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1 INTRODUCTION 

1.1 PURPOSE 

The purpose of this calculation is to determine the total weight, including all fill 
components, of the ICV™ Box and verify the design versus the criteria specified in 
Section 2.2. The calculation provides a break down of the volume and weight of all 
insulating layers. This calculation includes the weight of the lid. The result is then 
verified against the calculation. criteria and is used to determine the glass heights of 
various scenarios based on changes to the amount of glass in the box and to the 
density of the cooled glass. In particular, the empty steel box and lid weight is used 
to determine the maximum total weight required to be lifted by the assembly crane 
located in the IC\/l"' Box assembly enclosure. 

1.2 SCOPE 

The scope of this calculation includes weight of all components that support or 
make up the ICV™ Box, including the insulating layers. the lid, molten glass, top-off 
soil, and grout. 

2 BASIS 

2.1 DESIGN INPUTS 

1. 145579-A-DC-002, Rev OF, Process Design Criteria (Glass Weight of 42.6 
tonne and Density of 2.65 tonne/m3

) . 

2. F-145579-35-D-0004, Rev. 4, /CV Box Data Sheet. 

3. F-145579-35-O-0005, Rev. 2, /CV Box Lid Assembly. 

4. F-145579-35-D-0006, Rev. 2, /CV Box Lid Steelwork 1 of 3. 

5. F-145579-35-O-0007, Rev. 1, /CV Box Lid Steelwork 2 of 3. 

6. F-145579-35-O-0008, Rev. 1, /CV Box Plan & Sections. 

7. F-145579-35-O-0009, Rev. 1, /CV Box Lid Details Steelwork 3 of 3 

8. F-145579-35-O-0014, Rev. H, /CV Shell Starter Path Details. 

9. F-145579-35-D-0016, Rev. K, /CV Box Refractory Assembly. 

10. F-145579-35-O-0017, Rev. K, /CV Box Refractory Details. 

T ed namesfdate s in this box indicate the calculation has been s · ned otf/ap roved and the ori jnals h:lVe been p laced in the P,o ·ect files. 
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11. F-145579-35-D-0024, Rev. A, /CV Box Port Connections. 

2.2 CRITERIA 

1. The weight of each fully processed w~ste container shall be less than 100 tonne 
(RPP-17 403, Section 3.2.1. 7). 

2. The ICV™ Box shall have an internal fill volume of at !east 90 percent (HNF-EP-
0063, Section 3.5.3). 

2.3 ASSUMPTIONS 

The assumptions used in this calculation are as listed below and within the body of 
the calculation and attachments. 

1. Vendor provided density, specific gravity and bulk density values are accurate. 

2. The weight of the starter path can be neglected. During the melt the starter 
path is consumed and therefore the weight of the processed glass given 
includes the starter path weight. 

3. The weight of the flanges on the lid is negligible. The weight of the 5/16" plate 
on the lid was conservatively estimated thereby allowing for this assumption. 

4. The top-off soil has a conservative angle of repose of 37 degrees. 

5. Void space is defined as the empty volume located in the top of the container 
above the added top-off material. 

6. The top-off soil will level to an evenly distributed height prior to grout addition at 
the Storage Pad. 

7. The grout has sufficient fluidity such that it will flow into remaining void space in 
the box after the addition of top-off soil. 

8. Density of the sand used is 88 lb/tt3. 

9. A 6 inch layer of grout will be added to an assumed leveled top-off soil layer. 

T ed namesfd3tcs in this box indicate 1he calculation has been s igned off/a roved and the o ,iginals have been plactd in 1he Pro· eel files. 
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3 REFERENCES 

1. Document: 145579-A-DC-002, Rev OF, Process Design Criteria, 

2. F-145579-35-D-0004, Rev. 4, /CV Box Data Sheet. 

3. F-145579-35-D-0005, Rev. 2, /CV Box Lid Assembly. 

4. F-145579-35-D-0006, Rev. 2, /CV Box Lid Steelwork 1 of 3. 

5. F-145579-35-D-0007, Rev. 1, /CV Box Lid Steelwork 2 of 3. 

6. F-145579-35-D-0008, Rev. 1, /CV Box Plan & Sections. 

7. F-145579-35-D-0009, Rev. 1, /CV Box Lid Details Steelwork 3 of 3 

8. F-145579-35-D-0014, Rev. H, /CV Shell Starter Path Details. 

9. F-145579-35-D-0016, Rev. K. /CV Box Refractory Assembly. 

10. F-145579-35-D-0017, Rev. K, /CV Box Refractory Details. 

11. F-145579-35-D-0024, Rev. A, /CV Box Port Connections. 

12. Manual of Steel Construction - Allowable Stress Design, AISC, Ninth Edition. 

13. Pocket Ref, Thomas J Glover, 1999, Sequoia Publishing, Inc. 

14. The Procedure Handbook of Arc Welding, The Lincoln Electric Company, 
Twelfth Edition. 

15. 30-Jul-04 facsimile from Charles McClure of Superior Graphite lo Fil Szopiak 
(AMEC) containing technical data on graphite electrodes. 

16. RPP-17403, Rev. 3. DBVS Specification, CH2M Hill, 2005. 

17. HNF-EP-0063, Rev. 10, Hanford Site Solid Waste Acceptance Criteria. 

18. Product data sheets from Diamondback Technology, Inc, Resco Products Inc, 
and Morgan Thermal Ceramics. 
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4 METHODS 

Calculations were performed using MathCAD®2 (V12.1, ©1986-2004, Mathsoft 
Engineering & Education Inc.) computer software, which were checked and verified 
using a handheld calculator. Portions of the calculation were also performed using 
SolidWorks 2006, SP0.0 solid modeling software, which was previously verified and 
validated (SolidWorks 2006 SPO.O V&V for Computer 9ZTRH31, see Attachment 
15). 

However, due to the certainty of the ICV™ Box structural members, the complexity 
of the ICV™ Box design, and the accuracy required of this revision of the 
calculation, a model of the ICV™ Box (designed to dimensions provided in the 
referenced drawings of Section 3 and the component densities provided in 
Attachment 1) has been created in SolidWorks. This model will be used to 
determine the weights of all components in the box as well as the glass and top-off 
soil heights. As applicable, hand calculations were performed lo check the weight 
results of the SolidWorks model for reasonableness (see Attachment 1 and 
Attachment 8 ). 

5 RESULTS AND CONCLUSIONS 

a) ICV™ Box Total Weight: 

Based on the SolidWorks model, the total weight of the 1cvn.1 Box with 
contents at the Melt Station was found lo be 96.7 tonne (213126 lbs), which is 
less than the max limit of 100 tonne established for this project. This weight 
includes 10.5 inches of evenly distributed top-off soil. 

Based on the SolidWorks model, the total weight if the ICVT"' Box with 
contents al the Storage Pad was found lo be 100.4 tonne (221406 lbs), which 
is more than the max limit of 100 tonne established for this project. This 
weight includes 10.5 inches of evenly distributed top-off soil and 6 inches of 
evenly distributed grout. With the addition of grout, the box has a void space 
of less than 8.8%, which is less than the max limit of 10%. Therefore, the 
filled ICV™ Box at the Storage Pad meets the 90% internal fill volume criteria 
outlined in Section 2.2, but does not satisfy the maximum weight limit criteria . 

2 MathCAD® is a registered trademark of Mathsofl Engineering & Education Inc. 

T ped namesldates in this bo:i- indicale lhe calculation has been si ned oH/a roved and lhe ori inals have been laced in 1he P,o·ec1 files_ 
ORIGINATOR: ; DATE : I CHECKER: ' DATE: 

jf ~ ~ ?-rto.r- o <,, i ~ l 2 .Z -mA-rZ- oa 
M\Cemon~l1a1ion Bulk VIT\Fi$C21 Year 2005 Work\Calrulations OMJ,,.i\CA-010 (ICV Box Wel9l'll)\Rev. O\Ready for POf\A77977- MCAL -010-
W ORO_A_ Release Update.doc 

A6-238 

Page 6of 9 



RPP-24544 REV 1 c 

.. 

CALCULATION SHEET 
ame&, · ~~,'~_: 

CALC. NO:: 1145579-D-CA-010 REV: GJ DATE: _2_2_-M_a_r-_06 _ ____ _ 

CALC. TITLE: . ICV™ Box Weight Calculations 

PROJECT NO.:. 145579 PROJECT TITLE: Final DBVS Design 

Note, these weights assume a conservative top-off soil angle of repose of 37 
degrees (as is stated in the assumptions). This is conservative when 
considering top-off soil volume. If a lower angle of repose was used, the top
off soil volume would increase as would the weight of the top-off soil. The 
total weight of the ICVTu Box would be more for the same 6" of grout addition. 

This weight was determined based on the following structural elements and 
components: 

1) Internal Dimensions of the box, LxWxH = 24ftx7.5ftx7.5ft (F-145579-
35-D-0004) 

2) Components for the box from (F-145579-35-D-0008): 

a) Bottom Plate - ¼" 
b) Side and End Panels - 3/16" 
c) Top Perimeter stiffener - HSS 4"x4"x1/4" 
d) Bottom perimeter Stiffeners - HSS 8"x4"x3/8" 
e) Side and End Panel Stiffeners - HSS - 3.5"x3.5"x1/4" 
f) Bottom Plate Stiffeners (transverse)- HSS 6"x6"x1/2" 

3) Components for the lid (F-145579-35-D-0006): 

a) Stiffeners - HSS 4"x2"x1/4" 
b) Stiffeners - HSS 4"x2"x5/16" 
c) Stiffeners - HSS 3"x3"x1/4" 
d) Plate Throughout - 5/16" 
e) 1 5/8" x 1 5/8" Unistrut 
f) Stiffener Bar - 4" x 3/8" 
g) Gussets - 30 

T ed names/dares in !his box indicate the ca lcula lion has been s i ned ottlap roved and the o, i inals have been p laced in lhe Pro·ect files . 
ORIGINATOR: : DATE: j CHECKER: j DATE: 
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Theweight break-down for each component is shown below: 

Component SolidWorks Mo~el Attachment 1 

Box Components 1948f lb lb 

Bolts lb 50 lb 

Steel in Box (Base) lb 19069 lb 

Welds lb 196 lb 

Lid 581( . lb 5711 lb 

Electrodes 1261: lb 1273 lb 

Insulation 18f lb 171 lb 

Support Ribs & Bricks 6419 lb 6467 lb 

Refractory 49824 lb 46746 lb 

Sand 23095 lb 24424 lb 

Solid Glass 97577 lb 97509 lb 

!Top-Off Soil (>10 in) 945~ lb 9458 lb 

Melt Station Weight 21312E lb 211078 lb 

Melt Station Weight 213126 lb 

Grout(= 6 in) 8280 lb (calculated) 

Storage Pad Weight 221406 lb 

b} Starter Path: 

The starter path is absorbed by the molten glass and therefore its weight 
becomes part of the overall glass weight 

c} Complete Grout Fill : 

Based on the SolidWorks model, if, after the addition of lop-off soil, the void 
space in the ICV™ Box were lo be filled completely with grout The total 
weight would be 106.5 tonne (234882 lb). This is considered a worst case 
weight. Note that the weight does exceed the weight limit of 100 tonne. 

d) Crane Capacity: 

T ped names /dale s in lhis box indica te the c alcu lation has been s i ned oH/a pproved and the or· inals have been p lace d in the Pro·ect fifes . 
ORIGINATOR : DATE· ' CHECKER: i DATE : 
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Elements of these calculations were used to determine the capacity of the 
crane located in the 1cvn• Box Assembly Enclosure. The crane capacity is 
based on lifting an empty ICV™ Box complete with lid. This empty box shell is 
composed of the following components: 

Box (Bolts, Steel, Welds) 1948€ lb 

Lid 581C lb 

Lifting Bail 2650 lb 

If otal Weight 27946 lb 

The maximum total weight required to be lifted by the crane is approximately 
14.0 ton. 

T ped names/dates in this box indic.ate lhe calculation ha~ been si ned o lflap roved and the originals ha\/e been laced in lhe P,o·ec1 tiles. 
ORIGINATOR : ( DATE: i CHECKER: 1 DATE: 
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Originator:Jason Engeman je, 
Date:22-Mar-06 , 

Checker:James Van Corbac~ 
Date: 2. 2. -bV'ra.- o«. 

This calculation is performed to check the weight results of the SolidWorks Model for reasonableness. 

1.1 Constants 

Dimension of Box 

h := 90-in 

-w:= 90 - in 

I := 288 · in 

h = 7.5ft 

w= 7.5ft 

I = 24.0ft 

Dimension from Dwg # F-145579-D-35-0008 

Overall Box Height 

Overan Box Width 

Overall Box Length 

Weight per unit area found in Pocket Ref, Thomas Glover, 1999, pp357-358 
Weight per foot are all from AISC ASD 9th Edition 

lb 
WPAo25PL := 102 0--. r? 

lb 
WP Ao 1875PL := 7.65 --. n2 

lb 
WPA0312s PL:= 12.75 --. r? 

lb 
WPAoJ75PL := 15.3 --, n2 

lb 
WP Ao 5PL := 20.40 · -

. 1l 

lb 
WPF1 := 7.1 I · 

ft 

lb 
WPF2 := 3524 --

ft 

lb 
WPF3 := 10.5 1 --

ft 

lb 
WPF4 := 5.59-

ft 

lb 
WPF6 := 27.48 -

ft 

Plate 1/4in 

Plate 3/1 6in 

Plate 5/16in 

Plate 3/8in 

Plate 1/2in 

Weight per foot of HSS 3x2x1/4 

Weight per foo l of HSS 6x6x1/2 

Weight per foot of HSS 3.5x3,5x1/4 

Weight per foot of HSS 3x2x3/1 6 

Weight per foot of HSS 8x4x3/8 

A6-243 
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lb 
WPF7 := 19.08 -

ft 

lb 
WPFs := 12.21 --

ft 

lb 
WPF9 := 8.81 · 

fl 

lb 
WPF10 := 8.81 -

ft 

1.2 Weight of Steel in ICV Box 

Determine Weight of all Plate Panels 

Aside:= I• h 

2 
Aside = t 80 ft 

Abollom := W · I 

2 
Abonom = 180 ft 

A.:nd := h - w 

2 
A.:nd = 56.3 fl 

Wsidc := Aside. WP Ao. I 87SPL 

Wsidc = 1377 lb 

Wend:= A.:nd · WPAo.1875PL 

w,nd = 430.3 lb 

Wbo11om := Abouom · WP Ao.25PL 

'%ollom = I 836 lb 

wpla1c_101 := 2 · Wsidc + 2 · Wend+ "'bouom 

Wp1a1c_101 = 5451 lb 

Determine Weight of all Sliffeners 

First the lop Perimeter Stilfners - HSS 4"x4"x1/4" 

L.op_pcrim := [ 2( I) + 2w) 

W1op_pc, im := L, op_pc, im · WPFg 

W10p_pcrim = 769.2 lb 

A6-244 

Originator:Jason Engeman J'E. 
Date:22-Mar-06 

Checker:James Van Corbach-c!(c:: 

Date: l2.-~4\-1t-ob 

Weight per foot of HSS 5x5x5/16 

Weight per foot of HSS 4x4x1/4 

Weight per foot of HSS 4x2x1/4 

Weight per foot of HSS 3x3x1/4 

Area of Side and End Panels 

Area of the bottom panel 

Weight of one Side using 3/16" plate 

Weight of one end using 3/16" plate 

Weight or bottom using 1/4" plate 

Weight including 2 sides, 2 ends and bottom 

Total Plate Weight 

Length of top perimeter stiffener sides and Ends. 

W eight of top perimeter stiffener 
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Now the Bottom Perimeter Stiffeners - HSS 8"x4"x3/8" 

LbolJ>Crim·:~.2(1_+ &in)+ 2(w) 

"'boi__pcrim = 1767.9 lb ·· 

Wpcrim_siilT := "'bot_J>Crim + W1op_pcrim 

Wpcrim_slilT = 2537.l lb 

Orlginator:Jason Engeman -;5€: 
Oate:22-Mar-06 

Checker:James Van Corbach-b{"c::. 

Date: Z'l~ AtZ -at.:» 

Length of bottom perimeter stiffener, sides and 
ends. 

Weight of bottom perimeter stiffener. 

Weight of top and bottom perimeter stiffeners. 

Now the Side Panel Vertical Stiffeners - 3.5"x3.5"x1/4"@ 12" Centers 

½idc_stifT := h 

Wsidc_sliff := s<{( ½idc_s1iff - 6in) . WPF3] 

Wsidc_s1iff = 3679 lb 

End Panel Stiffeners - HSS 3.5"x3.5"x1/4" 

'--cnd_s1i1T := h 

Wend_stiff = 1324 lb 

Multiply by 50 for the number of 
Stiffeners - 25 per side. Minus 6 inches to 
accomodate for the size of the lop (4in) 
and bottom (2in into the stiffener length) 
perimeter stiffeners. 

Weight of all side stiffeners 

18 Stiffeners, 9 for each end at 12" centers with 
2 smaller 9" center to center distances on the 
outside 2 stiffeners. Minus 6 inches to 
accomodate for the size of the top ( 4in) and 
bottom (2in into the end stiffener length) 
perimeter stiffeners. 

Weight of all end stiffeners 

Bottom Plate Stiffeners, Transverse - HSS 6x6x1/2@ 12" centers 

401_1rans := W 

4,01_,rons = 90.0 in 

23 Stiffeners 

"'boi_ uans = 6078.9 lb 

A6-245 

l ength of One Bottom Stiffener Transverse 

23 Beams is the total available 25 minus 2 on 
each end which are replaced by the perimeter 
stiffener. 

Total Weight of transverse members. 
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Originator:Jason Engeman :re 
Date:22-Mar-06 

Checker:James Van Corbac~c::::: 

Date: 1-1.- lnkl2,-o(; 

Ws1ecl_box := wt>ot_lrans + Wcnd_stitr+ wsidc_sliff + Wpcr;m_stiff + WpJatc_lol 

Wsiccl_box = 19069 lb 

1.3 Weight of Welds and Bolts In Box 

lb 
WPFwcld := 0.129 --

Weight per fool for a flat fillet joint weld, 1/4" 
nominal size. Data from Table 12-2 of The 
Procedure Handbook of Arc Welding, 12th Ed. 

Lwi := 2 - 50-h 

Lw1 = 750ft 

ft 

½v2 := 2 · 25 · Lbot_lrans 

Lw2 = 375 ft 

½v) := 2 · { ½op___pcrim + Lbot_perim) 

½v) = 254.7ft 

Lw4:= 2-2-I 

½v4 = 96ft 

Lws:= 2-4 -h 

t,,.5 = 60ft 

½veld := Lwt + ¼,2 + J.,,.3 + L.v4 + ¼,5 

½veld = 1535.7 fl 

Wwcld := WPFwcld · ¼•cld 

wwcld = I 98 lb 

Determine weight of 5/8 dia .. 7" long bolls 

wbohlOO := 72 .91b 

"'bolls := 0.68 - "'bolt!OO 

A6-246 

50 side stiffeners limes 2 welds per stiffener 

Length of welds on bottom transverse stiffeners 

Welds for Perimeter stiffeners 

Lengthwise bottom stiffeners 

Length of End Stiffeners 

Equivalent length of the welds in the box. 

Weight of all welds in the box. 

W eight per 100 bolts with nuts from pg 4-144 of 
AISC ASD 9th Edition 

Total number of bolls in box. From 
F-14 5579-35-D-0006. 
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wbolls = 49.6 lb 

wiiox_slccl := Ws1cel_box + Wwcld + wi,ohs 

Wbox_stecl = I 93 I 7 lb 

Originatpr:Jason Engem~n, · :;J €: 
Date:22-M;ir-06 , , , . · . 

Checkei:JamesVan CorbactUa::. 
Date: ·. 2'2 -MA'r.Z,-o<;. 

Total Weight of Bolts 

Total Weight of Box 

This total weight is consistent with the SolidWorks Model, which estimates the total weight of 
the box to be 19486 lb. 

