4 Fluid Temperature Indicamr/fransducus-By Others Yes 
N2Draw-out (in) 2 -Entering nJa 
N3 Level Transmitter [m) 2 · -Leaving Dia 

N4Sparc (in) 2 Tank Level Sensing System-By Other3 Yes 
Power Supply 24VDC 

- Interface options for client conttol system yrs 

Fitting -Drain • 
Lining -Inside • 36- D?l • 006B Na2S Immersion Heater& Controller 

-type .. - Single-point oon-fused disconnect switch Yes 
Thennal Insulation Yes - Electrical Power (kW)• 2 

-type • - Voltage/Phase/Hertz (V/Pb/Hz) 240/1/60 

- Line voltage thermostat Yes 

- Resettable over-temperature cut-out Yes 

Date 09-Feb-05 24-Fch-05 07-Mar-05 
Attachment: h By AP AP &\\ 
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Date: 04/22/05 

Calculation No. 145579-D-CA-043 

Rev. No. A 

Calculation Title: DBVS Detectable Leak 
ORIGINATOR: J. J . lrwi:,/'/✓ 

Volume for the OGTS Wet 
CHECKER: C. E. Grenard c¢--Scrubber System 

1.0 Introduction 

1.1 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 HIHTLs 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. 

1.2 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. 

2.0 Basis 

2.1 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-36-0102 and 
F-145579-F-37-0101 (Attachment A). A depiction of the wet scrubber enclosure plan 
layout is depicted in Figure I. A discrete depiction of tht:: fluid leak paths are listed in 
Table 1. 

Form EP 3.3-2F, Sept 2002 
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Page 3 of 6 

Date: 04/22/05 

Calculation No. 145579-D-CA-043 

ORIGINATOR: J . J . lrw#✓ Rev. No. A 

Calculation Title: DBVS Detectable Leak 
Volume for the OGTS Wet 

CHECKER: C. E. Grenard Scrubber System 

Figure 1. OGTS Wet Scrubber Assembly Plan Layout. 
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Page 4 of 6 

Date: 04/22/05 

Calculation No. 145579-D-CA-043 

ORIGINATOR: J. J. lrwi,#✓ Rev.No. A 

Calculation Title: DBVS Detectable Leak 
Volume for the OGTS Wet 

CHECKER: C. E. Grenard ~~ Scrubber System 

Table 1. Wet Scrubber Fluid Leak Configurations 

Input Description 
Reference 

Reference Location 
Dimensions 

OGTS Wet scrubber enclosure , leak containment 
114 inches wide by 474 

Figure 1. 
inches long 

2 inch HIHTL, 2-PSS-36-0311, waste caustic feed to 130 ft Long< 1> 
145579-D-SP-0 10, 

secondary waste storage tank Appendix C 
Notes: 
1) The 2 inch HIHTL contains a 2.0 inch OD primary and a 4 inch ID Secondary. 

2.2 Criteria 
There are no pre-determined acceptance criteria. 

2.3 Assumptions 

The assumptions used in the calculation are as stated below and within the body of the 
calculation and/or attachments. 

The OGTS wet scrubber enclosure dimensions are determined from Figure 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 le_ak 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 of¼ inch 
before draining to the skid's leak detector sump. The leak detector sump and pump-out 
port were assumed to have a volume of0.2 cu ft (1.5 gallons), this is an engineering 
assumption. 

Form EP 3.3-2F, Sept 2002 
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Calculation No. 145579-D-CA-043 

ORIGINATOR: J . J.lrwy/✓ Rev. No. A 

Calculation Title: DBVS Detectable Leak 
Volume for the OGTS Wet 

CHECKER: C. E. Grenard ~ Scrubber System 

3.0 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, 
DMJM, December, 2004. 

F-145579-F-36-0l00, Revision I, Sheet 1, "Bulk Vitrification Wet Scrubber Skid No. 1 
P&ID" (Attachment A). 

