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1 INTRODUCTION

1.1 Purpose

1.2

The purpose of this calculation is to provide the analysis and design for the Ofi-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.

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.

BASIS
Design Inputs

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

ORIGINATOR: DATE: _cxﬁ— 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-58RB1806-5-105, Revision 1 provide the detailed information for the OGTS fan/
motor assemblies located on the stack foundation also included in Attachment 1.
Attachment 3 is the design calculation developed for the analysis of the OGTS
Stack provided by the vendor.

The Off-Gas Stack foundation is Performance Category PC-2 as provided at the
March 11, 2004, biweekly design review meeting. The attached foundations chart
(Attachment 4) was included in an e-mail from David Shuford 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 Ibs, as provided by the stack vendor.

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

I_‘omrsnmwn:~
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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 ashfall: the ashfall load on the Hanford site is 5 psf for PC-2 SSCs. By
inspection, a 48" thick reinforced slab-on-grade will not be affected by such a minor
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

ORIGINATOR, / . . DATE: HECKER: DATE:
it K. Coniler | 3-28-0C 3-z8-0C
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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 ACI-318 and ACI-336) 1997. American Concrete
Institute, Farmington Hills, Michigan.

3. TFC-ENG-STD-06 Rev B-1, Design Loads for Tank Farm Facilities, |ssued
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 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 1B, 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.

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

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

METHODS

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

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

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

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

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

The foundation has been sized as a rectangular prism, based on the dimensions
provided by the vendor information. Stack weight applied in the analysis is actual

ORIGINATOR: DATE: HECKER: DATE:
le//é- »2 3-285-06 M F-28-06
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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 Ibs, adding significant weight (approximately
50%) increase in the dead weight on the foundation. In addition, the center of
gravity of the fan/motor assemblies are located approximately 7°-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 ACI-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 0 psf on the windward
edge implies a safety factor against overturning of 3.0. As bearing pressures are
always positive (compressive) on the windward edge, the safety factor against
overturning exceeds 3.0,

Other safety factors are:

Loading condition FDN#10
Soil bearing capacity without wind or seismic 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 load | 19.8

[ORIGINATOR: ORIGINATOR: _ DATE: CKER: DATE:
s uw//{ Cadﬁ 3-Z5~o6 M FZ8-06
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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: DATE:

A NEE I
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6.0 Calculation / Analysis

This analysis provides the design of the foundation for the Off-gas Stack. The stack is constructed of
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 - kft := kip-ft
Ibf 1 psf
If = — sf := ——psi cf .= —
P ft P 144 P P ft
kif := 1000plf  ksf:= 1000psf

Material Properties for Soil

" Qg = 3000psf
Material Properties_for Concrete
Yc = .150kcf
fe:= 4000psi
Material Properties for Reinforcing Steel
fyr := 60000psi
Material Properties for Anchor Bolts
Fy := 36ksi

E := 29000ksi

kin := kip-in

kef := 1000pcf

 A5-280

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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DESIGN LOADS:

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

Ws = 45.73k Weight of the Off-Gas Stack, reference
Vendor Stack Drawings, Attachment 6
including the weight of the access
ladder and piatform.

Wim ;= 22.5k Weight of the Fan/ Motor assemblies per
Aftachment 6.
wc = 24ft Width of the foundation, Attachment 1
tc o= 4ft Thickness of the foundation,
- Attachment 1
W Length of the concrete foundation,
Lo:= 36ft Attachment 1
Ac:= wc-Lc Ac = 864 ft2 Area of the foundation
(Lc) we® Section Modulus of the concrete about the
. (Lc)-wc o e
Scl:= 6 - Scl = 3456 length dimension of the foundation.
(w) Le2 5 Section Modulus of the concrete about the
Scw = ——é——-— * Scw = 5184 ft width dimension of the foundation.
We1 = te-we-Le-ye We1 = 518400 Ibf Weight of 48" portion of the éoncrete
foundation
dmax := 7ft Lt:= 17.0ft Lb:= 5.67ft

At= L& At=289 ft°

Ab:= Lb®  Ab=32.15f

AS5-282
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We2 := d—";a-’f-(At + Ab ++/AtAb) v

Wc2 = 146138.61 Ibf
Wt .= We1 + We2 + Ws + Wim

Wt = 732768.61 Ibf

hs1:= 102ft
hs2 := 53ft
wst = 4ft
ws2 = 2ft

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 five 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 Ibs (negligible)

Wind Force:

The wind force is determined, based the design procedure of ASCE 7-88 (Reference 6) and the Hanford
site specific requirements per TFC-ENG-STD-06 (Reference 2):

Exposure Category, C

Vg = "Three-second-gust wind Vg := 8,52l
velocity hr
Importance Factor, | l:=1.15
Kz, Velocity Pressure

Y Kz:= 1.39

Exposure Coefficient,

A5-283

TFC-ENG-STD-086, 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 V Kzt:= 1.0
Kd = Wind Directionality Factor Kd := 0.95
2 hr 2
qz := 0.00256-Kz-Kzt-Kd-Vg l(—) -Ibf .
mi.ft
qz = 28.09 psf
. Gf = Gust Factor, . Gf:= 0.88
Cf = Net Force Coefficient : Cfi=12
Pw1:= qz-Gf.Cf

Pw1 = 29.66 psf

Pfw1 := qz-Gf-Cf-ws1 ., Pfw1 = 118.64 plf

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

Vmaxw = Pfwl-hst + Pfw2-hs2 ,
Vmaxw = 15245.48 Ibf

Seismic Force:

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

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.