1.4 Weight of Insulation Layers in Box 

lb 
Pins == 17 --

fi3 
lb 

Pins= 0.010-
, 3 
m 

lb 
Psrb := 117- -

fl 
lb 

Psrb = 0,0677-
, 3 
m 

lb 
Psand := 88 · -

fl3 

lb 
Psand = 0.0509-

. 3 

lb 
P,,r := 163 --

r? 

m 

lb 
Pref = 0.0943-

. 3 
m 

t; := 1.5 - in 

h; := 74.25 - in w; := 78- in 

t,:=4 - in 

1,::=6-in 

Determine Volume and Weight of Insulation 

volins := 2 · 4 · h; · w; 

A6-247 

Density of Insulation Board on ends, See 
Attachment 3, Kaowool M 

Density of End Backer Board, See Attachment 3, 
Rescocast 110 

Density of Sand per Assumption 8 

Density of Vibrocast Refractory, See 
Attachment 3 
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3 
volins = IO.I ft 

Wins := volins · Pins 

Wins = 171 lb Weight of Insulation Board 

This total weight is consistent with the SolidWorks Model, which estimates the total weight of 
the insulation board to be 189 lb. 

Determine Volur:ne and Weight of Support Ribs and Bricks 

Support Ribs 

w5,:= 5 · in . h5, := 7.75 - in 

15r1 := 24 - in 1.,2 := 21.5 · in 

" srl := 36 "sr2 := 36 

End and Side Backing Bricks 

febb := 4.25 · in lebb := 4.25 · in 

hebb := 16 · in " ebb := 12 

'sbb := 5.75 • in l, bb := 5.75 · in 

hsbb := 24 · in "sbb := 36 

ws,b := Psrb · (vols,+ volesbb) 

w5,b = 6467 lb 

Size and Number of Support Ribs from dwg 
F-145579-35-O-0016 

3 
volsr = 36. 7 ft 

Size and Number of End and Side Backing 
Bricks from dwg F-145579-35-D-0016 

3 
volesbb = 18.5 ft 

Weight of Support Ribs and Bricks 

This total weight is consistent with the SolidWorks Model, which estimates the total weight of 
the support ribs and bricks to be 6419 lb. 

Determine Volume and Weight of Sand 

d,cr := 78 - in lss := 6 - in lsc == 4 .5- m 

A6-248 

Depth of the Inside Steel and Refractory and 
Thickness of Sand 
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Volume of Sand in the Bottom 

voliiouom := I- w - hsr 

3 
voloouom = lJ 6 .3 ft 

vo~andb := volbonom - vols, 

3 
volsandb = 79.5 ft 

Volume of Sand in the Ends 

VO~ande := volcnd - "ebb · ( lcbb · 'ebb . hebb) 

3 
volsande = 34.6 ft 

Volume of Sand in the Sides 

volsidc := 2-(t,.5 -1- h} 

volsands := volside - "sbb · ( lsbb · 'sbb . hsbb) 

3 
volsands = 163 .5 ft 

Wsand := ( volsandb + volsandc + vols,nds) · Psand· 

Wsand = 24423.7 lb 

Originator.Jason Engeman ~6 
Date:22-Mar-o6· .• 

Checker:James Van Corbact1~ 
Date: 22~MQ1Z-Ob 

Volume of Sand and Support Ribs in the .Bottom 

Volume of Sand in the Bottom 

Weight of Sand 

This total weight is consistent with the SolidWorks Model, which estimates the total weight of 
the sand to be 23095 lb. 

A6-249 

•. )i.' 
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Orlginator:Jason Engema(l . Sf;. 
Date:22-Mar-06 .-;_;, • · 

Checker:Janies Van Corhach..J(C. 

Date: 2.2.-n.Ati-oc. 

Determine Volume and Weight of the Vibrocast Refractory Panels 

Dimensions taken from F-145579-35-D-0016 and 0017 

Assume the Slope in Area 1 of the Wall is Sleep Enough to Consider Flat 

Assume an Average Thickness for Area 1 of 6 inches 

t1 := 6 - in t2 := 6- in t3 := 7 - in 

h2 := 13 - in h3 := 13 - in 

57.75" 

h1 := 57.75 - in 

15 := 23 - ft 

le := 68 - in 

Length of Sides (from Length of Outside Refractory) 

Length of Ends (from Width of Inside Refractory) 
! 13" 

3 
vol,cr_sidcs = 187.1 ft 

~ 

7" 6" 

Volume of the Side Walls of the Refractcry 

Assume the Floor of the Refractory is Rectangular with an Approximate Height of 8 inches 

h,cr_ Hoor := 8 · in 1,cr := 23 · ft 

vol,c,:_noor := h,cr_noor · w,cr · l,cr 

3 
vol,cr_lloo, = 99.7 fl 

w,cr := ( vol,cr_sidcs + vol,cr_noo,) · Prcr 

w,er = 46747.8 lb 

w,cr := 78 - in 

Total Weight of the Refractory 

This total weight is consistent with the SolidWorks Model, which estimates the total weight of 
the refractory to be 49824 lb. 

Total Volume and Weight of Insulating Materials 

Y olins_101 := vols,+ vo lcsbb + volsandb + volsandc + volsands + vol,cr_sidcs + vol,er_noor + vol;ns 

3 
V o lins_tot = 629.7 ft Total Insulating Volume 

Vol;ns_ tol_sw := 453507 · in
3 

+ 94809 · in
3 

+ 528190 - in
3 

+ 9594 · in
3 

3 
Vol;ns_lot_sw = 628 .5 ft 

A6-250 

Total Insulating Volume from SolidWorks Model 

' 
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Wjos_ lol := w,cf + W.ns + Ws,t, + Wsand 

Wins_iol = 77809,) lb 

Originator:Jason Enge~o-- -S~-
, Date:22-Mar-06 :.;, , , . 

Checker:Janies Van'<:;orbacli..}CC 
Date: 22-MA.t.. ,oi:_ 

Total Insulating Weight 

1.5 Total Weight of Empty Box with Insulation (No Lid) 

Wcmpty_ lotal := W.ns_lol + \\\io~_slcel + Wwcld 

Wcmply_tolal = 97324.2 lb 

1.6 Weight of Glass and Soil in ICV Box 

tonne 
SGs •lass := 2.65 · --

_b 3 
m 

lb 
SGs glass = 0.0957-

- 3 
in 

lb 
P soil := 89 --

1? 

A6-251 

Density of Solid Glass from Process Design 
Criteria 

Bin Bulk Density of Top Off Soil from Report on 
Clean Soil by Lee Dudley of Diamondback 
Technology, Inc. Attachment 6 
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Calculate the Volume of solid glass 

Originator:Jasori En~errian. :rd. f ,: . 
Date:22-Mar-061 . '\ , . \· · 

Checker:{ames Vari Corbach ~ . 
Date: · 2-2.-W\Ait-~ -

Calculate Area as seen from the top of the ICV Box which has a rectangular sectiori and trapezodial 
areas al the ends. Again, for simplicity, assume the side and end walls of the Refractory are flat. 

247" 

66" 2 

264" 

Area1 := 247in · 66in 

Area2 := 2- [(8.5 - in - 49 - in) + (8.5 - in • 8 .5 - in)] 

Box10p _ area := Area I + Arca2 

2 
Box10p_arca = 120.0 ft 

a.s· 
+--.-

2 
1•0 

49• 

Area of rectangular section with 
dimensions taken from drawing 
F-145579-35-D-0O 16 

Area of two trapezoidal sections 

Electrodes will take up some of the volume in the molten glass therefore calculate surface area taking 
this into account 

Areadcc := 2:rr ( 6in) 
2 

2 
Areac1ec = I .6 ft 

GlasSiop_arca := Box1op_area - Areac1ec 

2 
GlaSSiop_arca = I I 8.4 ft 

massglass ::c 42.6tonne 

massglass = 939 17 lb 

massglass 
Volglass := --

SG,_glass 

3 
Volglass = 567 .7 ft 

A6-252 

Area of two 12" diameter electrodes 

Mass of glass from Process Design Criteria 
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Volg1ass 
x := 

X2.2in_addi1ion := 2.2in 

Xactual := X + X2.2in _addition 

Xactual = 59.7 in 

x= 575in 

Volglass_2.2in_addition := GlasSrop_arca • Xactual 

3 
Volglass_2.2in_addi1ion = 589.4 ft 

Originator.Jason Engilman -SE 
. Oate;22-Mar:()6 · . ·tt . . . 

Checker.James Van Corbach ..We· 
Date: · u-M.Aa-o'-

Height of Glass above the base of the refractory 

2.2 inch addition per Email Garfield J.S. to Van 
Corbach J., "Feed Material Volumes." See 
Attachment 13 

massglass_2.2 in_2ddi1ion := SG,_glass · Vo lglass_2.2in_addition 

massglass_2.2in_addition = 97508.7 lb Mass of glass incorporating the addition of 2.2 
inches 

This glass height is consistent with the SolidWorks Model, which estimates the total glass 
height above the base of the refractory to be 64.38 in and the total glass height above the 
box floor to be 78.38 in (= 64.38 in + 14 in). 

See Attachment 12 for Sectional Views of the Glass Height. 

Volume Remaining in ICV Box for addition of Top Off Soil. This will be performed using data from the 
SolidWorks model due to the criticality of the Glass Level Height. 

h,cf_sw := 6 · in 

x,w := 64.38 • in 

volbox_1op := Glasstop_arca · ( h - h,, - hrcr_sw - Xsw) 

3 
volbox_top = 117.1 ft 

h,op_orr := h - ( h,, + 0.25 · in) - h,cr_sw - Xsw 

h,op_orr = 11.62 in 

arcalid := { 41 in · I 6in) + { I 6in · l 2.5in) 

2 
arcalid = 5 .9 fl 

A6-253 

Typical Height of Refractory 

Height of Glass above Refractory (SolidWorks) 

Assume angle of Refractory Wall is negligible 

Volume left in Box 

Height in box remaining for Top Off Soil and 
Grout 

Area of air space in lid taken from dimensions in 
Section A of drawing F-145579-35-D-0006 
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vollid := area1;d • 262: in 

3 
vol1;d = 129.8 ft 

Calculate weight of Top Off Soil using a cone volume 

3 
Volsoil := 107.3ft 

Origin~tor:Jas~ Engem~~i;x 
Dat,e:22-Mar;-06· ,:" ~y"'· <' 

Checker:~ames Van Cort>ach..W-C. 
Date: 1.2.->\PnZ-°'-

Volume available in lid 

Volume of soil. See Attachment 8 

This volume is consistent with the SolidWorks Model, which estimates the total top-off soil 

volume to be 106.3 tt3. 

3 
Vol50;1_sw := 106.27 · ft 

V o lsoil sw 
hsoil := -

Glas5top_arca 

h,.0 ;1 = 10.8 in 

Volume ofTop-Off Soil (SolidWorks) 

Settled Height of the Top-Off Soil 

This height is consistent with the SolidWorks Model, which estimates the total top-off soil 
height to be 10.5 in. 

hsoil_sw := I 0.5 · in 

Wsoil := V o lsoil_sw · Psoil 

w50;1 = 9458 lb 

Wglass_soi l := m assglass + Wsoil 

Wglass_soil = I 03375 lb 

1.7 Weight of Electrodes 

Typical Properties of Electrode 

gm 
Pelee:= I .78 · --

3 
cm 

lb 
Pelee = 0.0643-

3 
'" 

diaeke := l 2 · in lcngthe1ee := 87 .5in 

A6-254 

Settled Height of the Top-Off Soil (SolidWorks) 

Weight of Top Off Soil 

Total Weight of Glass and Soil 

Data taken from Electrode Supplier - Superior 
Graphite - Attachment 4 

Density of Electrode 

Dimension of Electrode from F-145579-35-D-0020 
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13elee (d. )2 
volelcc := Jt -

2
- · lengthctcc 

3 
volclcc = 5.7 ft 

Welte := volckc · Peke 

w2e1cc := 2 · Wctcc 

WcJce = 636.4 lb 

Wzelcc = I272.8 lb 

Originato.r;jason Engeman Jf;: 
Date:22,Mar-06 · 

Checker:James Van Corbach ~ --

Date: 2-Z-lli\A-il-- OE. 

Volume of one electrode 

Approximate weight of one electrode. 

Total Weight of Two Electrodes 

This total weight is consistent with the SolidWorks Model, which estimates the total weight of 
the electrodes to be 1268 lb. 

1.8 Weight of Lid 

Weight of 5/16" Plate in Lid with approximate dimensions from Dwg No. F-145579-35-D-0006. 

Area of Lid Flange (Ignore chamfered corners) 

Arealid_flange := (296,375in -98.375in) - (262in - 65.25in) 

, 2 
Arcalid_flangc = 83,8 ft 

Area of Steel Plate on Hood 

Ends 

, [(4lin+66in)-16in] 
Areaends := 2 ------

2 

2 
Areaends = 11.9 ft 

Sides 

Areasidcs := 2(20,3in - 262 in) 

2 
Area.ides = 73 .9 fl 

Top (Ignore Area lost from ports) 

Arca10p := 4Jin - 262in 

Area10 p = 74.6 fl 
2 

Ao.Jl25PL := Arealid_flange + Are:lcnds + Arcasidcs + Arca10P Area o f 5/16in Plate 

A6-255 
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2 
Ao.3125PL = 244.1 ft 

wo.3125PL := Ao.3125PL · WPAo.3125PL 

W0.3125PL = 3112.4 lb 

LHsS4x2 := 12 · I 06in 

'-ttsS4x2 = 106 fl 

WJiSS4x2 := 4JsS4x2 • WPF9 

WHSS4x2 = 933.9 lb 

L11ss3x3 := 2 · 262in 

L11ss3x3 = 44 Ii 

WJ·JSS3x3 := LHSS3x3 · WPF 10 

WHSS3x3 = 384.7 lb 

¼nistrut := 2 · 262 in 

WP I OOFTunislrul := 141 lb 

Wunistrul := 
1--unislrul · WPIOOFTunislrul 

100ft 

Wunistrut = 61.6 Jb 

Areabar := 2( 4in - 262in) 

"'bar := Areabar · WPAo.375PL 

wi,., = 222.71b 

Areagussers == 30(0.5 - 4in - 4in) 

2 
Areagusscos = I. 7 ft 

Wgusscts := Areagusscos · WPAo.3 125Pl 

Wgusscls = 21.3 lb 

AreaLid.Port.25PL := 1342in2 

AreaLid.Port. I 875 := I 567in 
2 

A6-256 

Originator:Jason Engeman j"t::, 
, Date:22-Mar-06 

• Checker:James Van Corbach -1.-a:: 
Date: iz-~-04 

Weight of 5/16in Plate 

Equivalent length of HSS 4x2x1/4 in the lid 

Equivalent length of HSS 3x3x1/4 on the lid 

Equivalent length of 1-5/8" by 1-5/8" unistrut on 
lid 

Weight per 100 ft of unistrut. From Attachment 7 

Weight of Unistrut 

Area of 3/8" bar along sides of lid 

Total Area of gussets on lid 

Total Area of 1/4" plate used for lid ports 

Total Area of 3/16" plate used for lid ports 
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Originator:Jason Engeman jf;, 
Date:22-Mar-06 

Checker:James Van Corbach~C:. 

Date: 2-'Z--~ - CH~ 

· W1Jd.Por1 := (AreaLid.Port.25PL ' WPAo.2sPJ + (AreaLid.Por1.1875 ' WPAo. ts75PL) 

Wud.Por1 = 178.3 lb 

WExhaus1.Chu1c := 16.Jlb 

Wrour.Chutc := (5- 54.71b} 

W Ambient.Air.Chute := 191b 

Wchulcs := WExhaust.Chutc + WPour.Chutc + W Ambient.Air.Chute 

Wchules = 308.8 lb 

Lengihc_Channcl := 33ft 

lb 
WC.Channel := 11.5 ft -Lengthe,channel 

We.Channel = 379.5 lb 

Areap0 r1 .Lids := 1521 i/ 

Wror1.lids := AreaPort.lids · WPAo.25PL 

Wron.Lids = 107.71b 

Weight of Lid Chutes 

Total length of C8 x 11.5 C-Channel 

Total Area of ICV Port Lids 

\Ytid := WHSS4x2 + wHSSJxJ + w0.3125Pl + %ar + Wgussc1s+ Wunis1ru1+ WLid.Pon + Wchu1es+ We.Channel+ WPon .Lids 

- wtid = 5710.8 lb Total Weight of the lid 

This total weight is consistent with the SolidWorks Model, which estimates the total weight of 
the lid to be 5810 lb. 

1.9 Total Weight of Box Including Glass, Soil and Lid 

Using weights from the SolidWorks model: 

"'box steel := 19486 · lb 

W2clec := 1268 · lb 

Wsrb := 6419 - lb 

Wsand := 23095 - lb 

W1id := 58 10 - lb 

wins := 189 - lb 

w,cr := 49824 - lb 

Wglass := 97577 - lb 

A6-257 
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Wsoil := 9458 · lb 

Originator:Jason Enge~n -:5~ 
Date:22-Mar-06 

Checker:James Van Corbach ~ 
Date: .2.Z-tt\A-a-o, 

Wmc11_slotion := Woox_stcel + WJjd + W2c1ee + \Y;ns + Wsrb + w,ef + Wsond + Wglass + Wsoil 

Wmelt_station = 2131261b Overall weigh! of Box 

WmeJt_station = 96. 7 tonne Total Weight in Metric Tonnes 

1.10 Assessment of ICV Box at Melt Station 

The ICV Box can be transferred to the Storage Pad as the Melt Station Criteria (the ICV Box weight is 
less than 100 tonne and the top-off soil has a settled height greater than 10 in.} have been met. 

1.11 Total Weight of Grout Addition 

hgrout := 6 · in 

kg 
Pgrout := 2240 - -

3 
m 

Height per Assumption 9 

Wet Density of Grout. See Attachment 9 

volgroul := hgrout · Glass,0 p_ore:i 
3 

volb,-,out = 59-2 ft Volume of Grout 

Wgroul := volgroul · Pg,ou1 

Wgrout = 8280 lb 

Wstorage_pad := Wmelt_station + Wg,-out 

Wstorage _pad = 22 1406 lb 

Wstorage_pad = I 00.4 tonne 

1.12 Assessment of ICV Box at Storage Pad 

Weight of Grout 

Total Box Weight with Grout 

After the addition of 6 in of grout to meet the shielding criterion, the ICV Box exceeds the weight 
criterion of being less than 100 tonne. 

Void Space Criterion Check: 

h101al := hsr + hrc(_sw + XS\v + hsoil_sw + hgrnu1 

h,0 101 = 94 .6 in 

This height exceeds the interior height of the box portion of the ICV Box, which has a height of 90 in. 
This means part of the lid volume will be filled with grout. Conservatively, if the lid volume is less than 

A6-258 

' 
;f 
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Originator:Jason Engeman J:e 
Date:22-Mar--06_ d •. 

Checker:James Van Corf?ach.¥C::: 
Date: 2-2- \1\1\--(2-o~ 

10% of the total interior box volume, then the Void Space Criterion is met 

3 
vollid = 129.8 ft 

Total Volume of the ICY Box and Lid: 

,;'.( 

Vol1cv _int := h · w; I + vol1id Internal Volume of the Box + Internal Volume of 
the Lid 

3 
Vol1cv_in1 = 1479.8ft 

• vollid 
P ercenlvoid := ----· 100 

Vol1cv_in1 

Percent,.,;d = 8.8 

The ICV Box Meets all of the Design Criteria Outlined in Section 2.2 of 145579-D-CA-010. 