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

F-145579-F-36-0102, Revision I, Sheet l , "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). 

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

5.0 Results and Conclusions 

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

6.0 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 

ORIGINATOR: J . J. lrw~ Rev. No. A 

Calculation Title: DBVS Detectable Leak 
Volume for the OGTS Wet 

CHECKER: C. E. Grenarde.e£-Scrubber System 

Table 2. Calculated Fluid Volumes for Wet Scrubber Components 

Wet Scrubber Component 

Wet scrubber enclosure catch pan at ¼ inch depth plus leak detector swnp. 

2 inch HIHTL, 2-PSS-36-0311, OGTS Scrubber Enclosure to secondary waste 
storage tank 

Total: 
Notes: 
I) Volume of a rectangular enclosure is width x length x height of fluid 
2) Volume ofa cylindrical annulus is Pix (D2"2- DI "2)/4 * length of fluid 
3) Volume of a cylinder is Pix DI "2/4 * length of fluid 

Where: 
D2 = ID ofHIHTL outer hose, 2.0 inches 
DI = OD ofHIBTL inner hose or ID of Flex Line, 4.0 inches 
Pi = Approx. 3.1 

Fonn EP 33-2F, Sept 2002 
AS-455 

Volume, 
cu.ft. 

8.02 

8.51 

16.53 

Volume, 
gallons 

60.0 

63.7 

123.7 
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EP 3. 3, Revision 6 , Engi.neering Ca.Iculations • 
Engineering Procedure-April 15, 2005 

-SAMPLE"" 

FORM EP 3.3-3F - CALCULATION PROCEDURE CHECKLIST 

The calculation number has been obtained from Document Control and the 
calculation number is logged in the hard copy Calculation Log. 

2 The calculation has been prepared using the forms associated with this procedure 
(i.e., calculation cover sheet, summary sheet, and calculation sheet). 

3 The calculation has been formatted per this procedure (header, page number, etc). 

4 The appropriate revision number has been assigned. 

5 The discipline lead of affected documents has been notified of any changes. 

6 All calculation sheets have been signed/initialed and dated. 

7 Attachments to the calculation are formatted as required and are included in the 
calculation package. 

8 The calculation package is complete and submitted to the assigned checker. 

9 The checker has accepted comment resolution and signed the cover sheet. 

10 The Calculation package has been submitted to Document Control (Preliminary) or 
Discipline Lead (Final}. 

Final Only 

11 Design Verifications, where applicable, are complete in accordance with EP3.9. 

12 The calculations are stamped by a Registered PE (when required). 

13 The Discipline Lead has approved the calculation and signed the cover sheet. 

14 The Discipline Lead has forwarded the calculation package to the Document 
Control. · 

Calculation Revisions 

15 Th_e calculation cover page is updated, noting the reason for revision. 

16 Calculation sheets are updated in accordance with this procedure. 

17 The appropriate revision number has been assigned. 

18 The checking and approval (when required) have been completed and cover sheet 
is signed. 

Form EP 3.3-3F (09/02) 
• Each action is to be verified by the Originator. 
b This checklist applies to preliminary and final calculations. 
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Figure 1. Subcontractor Calculation Review CheckJist. 

Page_l __ of_l __ 

Subject: DBVS Detectable Leak Volume for the OGTS Wet Scrubber System 

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

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

Analysis Performed By: DMJM 
-----------------------------

• Design Input 
• Basic Assumptions 
• Approach/Design Methodology 
• Consistency with item or document supported by the calculation 
• Conclusion/Results Interpretation 
• Impact on existing requirements 

• 

Checker (printed na~gnature~nd ~_ate) , /,' 1 I. · r{; 
Thomas H May '-/(/yw ,(1'~'1/ -- / I q ;t} ::.?' 

Organizational Manager (printeLe, signature and date) 

The following correction need to be made to the text: 

1. The calculation is acceptable for the IQRPE package, but Jacks an approval signature 
byDMJM. 

I 
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