AS5-284
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Earthquake loads applied to PC-2 SSCs shall comply with the UBC, Seismic Zone 2B for essential
facilities, per TFC-ENG-STD-06 (Reference 2, Section 3.6.5.1).

Seismic Zone = 2B TFC-ENG-STD-086, Rev. A (Reference 2,

- Section 3.6.5.1). UBC 1997, Figure 16-2,
page 2-37

Soil Profile = S¢ AMEC Soils Report (Reference 3, page 11)

Seismic Zone Factor, Z=0.2 ' UBC 1997, Table 16-I, page 2-30

Seismic Coefficient, Cv:= 0.32 UBC 1997, Table 16-R, page 2-35

Seismic Coefficient, Ct:= 0.020 UBC 1997, Section 1630.2.2, page 2-14

Importance Factor, le le:=1.25 UBC 1997, Table 16-K, Occupancy

Category, page 2-30, Essential Facility.

Seismic Coefficient, Ca:= 0.24 AMEC Soils Report (Reference 3, page 11)
. UBC 1997, Table 16-Q, page 2-34

Height (feet) to top of the structure,

hss = 155 Attachment 1.

T:= Ct-hss'-,5 - T=0.88 Structure period, UBC 1997, Equatlon

30-8, page 2-14

Determine the Lateral Seismic Force based on UBC 1997, Section 1634.5:
V:= 0.56-Ca-le-Ws . V = 7682.64 Ibf

Determine the Lateral Seismic Force based on UBC 1997, Section 1632.2:
ap:= 25
Rp:= 3.0
Ip:=1.5
hx:= Oft .

AS5-285
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hr := 155ft
.Cal h
Fp:= 2P 28PN 3.2 ws
Rp hr
Fp = 13719 Ibf

Fpmax := 4.Ca-lp-Ws Fpmax = 65851.2 Ibf

Fpmin := 0.7-Ca-lp-Ws , Fpmin = 11523.96 lbf

Fseismic := 13719Ibf

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:

Overtuming 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

hst
hs1-Pfw1 % + th-waz-(h—:Z + hs1)

Ycgw :=

*

Pfw1-hs1 + Pfw2-hs2

Ycgw = 66.98 ft

A5-286

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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A technalogy
Calculation No. 145579-B-CA-015
Rev. No. 2

Calc. Title OGTS Steel Stack
Foundation

CALCULATION SHEET Project Number: 145579

P;ge 16 of 23
) /

2 e,

Originator: M.R Custer|

Date: 03-28-06
cker: 'D. Chenauit

Date: cgw
3-28-08

Fseismic := 13719Ibf

Vmaxw = 15245.48 Ibf

Vmaxw = 15245.48 Ibs > Fseismic = 13719
Ibs

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

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

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

Mot ;= Vmaxw-Ycgw Mot = 1021.18 kit Maximum overturning moment due to the

wind force on the structure.

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

ws3 ;= 4.5t

Mres := WtWTS3

Mres = 1648.73 kft

Safety Factor Overturning, SFot:= Mres

Mot

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 am for the moment.

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

Determine the Factor of Safety for the Soil:

AS-287
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CALCULATION SHEET Project Number: 145579

Page 17 of 23

"7/;@’ A ,ﬂ 7
Originator: %.R Custer

Calculation No. 145579-B-CA-015 Date: - 03-28:08
Rev. No. 2 . A .
Calc. Title OGTS Steel Stack Dat _%“)Z’- Dﬁ- Chenault
Foundation ate. 1.
3-728-06
qact .= qact = 848.11 psf Solil bearing pressure Safety Factor without
we-Le wind or seismic loadings.
q
SFsoil := ——
qact
‘SFsoil = 3.54

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

Fslw:= 15.6k Slidihg Force on the stack structhre
Vmaxw, due to the wind force.
— 0.34 Friction coefficient for concrete on the soil
=0 Reference 3, AMEC Geotech Report, page 4.
Frsl:= p-Wt Force resisting sliding of the stack
Frsl = 249.14 k
SFsiw:= Frsl + Fslw SFslw=1597 >1.5.0K