1.13 Grout Fill 

If grout was added to completely fill the ICV box instead of just 6 in: 

V o lg10u1_fi ll := V o l1cv _in1 - {Vo~ns_101_sw + Volglass_2 .2i n_addi1 ion + V olsoil_sw) 

3 
Volc,-oui_till = I 55.6ft 

Wgroul_fill := V olg,-out_lill ' Pgrout 

Wgrout_fill = 21755.5 lb 

Wgrout_fill = 9.9 tonne 

Wtolal := Wm<:tt_stalion + wb'l'OUl_lill 

w,oral = 234881 .5 lb 

w,o,al = l 06.5 tonne 

Void Volume for Grout Fill 

Weight of Grout Fill 

Total Box Weight with Complete Grout Fill 

1.14 Weight of empty steel box, lid and lifting bail to determine capacity of 
assembly crane 

Weight of box and lid 

Wbox := 19486 · lb 

WJid := 58 JO · lb 

w10131 = 25296.0 lb w10131 = 12 .6 ton 

A6-259 

Weights based on SolidWorks Model 
(See Section 5, Weights Break-down, in 
145579-D-CA-010) 



. :,;:<,~ -, 

,~- . 

.Attachment .1 
. 1,455;:~0-;cA-01 Q · 
~ev--:~9:0{. ,, _. · ·•-• . 
_Cal·culation Title ICV™ Bo?(Weight 
Calculation_s '· · 

RPP-24544 REV le 

Project Number: 145579 

Page 18 of 18 

Orlglnator:Jason Engeman :fE:: 
'"" f Date:22-Mar-06 
<'ctiecker,James Van Corbach~ 

· Date: 2.'Z.-avML-oC. 

Expected Weight of lifting device based on information obtained from Vendor 

WbaiJ := 2650lb - See Attachment 5 

Total weight to be lifted by assembly crane 

WJm_1o1 := W101a1+ Wbail 

w1;n_101 = 27946 lb WJift_lOI = }4.0ton 

The maximum total weight required to be lifted by the crane is approximately 14.0 ton. 
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Vibratables 

ftlaxllffllm Service Temperatwe: · 

Bulk~ 22U'F(IC) 
15WF(81~C} 

-1S'C) 

Cokl Cruahlng Strenafft; 
1500"F ( 816"<!) 
2600"F (1371tC) 
2910"1= (1600"C) 

Modolus ~Rupture; 
1500"F ( &1S"C) 
-~ (1370"C) 
291o"F (160lfe) 

P11:m1ani:nt linear Changej%)! 
150VF ( 81!fC) . 
·251J01f (1S70"C) 
291o"F (1600°C} 

· !f:tos!onloss: 
1500"F (611;,"C} 

1000"F l 540°C} 
1500'F ( 816"C) 
200<t'F (1095°c) 

"ffi_ical Chenm:.11 Am~!l¾ft 
Oi · si02 e20~ 

6v.3 34.5 1.0 

31oo'F (f10(fC} 

17% 

1400-~psl( V8-140kglcrrt'J 
1~2100 psi (1D6-147 ~ 
1500-2100 psi {105-147 k9'cm1) 

-0.1 lo --0.3 
0.0 lo --0.3 

-J(>-4 to~0.8 

leS$1ttail8.ow 
{TypJcal Loss:4- 6 cc;) 

10.0 
. 10.0 

10.0 

T.02 CsO 

1.8 1.6 

W/rnK 

1.44 • 
1.# 
1.# 

OL'ier 

0.3 

n-&; lb. bags per pallet 

0.1t eb~ .n a..t'9f&toubtf~•.uJM,.e1'h ~)t•• •lh..,-,,f&.9 Mlll'f. Jb:nflffA'7 .-,,_JHl't&,_,,.,.,1f!Jltlic,to b11D~brt. 
lMll•u~'>' lnt~ pvt,..,."'~- rnld.. 

""'"' 
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c:~-.. ::-(ff 
Nominal den$i~ pd {Jqtnf} . 

;5 {249) 
Ma)lin)Um 10mperalure rating. °F re) 

17 {272} 

2300 jt~} • 2000 (1260) 
Continuous use limJ1. •F (-CJ 

2100 (1149) 2000 (1093) 
Memng pollll. •f: (-0) 3200 (1760) 3200 {1760) 

· Mo~ of 1t1pture, psi~)' 
1'75-250 .100-~ 
{1.20-1-72) {0.68 -0.B!J) 

COlnl)le$SIVe sbenglh, psi ~) • 
@ 5% deJortllclliOll 15-25 · ~ -

• (0.10 -o. f7) 
@ 10% delonnallon 25 - 4o 

(0.11- 0.27) 
llnear-shrlokago, '%; 24 hours 

@ 15oo"F (816-C) 6.2 
@ 1800°F {!182"C} 1.9 

• · @ 200'1'F (1093°C} 24 
@ 22DO' F {1:!04•0) 3 .4 
@ 240D"1' (1316•C} 

'.:hemical An31ysls 
,. " 1'lllna, A.JP.a 44 

::a. SIO:, 56 

cak:lum Oxide. Cao 
Other <1 
Loss or l!!'litlon • 4--7. 
Organic Material 3--6 

20-30 
(0.13 - 0.2D) 
30 - 40 
/0.20 • 0.2'/J 

1.2 
2.2 
2."B 

42 
56 

2 
4-7 
3-6 ' 

hEJ)'tRi)I CQnducii\lil)' ffi1J1livbrs•li•••f (1¥/m-k) 
ear> lam~rature ,, 
it 500°F (260'C) 0:•0 (O.ps) 
it ~ooo·F (688•c) ~o..os) 
~ 1500°F (BtG"CJ om {0.12,-
~ 2000"1" (1093"q 127 (0. 18) 

l8rolcaf P,opurtles 

-0 .47 {ll.Ofi) 
Q.71 {O.tg) 
1.04(0-15) ...... 
1.52 {0,22) 

J{aowool 
s 
brown 

20(320) 

" •') . .. . .. . -i, 
,}/! No -I/Ill. . ·,. , 

_ ,¥ ·-, Kaowoorl 
Teriaperat~re Bo~rds 

J<a-ool 
HD 
beige 

26 (416) 

Producllnformalion 
IC<}OWOol tcaowobl 
}JS liS'.45 
beige -mite 

:28 (-1-fS) 42 (873} 

2300 (1260} 2400 (1316) • 2300 (1260}' 2400 (1816) 

2000 (109SJ 
3200(1760) 

150- 180 
{1.00 • 1.24) 

30•50 · 
(0.2P • 0.34) 
i;o ..: so 
{lJ.84 - 0.41} 

1.0 
2.0 
2.3 

46 
53 

5-8 
4-7 

0.69 (0.08) · 
O.llO (0.11) 
1.12(0.18) 
1-58(0.23) 

2300(1260), 221)0.(1204) 
3200 {1760) 3200 (1760) 

150-115 
(f.03 • 1.20) 

50•70 
(O.S4 • 0.48) 

, 10-eo 
• /0..4_tl • 0.62) 

J).1 
u 
2,S 
2.8 

200 - 260 
(1.58 - 1.79) 

60-80 
(~41 • 0.65) 
80 -100 
{0.55 - 0.68) 

0.8 
1.9 -
2..1 
0.2 
-Hl.3 

-11 18 
5_3 81 
6 

5•6 5-8 
4-7 4-7 

0 ,51 (0.08) 
0.80 (0.11) 
1.13 (Q.16) 
1,60(0.23) 

0.68 {0.10) 
0.84 (0. 12) 
1.12 {0.16) 
1.58 {0.23) 

:24_00 (1916} 
~(1638} 

450.550 
(.3.to-a79J 

200- 250 
{ 1.87 - 1.72) 
:250-3oo 
(1.72 • 2.06) 

0.5 
0.7 
0.4 
0.6 
+0.8 

S5 
35 
B 
2 
5•8 
4-7 . 

. 1.02 {0.15) 
0.98 {0.14) 
1.16 (O.r;J 
1.12(024) 

i 

~lion should be exercised during lnili:>I healing. Adequato ventilation should be provided lo ~void i,olenllal flash lgnillon of 
• bin:'er Ollt-ga~slng or avoid air ,.miry While al ~ tomJ)01atura • 