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 = 249.14k

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

SFsls := Frsl + Fseismic SFsis=18.19 >1.5..0K

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

A5-288
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CALCULATION SHEET

echnology

Project Number: 145579

_Pa e 18 of23

Orlgmator M R Custer
Date: 03-2g-06

Calculatlon No. 145579-B-CA-015

Rev. No. 2 .
Calc. Title OGTS Steel Stack Date: Dr_D ghenaut
Foundation 325 0%
structure, Wt. The resisting force is applied at the bottom of the foundation for the stack structure.
ddry := 85pcf Dry density of the soil, AMEC Geotech
Report reference, page 4.
¢i := 28deg Angle of internal friction, AMEC Geotech
Report reference, page 4.
i
Kp:= tan(45deg + ;) . Kp = 2.77 Reference 8, page 277.
Pp := &dry-tc-Kp Pp = 941.74 psf Passive soil pressure, reference 8, page 276
modified Eq. 6-19.
Fpsoil := (Pp.t—c.Lc)4 Fpsoil =271.22k Lateral Force from the soil on the foundation
2 Reference 8, page 277, based on the 48"

depth of the foundation.
Wind Force, Vmaxw = 15.25
kips

Seismic Force, Fseismic

Fpsoil
SFew = Eseismic SFsw=19.8 >1.5 .0K Safety Factor, soil resisting seismic
force
SFse . POl SFse = 17.79 15 OK Safety Factor, soil resisting wind force
Vmaxw

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 + Wim , Weight of the stack.

Paxial = 68230 Ibf

A5-289
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CALCULATION SHEET Project Number: 145579

/age 19 of 23
Orlgmator M R Custer
Calculation No. 145575-8-CA-015 Date: 03-28-06
Rev. No. 2 . .
Calc. Title OGTS Steel Stack ST Dgghenaut
Foundation Date: &
3-29-06
e:= .67ft Eccentricity due to the layout location of
the stack on the foundation.
T@o
. Eccentricity due to the layout location of
efm := 7.75ft the fan/ motor assemblies on the
foundation.
esum := —e-VYs + efm- me R Net eccentricity on the foundation due to the
Paxial Paxial location of the stack and the Fan/Motor
assemblies
esum = 2.11 ft

Mec := Ycgw-Vmaxw

Mec = 1021.18 kft

Ycgw-Vmaxw

et:=
Paxial + Wec1 + Wc2
et=1.39 ft
wC
ew = — ew=4 ft
6

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

Determine the maximum soll pressure:

Wit Mec
gmax:=|— |+ | —
&) (5)

gmax = 1045.1 psf

gmax < ga = 3000 psf....0.K

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

A5-290

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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CALCULATION SHEET Project Number: 145579

Page 20 of 23

- : Originator: M.R Custer

Calculation No. 145579-B-CA-015 Date: 03-28-06
Rev. No. 2 ) ..

Calc. Title OGTS Steel Stack .C%ec?z. D. Cﬁh?“a”“

Foundation Date: >
3-zg-04

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

deff := tc — 3in - 0.69in ., deff = 44.31in Minimum effective depth of the concrete
(conservative), the distance from the
extreme compressive face of the concrete
(at the top of the concrete) to the center of
the tensile reinforcement steel. Reference
Section B, drawing DBVS-SK-C006, Rev.A.

Determine the Concrete Reinforcement in the Foundation:

¢f:= 0.90 Strength reduction factor for ultimate stress
design method per UBC 1997, Section
1909.3.2.2.

Minimum reinforcing steel required per UBC

200
Asmin = o 12 deff 1997, Section 1910.5.1.

Asmin = 1.77in2

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

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

Required moment capacity by design on
the 24 ft width of the foundation. Refer to
Attachment 2.

Mreqd = 1021.18kft

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.
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4 CALCULATION SHEET Project Number: 145579

Page 21 %3

/B A

V Origindtor: M.R Custer

Calculation No, 145579-B-CA-015 Date: 03-28-06
Rev. No. 2 :

Calc. Title OGTS Steel Stack Date: ool

Foundati
oundation 3-78 08

Anchor Bolt Requirement Check based on Mreqd:

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

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

P:= 4573k Weight of OGTS stack as determined by the
stack vendor per Attachment 3.
d P
Treqd = 4.reqd P Required anchorage per ASME STS-1a-2003
N-Dbc N
Treqd = 57.47k Required capacity per anchor bolt per Mreqd.
At:= 3.25in2 Tensile area of 2 1/4 Dia.of anchor boit
Ft:= 19.1ksi As determined by the stack vendor per
Attachment 3.
Pi=Ft-At P =62.08k Load Capacity provided by each 2 1/4" dia
anchor.

A5-292




RPP-24544 REV 1d

Project Number: 145579

Two options if slab depth known:

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 2

(Minimum reinforcement required, based on latest vendor information)

 A5-293

CALCULATION SHEET
: Page 22 of 23
: MJL&M}"’
techn()logy Originator: ~ M.R Custer
Calculation No. 145579-B-CA-015 Date: 03-2g:06
Rev. No. 2 ;
Calc. Title OGTS Steel Stack pate: B, 0. Shenaut
oun n )
Foundatio Z-28 -0f
Project: GeoMelt - Final DBVS Reference:  145579-C-CA-015, Rev.2
Foundation description: Foundation # 10
Re-bar Design For Fdn Pads or Stabs (inputs in .
Ref: ACI 318 “shaded)
Bars: Top or Bot only =1, Top & Bot =2 By
fy psi 60000 60 ksi normal
fc psi <4000 3-4 ksi normal
o 0.9 0.9 normal
Mu k-ft 5979 required Mu
b in 3012 unit width or full width
h in B4 slab thickness
d in “:.50.38 " depth of steel
A =0.59 * fylfc 8.85
B=-1 -1
C = Mu /( TThd*2fy) 0.0004
7IRu = Mu /bd*2 23.6
0.1126
f 0.00044
Thtempi 70.00180° 0.18% typical
Lithin 0.0033
Selectedilifor design 0.00044
Check &1 <iZmax OK
As req'd per ft (temp) in2 0.58 considers top and/or bottom
As req'd (design) in2 0.26
As req'd (1.33 *design) in2 0.35
As reg'd(min) in2 2.02 applies if 1.33 not used
Select design, 1.33design or min 0.35
As required in2 0.35
Bar # e AR (diameter in eighths)
As per Bar 0.442
Bar Spacing in R AT
Total As per ft 0.44
oK OK or NG (no good)
4000
fy 60000
B1 = 0.85-0.05%(f'c-4), >=0.65 0.85
pb=0.85*21*Pc*87000/(fy*(fy+87000))= 0.0285
pmax =0.75"pb = 0.0214
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CALCULATION SHEET Project Number: 145579
, Page 23 of 23
i ' : e Wi d
Vi EChﬂﬂk)gV : Originator: ~ M.R Custer
Calculation No. 145579-B-CA-015 : Date: 03-26-06
Rev. No. 2 : : . .
Calc. Title OGTS Steel Stack . Date: L. P. .
Foundation 3-75-04
Project: GeoMelt - Final DBVS Reference:  145579-C-CA-015, Rev.2
Foundation description: Foundation # 10
Re-bar Design For Fdn Pads or Slabs (Inputs in
Ref: ACI 318 ~shaded) "
Bars: Top or Bot only =1, Top & Bot =2 P RN
fy-.. psi 650000 60 ksi normal
fc psi 24000 " 3-4 ksi normal
] 0.9 0.9 normal
Mu k-ft nq72 required Mu
b in o208 unit width or full width
h in = ~48::  slab thickness '
d in 445 depth of steel
A =0.59 * fyifc 8.85
- B=-1 -1
C = Mu /( Obd"2fy) 0.0016
{TRu = Mu /bd*2 86.9
0.1114
'0.00163
20.00180° 0.18% typical
) 0.0033
Selected!:itfor design 0.00163
Check [} <iZ max OK
As req'd per it {temp) in2 0.52_ considers top and/or bottom
As req'd (design}) in2 0.87
As req'd (1.33 “design) in2 1.16
As req'd(min) in2 1.78 applies if 1.33 not used
Select design, 1.33design or min 1.16
As required in2 1.16
Bar # G0 - (diameter in eighths)
As per Bar 1.227
Bar Spacing _ in i
Total As per ft 1.23
' OK OK or NG (no good)
4000
60000
B1 = 0.85-0.05*(f'c-4), >=0.65 0.85
pb=0.85T11*Fc*87000/(fy*(fy+87000))= 0.0285
pmax =0.75"pb = 0.0214

Two options if slab depth known:
Enter Mu required and iterate with bar size and spacing to get "OK" message
For a given bar size and spacing, iterate M<u untii As/ft = As requ'd and message = OK

FIGURE 3

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

Attachment 1

"OGTS Steel Stack Foundations Drawings

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

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

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

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

AS5-295
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~ RISA 3D Input/ Output Files
Stack Foundation (Fdn #10)
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_._:'.;‘DWMH&'N-»; ; S e - . OGTS 155 ft Exhaist Stack ' 3 _ Mar 26,2006

Global
IDlsIa Sections for Member Calcs 15 . '

i Rectangular

Jomt Coordmates and Temperatures

_ o label o X[ XM Z.[f] Temp [F] ... Detach From Diaphragm
N1A 0 95 . - 0 0 i

5 N20 ' 0 a3 0 0

Joint Boundary Conditions

Joint Label X [kfin] Y (il Z{Kin] X Rot[kftrad] Y Rotlk-ftrad] _ _Z Rot.[k-ft/rad]
N 1 i - . > . - oz
N8613A

Hot Rolled Steel Properties ,
Label ___Elksi G [ksi] Nu Therm (\E5 F), Density[k/ftA3] Yield[ksi]

1 A3 29000 11154 A iyl i
B75Grads50 - , .~

2

5 A500_46 ] 11154 3 65 49 46

Hot Rolled Steel Section Sets
Label __ __Shape. ___Design List Type Material _ Design Bules__ A [in2] lyy [in4} lzz[ind] ..____J[ind}