.tc~w .. -..n,,o ~ ,r~~~1"-' Clff'lo~ 
~~~ ~ 

~ ~So!:toc OTIMn>9 Qb_ 

~ - - "2. 'l~ll)lffl3 t-t Attachment: ~ 
~fl) ).:Jn 33 - - --- -

U!e llll""'•I" Cale. No.: 145S79- t>-cA, - OIO.,,,,-
",..l>"l:2tlt ia Re v. No.: __ 0. · ,-

w,b,.;u,: W,Y\'IU!Jom,;,J=-omle9.-Com Sheet -~,)_~- of ..2__ 
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SUPERIOR G~APHJTE _501 968 8816 
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SU-..RIOR $GRAPHITE 

December 9, 100,f 
Atte11tio11: Fil Scopika -AMEC 
Fax11 (250),368-1480 

11 X 72" UHP Electrode l -7N60 Pin 
"Typkal Properties" 

P - 2 

~= . ~-.T.:it?inat!Ri.tipeliy· Electrode ~~;_~:.\{·t~~ttt1}~:;;" ·: -.~ ·. ·/~ /:_~~·;_;:;~~-:/:-\·.~-. / . -~~ ~- . 

Diameter/ .001"- 11.880"-12"-12.070" 6.965n-6.975"-6.995 

Length/ .001" - 66.5"-72»_75.4» 10.531"-10.618"-l 0.656" 

Socket & Pin- Size/ .001'"- -.005'' to+. 015" · .990" to l .020" 

Socket & Pin-Taper/ .001"- 0to+2 +0.5 to -3 

Density glee- 1.70 - 1.78 1.74 -1.84 

Electrical ResistBnce- micro/ohm/in"xl 0-5 20.0 - 29.0 19.0 - 25 .0 

Flex Strength- PSI- 4 point loading- 2000 - 3000 3000-4000 

CTE(L)400C .9 LS 

CTE(0400C I .l 2.9 

Here ii; the infonnation you requested. If you have any questions or need further 
assistance,, please contact me at (479) 968-8810 ext.13 

Sincer, / ,,. 1' /} / { ~vL!J -1~ 
Charles W. M cClure 
Quality/ Tedmical Manager 

Mei 
Attachment: NA 

Attachment 
Cale. No.: 

Rev. No.: 

Sheet 

145579- O - CA - 0 ltJ 

0 
__ L::__ __ of ...2.__ 

Superior Graphite Co. o 3225 Dow Drive o Russe"vllle. AR 72802 o USA 
Phone + 1 1179961!B810 o laJC + 1 479%80816 o wvm .supertorgraphite.com 

12/ 09/04 TIIU 06 :29 , fTXtRX NO 8 053 1 

A6-266 



RPP-24544 REV le 

-; .' 

145579-D-CA-010 

Attachment 5 

Vendor Quote Containing Expected Weight of 
Lifting Device fo~ ICV Box 

A6-267 



RPP-24544 REV 1 c 

Mailing address: 
P.O.Box309 

Butler, WI.53007-0309 

Shipping addreso. -

Page : 1 

Q"QOTE 
NUMBER 

Allachmenl: __ -__:0=-..----
WI 33 N4960 Campbell Dr. 
Menomonee Falls, WI 53051 

Pbone(26Z)790-4200 

QT041095D 

Calc. No.: 145579- D - C:A-olo Date : 
121sn004 Rev.No.: 0 FAX (262) 790-4202 

http://www.bushman.com Sheet 

TI'EM 
MODEL439 

_ _,_ ___ ol __ 3 __ 

AMEC Amerios Limit1td 
B..C. Canada 

SHIPVIA 
BESTWAY II 

engineer@bushman.com, custinfo@bushman.com 

F.O.B. 

Phone: 250-368-2464 
Fax: 250-368-2455 

MEN. FALLS II 
QUOTETERMS 

Net30 

TERMS OFPA YMEtiIT ARE SUBJECT TO CREDIT APPROVAL AT TIMB OF ORDER! 

Victor Lourenco 

DF.sCRJPTION 
SPREADER BEAM 
Bushman Model #439-4 Spreader Beam 

Capacity: 25,000 lbs. 

QUANTITY NET PRICE EA. 
· 1.00 $6,425.00 

Bail Type: Center lift. Aame cut plate welded in place with opening to fit customers hook. 

Beam includes four swivel hooks with safety latches on 13' x 100" centers. 

Paint: One coat safety orange enamel. 

Approximate shipping wcighB 

Drawjng approval JG(JUircd prior _to fabrication. 

All Bushman Equipment lifting devices meet or exceed the ANSI S~dard B30.20. 

Delivery approx. 8 weeks after receipt of signed approval drawing. 

NET EXT. PRICE 
$6,425.00 

• cross beams on J0'-6 • centers . Add $2,450.00 Includes four additional swivel lioolcs. 

Warranty: Twelvc·(l 2) months from date of shipment, covering defects in material and workmanship and docs 
no! include field labor. 

The following items or services are not included in our above price: 
" Sales or use taxes, import duties or customs fees. 
" Export packaging. · 
• Freight to jobsite. 
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Mailing address: 
i>.q:Box309 

Butlcr,WJ53007-0309 . 
Shipgiog address: 

WI 33 N49(JO Campbell Dr. 

Menomonee Pa!Js. WI 53051 

Page : 2 
, 

QUOTE 
NUMBER 

QT0410950 

PhollC (262) 790--4200 ~ 
FAX (262)790-4202 12/8/2004 

http:/IY,,-.bashman.com 
engincer@bushman.com. aislinfo@bushman.com 

. , , 

• Faclory load tesling- full or partial 

Best regards, 

Kev.in Ka3ser, Sales. 
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L~e Dudley Report on Clean Soil 
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DIAMONDBACK TECHNOLOGY, INC. 

Report lo AMEC Americas, Ltd. 
Flow Properties of Clean HRTS Soil 

Prepared by 
lee Dudley 

April 8, 2004 
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We provide the world. with solutions to bulk solids handling problems that occur in hoppers, bins and processing units 

712 Fiero Lane Ste. 37 • San Luis Obispo. CJ\ 93401 • 805-544-3775 • Fax 805-549-8282 
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• DIAMONDBACK TECHNOLOGY, INC. · 

Frank Sweet 
AMEC Americas ltd 
1385 Cedar Ave. 
Trail, BC, Canada V1R 4C3 

Dear Mr. Sweel: 

April12;2004 
AME\1\l V0040804.RT1 

Enclosed pl~se find our report containing the lest results of your Clean HRTS 
Soil and our Diamo~ack _T edlnology recommendations. If you have ar:iy 
further questions, plec1se feel free to contact me. · 

We look forward to working with you. 

Sincerely, 

:.~~""( 
ConsultaAt 

LVO/mjf 

Attachment: (a __ ___,,,,__ ___ _ 
Cale. No.: ! 45579- Q- c A- Ojo 
Rev. No.: 0 
Sheet --"'z.'------ ol -~--

We provide tne world with solutions to bulk solids handling problems that occur in hoppers, bins and processing units 

712 Fiero Lane Ste. 37 • San Luis Obispo, CA 93401 • 805-544-3TT5 • Fax 805-549-8282 
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1.0 Background · 
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Report to AMEC Americas, Ltd. 
Flow Properties of Clean HRTS Soil 

Prepared By Lee Dudley 

Arv'!EC is planning a new system for processing Clean Soil in a DOE project at 
the Hanford Works in Washington. The process will require reliable flow through 
a process surge bin into and out of a dryer/mixer. The Clean soil will be stored 
up lo 7 days in a 4.9 mt vessel. It will be filled from a pneumatic conveying 
system at a rate of 300 kg/hr and discharging at 433 kg/hr. 

This report contains the results of material flow ptoperties testing on the Clean 
Soil inclu<fmg angle-Of-repose testing · and providing standard Diamondback 
Technology recommendations 

2.0 Executive Summary 

The material flow properties lest results are summarized in Table 1. Detailed 
charts and graphs are attached. 

The da;a is also interpreted ;;s Johanson :nC:ices. These are simplified design 
point values _based on· the materiel How property data of Table 1, the physical 
constraints of the system. and Dr. JR Johanson's experience and design 
methodologies. The Johanson Indices are summarized in Table 2 and defined in 
Figure 1. 

Table 1. Summarized Material Flow Properties 

Units Clean HRTS Soil 

Moisture % 10.22 
Bulk Density 

/ Feed kghn' 1002.8 
Bin ' kghn' /''1430.5----_.., 

Friction Angles '-..:... _,I 
Angle of Repose• Degree 30 
Internal Angle of Friction Degree 27 
Effective Angle of Internal Friction Degree 34 

Coefficients 
Wall Friction on 304-28 Stainless Steel 
Stalic NIA 0.52 
Kinematic NIA 0.49 
lateral Pressure NIA 0.58 
Wall Friction on 304-1 Stainless Steel 
Static N/A 0.54 

Attachment: 

Cale. No.: 

Rev. No.: 
145579- ll·ct,-01 o 

0 
Sheet 3 ol ~3 __ 
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MathCAD Calculation to Determine Volume of Top
Off Soil 
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CALCULATION SHEET 
Page 1 or 2 

' , 
,t Att~chin~nt a':> -I, 

14557g:,o.:CA-010 " 
Rev.N'o: ol _,~,., , ic,S:,,:.> > ,; 
Calculation Title ICV™.Box Weight 
Calculations · ,' ·-

1.0 Calculation and Analysis 

1.1 Approximate Shape of Top-Off Soil Frustum 

_ ______.I I 
hvoid_chute 

The top-off soil cone will form 
a truncated cone with its top 
approximately equal in 
diameter to the lid's port 

The top-off soil chute has a diameter or 7,7" (F-145579-35-D-0003) 

T chute := 3 .85 · in 

1.2 Height of Void Space 

h box := 90 , in 

hgaskct := 0 ,5 , in 

h1;d := 16 , in 

h,,_sand := 8 , in 

h,cf_Ooor := 6 ' in 

hglass := 64.38 - in 

Interior Box Height from Attachment 1 

Height of Gasket F-145579-35-D-0004 

Interior Lid Height F-145579-35-D-0006 

Support Rib and Sand Height F-145579-35-D-0016 

Refractory Height F-145579-35-D-0017 

Glass Height 

hchuic_sloi := 2.3 l in Chute Slot F-145579-35-D-0007 

hvoid = 25 .8 in Void Space Height 
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ame& ~CALCULATION SHEET 
P~oject _Nun:ib~r:} ,45579 

.· . -~~t' ~
Page2 of 2 

Attachni'ent 8 
145579-0-CA-010 
Rev. No.O 
Calculation Title ICV™ Box Weight 
Calculations · 

1.3 Base Diameter of Top-Off Soil 

Based on the sketch in Section 1.1 

hvoid 
--= tan(37 · deg) 
Tto_conc 

hvoid_chute 
---- = lan(37deg) 

rchule 

hvoid_chute := rchure · lan(37dcg) 

hvoid _chute= 2.9 in 

hvoid 
Tto cone := + rchute 

- lan(37 - dcg) 
r1o_cone = 38.l in 

1.4 Volume of One Top-Off Soil 

r,o_conc 
2 

· ( hvoid + hvoid_chutc) 
Volonc soil := n- ---------

- 3 

3 
Vo10 nc_soil = 25.3 ft 

1.5 Volume of Five Top-Off Soil 

3 
Volonc_soil = 25.3 fl 

Y101al := Volonc_soil ' 5 

3 
V,oral = 126.3 ft 

Vol,cducrion := .85 

Volsoil_rcduclion := V loral · V o lrcduction 

3 
V o lsoi l_rcduction = 107.3 ft 
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Trigonometric Relationship of a Right Triangle 

Base Diameter of Top-Off Soil 

Assume a 15% decrease in total volume due lo 
the shared volume between each cone as seen 
in Attachment 12 
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TECHNICAL DATA SHEET 

DESCRIPTION: 

_ M-Bed Superllow Is a premixed, 
non--melallic, smnl<age compensat
ing grout composed of specialized 
cements, flow agents, and graded 
siliceous sand.. n meets ihe require
ments of ASTM 1107 grade · 
classHJcatlons A, Band C. M--Bed 
Supetflow requires the addition of 
water only for use al consistencies 
ranging from piastre to fluid. 

WHERE TO USE: 

M-Bed Superflow 1s·a high perfor
mance, shrinkage compensating 
grout that can be used for the Instal
lation of a,:ichor bolts, heavy 
machinery base plates, column sole 
plates, and all areas requiring a preci
siOJ1 grout. 

ADVANTAGES: 

•Volume StablTrty - M-Bed Supertlow 
contains special cements that 

• produce a regulated expansion 
duing their hydration. The rate and 
tine ol expansion has been de
signed to offset shrinkage due to · 
.settlement in the plastic stale and 
drying in !he hardened slate. 

• low Expansion Ralio - M -Bed 
Superllow produces an overall ex
pansion not exceeding 0.4%, 
etiminaling lhe need for total re
straint to achieve design strengths. 

• Range of Placing Consistencies -
Highly efficient flowabifity agents 
enable M-Bed Supertlow to be 
placect at consistencies ranging 
from plaslic lo fluid wit'· 
gation while still rnalnt 
water/cement ratios. 

TECHNICAL DATA 

Packaging: 25 kg mulll-walled, moisture proof bags. 

ShellUfe: 12 montmin original, unopened packa!JDl!l when stored 
dty at 4"C-25"C. Condition mateiial lo-18"C-29°C 
before using. 

Colour: 

Mixing Ralio: 

Waler per 25 kg bag: 

Yield per 25 kg bag: 

Concrete gray. 

5 lilres of waler per bag maiumum. -

~ROPERT~ (23°C and 50% R.H.) 

l'ladic: IJDW>llle 
(Walzr.solids 9.15) (Walcr.s.lids 0,11) 

3.75li1Jes 4.25 lilres 

12.3lilres 12.8 lilres 

Ruid 
(Waltf:Sollllsl.20) 

5.00 litres 

13.3 l~res 

Wet Density: 2,090 kg/m' 2,050 kg/m1 

V/onc Life.al Various TemperahKes: ~ 
10°c 1.25 hrs 1.50hrs 
22·c 1.00hr 1.00 hr 

Initial Setting limes al Various Temperalull!S: 
10°C . 7 .50 his 7 .50 hrs 
22°C 4.50 hrs 6.50 hrs 

Final Setting limes at Various Temperatures {max.): 
10°C 8.50 hrs 9.00 hrs 
22°c 5.00 hrs 7.00 hrs 

Compressiwe Slfenglh {ASlM C lO!Hl): 
1 day . 40MPa 
7 days 55MPa 

28 days 70 MPa 

30MP'a 
SOMPa 
60MPa 

1.60hrs 
1.00hr 

6.00 hrs 
7.00 hr 

9.50 hrs 
7.50hrs 

l5MPa 
32MPa 
45MPa 

Atlachment: 9 
Cale. No_: --1-45_5_7_9_- -0'----G-II ___ C>_(D __ 

Rev. No.: O 
Sheet 

CO~l 1 SIK/\ 1I-Dl111CA!. S!J\VICl fOR AMYVARIATIOII IN PROOUCJ USAGE. APPUCATION 0!1 OJRING M£JHOPS. MIO[ m CAtiAOA-

A6-281 



RPP-24544 REV 1 c 
·' 1-. 

145579-D-CA-010 

Attachment 10 

Excerpts from references 12, 13, & 14 
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STRUCTURALTUBING· · -$ Square 
Dimensions and properties ' 

v,,} 

~es" Dimensions Propellles·· 

I J z 
Nomifgj• 

w.in Thicluiess Weight 
Area I s , J z Size per fl 

In. In.' ta.' In. IA._ LIi. In.' tn.• In.' ·ti,. In.' In.' 
6.23 2320 214 

6.29 1890 175 

li.3S 1450 134 

.6 6.38 im 113 

t 5.42 1630 161 

• 5.48 1250 132 ,., 5.54 963 102 

u 5.57 812 26.1 

6.7 4.60 943 116 

8.9 4.66 m 95.4 

i3.4 4.72 · 599 73.9 

i4.0 4.75 506 62.6 

,u 4.78 410 50.8 

33.8 4.81 31Z 38.7 

M.2 3.78 529 77.6 

59.4 3.81 48S 71.3 

54.2 3.M ,139 64.6 

42.9 3.90 341 50.4 

36.7 3.93 289 42.8 

30.1 3.96 23S 34.9 

23.2 . 3.99 179 26.6 

59-4 3.'.ll 377 61.5 

46.8 3.-IO 3'17 56.6 

~9 3.43 315 51 .4 

' 

t 

8X8 0.6250 ¼ 59.32 17.f 153 38.3 • 2.9i 258 472 
0.5625 ,,,, 54.17 15.9 H3 35.7 3.00 238 43.6 
0.5000 % 48.85 14.1 131 32.9 3.03 217 39.7 · o.3750 . ¾ 37.lil!I 11.1 106 26.4 3m 170 31.3 .. 
0.3125 v., 31.84 9.36 90.9 'l2.1 3.12 . 145 26J 
0.2500 ··y, ~.82 7.59 · _75.1 18.8 a1s . 118 . 21.9 
0.1875 Y,, 19.63 · SIT 582 14.6 3.-18 90.8 16.8 

7X7 ·o.5625 y,. 46.51 13.7 91.4 26.1 2.59 154 32.3 
0.5000 Y, 12.05 12.4 84.6 24.2 2.62 141 29.6 
0.3750 ¾ 32.58 9.58 68.7 19.6 2.68 112 23.5 

· 0.3125 V., 27.59 8.11 59.5 17.0 2.71 95.6 20.1 
0.2SOO ¼ 22.42 6.59 49.4 14.1 2.74 78.3 16.5 
0.1875 ~ .. 17.ll8 5.02 38.5 11 .0 2.71 602 12.7 

6X6 ; 0.5625 l/,o 38.86 tl.4 54.1 18.11 · 2.18 92.9 . 22.7 
0.5000 1/, 35.24 10.4 50.5 16.8 2.21 85.6 20.9 
0.3750 ¾ 27.48 8.ll8 41.6 __ _.J:19. 2.27 68.5 1s.e 
0.3125 y,. - u.34 . 6.86 . 3 6.3 12.1 2.30 - 58.9 14.4 
02500 ¼ 19.02 5.59 30.3 10.1 2.33 48.5 11 .9 
0.1875 y,. 14.53 4.27 23.8 7.93 2.36 37.5 9.24 

:s~s . 0.5000 ½ 28,43 8.36 27.0 10.8 I.BO 46.8 13.7 
0.3750 Ye 22.37 6.58 228 9.11 1.86 • 38.2 11.2 
0.3125 ·y,. 19.08 5.61 28.f 8.02 1.89 33.1 9JO 
0.2500 ¼ 15.62 4.59 16.9 6.78 1.92 21.4 8.07 

' 0.1875 ¥ .. 11.97 . 3.52 13.4 536 1.95 21.3 6.29 

34.1 3.49 246 40..3 

29.3 :1.53 . 209 34.3 

24.1 3.56 170 28.0 

18.6 3.S9 130 21.4 

·. : 

radius equal to two timos lhe wall 

· f ~Outside dimensions actoss ftat sides. · 
, ; "!',J>,1opef1!es are based upon a nominal oulskle oomer radius equal lo lwo ·limes lhe wal . 
-: t-: . ;dildmess. 
_·-s;~: 

NSD-1'Cl10N A>muCAH INsnro,c OF Sn:u. eoi.m..,.,._ 
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$ STRUCTURAL TUBING 
Square 

Dimensions and properties 

Dimensions . PropeflJes• • 

No~inal• 
Walllhlttness Weil# Atea 1 s I J l Sile pcrR 

kt. Ill. lb. 1,.2 111.• In! "'· In.. In? 
4.SX4.S · 0.2500 ¼ 13.91 4.09 12.1 5.36 1.n 19:7 6.43 

0.1875 Ka lo.70 3.14 9.60 4.27 1.75 15.-4 S.113 

4x,4 o.sooo ½ 21.63 6.36 12.3 11.13 1.39 21.8 . ·8.02 
0.3750 ~ 17.21 . s.oa 10.7 · 5.35 1.45 IU e.n 
0.3125 '¾, M.83 4.36 9.58 4.79 .1.-48 16.1 5.90 
0.2&JO ¼ 1221 3.59 8.22 -4.11 1.51 13.S 4.97 
0.1875 y,. 9.42 in 6.59 3.30 t.54 10.6 3.!I 

3.5X3.5 0.3125 ~ 12.70 3.73 6.09 3.48 1.28 10.-4 4.35 
02500 ¼ 10.51 3.09 5.29 3.o;! 1.31 &82 3.70 
0.1875 r,, 8.15 2.39 4.29 2.45 1.34 6..99 2.93 

. 3X3 0.3125 ¥., 10.58 3.11 3.58 2.39 L07 6.22 3.04 
0.2500 ¼ 8.81 2.59 3.16 2.10, 1.10 5.35 2.61 
0.1875 'II, 6.87 2.02 2.60 .ID 1.13 4.28 · 2.10 

2.5x2.S 0.3125 'II, 10.58 3.11 3.58 2.39 1.07 3.32 1.96 
0.25QO ,,. 7.11 209 1.69 1.35 0.899 292 1.71 
0.1875 y,. 5.59 1.64 1.42 1.14 0.930 2.38 t.40 

2x2 0.312S ,y,. 6.32 1.86 0.880 0.880 0.690 1.49 1.11 
0.2500 ¼ 5.41 1.59 OJ66 0.766 0.694 1.36 1.00_ 
0.1875 3/,. 4.32 127 0.668 0.668 0.726 qs 0.840 

•Outside dimensions aaoss flat sides . 

.. P,opet1les are based upon a nominal outside corner radius -equal lo two limes lhe waft 
lhlcl<ness. 

' 
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STRUCTURAL TUBING xffix Rectangular 
Dimensions and properties 

y 

Rlperlies .. 

y.y Axis 

Ii, 1, ~ 4 r,. J 

ft. 1n.• 1a.• 111.•. Ill. In.• 
J)6 · 4.85 us 6..05 o.ns 16.5 
.10 4.42 4.42 5.33 .0.802 14.9 
.15 3.85 3.85 4.50 0.830 12.8 
.20 3.14 3.14 3.56 0.858 10.3 

.24 123 35.1 42.8 2.66 248 

.21 115 . 32.8 39.S 2.69 229 

.30 I06 S0.2 36.1 2.11 209 :n as., 24.3 23.4 ?-n 164 

.40 73.5 21.0· 24.3 2.80 140 

.43 60.8 17.4 19.9 2.83 114 ,-4& 47.2 13.5 15.3 2.86 87.7 

,15 BU 18.2 34.4 2.28 189 
t19 7'.2 2$.5 31.9 2.31 175 
l22 73.2 24.4 29.1 2.34 160 
1.29 59.4 19.8 23.1 2.40 121 
1.32 61.4- 17.1 19-' 2.43 108 
1.38 42.7 14.2. 16.2 2.46 118.8 
1.39 3" 11.1 12.5 2.48 68.2 

Dmeasinns Properties•• 

mlnar Wal Weight X·XAxls y.y Aki$ 

Size lbltliness _petft Alta 
1. s. z. ,. 1, -~ l,- ,, J , .. In. Lb. 111.2 111.• In! -In! 111. In! In! ln.3 In. In.. 

ax& o.5625 ,.., 46.51 13.7 112 27.!J 3S.2 2.86 70.8 23.6 211-, 2.28 
D.5000 " 42.05 12.4 103 25.11 32.2 2.89 65.7 21.9 26.4 2.31 
0.3750 'K 32.58 9.58 83.7 20.t 25.6 2.96 53.5 17._8 21.0 2:3& 107 .. 0.3125 v.. 21.59 8.11 72.4 18.1 2U 2.99 -16.4 15.5 18.0 2.39 91.3 8.2500 I(. 22.42 659 li0.1 15.0 l8.0 3.92 38.6 12.9 IU 2.42 74..9 
0.1875 v .. 17.08 5.112 46.8 11.7 13.9 3.05 30.1 10.0 11.4 2.45 57.6 

8X4 0.5625 ir,·, . 38.86 11.4 805 20.1 26.9 2.65 26.2 13.1 16.2 1.SI 69.0 

i 
0.5000 ¾ 35.24 10.4 75.1 18.B 24.7 2.69 24.6 12.3 15.0 1.54 64.I 
0.3750 ~ 21.48 8111 61.9 15.5 19.9 2.77 20.6 10.3 12.2 1.60 52.2 
0.312S y,, 23.34 6.86 53.9 13.5 17.1 2.80 18.1 9.DS 10.5 1.62 45.2 
Q.2SO() ~ 19.02 5.59 45.1 11_.3 14.1 2M 15.3 1.63 8.72 1.65 :17.5 
0.1875 y,. 14.63 4.21 353 8.83 11.0 2.88 12.0 6112 s.n I.al 29.1 

II~ 0.5000 % 31.84 9.36 61 .0 15.3 21.0 2.55 12.1 8.05 10.1 1.14 35.7 I 
i. 0.3750 ~ 24.93 7.33 51.0 12.7 17JI 2.64 10.4 6.92 8.31 1.19 29.9 

0.3125 y,. 21.21 6.23 44.7 112 14.7 2.68 9.25 6.16 7.24 1.22 26.3 
0.2500 ¼ 17.32 5.09 :J/.6 9AO 12.2 2.72 1.90 5.26 6.05 1.25 22.1 
0.1875 y,. 13.25 3.89 29.6 7.40 9.49 2.76 6.31 4.21 4.73 1.27 17.3 

l09 503 -20.4 24.7 1.93 
. 

126 
L12 . -0.4 111.9 22.:1 1.96 115 
l20 38.1 ' ·15.5 18.1 2.01 92.2 
123 3111 13..S 15.6 2.04 19.2 
J.21 282 11.3 12.8 2JJ7 65.2 
J.30 22.1 8.84 9.90 2.10 50.2 

?.88 131' 9.11 11.3 1.15 •1.6 
?.H 11.7 · 7.79 9.29 1.20 34.9 
?-91 10:4 ·.6.92 8.1)8 l.2J 30.5 
J.02 11.84 5.90 6.73 1.26 25.6 
).(JG 7.116 4.70 5.26 1.29 20.1 

. ~l<2 0.3750 ¾ 2U7 6.58 40.1 10.0 H.2 2.47 3.85 3.85 4.83 0.765 12.6 
• I 0.3125 Y.. 19.08 5.61 3S.5 8.87 12.3 2.51 3.52 3.52 4.28 0.792 11.4 

D.2500 ¼ · 15.62 4.S9 30.1 7Sl 111.3 2.56 3.D8 3.08 3.63 0.819 9.84 
0.1875 y,. 11.97 3.52 ?3.9 5.97 8.02 2.60 2.52 2.52 2.88 0.847 7.94 

·1xs 0.5000 % 35.24 10.4 63.S 18.I 23.1 248 37.2 iu· 18.2 1.90 79.9 
0.3750 ¾ 27.48 8.08 52.2 14.9 18.S 2.54 30.8 12.3 14.6 1.95 64.2 
0.3125 y,. 23,34 6.86 45.5 13.0 15.9 2.58 26.9 ?10.8 12.6 1.98 55.3 
0.2500 y. · 19.02 5.59 38.0 10., 13.2 2.61 22.6 9.04 10.4 2.01 45.6 ~ ... .. 0.1175 y,. 1-l.53 ,427 29-' 8..50 18.2 2.64 11.1 7.11> 8.10 2.04 35.3 ·t---

• 11Kfrus pqual lo two limes lhe wall 
?Outside dimensions across flat sides. 

_operties are based upon a nominal oulside comer iadius equal lo ·1wo Umes lhe wan 
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erties 

STRUCTURAL TUBING ·ffi· Rectangular 
Dimensions and p~operties 

I y 

iperties•• Dimensions Properties•• 
Y-Y Aids 

~ ~ z,. J , r, 

. ..... 1n.i lft_l II). 1n.• 

l'lc,millaf• Wall Weight l·XAxis Y-YAkls 
As~ Size Thid<ness perR r,, ~ 1.,, ,. ,, ~ z,. ~ 

J 

111. 111 • lJI. In? ..... tn.» .,,._, Iii. 111.• 1ft.3 111.l In • .... 
l8 21.S 10.8. 13.3 1.52 53.0 
15 18.1 9.D8 ID.I 1.57 43.3 
19 16.t 7.98 9.36 uo 'iJ1.S 
12 13.5 815 7J8 Ui3 31.2 
l5 IG.7 5.34 6.06 1.lill 24.2 

6X2 0.'iJ150 ¾ 1721 5.08 17.8 5.94 11.33 t.87 2.84 2.84 3.61 0141 8.72 
0.3125 y,. 14.83 (.36 16.0 5.34 7.33 1.92 2.62 2.62 3.22 o.m 7.94 0- •1. 1,.21 3.59 _13.8 4.60 6.18. 1.96 2.31 2.3J . 2.75· o.~ 8.88 0.1875 ,,,,. 9.•2- 2.77 11.1 3.70 .4.88 2.09 1.90 1.90 2.20 o:-&2§ ·5.56 

25 IO.S U9 8.14 1.12 29.8 
33 9..118 6.05 7.32 1.18 25.1 
)7 8.11 5.41 6.40 1.20 220 
It 6.95 4.63 5.36 1.23 ,a.s 

5X4 0.3750 ¾ 19.82 5.83 18.7 7.50 9.44 1.79 13.2 658 8.08 1.50 263 0.3125 .y,. 16.96 . 4.98 16.& &.65 11..24 1.83 11.7 S.85 7.e5 1.53 22.9 
0.2500 ¼ 13.91 4.09 14.1 5.65 6.89 1.86 9.91 4.99 5.90 156 19.1 
0.1875 :y,. lo.JD 3.14. 11.2 4.•9 5.39 1.89 7.96 3.98 4.63 159 14.9 . 

45 5.51 3.71 421 1.26 14.6 

26 2.69 2.69 3.19 0.812 8.36 
31 2.21 2.21 2.54 0.839 6.74 

« 32.1 tu· 16.o 1.85 62.9 

5X3 0.5000 ½ 21:63 6.36 16.9 6.75 9.20 1.63 7..33 4.88 6.35 1.07 111..2 
0.3750 ¥. · 17.27 5.08 14.7 5.89 1.1i 1.70 6.48 4.32 S.35 1.13 15.6 
0.3125 ,y,. 1(83 4.36 13.2 5.21 6.77 1.74 5.85 3.90 4.72 1.16 . 13.8 
0.2500 y. 12.21 3.59 11,3 '4.5i s.10 · 1.77 5.05 3.37 3.99 1.19 11.7 
0.1875 ;y .. 9.42 2.n 9.o& 3.62 U9 1.81 4.08 2.72 3.15 1.21 9.21 

21 26.8 10.7 12.9 1.91 50.9 
24 23.S 9.40 11.2 ,.9• 43.9 
u 19.8 7.91 9.26 1.97 36.3 
30 15.6 6.23 7.20 2.00 28.1 

sx2 0.3125 ,y,, 12.70 3.73 9.7• 3.90 S.31 1.62 2.16 2.IS 2.10 0.762 6.24 
0.2500 V. 10.s1' 3.09 8.48 3..39 4.51 1.66 1.92 1.92 2.32 0.789 5.43 
0.1875 ¥ .. . 8.15 2.39 6.89 2.75 3.59 1.70 1.60 1.60 1.86 0.816 4.40 

.116 18,4 9.21 115 1.48 42.1 

.13 15..6 7.82 9.44 1..54. 34.6 

.16 13.8 6.92 8.21 1.57 30.1 

4x3 D.3125 ,y,. 12.70 3.73 7.45 3.72 us 1.41 4.71 3.14 3.88 1.12 9.89 
0.2500 Y• 10.51 3.D9 6.45 3.23 4.03 1.45 4.10 2.74 3.30 1.15 8.41 
0.1875 :y,. 8.15f 2.39 5.23 2.62 3.20 .1.48 3.34 2.23 2.62 1.18 6.67 

.J9 11.7 . 5.87 6.84 t .60 25.o 
·.23 9.SZ 4.66 s~ 1.63 19.5 

.112 7.78 5.19 6.34 1.16 20.3 

.. 4X2 . Q.3125 ·y., l0.58 3.11 5.32 2.fi§ 3.60 1.31 1.71 1.71 2.17 .0.743 4.58 
0.2500 ¼ 8.81 2.59 4.69 2.35 3.09 1.35 154 J.64 1.88 0.770 4.01 
0.1875 ¥., 6.87 2.D2 3.81 I~ 2.~ 1.38 1.29 1.29 1.52 0.798 3.26 

.06 6.98 ~ 5.56 1-.18 17.9 

.1)9 6.08 4.00 4.6 7 1.21 IS.I 

.13 •Bl 3.22 3.68 t.24 11.9 

3.5X2.5 0.2500 ¼ 8.81 2.59 3.97 2.27 2.88 1.24 2.33 1.86 2.28 0.948 4.99 
0.1875 o/,. 6.87 W2 3.26 1.86 2.31 1.27 1.93 1.54 1.83 0.977 4.02 

3X2 0.2600 ¼ 7.11 2.09 2.21 1.47 1.92 1.03 I.IS 1.15 1.44 0.742 263 
0.1875 ,y,. 5.59 1.64 . 1.86 1.24 I.SJ' I.~ om 0.977 I.II 0.771 2.16 

"Oulslde dinensions across na1 sides. 
radius equal lo lwo limes Ille waB ·°Proper1Jes are based upon a nominal oulslde comer racf,u, equal lo two limes lhe wan 

lhlc!<ness . 
.. 

AMDIICU< INsmun Of Sn:n. CoNSTIUICTION 
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Attachment: 

STEEL PLATE SIZFS 

3/ls ___ us 
'"--- !0.20 51ls _ __ ,us 
:118 ___ 15_30 
7116 ___ _ 17..115 

112- - - -2"-'0 .,,. ___ 22.95 
5111 _ ___ 3.50 
lt/1&. ___ 29.05 
314 _ _ __ _ 30.co 
19/f6 __ __ 3J..15 
718 _ ___ 3:S,.70 , _____ ..,... 
1-1/l _ __ <IS.$0 
1-11, _ _ s,.oo 
--- -56.10 1-11Z ___ _g1.20 

- ---.66.30 1-314 ____ _ ,uo 
1- 711 _____ 75.50 

· 2 _ ____ _ .. _50 

2-1,'l ___ ec.,o 
2-1u ___ ,._eo 
2-112 ___ 102.llC) 

2-314 ____ 112..tc, 
3 ____ _ 12'2..40 

3-114--- 1!2.CO a-1,z _____ ,,.2..eo 
~•---1S3.00 

•-----•=• 4-1H ____ 1n•o-·-
..._112 ____ 183..60 

• - ---- 204.00 
S-1/2 _ __ _,224_40 

6--- --2'4.80 
6-112 ___ 26$_20 
, ____ 285,.6() 

7-lF.Z--;-----306.00 
•----3'2S:.40 
9 _ _ _ _ :__3'7_20 

''---- - «8.00 

WIRE ;,nd SHEET SPECIFICATIONS 
WtigN tia1ues kltd~lhepewlous lnr pages a,~ bas.Rd on a 
-- opemcg,ovly ol7.71orlron(4801bsf04>c...., ond 
7 .854 b Stffl 1489.6 l>skut:Jic foal. 8 .W. ~uge w~ :m, 
tns:eom~ S1et:r weq'dd .o.a W5qir.ne hkt. 

US~dG.Ngewas e1~biishedb'(Con!)e~in 1"93andu .. 
latircshes flat !he ~ detennnes lb.a gauge,. nol lhe Jhlcble.si. 
~iud Shed Gauge is customa~ as.sinned to be based ort 
~ US Slan(bld Gauge •x~ 2.5 ounoes pd sqa:are kx>t Is 

. added lo n.o 9"'90 _.;gill ol lhe wne us 5landonl Ga"9" num
ber. 

358 Steel ana Metals 

.Jo 
Cale. No.: 
Rev.No.: 

/IJSSrf • 0 - CA - 010 _ o_-_ _ 
Sheet s- · ol~b~ -

CHANNEL STEEL SPECS · 
s,,,(Baol Wdfll. ....... ...., .... 

lY,tI6/1'a ill- -- 0.50 
l'f x318, ,,._ ___ o.56 
,_..w.ua _____ t .61 

'111x 7116• 1111--- D..69 
1•>'1•1,9 _ ____ _ 0.68 
1 JI 1/2 X t/11 ___ 0.84 

t-lllX~6Jl:Nl6-- 1.16. 
1-fM.11 ll'l::s IM.--- 1..0t . 
t-1J2:at/2I118.-- U2 

·1-1t2x9't5Jt3'16- - IM 
1- l/2.J13f-tX111.- - 1.17 
1-1/2 X 1-112.JI 3"6....- 2.65 
l~·K1'2ll3'16- - 1.55 
2Jt1l'ZxU11------ 1.43 
b:1116:-.~16--- U16 
t • 518 x 114-- - -· 2.2t 
b1x111-- - l.59 
bl • Y16-- - - - 2.32 
2--1t:zxrJB,c3/16- -2Z1 

smuC'lURAL CHANtfEL. 
C:: $landald Olannd 
MC .s M/.scallancaus C/iaOQf/1 

Sir• Wd'lf. - ""'C3x l~xo.no _ _ •.1 
. x 1- 112xo.2sa __ s.o 
ll 1-SlexQ.35'_ 6.0 

MC3x 1- 1/Bxo.Jn _ __ 7.1 

JI 0.500 --- 9.0 
C4x 1--511,cO.llM- S.4 

:a 1-S11xo.2a _ e25 
A 1--3't:t0.321 _ , 72:l 

MC 4 x 2-112 lcO.SOO- 118 
C51C1-3/CX0.100- ,.1 

X 1-7.18 JI 0.325 __._ 9..0 
CSx 1-7/BXG.200- 112 

X2X0.314--10.S 
x2-118, 0."37 - · 1.3.0 

MCSJll2'-I/Z ,r 0..3IO _ _ 12.0 

MChS>D-316. __ 1~.1 
11.0.315 _ _ _ Mi.3 

MC 6 x 3-112 x 0.3:tO- 1S..3 

STRUCTURAi. CIWlli£L 
s;20 Welglt 
-, lboflod 

MC8x3-l/lJt.0.379- 11.0 
C7x2-1'1x0.210- 9J 

•2-1/4x0.31.t_ 12.25 
ll2-1/4x0.419,:__'M.75 

MC7ll3x0.3JS _ __ f7.£ 
X 3-1/2. X 0.352_. 19.t 
X3-5/BX0.503-22.7 

. MC I• 1-7/8 X0.179_._f.SO 
CBX 2-1/fXG.220--11.S 

)12'-,Mill.0.313--. 13.75 
X 2-1/2 X 0.487 _ lt.JS 

MCBX3 X0.353 - - 18.7 
xo.400 __ ,.,» 

K3-112llll377--21A 
l0,421 - 22..8 

c,:ir; 2-3/ex:o.23J __ 13 . .e 
• 2- 112 x 0..28S-=.._ 1S..0 
•2-Sl8ll0.4-48- .2D.0 

~C9ll3-1/.l10.400 _ .2.3.S 
• Q.450-- - " ·4 

MC 10x t-t/8JIQ.152._ 6.5 
x 1-112xo.nt_1A 
J;S-,318J10.290- 22.0 

.-o.-_2$.D 
C10Jl2-&IX0.2'40.-ts.3 

x2-314XD.379-20D 
. x?- 7/BxG..526- 25.D 

X3X 0.673-- .30.0 
MC 10 x4.x0.42S __ 29_5 

X 4-118 X0.~75 - 33.6 
x 4-3/8 Jt0.19L-41 ., 

C12X3X0.28Z--20.7 
JI0.381-- 25.0 

ll3-1/8'1l0.S10-30.D 
MC 12x 1-112xo.1so_ ,u 

x ~ x 0.370_ 31..0 
13-8.'4 x0.4e7'- 3S.D 
x3-7/ax0.5SCL 40..0 
11 • x o.712 . ...:- • s .o 
X-4-1/IX0.8.JS...58.D 

MC13Jll • X0.31S _ _ 31..9 

X4-1/8x0.'4l - 3S.D 
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another, or taking a coffee break, he is not joining. 
The total hciurs he works are always more than the 
hours he welds, and the ratio of the hours spent in 
we14lng to the total hours worked is known as the 
operating factor. This factor is one of the most basic 
factors in cost formulas, and must be determined 
accurately in order to make sound evaluations of 
costs. 

The operating factor may be defined by the 
equation: 

OF = AreTime 
Total Time 

~ere total time is arc time pJus the time the weldor 
spends in operations othei: than welding, including 
time for personal purposes. Since arc time is always 
divided by a larger number, the ratio is always less 
than 1.0; and thus a decimal. For convenience in 
refening to operation factors, the ratio is multiplied 
by 100 and expressed· as 3 percentage. Thus, one 
speaks of an operating factor of 30, 40, or 50%. 
When using an operating factor in a cost formula, 
however, it must be kept in the d ecimal form. Thus, 
a 40% operating factor would be written .40 in a 
cost formula. Values for (OF) usually range from 
0.2 to 0.6, but may be higher for automated welding 
or lower for construction field welding. However, 
the (OF) should be carefully determined since it has 
considerpb}e bearing on the final estimated welding 
cost. 

By adding the values calculated for {CM) and 
(CL), the welding cost per linear foot of weld is 
found : 

Cost. per linear foot of weld = (CM) + (CL) . . ( 3) 

Multiplying the cost per linear foot by the num
ber of feet of weld gives the calculated cost of 
welding. The accuracy of the value obtained will 
depend upon the accuracy of the factors used . 

Attachment: _ ___ ...-!-'lo,,,,_ __ _ 
Cale. No.: /'(s.s:z q _ 0 _ CII _ 010 >SNOT LISTED 

0, _____ __ ,id eration is not listed 
Rev. No.: - is handbook , the same 
Sheet -----'6"'---

01 
- -'6:2..--- , values for (WE) and 

~ur .. . ...... - . 

ano ' · · · · · ' applicable - must be 
or by measurement 

,s are required for 

cessary to make a 
eight of electrod e 
ht o f weld metal 
esses (the notable 

exception is the submerged-arc process), not all of 
the electrode ends up as a useful deposit of weld 
metal Some is lost as spatter and vaporization, and 
a substantial portion of the weight of the electrode 
may be made up of materials for providing an arc 
shield and a protective slag. Consequently, the 
weight of electrode (WE) required t.o produce a 

. given length of weld is usually greater than · the 
weight of metal (WW) required for the weld . 

The proportion of the electrode that ends up as 
weld metal, however, is fairly constant for each 
·welding process and, as shown later in Equation 4, 
weight of electrode required can be calculated if the 
weight of weld metal is known. The weight of elec
trode can also be measured direcUy from a test 
weld, in which case a computation for (WW) is not 
required . 

· A similar distinction must be made b etween the 
two quantities that can be used to compute welding 
time (T). One of these is the melt-off rate (M) in 
pounds per hour at which the electrode is melted 
during w~lding, The other quantity is the deposition 
rate {D) in pounds p& hour at which weld metal is 

TABLE 12-2. Weight of Steel Weld Metal 
for Fillet Joints 

.... <-= 

Size of 
Fillet lin.l Weight of Metal 111>/rtl 

1/8 o.ro2 0.039 
3/16 . 0 .072 0 .087 
1/4 0 .129 0 .155 

5/16 0 .201 0 2 42 
3/8 0.289 0 .:149 
7/16 0.394 0 .475 

1/2 0 .514 0 .620 
9 /16 0 .651 0.'785 
5/1! 0 .804 0 .970 

3/4 1.16 1.40 
7/8 1.58 1.90 

2 .06 2 .48 . 

1-1/8 2 .60 3.14 
1-1/4 3.21 J.88 
t -J /8 3.89 4 .69 

1-1/2 4.62 5 .58 
1-5/8 5 .43 6.55 
1-3/ 4 629 7 .59 

1-7/8 123 8 .72 
2 8.23 9 .93 

-
0 .037 
0 .083 
0 .147 

0230 
o .aat 
0 .451 

0.589 
0 .745 
0 .920 

t .32 
1.80 
2 .36 

2.98 
J .68 
4.45 

6 .30 
6 .22 
721 

8 .28 
9 .43 

N o te : V >hJ~,_ i , ~ 1or le 9 ,- i1c 10% ov ~rs lze , co n siste nt w ith nocm :;ii t 

i h o p pr;:,c \ ic e s . 
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·' l+-----to 
~+-----+-

J 
b 

~+-----llo 

~-----IO 

5'-J" 
1'IP 

1· 

S"-J" 
r,p 

8 1/2" 

TIP. 

1 DETAIL ~ 2· 1'IP 

_________ _J_-4-- LO - · ____ _ 

,. 1/4 01A. ID.£ - TIP. 4 l'Ulll 

. . • 

.J 

BOX UO 

TYP. 

5/16" Pl. 

~ ~ .. 

5 

1 5/•·• 1 s;e·. UNISTRI/J\ 
l'tP 80llt SIO(S~.!.,r-~ . 

0 

~ 
"' 

N CL ........ 
- 0 

l~ -:.. 

--© ::;-
N 
I .. 
~ :. 

~ ti 

-:.. 

s ~ 
"j - ~ 

I 

~ ~ .. .. .. 
I I ;,, .. 

•~ID£ 
11· 10 SPN:ES e1'-0"=10·-o· 10 SWES e1•--0·~1o'-o" 11· 9 l/16" - a ,ua:s 

l-+;;r,p;;;+------=c::...:==..:;l'IP='=°=--==-=------IH-l-----'-:...::==-~TIP:=-''--;c:....:.... ___ -4.;.c.4--1 

BOX LIO BOTTOM PLATE 
SCR.£ 1/Z" ~ 1' -o• 

·-:.. 
~ ., 
·' 

us I.I) 

SECTION 

DWG NO mu: --~UST 
8 7 6 5 

4 

NEXT usm OIi 

4 

3 

TIP 

LIO W£LDING DETAIL 

TYP. M.l. NUUC> I 

SECTION ® 

CORNER IMT IIOJI 

=S[=C=TION~~-+@_C= _ _. 11W1 3• flNICC (SIIIUR RJR 2· RRICt) 
J"=1·-cr Q 

.. -
3 

2 
.. ......,.....,.,_..__... ... 4itt.e..,-,~--"-,aioc:~,-..,; ... ,idi ................ ~~u,.,;..,, _..._~......,..w~_, ..... ~_, .. ...,.,._.,..,~_,-...,......,. .. ....._-...._.,.......,.,. 
.......................... .. --.:c - ... ,.___,. ~ - to.~ .:Z.'-l .. ~- ........... ... C-.-,___,.,...__,,_ .. MICC...,.._~_..,.k._..'-'cf•--.C~~-~.t:..,_ - ... 

I r-14557! - lS-0- 0004 ICV eox DATA SHEO 

1-2+-r_-_1_,s_s_1,_-_1s_--0_-ooos ___ -+-icv_eo_x_uo_.s_s_fJIBl: __ Y __________ ~ F 
J r-1•5579- JS--0-0007 CY SOX SJID.WORK 2 or J 

< r - 1'5579- JS- 0 - 0009 CY BOX 5TEil.wa<K J or l 

1·--0 1/8" 

IIOT. HSS) 

S-s• 

r,p 
ICV BOX UO 

t'-l ,12· j 

S' -6" (IIOT. HSS) 

8'-2 l/8" 

SECTION ED 

lHEl1MOCOUPI£ CXHECIION -
1/4"• I 1/16" LG Nfl.SOII SIUO 
OR BIUIYllEKT l'L'CID AI 
aKlEI! Of PNtElS AS l'O< 
Pl.NC 111EW - rrP. 10 fUCES 

DETAIL 

CENElW, NQlES· 

l'- 0 1;2· 

1·--0 1/8" 

(80T. HSS) 

5/16" Pl 

1. ,U PM8CSlllll5 INICED WIIH • HIio£ 11AX. Tl'.UIW«:E • OR - 1/16" 
~ olll l'EllS 10 8E F~ FIIONc 

2 

SlAUCIUIW_ SHIIP£S - ASlll Alli OR B01D1 
l'I'£ - ASlll ASJ, CR.JI 
l'l'C flllllGS - ASIM A.105 

1 

E 

0 

C 

)> 
;::: 
OJ 
0 
-:r 
3 
CD 
::J -

0 
Q) 

0 

z 
0 

-" 
~ 
(J1 
(Jl 
--..J 
(0 

I 

0 
I 

0 
)> 

' 0 
-" 
0 

0 

A6-292 



8 

r 

E 

D 

C 

8 

a 

7 

0 

I 1·---1-t.c.o. 
I 

-n: SOI. 10 PIPE 

'I 1/4" ~ 
1°-2 1/2"• 

HOl£ 

SECTION 
I 1/2" = 1•-0• 

"' 
.--\--)iµ~¢,..=;J.---,, ~ ... 

TACK waD JS R£QtJRED 

SECTION ® 
I 1/-r'- l"-G"~ 

r-2· 

7 

I 

11 

A 
-

6 

0 

6 

L-:.. 
~ 

• I:, 
.. a: 

1°-8 J/8" 

l:YBOX 
1"-5 1/8"SCIUMI: 

..!. 

DETAIL @ mo ro:T 
I 1/2" - I' -0" 1YI' 5 PUa5 

MIOonotU'OlfEC110NS. 

G 

/
=~ !tr~"':.i~~ 

~,--}l!i.,l==J,,~..;i,.--, ~ 
~~~f-b---la~~~D; 