{1 | HRIA | W10X17 [WideFlange| Beam | _A36 | Typical | 499 | 356 ' 819 | .16

Member Primary Data

...Label ___ ldJoint _ J.Joint_ __L( Jaoint Hotate(d . Section/Shape _D_e_s_lgn List __Type Material i Design Rules .
1 i M46 i N1 | N1A ! Pipe 48 DIA 1/...] Channel |Beam! A36 Typical i
RISA-3D Version 5.0d [ChAALALALN L OGTS STACK 48 Pipe Fixed Base w P-Delta.r3d] Page 2
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DMJMHEN ' ‘OGTS 155 ft Exhaust Stack _ Mar 26, 2006

Member Prlmarz Data {Contlnued)

TS _1.“
M48 | N1A INBB12A

Basic Load Cases

. BLC Description Category. XGravntv YGrav:tv Z Gravity _Joint Point Dl stributed Area (Mem... Surface (...
L1l DEAD LOAD iDL T L . % !

i

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

N Joint Label . L.D.M i _Direction i Magnitude[k,k-ft in,rad k*sn2/ft] .
11 N20 L i Y ] -6 !

Member Distributed Loads (BLC 4 : WIND Z)

Member Label Direction ___ Start Magnitude(k/it.deq] End Magnitude[k/ft,deg] __ Start Location(ft
1 M47 Z ; 059 0 0

End Location|ft,%].__.
0

Load Combinations
Description ~Solve PDelta SRSS BLCFact. .‘BLC Fact, BLC Fact., BLC Fact..BLC Fact. BLC Fact.. BLC Fact..BLC Fagt...

le . MX[k-ft] lc_ MY [kAt] __Ic MZ [k-ft] Ic
! : ¢ 431.997

Envelope Member Section Forces

Member . _Sec Axiallk]_lc y Shear[k] K_lc_Torquelk-ft] lc __y-y Moment(k-ft] __lc z-z Moment[k-ft] lc_
1. 0 1 1024934 .3 1. 2

RISA-3D Version 5.0d [CAALALLNL AL MOGTS STACK 48 Pipe Fixed Base w P-Delta.r3d] Page 3
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DMJM HEN o B OGTS155ft ExhaustStack ~ . _ - . Mar26,2006 .

Envelope Member Section Forces (Continued) | . e
Member _ Sec Axiallk] Icl y Shearlk] lc_z Shear[k] _le _Torquelk-ft] lc _y-y Momentlk-ft] _lc : ,Z;Z_Momeht[ k-ft] I
3 'max'3454/1i 606 121 0 i1l 0 11 23574 3|

57 8
| 2

—_—
RISA-3D Version 5.0d [CAAALL NN \OGTS STACK 48 Pipe Fixed Base w P-Delta.r3d)] Page 4
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Project Number: 145597
Page 5 of 14

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

‘Calculation Title: DBVS OGTS Stack

RISA model showing Boundary Conditions with Node and Member Labels:

A IS A

S

N8613A

N3612A
N1A

4 dap - - s
N IR AT A RS EZ RO
i 4. Reaction | Reactien Reaction Reaction

“NB613A o -

oo

SR

4 Resuns forLC 1, DEAD LOAD

A5-304
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Project Number: 145597
Page 6 of 14

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

S 2
raaea
Zs )ﬁg&é&ﬁrﬁhwﬁhnn

NBE13A

AS92
A500_42

e

SRS

A5-305
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Project Number: 145597
Page 7of 14

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA model showing

TS o

sic Loa Caes:

TR

g

g "ig@mz%: 5

SET
i

i

Solution: Envelope

SRS e
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ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

NE613a

i

j OEAD LOAD + LIVE LOAD + SEISHIC LOAD
{747 DEAD LOAD +LIVE LOAD + VaND LOAD

RPP-24544 REV -1d
Project Number: 145597
Page 8 of 14
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‘Project Number; 145597
Page 9 of 14

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

tiori'Win Loads:

1\

AALITTTTHITUTRRISTITANENNATA

o

A A T RO BT

Hembertabel:|iDfec | St Magntudakatd

et e
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ProjectNumber: 145597
Page 10 of 14

-

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack ’ ~

RISA 3D showing Dead Load Reactlon and Center of Grv1ty

N3612A
N1A

B

'...ia...,-..g

A5-309




ATTACHMENT 2

Calculation No.: 145579-C-CA-015

V Rev. No.: 2

Calculation Title: DBVS OGTS Stack

NB613A

MB612A4
N1A

e e e e

RN R T

Bevrgr i agiengaa

'RPP-24544 REV 1d
Project Number: 145597
- Page 11 of 14
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Project Number: 145597
Page 12 of 14

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

RISA 3D showing Maximum Enveloped Reactions using (15) Support Locations
By =3 T S .%%Ni& o

NB612A
N1iA

431,957 | 2 ]

Solution: Envelape
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Project Number: 145597