<----DISCS IIJSr 11£ -'lJXJl TO 
l'IP CIMOI AUS 'MiDI ·IIWINC 

TACI( 1lllD AS 11E11iR11 

SECTION 

1·-2· 

® 

V/IIOX W 

IIEFIUIIIEII mu: 

- 1IIAaA8IJTT UST 
IEIT usm .. 

5 4 3 

2 
la~~ ... ~4.w.,.,._,~-c.a.,111r.c.n.-, ........ adi~....,.ttwt""8:..,_._.U-W _.:cw1<cH...,_..,.,,.,._4.,..,.__.~ • ......,.,...,...,,_..,.......,,"......_..._._,_-...._..., 
~ -'"-• .._.., .,~-_.........._~ ..... ~---a,,.~- ........... 
~~.,_...,_ .. NI££ ........_&;,,Id_,.. _._.."-'c fw ... ~--'- •cc-d,o,cn. .. k ..... 

2 

3 

• 
5 

6 

8 

9 

10 

11 

12 

13 

,. 
15 

16 

11 

18 

19 

20 

_.,. .. 
1 f - 14551'1- lS-0- 0004 ICV BOX DI.TA St££] 

2 f - 145579- lS-0- 000S ICY BOX UD A5S£MEU 

J F-14!o79- l5-D-Q006 ICY 80X SIEQWORK I Of J 

4 f - l4S579- l5-0-000, ICY 1iOX SIEO.WORK J Of J 

C£N£RAl NOTES· 

I. H.l. OIMOISIOHS WRK£D llli1ff ' IMIE MU. llllfJW<C£ • Cl! - 1/16-
1. H.l. IIEMS TO BE f"8llfCAJEO -

2 

• 
2 

• 
2 

2 

4 

2 

2 

• 
2 

smuc.,-. SHAPfS - ASTll AJ6 OR BEmR 
PIPE - ..s!M ASi alB 
APE fITTINC5 - AS1M A105 

PARfS/t.tAlffilAI. LIST _,...,.._ 
~ 

~1{. l/16 IHI( x 12.2S OD • 10.88 

PIP£.. 12 SCHOi 10 • J.00 u; 

Pl.Al( J/16 rnK c 16.118_SQ • 10.88 

~T£. J/16 n« x 16.69 • 1.31 

~T£. 1/4 HC • 19.88 • J .00 

PIAJ£. 1/• nt< x 19.118 x 15.75 10 

sa: DEW.. 4 1115 SHEET 

6111, 1/2 • .1/2 x Jl8 

PtAl(, l/16 1HI( x 1.5JJ OD• 6.IJ ll 

IIEOI. fUBE .S a .118 WAL.l. I 3.0!) LC 

PIATE l/11 TtfK -c 14.U SQ a: 15..\l I> 

PtAl(, l/1' IHlt • 13,,4 • 1.3_1 

PIAJ£. •J.• - • 17.118 • l.llO 

l'IA1[. 1/4 1HI( X 17.m X 1):6.} K 1J.OO 

~T£. 3/16 11« x 9.50 00 1t &.tl 

MEOt. k8E • 10 • .UII IN.1.. • l.00 l.C 

~T£. 3/1& nae • 10.50 SQ • 8. U I> 

PIA1E. 3/16 n« s. 10..ll • 2..ll 

PIAJ£. l/4 nt( x 11.811 . J .00 

PIA~ 1/4 M • 17.18 ic tl..6l • tODO 

----F='f•ss19-3s-o-0001 -

~ 

AS1ll A240 m>£ l16l 

AS1W AJl2 l'IPE 3161. 