Page 13 of 14

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

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

NS613A

MN8612A
N1A

lammm

%&T‘f“’ R L A Bl

gﬁ.,&.‘,. % SR

A5-312
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Project Number: 145597
Page 14 of 14

ATTACHMENT 2

Calculation No.: 145579-C-CA-015

Rev. No.: 2

Calculation Title: DBVS OGTS Stack

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

PTG

RISA 3D [C\Documents and Settmgs\custenn\ﬂy Doaxments\Bulk Vm'rﬁcabon iject Ca}cula

Solution: Envelope
Hember y Bending Moments {i-ft)
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145579-C-CA-015

Attachment 3

Stack Vendor Calculation (Fdn #10)
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Démonstration Bulk Vitrification System, (DBVS),
Off-Gas Treatment System, (OGTS), Steel Exhaust
| Stack

Calculation Number 4697.1

February 28, 2006

Prepared for
Thompson Mechanical

* Prepared by

Meier Enterprises, Inc
8697 Gage Boulevard
Kennewick, Washington 99336
(509) 735-1589
(509) 783-5075 Fax

Project 4697.1
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L j@: MEIEREnterprlseS, |nC|C - *. Project No.-_4697.1 _ - Page._/ of:2F .
s =" 18657 Gage Boulevard Kennewick, WA 99335 535 - - ) R ' ) -
Lt 04 7. 5 - 7 & = . . — - ﬂ
!v.'-wfn‘:léwlix C.Cont Phone 308.735.1589 fox S09T8507% w5 Date: 216,2006 By: —!L Checked By: ﬁ——,—,}—-

Customer Job Number:_145579 Calculation Number:_4697.1
Customer: THOMPSON MECHANICAL Job Description: _Steel Stack

~ STRUCTURAL

CALCULATIONS®

for

. STEEL EXHAUST STACK

Calculation Numbef: ‘ 4697.1
Revision Number: =~ - 1

Originator:  Tom V. Merz, PE

Signed: m%&, ‘ )
4 3

- Checker: Pau/%(?iever, SE
' Signed: . ! W)/? %LLW\A

Approved:  Steve J. Strecker, PE

Signed: %Kw\\\%ﬁbmw
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g MEIER Enterprises, Inc. .~ . ProjectNo. 46971 =  Pagei2 of 3!
N s s ko vhme | A
/ T 1 ne 509.735.1589 ax 509.783.5075 - . . . ) . . /
VAT Com pre ' ) Date: 2/6/06- - BY- l’LChecked By. o
Customer Job Number:_145579 Calculation Number: 4697.1

Customer: THOMPSON MECHANICAL Job Description: Steel Stack
STRUCTURAL
'CALCULATIONS
, For.
Steel Exhaust Stack
Index
Page
1.0 Purpose : : 3
2.0 Basis : - 3
3.0 Methods 4
4.0  Calculations and analysis 8-3r
5.0 Results and Conclusions 5-6
6.0 References 7
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Sy ;% MEIER Enterprlses Inc; .. ProjectNo._4697% ... . Pager3.of 3£
AY]kaal} 8507 Gage Boulevard :(ennemglfOCV‘;/a\ang?g . . C : . o V : o
1 none 569 735.1568 fax-509. o . - o y .

e Pone S > Date: 2/6/06 . By:_TF7_ Checked By: [} 25{7
Customer Job Number:_145579 . Célculation Number: 4697.1
Customer: THOMPSON MECHANICAL Job Description: _Steel Stack
1.0 INTRODUCTION
1.1 Purpose

1.2

2.0

2.1

2.2

This calculation consists of . structural calculations for a 155°-0” tall steel exhaust stack to be

_placed on the Hanford site, Washlngton The stack is part of the demonstratlon bulk vitrification
* system project

Scope

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

Basis
Design Inputs

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

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

3. Exhaust stack technical data sheet

Criteria

1. Design Loads:

a. Design Wind Speed 85 mph exposure C, Iw = 1.15
Snow Loads: use 15 PSF ground snow load
Live Load applied to catwalk: 50 PSF
Seismic Loads per 1997 UBC for zone 2B, and soil type Sg, [g=1.25
Maximum exhaust stack temperature = 372° F, Minimum temperature = -25°F
Corrosion Allowance = 1/16”

e a0 o
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= MEIER Enterpnses Ine. - ProjectNo: 4891~ Pagelife. DoE 2/
’ Kennewick. WA 98336 - L S
[aL = an} ;ggZeG;&?%%mse:gd o 500.782 5575 . Date: 2606 -~ - By: 7 ;7 Ch ecked By: /lﬁﬁ(L
" Customer-Job Number:_145579 ' Calculation Number: 4697.1
Customer: THOMPSON MECHANICAL Jab Description: Steel Stack

3.0 Methods

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

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

~ arrangement of bolts. Bolts shall be sized per AISC ASD ot g

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

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

4.0  Calculations and.Analysés

See attached hand calculations.
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Customer Job Number:_145579

Customer:

5.0

RPP:24544 REV 1d

=F MEIER EnterpriSés', Inc. | ProjectNo._4697.1' ' L Page: 5 /'

8657 Gage Boulevard Kennewick. WA 99336

phena 509 735.158¢ xS007835075 e By v /.7 Checked By: %/7{/(1

Calculation Number: 4697.1

THOMPSON MECHANICAL Job Description: Steel Stack

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 .

10.

and fabricated from1/2" thick steel plate and shall be 42°-0” tall. The lower segment shall also -
be 4°-0” diameter, 1/2" thick, and be 60°-0” tall.

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

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

Both the segments shall be connected together using (12) 7/8" diameter ASTM A325 bolts.
The bolts shall bear on a 1”” thick 3” wide ring bearing plate. 1/2" thick, 12” long stiffener
plates shall be placed on either side of the bolts. The bottom bearing plate shall match the
upper plate. See page 45 of the SMACNA stack manual for a similar detail,

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

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

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

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

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

All bolts shall be placed per the “turn of the nut” method as described in AISC LRFD 3%
edition. No Spemal inspection of bolt placement is required.
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5.0  Results and Conclusions (Continued)

Calculation Number: 4697.1

Job Description: Steel Stack

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

Applicable Code

- Description - Design Allowable Design Actual Result
Normal] Stress at Both AISC EQ Scl=24Ksi - Normal Stress = 5.75 Ksi : -
base of upper H1-1 and ASME Fa=5.83 Ksi Axial Stress= .25 Ksi OK
section EQ4.80r4.9 Fb=23.76 Ksi Bending Stress = 5.5 Ksi

Interaction Equation = .28
Normal Stress at AISCEQHI-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 Scl =23.6 Ksi Normal Stress = 9.22 Ksi OK
tower base 4.9 .
Normal Stress at ASME EQ 4.8 or Scl=19.24 Ksti Normal Stress = 10.5 Ksi OK
tower base 4.9
(With Corrosion
and Temperature) : ,
Normal Stress at | ASME EQ 4.8 or Scl=23.6 Ksi Normal Stress = 9.3 Ksi OK
breech 4.9 :
Normal Stress at ASME EQ 4.8 or Scl=19.24 Ksi Normal Stress = 10.1 Ksi OK
breech 4.9 ’ '
(With Corrosion
and Temperature) : . S ‘
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 AISC ASD 9", A(Req’d)=1.52 A(prov.) = 1.90 in"2 OK
base (steel stress) in"2
Anchor Bolts at ACI318 APP.D ¢$Ncb =574 K Nu=5563K OK
base (Concrete
Embedment)
Concrete Bearing ACI 318 $Nbr=161.5 K Nu=64 K oK
Stress
Connecting Bolts AISC ASD 9™ Tmax =26.5K T=209K 0K
at upper segment
Connecting bolts at AISC ASD 9" Tmax =26.5 K T=250K OK

- | lower segment
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6.0 References
Documents:

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

Design Codes:

1997 Uniform Building Code

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

ACI318-05, Building Code Requirements for Structural Concrete
SMACNA Steel Stack design Manual.

AISC ASD 9™

AISC LRFD 3"

N AL
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Section properties of Sketchl of Breeched with Stiffners2

Area = 71.35 square inches

Centroid relative to sketch origin: ( inches )
P X =-0.65€— &
et Y = -0.65

Centroid relative to part origin: ( inches )

: : X =-0.65
HA Y = 0.00
S Z=0.65
‘f....i Moments of inertia, of an area, at the centroid: ( inches ~ 4)
: i box = 21089.47  Lxy = 0.00
R Lyx = 0.00 Lyy = 42178.93

Polar moment of inertia, of an area, at the centroid = 42178.93 inches A 4 "

Angle between principal axes and sketch axes = 0.00 degrees

: .; -Principal moments of inertia, of an area, at the centroid: ( inches ~ 4)
fond, . Mx=21058.92 «— I
: My = 21120.01
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Section properties of Sketchl of Breeched with Stiffners .4375

Area = 64.69 square inches

Centroid relative to sketch origin: ( inches )
X=-0.27
'Y =-027

Centroid relative to part origin: ( inches )
X =-0.27
Y = 0.00
Z=0.27

i 1 Moments of inertia, of an area, at the centroid: ( inches ~ 4)
A bo¢ = 19271.90 Ixy = 0.00