AJ6 

AJ6 

AJ6 

AJ6 

AJ6 

AJ6 

AS1M A240 hl'C JIil. 

ASlW Al12 flPC 31&l. 

AJ6 

AJ6 

AJ6 

AJ6 

ASIII A240 TIPC JIQ. 

"5JW All2 l"rPE JUL 

AJ6 

AJ6 

Al6 

AJ6 

"" 
-

-

1-45579-FINAL DBVS DESIGN 

2 

r 
)> ,... ,... 
Q) 
0 
::::r 
3 
<D 
::3 
~ ..... ..... 

0 
Q) 

0 
z 
0 

..... 

.,:,. 
01 
01 
....... 
(0 

I 

0 
I 

0 
)> 
• 0 ..... 
0 

2g 
'"'d 

I 

N 
~ 
v-, 
~ 
~ 

:;o 
m 
< ..... 
(') 
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F 

E 

0 

C 

B 

A 

0 
I ., 

al 
al; 

::! 
t; -lil ; 

~ 

I 
;.. 

.. 
$ 

8 

r 

$-
I 

I 
I 

ticv BOX 

I 

t 

I 
I 

I 
t 

I 
t 

I 

SECTION ED 
t/2 -1 :::0 

7 

• -

J 
r J/15' .. 10 SPICES 01•-o•-10•-o• 

onu_ 

2•·--a J/8" 

6" ,· 

~i 68 - 11/16"• H<lUS 51a·• 80lJS 
H'iStlOll!ER i'I 

I I 
I I I 

I I laeox0 i I I I 

6 

SECTION ED 
1/2 -1 -0 

12•-• l/lo 

10 SPICES 01'-<1"•10'-o" 

- -
I 
t 

I 
I 

DCTAII. tA 
0011 

INSIRIAl(MTAJ10H 

C0lffl:1lOltS J PIJCB 
£AOt OIO c:,- eo• 

HSS L4u/8 
lll'IOII.IIOIRlM 
l'!:MICltRSIFfUOS 

9 J/1~\ 
11· . 

I 
I 

I 
I 

7 

I .. 
I 

.::;:_ .. 
"i 

I 
,._ 

5 

.. ..... 
t 
;:;-
0 

I ... 

1'-1·1:11a· 

~ ?i--t------t---+---t------t-- l 

! . 
I 

I 

I 

I 

l UfllNG Oll/lCC 
I . 

T 

U'2 
IA'll«l DEft:E 
l'll'IClll8PUCES 

-

,·--6" 

I I 

l Uf11HG OEVCE I 
I 1 -. I 

T I 

I J'-6" J'--6" 

PLAN 
1/2·- 1·-o· 

MTAll./ia\ ~"' 
FOR 111H: DF-1Kltl 
SEE RU me fl 

©ocw. 14\ OCJM. fl\ 
. ~ ~ 

F,31ro /2x1/4 

I ICY BOX 

' 
r,,. 

t: 
~ 
0 

~ 
:::J 'n" - -

~ ,._ '!$-
r. , .. 

WJ/ 
f'EIQJPPOICI" 

R.u CV IIOX lFT l'ONlS 
llOl11fY 111111 3• 80lD SlRf'INC 
l'l'l'ICM.EICHl"PlM:fS 
FOR MIR: NUIIIAllON 
SEE RIF DIC f I 

8 

. .. ' 
'a -

,-.,,, 

9'-----0" llP 

. • I • V I . 

~I~ J 
11 - -

~ ~ -
,- -

I 

, .. ,.,,, 
~ 

PIQ(UPl'Olff PDCUP PONT 
"J'...q" TYP s----0· nP 

9'-----0" nP 

7 

I I I 

llEllNG 00.,C( !IFlllG I 
I :OM:[r ''\ I 

T T 

~oma.11o\ I ~ 
9'-6" 

DC1U. /w:\ 1lPIC'L 10P 
/,HSS 4•4d/4 

I ~ ~,~v 

I .. 
I 

11 -

, , 
r .. ~ "-

~ DC1Al.r,'i"\ 
P0III' ~ f 

fll'ICN..£/IQC 5llE 

DWG NO nru: 
DIIAWltClRAC£MIIJ1TUST 

6 5 

4 
No -...... 
1 f - 14S.S79-lS- 0 - 000< 1CV BOX GATA SH(£f 

2 F- 145519- lS-0- 000S 'tY BOX UD ASSO&:r OIT"LS 

J F-145579-lS - D- 0006 ,c.v eox U> SJW.. ~ 1 OF 1 

4 F- 145519-JS-0- 0011 1CV BOX ASSOla.Y IITTAlS 

3 2 
...... ftlllJll:SU fet~-.. .,....,~~tl',ot~~~ ..... -.-slt.lCM,(t:Jinoam.~ 
~-. .... -.-,wcfor .... ,,# .......... .,.,.t.,c.d ....... .,_....., ................. .___... ..... 1111and .. 
.......:C...,....,. ~.,. ~-c-~ .,,.....act.4 erk....-.,.,...,_...._____._~ • ._...,._ .. 
c......,~ .... ..,._. ..... ~~~- ........ c:.a-,~----~~ .. ~.,_. .... 

PARTS/1.lATERIAL LIST 

.... co 
PN«/r'J#,SM Ml.MD '°"'8QA~ MtOtW,/MJEIOK:E 5lff IOI 

'--s ....... _r_- _,._s.s_19_-_oo_-_r _-oo_ •• __ __.."" __ eo_x_lNSlRUMOIT ____ 1.0CA_n_ONS ______ __ --t- 1---+- -----+------------t------ - --1---1~"°;;:...i F 
I lS- OSZ- 006 ICV 801 V-'RIES 

2 8 1016920 

21 - i 5 1 ±1 8 / 6" ". 

I 
I 

l~ -I 

------------+----- - ----I .omix H5S M(MllERS I I 
l«ll - FOIi QNIIIY • I 

I 

I . 
"-HSS &4"3/8 PIN DRILLING @ BOX BASE FRAME DETAIL ED 

OCTM. 

I 

--

"'-ORU 1 1/8" HCJ.£5 
THRll HSS-
2 fUCES 

l~u~ 
---------/+------- . --

/~•;,::/ ! 

3/16" Ill< 
Tl'I' • ·su:s 

SECTION 
1/2 -1 -0 

I" 

T 

11 SPACtS 01•----0·-tr-o· 

SECTION ED 
1/2 cl -0 

m- 'll1lE 

NO[T usm ON 

4 

onu. 

3 

l--

IICWl. 5 
0011 

WELDING CRITERIA 
1. WElJll«; 

---M.J.. IIEU)N; SIW1. 8E DONE II ~ 11111 MIS 01.1 ·UIUSS 
01111N151£Sl'EDfEI 

---M.J.. aJX - 1ftlDS 10 BE f\lU. l'Ol£lRAIDI WClllS 
-'IBJJS OF SlRIJC1IM. RElNflllQC 111MBERS tD BOX SlCN 

SHIU. 8E PM1101. l'fNElRIIJlON 'IIEl.DS lO AlltS 01.1 U1USS Olltil'MSE 
Sf'ltffJ) 

2. WWI IISFB:TIOII 
-wn.o £lf/lMIW10N SIWJ.. BE OONE II AIXOOOANCE 'MIN NNS 01.1 

SCaDt ' UIUSS 01HEIWSE Sf'ECHD 
-¥:V 80X ~ SIEU. ll01IS 9Wl. 11£ Olf.Cl(OI 1h' 1tm: PT/Ill" 
---{F1N; I.UI.S/llOISf -. PIAl'E WElDS SHAU. IIE Ql£CKB) Bl' 10DX lff 
-M.J. ODO ll!l.llS 5™1.1. B£ QtlDCEJ WSI.WJ.Y ro UIS 01.t SEalOII 6 

NOTE: 
1. SE£ REF D11G fl RIii Ufl9tG CRITERIA - GOt£lW. NOlES. 

E 

D 

C 

)> --n> 
0 
:::r 
3 
(1) 
:::, -
-->. 
-->. 

0 
n> 
0 

z 
0 

-->. 
.t,,. 
01 
01 
--! 
<O 

I 

0 
t 

0 
)> 

f 

0 
-->. 

0 

-~ 

'"o 
'"o 

I 
N 
~ 
V> 
~ 
~ 

~ 
tI1 
< -(") 
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F 

E 

D 

C 

B 

A 

8 7 6 5 

/ 

~~" 77--r7- ~-
I --- lOO<IE ~ ON 

4· CO'J£RS AS SHOWN ON 
SltW 11202 

WEDGE DETAIL 'IYP. All LIIS 
SCM.£:,:'a 1•-0• 
IWl.:ASIII Alli 

I/•" Pl 

SEE Toot. HOUlER OCIM.~ 
WEDGE-201111r' t ffl' 

S([ - -~ r • 

w 
AMBIENT AIR LIO - '1' REO'O 

-.£: I 1/2' - 1" -o" 
IWl.: AS1II Ali 
LOCA110N: 5ll Rff 2 

SECTION:a@ 
I 1/2" • I' - 2 I/•" • IIOlE 

4• 

j 

LOCATING PLATE & LOCK PLATE 
· oETAIL @ 
I 1/2' = 1•-0• 

8 7 

TOOL HOLDER DETAIL TYP. ALL uos 
SCM.£; , _ 1·-0· 
IMJ1: ASIV Al6 

© 

SEE 100L HOUlER DCWI.~ 

l\'P~ \.! rwrocc.-20 ,aa 
T ~ S([ll£DCED£rAll 

I l'-6 v•· I 
CHUTE LID - '5' REO'D 

SCOU:: I 1/2" = l'-0" 
""1\; AS1II Alli 
I.OCAllOII: SEE ll£F 2 

,. 

SECTION ED 
I 1/r • 1•-0 -

LIFTING PLATE 

l~~~\·-o·® 

DM; ICO mu: 

6 5 

4 

ELECTRODE LID - '2' REO'D 
SCM£: I 1/2" = 1•-0• 
IIM"l= ASIIIAJ6 
IJJCAD0N: SEE IIEF Z 

,· 

IIU- U1l£ 

4 

3 

- _1_3(!. l'IP. - I Df 1101( U> 

2 

I F- 145S79-J5-0-0004 ICY BOX OATA ~ 

2 F- 145579-15--0--0005 ICV BOX UO ASS(Mll.Y 

l F- 14557'- lS--0--0006 ICY BOX STID.WORX I or l 

fOt BOX ST!D.WflK l OF l 

5 F-145571-15--0-0022 U>IW«JHCTOOl 

GENERAi. NOTES: 
I . AU. OIIIO&ONS IAAl!KEO WITH• HA'<£ IIA>'.. IOWWICE ~ OR - 1/16. 
2. AU. IIBIS TO 11£ F-.:ATEO fROII: 
~ SIW'£S - ASIM AJ6 OR ll£1TlR 
PIPE - "5IM ASJ. GR.8 
PIPEfllTN:S-ASTMAIOS 

l. WNllllB -a, fOR UlS AEl'ACS£Hf IOl.'L FOR •1• ICV BOX UO ONLY 

r . 

~~.,.-~ 

WIDGE - 2 0 180' 
SEE MDCE DETAIi. 

Off GAS LIO - '1' REO'D 
!SC4l£: I 1/2" • 1• -o" 
11,\1'\; AS1W AJ6 
I.OCAJ10N: SEE IIEF Z 

.1".:J'c l/a Pl - nP. 2 l'lN:E5 

~ !-~:¼=:l=~r--tL..-,n===' 
"'-i--~r--aif===f,==.!!!!!aa==i 

0 

GROUND CONNECTIONS 
DETAIL @ 

1 1/2• a 1'-o" OJl6 

3 

-::. 

F 

E 

D 

C 

)> ,..... ,..... 
ll) 

0 
:::, 

3 
(l) 
:::, ,..... 
~ 

~ 

0 
D> 
0 

z 
0 

~ 

~ 
01 
01 
....... 
co 

I 

0 
I 

0 
)> 

I 
0 
~ 

0 

(") 
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8 7 

F 

E 

D 

12"f 0£CIAOO£ 

C 

HOU) 1 

B 

A 

8 7 

6 

3 1/2" llllP X 6" WIDE 
STHIJER PAIM 

24" _.. INSIDE S1t11. SHEll 

PLAN 
1/2'=1-o· 

1'4' IIEF 

SECTION C) 
1/2 • 1 -o" 

6 

12·• El£CIROOC 
r 
I 
I 

I ... i:i 
l:i 
cl 
I;; 
:,J 

~ . ... 

:. 
I ... 

5 

I: 
I --,-

©--1: . .. 
I 

.- 110 TIil£ --~IJSf 
5 

4- 3 

f - 145579-lS--O-aoot 11'.V BOX 0,.fA SHEU 

1r-a· 

PLAN - START£R PATH COVER 

SECTION C) 
lfT=l -4° 

4 

1/2"=1'--0" 

2".Yxl/4" C0l&llllN l'lAlE 
QASS STAIOEJl PAIH COVER 

3 1/2" OED' STIIRIBI PAJH 

ru. eonou IIEflW:ll'ORI' 

CJMfY - 2 1/8" fU£R 
TOIUCWAINtlRII 
SURflltt RJR STll!TIII PATIi 
INST"lJAOON 

3 

2 
.. ...._.~-~~.-..,w~-.:44..u.ceo,.,,.,~~di:ila.,._..1-,~ ~~ 
---- ..... ~ ._ _ .......... Ol.odl ""., bq,oood ....... ol_.,.... "O!'•~ .u... "--'- ........... :. 
~ ..... - ---.. .,. d,,d,-.c - - ......... -'-'-ct .. - ......... ...._. u.. _ ......... ~ .... 
~ ......... .._.....,. .... MIU:. ~ONl,ell-- k Ji,tW' t.11,,!4 f#Oic ~. ~ • -Cldna:I .tee -
2 6 -

C 

-

-=-

PARTS/MATERIAL UST 

~"""' SKI "°' ... 
srARIER PAIN SEE POC 

SfARIER PAIH <XMR .S,1{< OlUIIOII IUI( = 2 

SCE POC J 

l{JU): 
1. IOI IIIJlw:Dl1 JOM ASSDa.T IJIIIEHSIONS OIi HOUI 

RJR lo8IDOR lIS11llli Of RE-oESDI 

NOTES: 
I. SWIIEJI PAllf 10 8£ IWIIW.LY OIS1RIIUIBI 10 

A ..-QRII IIEPIII OF NOT LESS 1IWI 3 1/2" 

1 

F 

E 

D 

C 

~ 
IU 
0 
:::r 
3 
(I) 
J -....... 
....... 

0 
IU 
0 

z 
0 

....... 
~ 
CJ1 
CJ1 
~ 
(0 

I 

0 
I 

0 
~ 

I 
0 ....... 
0 

....... 
0 
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8 

F 6° AEf 
• 1/2" APPROX. 

AT ENOS 

E 

0 

0 

C 

B 

A 

8 

7 

0 0 

2•·-0· - = SHEU. 

PLAN ,ty.,·...,,. 

22' - 2• ffillE Rmw::IORY AT TOP 

21•-10• INSIO( R(fR.ICfORY AT TRANS1llJN 

0 

7 

1 J/16° RIIDCUS (2° l'l'C OIA.} 
IWF IIOOH JON1S 
10 8£ Rl£D lillH IIOl!TNI@ 
AT -_y l'IP. RIR NJ.. l6 
SIDE PHIEI. .IOIHIS --...._ 

6 

6 

'f 
;... 

5 

OETAll. 2 
002J 

0 

"j ... 
.. 
I .. 

J 3/a" 

FRONT El£VATION 

-NO mu: 
OIIA-TIW:Ulam'UST 

5 

4 3 ... -....... 
F-14SS79-JS-0-0004 

2 f-14SS79--J5-0 - 0008 

J f - 14SS79- J5-0-0017 

• f - 145579-JS-O- OOU 

11· 

SECTION (I) 
•h••~ 

" n;t-,,, ll 11l w II=• .. ,. .. , .. , 11, 11, 
II Ill 
II 11 ,., 
II .. ~ .... 
11, 

., 

"" 
0 11, ' ::- ., 

II= 11, 
11, 
I 1, .. , , ,, 

----1 := 
I 1, 
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Email Garfield, J.S. to Van Corbach, J., "Feed Volume 
Material." 
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,\ttachment: 13 Cale No: 145579-D-CA-010 

from: Garfield; John S [mailto:John.Garfleld@amec.roni] 
Sent( Monday, Febrtiary 13, 2006 '1l:4iAM , 
To: Vim Corbach; James 

, . ..:: ·.r'.;: 
."';_• 

Cc: Frederickson,.Jim; Luey, Ja-Ka'el; Jeffers, Wilfred C (Jeff); Reddick, Julie; Witwer, Keith S ,.•:, 
Subject: FW: Feed Material Volumes . . 

James, 
Since your last update of the topoff soil we decided to add a 9th batch per a STCS that results 

in 2.2• of glass above the previous "full" level. Can you update solid works and these files for me? 

Thanks, 

John Garfield 
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Attachment: 14 
-;...-.. -, .... - Cale No: 145579-D-CA-010 

~1dk Vij - Suggetitipri-to ¢hangci-$ometh~ilg (-STC$) 

;'fitJ~~ _1,;'W '.6.'ox -~oit¢<>Ye,t(9':t!. and 1p•h·n~ch) 
Daten.:2/02,-,n~· · ·_ · · 
A11rliora:' John Gameki '(AMEC) 

Rev.O 
1 of 3 

=#.22-

D~ti:ii)ti6n o(CJi~nt~ . . , .. .... . .. 
Jnt~~~tlon'.:.. 'rhe,cur.tent'J)~VS ba~~Jipe.l!~~s ~Jean 1op-offto·U1e melt and·tbe·cqd of°viJrification 
.rcir:shi~~iiigp11~s-~ ~~~ ~f so'il'.ai~-equiviii~dn sf)ieldfug~alue ~ -W' :<>f soif eveniy 
ilistnooled. The·basdme0has ihice·dra\'r'hac'ks. 

J. Ad#µ61_1ai1~qt4in_g i$ ~~~~ireq·ro ilJi~igal~:sky0s~Jn~ fu.>i1~ the ~~-~t<?~ll,t; ~rel!: i;qu~v.ali,nt •~ 
W~ of~I ,C,.:-enJy:'IJlstributed \\.11ere.and· hn,v. td make tliiS:-addi.tioii has l>L't:n a :desigri1s~'l.ie to 
!,e-~solved. ·. 

2 .. ,:hi! 1)1~ ri'lO~J'.\ds' re1>r~i;.ilt 't~ 1!iil.'<j~um a~uo~nt -~f's_oilili<!t<:a~:~. added tb~ough th~_lop- . 
off~ules. }Jowever,:1hMno'Jjnds d~.not covcr,thc eniirc melt. smfoce. Dircc-t sbioo_piiths 
puri1m·¢c_<lisoo1inect_:ag1tyities ~xi'st_iind CQntr(bu.te to. cxtre.niit)'_ilose~ that, µre diffic~luo· 
calculate, 

Lasd.>' th<; ~ispqsai Qri\i~~:~Q\lir~ ~-m11:~i!!_lm» oh Q% void voluJl)e in the disposed package-~,Mo1her 
Ci!!l~0-!1, f.o"t inaJeri:11-';icldlti<>!'i. bey~nd th~ -ihree:n;!ountls of rop-:0t'r soils . 

~11ckgr<i1rnd '""'~7-- 1fui1~bei-of conc:eptS: have: bcci1 ei1teriained nnd jejected io.add adtlitibnal material 
-ro_r slli~l~h>_g.nµ<1, J:he ·\oif spapp; 

•· Marl>lcs-would ·have a· beiret' ahgle 'c.:if reposo'but --i.~ere 'icj11ckd <l'ricost 
• !,,rin1t a~(!s0U:-alerlo::ii.'.1)9t .melqin1h-es1,1l:s.jn ;( sream.:i:el.eas:e: brout GCJul9 ~e: 01). option for a 

~l boxho\);--:ver~ t1icrdii:,i~'sue.s \vitiY tiio.~liei'ni~1ry ·of tlic.gfoss:iind in1pac1s· Qli tlie . . 
per(orl)11111c~nsscssment \hat would t~qujre i_ow PH T11aicriiils .. 

.. "&!?i,_'sh~kei-i t_bre:iiie'~::i:lie iii,egrity 9f:1i1e full_. oo:( at fenip'ei'Dflire 
• .Soil ~~-s!Ii~titi~!i'COJlCCpl.$(s1ingersY hnvcbeen discoiinted ~Cl!U~ of:'col))j)!exity, 

A6-315 
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rlcnel:iis iina/or,J'ui.iificafion: 

RPP-24544 REV 1 c 

Cale No: 145579-O-CA-010 Rev.O 
2of 3 

1be'portiQtl <tfthe uncov~~ nteltcan be-de:ili :witirby adding additional top.:oft'-so·il thn:nt!!h the _ 
~r niid.,qr~_d.w;tSte fe"eif(;b~~s:siit~ t~aJ-~i1'e-0xef i~ addEld throu~_ all-~pp~is ;ll;O\.'.e 1hf b9x: No 
iie'.'w e~U~)>m.cnt or testi~i(is reqtiited ~~-T~i?l~mcut 11ihl s\iggcs·tioii fro~\~ ii~ecl!llllicttl-ot t~ntiol 
~-~~~ti ~1a11tlpot~1L Hq,v~v~r, 1111 ·i_ntet:face ,wl~ ~~~-~est~idsts.to contirp~ th~ :shielding ai1£{_ PA 
i1np;i¢ts • 

. Tlie,-tleci~i onJ'acrofS,iri~lude lhe)bllowing poiii'is .. 
--Pto~s_ ,, 

J. ALA-RA llel'leJ1t - -Addition of 5 bqtcbcs ofl.oir..off-sojUnsteall 9f,t})r~,; iinproves·shjelding 
and.mi'ly, reduce or ·e\imiriatc tiic ne·cd for acidfii<ii1iil ~aieiial-.to ;1,itigim:--sky shine_ns _ 
discusseil iu ire_n1 ·i.11iis.~~enio11_:w\il :b,n~o.nfjnni;~_~uiiµg ll*I\!Vis~on of'lh~:_Snid_din_g.Calc 
arid lit~ ALAR.a\ a1~al}'.$iS~ ·mit4ise:onriec_t a~civhfos :wiJI also,bcncfi,t: fron1_ a red_ucM:e.xposllre
lO woi'kc.rs: "f!ji:S-IS Jikelf a ~er to-the \-)ability·or-.t~ie _AVlfE redesign and'mock-up, 

2. -5. -nfo\md~ ofooi_l ci.wcr i_iisK~ pflhree Will help mitigate 1b~,sk:j•:;J)i~~ ci)nc~J1Svi1tio11uhe. 
-addition,~fmore snielding. Assti'iniiijf the mo.uii'ds·are·le,;eled: J:11io'tilids eq_unie to n jy, and 
5 ~10\l~·eqi.m~es •~}5'!. : · · · 

3. Jbd niotinas S!-',Mfthe I 0%mir:ciin~iP foid ·sj?~cc-issuc in- th~-~i_sposi:il-criteric1. ,-Tbt: ICV is 
~lk4. to 92:~ "Qf th~ yo_ipme,vitlt di~ 5 mouncli using a ~ons~rvanfe 37 '':Mgle of i:epose, The 
S9_i_l,v~ndoi_ qtio.1ed :ii: 30°-{lJ:igle <>f'r_~po!ie. 

4, 'rflcre is.-a t1'ii11or he1tefii in'k'ci!'pi11g resi<lifo hulld::Y1pin· tlic drycr'i1nd 'tra1isf er sysiim i1i1ri11nal 
for 1uai111enal)ce :11_1~ A LAR,c)c. · 

Otl)cr lnfom1t1Jfon: 
Coii'-s 

1. Top.,bff soil added through the dryer" and feed c~ufos \\•o'i1ld not t:ontRin any 00\'i liqu\dfeed ' 
Iiow~vcr, ll¥J soil wo11l_J· carry contamh,a1~d'res)due fr()in 1he.dry.:r:a_i14, tm1isfq· l1nes lhat 
~vmil<I n<>t:he· iric;orporated ii1to :ilie melt I(fa urili~elftfaitt~is co.~iribuiioii to the . 
unincorporated inventor}' ,would afl:ecl tlic PA: Tr.;icers per item 2 below (intertaci!lg STCS) 
coujd pro,•idc on:ta to ~ubsttintiatethis, · 

2. The b<-ix wcight_Calc V.'oUld be irripactcd' by tlic addilion:il si>il aii_<l a revision \ \lfold be 
necc~s,'!iy. The hupncc is. mini_mnl: 
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Attachment: 14 Cale No: 145579-D-CA:.01 tn .. ' , ,, Rev.O 
3 of 3 

- - , , _:._:~· . ,S; .• >;,.. 

3. An ~peratieru.ii ~eaps_oi esiifn?~M,t!,e"~~~, ~ji'_to -~ ~~)~~'9•'a'l_id .f O"\b,at~he~ 
'°Yitr ~ii_yc--t$) :b~·iiif4t~~ a~ -ii proci:d~~I _i~m.~ ~of~: fh~·P.ilipo#}>.hhi::9"'-_bi,.~h· is'.a rest i~m 
intended to fosure roll ineo~oriuion o_f che-t'oaith -conuifoirig fe«K 

· .interfacing -srcs= 
.1 . 91~Batc1i·STCS•:. Aodition ofi:he 9lh·batch is-a·SCP.-111lte srcs that 'Wili° l)e·a.dcircssed after the 

next full s~l~,lest)l\e °<J'i ~Jdt\\•ill.cff~~v~iy:cl~ .ihe.dcycr _t)natrai1sfcf l~'~fiesiducif 
¢0.l).lnllllll\\1i<m; r1 ·wjli nlso·he ineprp0rared in l~e _melfto a Jargc:degree. ·This mealiS:the I 011, 
batc1t (top~~tr-soll !~shielding) ~<>\dd:-~ -i'~Il\tiy.~y.:'<:q~t~~-frcc-~~-i:Iwf fl\. in1.pact 
\VIU lic ·negl~gibli. :Tiacer$·p.er ite,n 2··. lielo\\f could ptisvide_da:ta-to:•sul5.stantlate·ifiis~ 

2. FuQ :S~l.e-Drycr T:~s~ng:SlC$ . ., Us~ o..h~cers in:dulhcale test-V?iir prov.i~-a t'iow~e1,\ 
b~i.s•ror est!inatfoj{Qiiiiicoi:i:!orai~ iQ'nfrunin:a~~1i°i1))h'e -~i,i"'batc~:, ~qiic.:abscfiC9. of the foil 
st:t!le .tes~; a .bcncl(s~le test-may- pro,•lde -an adequaie ba.~is to predici: contaminntio11 
c~y9'v~r: . , . . . 

ROM Cost.lrnpacls_: . . . 
l ; Revi.sr;box weigtii Cate_ (OM.IM}- ~K- .. , . 
2. E-stimate=t1cin<;oip(?rate9 Jt~s_H;ili~_and int~tfa<:~•with PA {AMEC! Cl12M Hill) 
3. iev-ise·~hieldiifg Cnic; 'Al.ARA ari:d_ysis' (already- iil budget) 

·Suppor.t~d: . 
· ?,h1:1for~. 

Hoffinan 
~lier~ · 
Trm: 
Ri~~R 
Garner. 

_ Appf-0\·cd:-' 

Actions to lruplement: Exccuie'items-1 and 2-undcr cost impacts· 
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Attachment 15 · 

SolidWorks 2006 SP0.0 V&V for Computer 9ZTRH31 
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Ill ;-oogy 

j;_frACHMENT_----'--"/? __ 
CALCULATION NO. t'fsSJ(f-p--CA--o(o -_ 

REVISION NO. Q . 
" -...:. 

SHEtl .f~ , ur 

VERIFICATION & VALIDATION REVIEW AND APPROVAL FORM 
SOFfW ARE TITLE DMJMH+N DMJM H+N COMPUTER ID NO. 

SOFrW ARE ID NO. 
SolidWorlcs 2006, SP0.0 102561 ! 9ZI1lH31 

VALIDATION PERFORMED BY (Print Name/Sign): James Van Corb:u:h DATE: October 12, 2005 

PURPOSE AND SCOPE OF VALIDATION: 
PURPOSE: 
The purpose of this verification and validation is to ensure SolidWorh produces reliable volume data consistent with standard 
geometric equations. 

SCOPE: 
The scope of this vcrificati~n and validation includes a volume analysis of a sphere, right cone, and tube. 

REQUIREMENTS FOR SOFIW ARE (INPtrf RANGE, ET.C}: 
None. 

,. 
,, 

REV. AFFECl'ED REVlSION 
PREPARER APPROVEDBY DATE: PAGES DESCRIPTION 

0 All InitialV &V James Van Corbach ~---.1~ ,a/, -,Jt>S 

DESCRIPTION OF SOFTWARE/USE: 
Software can be used to determine healing and cooling loads for simple and complex buildings and building systems, 
including multiple zone buildings, constant volume systems, VAV systems, heating only, or cooling only. 

ORIGIN OF SOFfWARE: Elite Software·Developmeat, Inc. 

REVISION DOCUMENT TITLE DATE NUMBER 

METHOD OF SOFTWARE VALIDATION METHOD OF HARDWARE VALIDATION 

AO COMPARETOHANDCALCULATIONS A. 0 COMPARETOH.ANDCALCULATIONS 
B. 18) COMPARETOVALIDATEDCOMPUI'ER B. 0 COMPARET9VALIDATEDCOMPlffER 
ANALYSIS RESULTS ANALYSIS RESULTS 
C. 0 OTHER (DESCRIBE): · C. 0 OTIIER (DESCRIBE): 
RESULTS: The Verification aad Validation of Solid\Vorks 2006 on DMJMlfN comnuter # 102561 is acceptable. 

A1TACHMENTS 

Attachment Name Sheets 

A Calculation ofVolumes Using Standard Geometric l 
Equations 

B SolidWorlcs Mass Properties Screenshots 3 

Total number of pages of this V&V, including cover sheets and attachments - 6 

Form EP 3.10-IF, March 2001 I of2 
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chnology 

CALCULATION PROCEDURE CHECKLIST : 
Calculation Number: 145579-O-CA-010 Revision 0 

1 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 ca.lculation sheet): 

3 The calculation has been f9rmatted 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 
Dis~ipline 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 The 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. 

EP 3.3-3F Oclober 03 
• Each action is lo be verified by U1e Originator. 
11 This checklist applies to preliminary and final calculations 
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Subcontractor Calculation Review Checklist. 

Subject: ICVTM Box Weight Calculations 

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

Documents Reviewed: 145579-D-CA-010, Rev. 0 

. Analysis Performed By: AMEC/DMJM 

Page 1 ofl 

-------------------------

• Design Input 
• Basic Assumptions 
• Approach/Design Methodology 
• Consistency with item or document supported by the calculation 
• Conclusion/Results Interpretation 

't • Impact on existing requirements 

• 

Checker {printed name, signature, and date): _M_. W_._L_eo_n_a_rd ___ AA._W_. _U ____ 1_/'-;_,""""{_o_t, __ 
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1 INTRODUCTION 

1.1 PURPOSE 

The purpose of this calculation is to determine the center of gravity of the large
scale In-Container Vitrification ™1 (ICV™) test container. 

1.2 SCOPE 

The scope of this calculation includes the analysis of the empty steel container and 
lid, and a full container with lining and processed glass. 

2 BASIS 

2.1 DESIGN INPUTS 

The dimensions of the.lCV™ Box were taken from the following drawings while the 
weights and density valu~~ of the materials were taken from the calculation listed 
below: 

1. 145579-D-CA-010, Rev. 0, ICV™ Box Weight Calculations. 

2. F-145579-35-D-0006, Rev. 2, ICV Box Lid Steelwork 1 of 3. 

3. F-145579-35-O-0008, Rev. 1, ICV Box Plan & Sections. 

4. F-145579-35-D-0016, Rev. K, ICV Box Refractory Assembly. 

1 In-Container Vilrification1 " (ICVrn) is a trademark of AMEC Inc. 
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2.2 ASSUMPTIONS 

1. All materials are assumed to have a uniform density. 

2. The sampling port on the side of the box will not significantly change the center 
of gravity. 

3. Components on the Lid such as the Off-Gas Ports and Camera Ports do not 
have a significant impact on the center of gravity. 

4. The weight of the welds will have a negligible effect on the center of gravity. 

3 REFERENCES 

1. AMEC Calculation 145579-D-CA-010 Rev. 0; /CV™ Box Weight Calculations 

2. AMEC Drawing F-145579-35-D-0006, Rev. 2, /CV Box Lid Steelwork 1 of 3. 

3. AMEC Drawing F-145579-35-D-0008, Rev. 1, /CV Box Plan & Sections. 

4. AMEC Drawing F-145579-35-D-0016, Rev. K, /CV Box Refractory Assembly. 

5. Young, Hugh and Freedom, Roger; University Physics: 9th ed., 1996 Addison 
Wesley Publishing Company. 

4 METHODS 

ORIGINATOR: 

Calculations were performed using Math CAD (V12.1, ©1986~2004, Mathsoft 
Engineering & Education Inc.) computer software, and verified using a handheld 
calculator. MathCAD Calculations for the empty and full ICV™ Box center of 
gravity can be found in Attachments 1 and 2 respectively. These calculations were 
performed to check the center of gravity results of the SolidWorks Model for 
reasonableness. SolidWorks 2006 SP0.0 V&V for Computer 9ZTRH31 , see 
Attachment 6. 

The center of gravity (CG) height for each box component was determined with the 
bottom of the box (i.e. the underside of the bottom stiffener) used as the reference 
point. For example the center of gravity height of one of the steel panels located on 
the sides of the box would be its own center of gravity plus the height to the bottom 
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of the 1cvn• Box. The mass of each component was then calculated and the 
center of gravity for the overall box was calculated using the following formula: 

CG = I:hjWj / I:Wj 

Where the CG is determined by the sum of all the components' CG heights 
multiplied by its weight with the total being divided the sum of the all components' 
weights. 

5 RESULTS AND CONCLUSIONS 

ORIGINATOR: 

By inspection the ICV™ Box is approximately symmetrical along its width and 
length. Therefore, the center of gravity must be located on a vertical axis in the 
center of its horizontal plane. 

Scenario SolidWorks Model1 Attachments 1 & 2 

Empty Box & Lid 46.8 in 46.4 in 
Filled ICV™ Box 
10+ inches of Top-Off So~) 50.0 in 48.8 in 
Filled ICV™ Box 
(10+ inches ofTop-Off Soil, 
6 inches of Grout) 51.7 in 50.6 in 
Completely Filled ICV™ Box 
~10+ inches of Top-Off Soil. 

55.0 in 54.0 in 17.6 inches of Grout) 
. . 1 MalhCAD Calculation of Grout Additions 

The value for all ICV™ Box scenarios is below the geometrical center of the box, 
which is 58.5 inches considering the height from the bottom of the box to the top of 
the lid (when in place). The lateral center of gravity, as per the SolidWorks model 
(Attachment 5), is close to the geometric center of the box (0.013 inches in the x
direction and 0.016 inches in the z-direction). 
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·originator:Jason Engeman · SI? 
, Date:22-Mar-06 . 

Checker.James Van Corbach .Jr.::: 
Date: 22--~~-oe. 

1.0 Calculations and Analysis for the Empty ICV™ Box 

This calculation is performed to check the reasonableness of the CG calculated by the SolidWorks Model. 

1.1 Constants 

Dimension of Box 

I := 24ft w := 7.5ft 

h := 7.5ft 

ht,e:,o, := 6.25in 

1.2 Center of Gravity of the Lid 

Wlid := 571 lib 

h1id := 20in 

hlid 
H1;d := ht,eam + h +-

2 

H1;d := 106in 

1.3 Center of Gravity for the Steel 

Side Sections 

W5ise := 3614.61b 

h 
Hs1sc := ht,eam + -

2 

Wsibl := 6078.9Ib 

hbcam - 0.25 · in 
Hslbl := -----

2 

Wsrb2 := 18361b 

Hsrb2 := hbcam - 0.125 · in 

\\\,pcrim := 1767.91b 

Hs,sc = 51.25 in 

Hsrbl = 3.0 in 

H , rb2 = 6.1 25 in 

A6-329 

All dimensions for the box and center of gravity 
heights were determined from drawings 
F-145579-35-D-0006, and F-145579-35-O-0008. 

Height of Supporting Beam and Steel Plate on 
Bottom of Box 

Weight of Lid from Calculation 145579-O-CA-010 

Height of Lid 

Height of Center of Gravity of lid. 

Weight of Side (2@ 1377 lb) and End (2@ 
430.3 lb) Steel Panels from Calculation 
145579-D-CA-010 

Center o f Gravity Height of Steel Sides and Ends 

Weight of Bottom Stiffeners from 
Calculation 145579-D-CA-010 

Center of Gravity Height of Bottom Stiffeners 

Weight of Bollom Plate from 
Calculation 145579-0-CA-010 

Center of Gravity Height of Bottom Plate 

W eight of Bottom Perimeter Stiffener from 
Calculation 145579-D-CA-010 
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.of, 9ravity Calculation 

hbpcrim := 8in 

%pcrim 
Hbpcrim := ---

2 

W1pcrim := 769.21b 

H1perim := h1,cari, + h - 2in 

Wsidc_stilT := 50031b 

hsidc_stilT := 84in 

Hbpcrim = 4.0in 

H,pcrim = 9425in 

Date: 2 2- M(l..-Ob 

Equivalent length of the welds in the box. 

Center of Gravity Height of 
Bottom Perimeter Stiffener 

Weight of top perimeter Stiffener from 
Calculation 145579-D-CA-010 

Center of Gravity Height of Top 
Periml3ter Stiffener 

Weight of Stiffeners located on Sides (3679 lb) 
and Ends (1324 lb) of Box from Calculation 
145579-D-CA-010 

Length of Side Stiffeners 

(
hsidc sti ff) 

Hsidc_stifT := ; + hbpcrim Hsidc_s,ilf = 50.0 in Height of CG for side stiffeners 

1.4 Overall Center of Gravity 

CG Height Multiplied by corresponding weight for simplification of equation below 

a:= H1id' Wiid 

b := H,1sc · w,tsc 

c := Hstbl · Wstbl 

d := H , 1b2 · Wsrb2 

e := Hbperim · "'bperim 

f := Hrpcrim · w,pcrim 

g := Hside_stifT · Wsidc_stilT 

a = 605366 lb· in 

b = 185248 lb · in 

c= 182371b• in 

d = I 12461b· in 

\"1,ox_and_lid := Wiid + Wstse + Wsrbl + Wstb2 + "'bpcrim + W1pcrim + Wside_stilf 

\\'t,ox_and_ lid = 24781 lb Weight of Box and Lid 

CG per mass to find overall CG 

c = 7072 lb· in 

f= 724971b· in 

g = 250150lb • in 

CG := _a_+_b_+_c_+_d_+_ e_+_f_+_g 

\\'t,ox_and_lid 

CG = 46.4 in Equation taken from Attachment 4 

The geometric center of the box is 58.5 inches. Our calculated value is lower than this due to the 
concentration of steel on the box bottom relative to the lid. 