: . Lyx = 0.00 Lyy = 38543.81

______ Polar moment of inertia, of an area, at the centroid = 38543.81 inches ~ 4 | 3

Angie between principal axes and sketch axes = 0.00 degrees

Principal moments of inertia, of an area, at the centroid: ( inches » 4 )
Mx = 19267.29
My = 19276.51
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Length | Width Depth
(ft) |- (ft) (ft.)
Htems with elevated tanks or stacks. 48" deep foundation req'd
Melt Area Support structure 4 26 4|PC-2
(slab directly under melt is 24" thick)
Waste Diyer structure 4{PC-2
Off-gas Stack (75' x 2) 16 16 4]PC-2
) Baghouse could be on top of]
soil tank and therefore high
PC-2if a separate |enough itself. Mech to
Baghouse Stack (40'x1') 8 8 : 4{stack. determine.
Items that are considered “permanent” and require 24" deep foundations
Tri-Mer scrubber . 36 - 30 2]GS (PC-1)
Selective Catalytic Reduction Unit ) _ {PC-2
SCR Scrubber with SCR
Any Pre-engineered buildings . GS (PC-1) : ey
Hems that are considered temporary, but will he anchored to prevent movement
BIOCKaAIEE EOVIEE!
. TSVBlIErS i downs gt
60x12 Off-Gas Trailer 64 15 2|GS (PC-2) wnditicada ion
BIOAE HeipTavides
Jevellers die Sagdins!
32x12 elect trailers (2) (13.8 kV and Power Moduld 34 14 1]GS (PC-1) Fdafreqid: ST
32x8 elect trailers (2) (both 480V) 34 10 1{GS (PC-1)
40x8 control traiter 42 10 1]GS (PC-1)
22x9 Generator set 24 1 2|GS (PC-1)
10,000 usg Diesel fuel storage tanks (2) 34 10 2|GS (PC-1)
Baghouse near 40'stack 8 8 2[GS (PC-1)
Air Compressor package 10 8 2|GS (PC-1)
'130x8 Liquid Waste Pump skid 32 10 1|PC-2 Anchored
30x8 Effluent pump skid 32 10 1|GS (PC-1) RReEherederi i iaay
Woaste dryer steam supply skid 22 10 2{GS (PC-1)
Dryer Chilled Water System 22 10 2|GS (PC-1)
OGTS Chiller 1 6 2|GS (PC-1) R
Ammonia evaporator skid - GS (PC-1)
Sintered Metal filters PC-2
Htems that are considered temporary and which may not require anchorage .
ICV hood support stand I [ GS (PC-1)

All non-producton portable buildings officelwashroom/change/lunch) GS (PC-1)

Other site development concrete or paving Attachment: Y

ICV Box Storage area concrete pad to be determined 1] _Calc. No.:  145579-C-CA-Q[5

Concrete paved area at box receipt to be determined 1] __Rev. No.: (2 g A B-28 6k
DBVS North access road 2 05 o , T2 MhC 5%
DBVS West side road - (is there room for this?77) 7 0.5] _Sheet of I

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

Foundation Chart March 11, 2004.xls frepared by paul.meyef 01/12/2005 Page 1
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- Attachment 5 |

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

From: . Brad Hupy -

Sent: Friday, December 17, 2004 2:47 PM
To: Paul Meyer (Trail)
Subject: - RE: Questions about the soils and report at Hanford

In order to have frost heave three things are needed; water, low temperature, and soil fine for enough for 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 tabuiated 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 heave is negligible. The sand will not support

.. capillary nise of several hundred feet that would be required to produce (feed) a growing freezing front and cause
: damaglng 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: Questions about the soils and report at Hanford

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

-Paul . :
—-Original Message~— Attachment; 5
;reom: Bra;:lupy 1 2004 9.0 Calc.No.:  145579-C-CA-OI5
nt:  Tuesday, December 07, 2004 9:09 AM . AFLL B 7,,
To: Paul Meyer (Trail) Rey. No.: @z P ‘3 28-Lil
Cc: Tony Heim Sheet | 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 pubhshed site specific frost depth measurements then they may be used in lieu-of the tabulated
data. Site specnﬁc 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 pomtslquestlons

Your report indicates a frost depth of 45 mches 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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ER tbrought the local grade up to 662 8 wnh compacted crushed rock

-"‘The four 48" foundatlons consxst of two chlmneys “and two- large steel structures. These are all cntlcal
structures" to use the phrase from-your report. Foundations are uniformly 48" thick, and are 10'x1 2'and
20'x30' feet for the two chimneys, and 30x44 and 24x62 for the two steel structures. Foundattons 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, typlcal values are substantlally under 250 psf, yes, that's 250 not
2500. Foundations are not enclosed.

Al the foundations will bear on compacte_d.native soil, which was prepared ,a'_s'recomrhended in yo'ur-‘ report.
As noted, the native soil is basically a gravelly sand, with few fines.. 1. 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)‘l5'the-ffost depth of 45 inches still valid, given we have removed some nativvegsoilv, and the surface is how
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
descnbed7

4) 1S frost heave an issue for the foundations as described?

Thanks for your help on this. i be travellng to Hanford on Tuesday Dec 07, for a meeting Wednesday, Dec
08. | will have e-mail access while there. | will be traveling back to Trail Thursday, Dec 08 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.
Senijor Structural Engineer
AMEC Americas Limited
Energy and Mining Division
1385 .Cedar Avenue

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

<< File: HNF-SD-GN-ER-501 (Rev. 1).pdf >>
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Attachment 6

‘Stack and Equipment Vendor Drawings
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| e ntionally left blank.
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