This center of gravity is consistent with the model, which estimates the center of gravity of the 
box to 46.8 in. 
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2.0 Calculations 'and Anaiysis for the i=ull lC\fTM Box 

This calculation is performed to check the reasonableness of the CG calculated by the SolidWorks Model. 

2.1 Constants 

I := 24ft 

w := 7.5ft 

h := 7.5ft 

hbeam := 6.25in 

All dimensions for the box and center of gravity 
heights were determined from drawings 
F-145579-35-D-0006, and F-145579-35-D-0008. 

Height of Supporting Beam and Plate on Bottom 
of Box 

Material Properties taken from calculation 145579-D-CA-010 

lb 
Pins := 17-

ft3 

lb 
Psrb := l 17-

tt3 
lb 

Psaod := 88-
f\3 

lb 
Prcr:= 163-

f\3 

h,ef_lloor := 6in 

Density of Insulation 

Density of End and Side Backer Brick 

Density of Sand 

Density of Vibrocast Refractory 

Approximate Height of Refractory Floor 

2.2 Weight and Center of Gravity Height of Insulation 

Wins := 1711b 

h;ns := 74 ,25in 

hsrb := 8in 

Hins = 51.4 in 

A6-332 

Weight of Insulation from Calculation 
145579-D-CA-010 

Height of Insulation from Calculation 
145579-D-CA-010 

Height of Support Rib and Sand from 
Calculation 145579-D-CA-010 

Height of CG from bottom section 
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. of Gravity Calculation . 

2.3 Weight and Center of Gravity of Support Ribs and Bricks 

Support Ribs 

3 
vols, := 36. 7ft 

Wsr :=_vol,, · Psrb 

w5, = 4_293.9 lb 

hsrb 
Hsr := hbcam + -

2 

H., = 10.3 in 

End and Side Backing Bricks 

3 
volcsbb := I 8.5ft 

Wcsbb := volesbb · Psrb 

Wcsbb = 2 I 64.5 lb 

hsbb := 24 · in 

hsbb 
Hcsbb := hbcain + -

2 

Hcsbb = 18.3 in 

Volume of Support Ribs from Calculation 
145579-D-CA-010 

Weight of Support Ribs 

Height of CG from Bottom 

Volume of End and Side Backing Bricks 
from Calculation 145579-D-CA-010 

Weight of Support Ribs 

Height of Side Backing Bricks from Dr~wing 
F-145579-35-D-00 16 

Height of CG from Bottom 

2.4 Weight and Center of Gravity Height of Sand 

Bottom 

3 
volsb := 79.5ft 

Wsb := volsb · Psand 

Wsb = 6996.0 lb 

Hs1, = JO.Jin 

Volume from Calculation 145579-D-CA-010 

Weight of Sand on the Bottom 

Height of CG for Bottom 

A6-333 
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Ends 

3 
volsc :,: 34 .6ft 

Wsc := vol.., • Psand 

Wsc = 3044.8 lb 

hcbb := 16- in 

hsc:= 66 - in 

hsc 
Hsc := hbcain + hs,b + hebb + -

2 

Hsc = 63.3in 

Sides 

3 
vol,.. := 163.5ft 

Wss := vol,.. . Psand 

Wss = 14388.0 lb 

hss := 66- in 

hss 
H ss := hbcam + hsbb + -

2 

H55 = 63.3 in 

RPP-24544 REV le 

Volume from Calculation 145579-D-CA-010 

Weight of Sand on the Ends 

Height of End Backing Bricks from 
F-145579-35-D-0016 

Height of Sand on Ends from 
F-145579-35-D-00 16 

Height of CG for Ends 

Volume from Calculation 145579-D-CA-010 

Weight of Sand on the Sides 

Height of Sand on Sides from 
F-14 5579-35-D-O0 16 · 

Height of CG for Sides 

2.5 Weight and Center of Gravity Height of the Vibrocast Refractory Panels 

Floor 

3 
vol,cr_naor := 99.7ft 

w,cr_noor := vol,cr_noor · P,cr 

w,cf_noar = 16251.l lb 

h,cr noor 
H,cr noor := hbcam + h,,b + --- -

- 2 

H,cr_noor = 17.3 in 

Volume from Calculation 145579-D-CA-010 

Weight of Refractory Floor 

Height of CG for Floor 
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Calculation Title 1cvna Box Center 
of Gravity Calcul?lion 

End and Sides Dimensions from Calculation 145579-D-CA-010 

l1 := 6 - in t2 := 6-in l3 := 7 · in 

h1 := 57.75 - in 

'5 := 23 - ft 

le := 68 - in 

Length of Sides (from Length of Outside Refractory) 

Length of Ends (from Width of Inside Refractory) 

The refractory will be 
estimated by 4 · 
panels. The two sides 
will be approximated 
by the entire outer 
length of the refractory 
side, and the two 
ends will be . 
approximated by the 
inside length of the 
refractory end. 

1 .IJ--L----1 _ 

. / 

I I 

3 volrcr_, = 138.0ft Volume of Area 1 of Refractory 

Wref_ I := volref_ I · Pref w,er_, = 22487.2 lb Weight of Area 1 of Refractory 

3 2 --T' 6" 

h1 
Href I := h + hbeam - -

- 2 
H,er_ 1 = 67.4 in Height of CG for Area 1 of Refractory 

Wref_2 := vol,er_r Pref 

volrer_3 := 2[ 0.5 · 13 · h3 · ( 15 + le)] 

3 
vol,ef_3 = I 8.1 fl 

w,cf_3 := vol,cr_J · Pref 

3 
volrer_2 = 31.1 ft Volume of Area 2 of Refractory 

w,cr_2 = 5062.l lb Weight of Area 2 of Refractory 

Hrer_2 = 32.0 in Height of CG for Area 2 of Refractory 

w,ef_J = 2952.9 lb 

Volume of Area 3 of Refractory 

W eight of Area 3 of Refractory 

51.15" 

13" 

2 
H,cr 3 := h + hbcam - h 1 - - · h3 

- 3 
H,cf_3 = 29.8 in 

Center of Gravity of Height is 1/3 Height from 
the Base. Height of CG for Area 3 of Refractory 

A6-335 
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2.6 Glass, Top-Off Soil, and Grout 

hglass := 64.38in 

massg1ass_2.2in_addilion := 97508. 71b 

WgJass := 44.22tonne 

. (- ·\ hg1ass 
Hglass := hbcam + hsro+ h,cf_fkx,, - 2 - m1 +-

2
-

Hglass = 50.4 in 

Center of Gravity for Top Off Soil 

Wsoil := 94581b 

hsoil := IO.Sin 

( 
\ hsoil 

Hsoil := hbcam + h,,,b + h.cr_noor - 2 · in/+ hglass + -
2

-

Hsoil = 87.9in 

Wgroul := 8280 - lb 

hgroul := 6 · in 

Height of Glass. From SolidWorks 
145579-D-CA-010 

Weight of glass from"145579-0-CA-010 based 
on an additional 2.2 inches of glass 

Height of CG of Solid Glass block 

Weight of Top Off Soil calculated from 
145579-0-CA-010 

Height of a full Top Off Soil Cone from 
145579-O-CA-010, Attachment 1 

Height of CG of Soil 

Weight of 6" of Grout calculated from 
145579-O-CA-O 10 

( 
. ) hgroul 

Hgroul := hbcam + hs,b + h,cf_Ooor - 2 · m + hglass + hsoil + -
2
-

Hgrout = 96.1 in 

2.7 Center of Gravity for the Steel Box and Lid 

From Attachment 1: 

"'bo,_and_lid := 24781 · lb 

Hbox_ond_lid := 46.4 · in 

A6-336 

Height of CG of Grout 

Weight of ICV™ Box and Lid 

CG Height of ICV™ Box and Lid 
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2.8 Center of Gravity for Electrodes 

lengthc1cc := 87 .5in 

WcJcc := 12731b 

lengthclcc 
Hc1cc := hbcam + hsit, + h,cr_noor + ---

2 

Hclcc = 64.0 in 

Originator-:Jasoh Engeman .J~ 
Date:22-Mar--06 . . . 

Checker:Jam~s Van Corbach-.ll'C, 
Date: ;22-·M~-o& 

Length and weight of electrodes from 
145579-0-CA-010 

CG Height of Electrode 

2.9 Overall Center of Gravity of Filled ICVTM Box 

CG Height Multiplied by corresponding weight for simplification of equation below 

3 := H;ns · Wins f := H ss · Wss k := Hglass · Wglass 

b := H , , · w5, g := H,cf_floor · Wrcf_noor I := Hsoil · w, oil 

C := Hcsbb · Wcsbb h := H,cf_l · w,ef_l m := Hgrou, • Wgroul 

d ·:= H sb · Wsb i := H,ef_2 · w,er_2 n := Hbox_and_lid · ~ox_and_lid 

e := Hse · Wsc j := H,cr:_3 · "'ref_3 o := He1ee. WcJec 

a = 8785lb - in f = 910041 lb • in k = 49173161b · in 

b =440121b · in g = 280331 lb· in I = 8311691b· in 

c = 39502 lb · in h = l5150761b · in m = 795956Jb · in 

d = 71709 lb · in i = 1619861b· in n = 1149838 lb · in 

e= l92584lb • in j = 88094 lb - in o = 81472 lb - in 
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Attachirient 2 .·. . .. i .· 

145579-0-CA--028'>' ,, " 
R~'v. N9.0 • . . ," 'f: .. . 
Calculation Title ICV™ Box Cent~r 
of Gravity Calculation , 

CG per mass to find overall CG without Grout 

Wa_1o_g := W.ns + Wsr + Wesbb + Wsb + Wsc + Wss + w,cr_ooor 

Wa_lo_g = 47309 lb 

Equation taken.from Attachment 4 

WJ._10_0 := Wr,:f_l + w,er_2 + Wrer_l + Wg1ass + Wsoil + \\\.ox_and_lid + w,lec 

wi,_10_ 0 = 1635031b 

a+b+c+d+e+f+g+h+i+j+k+l+n+o 
CG :=----------------

w._,o_g + wt._10_ 0 

CG = 48.Sin 

CG per mass to find overall CG with Grout Equation taken from Attachment 4 

Wa_to_g := Wins+ Wsr + Wesbb + Wsb + w,e+ w,s + w,.r_noor 

Wa_to_g = 47309 lb 

WJ._to_o := Wrcf_l + w,cf_2 + Wrcr_J + WgJass + Wsoil + Wgrout + "'box_and_lid + Wclcc 

wi,_10_ 0 = 171783 lb 

CG . 
a+b+c+d+e+f+g+h+i + j + k+l+m+n+o 

Wa'-to_g + ''b_to_o 

CG = 50.6in 

The geometric center of the box height of 58.5 inches. Our calculated value is lower than this due to the 
concentration of glass and refractory materials below the center of gravity. 

From the SolidWorks Model of the ICV™ Box (Attachment 5): 

W S\Y := 213126 - lb 

Hsw := 49.98in 

Weight of Box from SolidWorks Model, 145579-D-CA-010. 
Note that this differs from the tabulated weight in 145579-D-CA-010 (213126 lb). 
The difference is due to the gasket between the box and the lid. This weight is 
included in the model but is considered negligible in calculation 
145579-D-CA-010. 
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CALCULATION SHEET 

Attachment 2 
145579-D-CA--028 
Rev. No.O, 
Calculation Title ICV™ Box Center 
of Gravity Calculation 

. ~\ ,. 
Originator:Jason Engemali' :Je-'. 

Date:22-Mar-06 ·. ·. ' .. ;, ,· . 
Checker.James Van CorbacfiJ.{t . 

Date: l.2.-1\""2. -,_o, 

CG Height Multiplied by corresponding weight for simplification of equation below 

a := Hsw . wsw b := Hgroul . Wgrout 

a = 10652037 lb - in b = 795956lb · in 

CG per mass to find overall CG Equation taken from Attachment 4 

CG := __ a_+_b __ 

w, w+ Wgrout 

CG = 51.7in 
Center of Gravity for SolidWorks Model with 
Grout 

This center of gravity is consistent with the calculated model, which estimates the center of 
gravity of the box to 50.6 in. 

2.10 Overall Center of Gravity of Completely Filled ICV™ Box 

Wgrou1 := 21755.5 · lb 

h := 75 - ft 

Weight of Complete Grout fill calculated from 
145579-D-CA-010 

Hrcvcl := h bcam + hsrb + h,cr_floor + hglass + hsoil H1cvcl = 95.1 in Height to top of Sand 

H groul := H1evcl + 0.5 · [( h + h1,cam + 16.5 · in) - H reveLl H g,out = I 03.9 in Height of Grout Center 

CG Height Multiplied by corresponding weight for simplification of equation below 

a:= H;ns · wins 

b := Hs, · Wsr 

c := Hcsbb · wesbb 

d := Hsb · Wsb 

a = 8785 lb - in 

b = 44012 lb - in 

f := H,, • wss 

g := H ,cf_noo, · w,c f_Ooor 

h := H ,cf_ t · w,cf_ l 

i := H,cf_2. w,cf_2 

j := H ,cf_J · w,cf_J 

f = 9 10041 lb · in 

g = 280331 lb - in 

A6-339 

I := Hsoil · w, oil 

m := Hg,out · Wgrout 

n := Hbox_and_lid · wbo, _and_lid 

O := H c1ec · WcJcc 

k = 49 17316 1b · in 

I = 831169 lb - in 
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.145579-D,..CA-028 
~e:i,.No.0 

RPP-24544 REV le 

Calculation Title ICV™ Box Center 
of. Gravity Calculation 

c = 39502 lb - in 

d= 71709lb•in 

c = 192584 lb· in 

h = 1515076 lb· in 

i = 1619861b· in 

j = 88094 lb· in 

m; 2261267 lb· in · 

n = 1149838lb· in 

o = 81472 lb- in 

CG per mass lo find overall CG Equation taken from Attachment 4 

Wa_to_g := w;ns + Wsr + wesbb-+ Wsb + Wse + Wss + Wn:r_ noor 

w3_ 1o_g = 47309 lb 

W,._ 10_ 0 := w,er_l + w,ef_2 + w,ef_3 + WgJass + Wsoil + Wgrout + wi.ox_and_lid + Welec 

w,._10_ 0 = 1852581b 

CG:= a+ b+ c+ d+ e+ f + g+ h+ i+j+ le+ l+m+ n+ o 

Wa_to_g + WJ,_10_ 0 

CG= 54.0in 

The geometric center of the box height of 58.5 inches. Our calculated value is lower than this due to the 
concentration of glass and refractory materials below the center of gravity. 

From the SolidWorks Model of the ICV™ Box (Attachment 5): 

Wsw := 213149- lb 

H.,v := 49.98in 

Weight of Box from SolidWorks Model, 145579-D-CA-010. 
Note that this differs from the tabulated value in 145579-D-CA-010 (213126 lb). 
The difference is due to the gasket between the box and the lid. This weight is 
included in the model but is considered negligible in calculation 
145579-O-CA-010. 

Center of Gravity for SolidWorks Model, without 
Grout, Attachment 5 

CG Height Multiplied by corresponding weight for simplification of equation below 

a := Hsw · Wsw b := Hgrout · Wgrout 

a= )0653187lb · in b = 2261267 lb · in 
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CG per mass lo find overall CG 

a+b 
CG :=----

CG = 55.0in 

RPP-24544 REV 1 c 

' ' . :1, -~- / ~. -~ :{.- _ ·• -•;. ~-
O'riginator:Jason,Eng~ifnan": :11:? · ' 

Date-22-Mai:-06 . , , 
Checke;.J~m~ v~~ Corbacl;f,:¥C 

Date: 2,2- k~tlC i · 

Equation taken from Attachment 4 

This center of gravity is consistent with the calculated model, which estimates the center of 
gravity of the box to 54.0 in. 
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An--t-·_;;:____;__.,_4i:..' -~--
Cale. No.: ' l'iS:~1 - o-CA -e>J.~ . 
Rev. No.: __ __.;oc.-._ ___ _ 
$heel 

, I 
! . 

. , ' of _ __., __ 
---''-'--

J( 

11-·1 The gravitational torque 
aboul any point can be found by 
assuming that all the weight of the 
body acts as its center of gravity 
(cg), which is identical to its cen
ter of mass (cm) if i is the same at 
all points on the ~Y-

RPP-24544 REV 1 c 

:-' J ... 
:::;.,. 
. ·1-.... 

c;:HAPTE~· 11 EOUILJBRRJM AND ELASjlCJIY(' "": :~~~;:-~ 

• )"<- • •, • ' ~ ,:-::=: 

co,iiditi&i is t,a;ed on Newton's· ftrst I~~: A' rigid body that, in~ incrti~ 7'! 

~~~~-~t a.~ertain ~t ~~~an~~ mo~_t_um about~ point,:U 
not to start rotating about that pomt, the* of change of angular~-' 

_also~-zero. From the discussion in Section 10-6, particularly F.q. ( 10.:..32),-~· 
that the sum of torques I? due to all the external forces acting on lhe body •~f 
A rigid body in equilibrium can't have any tendency to start rotating about oij; ·, · . 
the sum of external torques must be zero about any point. This is lhe Stt.Olld • 
for equilibrium: - -.... ~,.....,.,_!!,2:_..~--- · --. . 

f~?0fBii!"m.t~&-~.it _t!J-_ 
The sum of the torques due to all external forces acting on the body, with l'l!Spttf ~--

specified point, must be zero. ., .. 
CAUI'ION• Although the choice. of reference point is arbitrary, once you~ 

~int you must use the same point to calculate all of the torques on a body. An · · 
tant element of problem-solving strategy is to pick the point so as · to simplify · . 
caJculations as much as possible. • ._" 

In this chapter. we will apply the first and second conditions for equih"briumto -
ations in which a rigid body is at rest (oo translation or rotation). Such a body is sai4 ·• 
be in static equilibrium. But the same conditions apply to a rigid body in nnif~ ,,_;-. 
lational motion (without rotation), such as an airp•ane in flight with constant spce(; 
direction, and altitude. Such a body is in equilibrium but is not static. '.•: 

-·:~ 

11-3 CENTER.OF GRAVITY 

In most equilibrium problems, one of the forces acting on the body is its weight. We~ '. 
to· be able io calculate the torque of this force. The weight doesn't act at a single poi~ ' 
'it is distributed over the entire body. But we can always calc~ate the torque due to the 
body's weight by assuming that the entire force of gravity (weight) is conceutratechla 
point called the center of gravity (abbreviated "cg"). 1be acceleration d~ to gnvityi 
decreases with altitude; but if we can ignore this variation over the vertical dime11sio1ul 
the body, then the body's center of gravity is identical with its center of mass, whkhwc 
defined in Section 8- 6. We staled this result without proof in Section 10-3, and DIM 

we'll prove it. 
Fmt let's review the definition of the center of mass. For a collection of particles 

with masses m1, "'2, ... and coordinates (x1, y1, z1), (x2 , Y2o z2) , ••• , the coordinateu.., 
y ""'' and z""' of the center of mass are given by 

(11 -3) 

Also, xcm• y an• and z.,., are the components of the position veclor r = of the center of mass, 
so Eqs. ( 11 - 3) are equivalent to the vector equation 

• + • + :Em-r -
• m1r1 1n-zr2 •.• = _;_ '_' (I J--4) 
rem= 

m1 + m1 + · · · 7 m, 

Now let's consider the gravitational lorque on a body of arbitrary shape (Fig. I J-1}. 
We assume that the acceleration due to gravity g has the same magnitude and d~ection 
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CALCULATION PROCEDURE CHECKLIST 
Calculation Number: 145579-D-CA-028 Revision 0 

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). 
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5 The discipline lead of affected documents has beeri notified of any changes. 
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calculation package. 

8 The calculation package is complete and submitted lo 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 Veriftcations, 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 The 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. 

EP 3.3-JF October OJ 
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Subject: ICVTM Box Center of Gravity Calculation 

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

Documents Reviewed: 145579-D-CA-028, Rev. 0 

Analysis Performed By: AMEC/DMJM 

Page 1 ofl 

-----------------------------

• .Design Input 
• Basic Assumptions 
• Approach/Design Methodology 
• Consistency with item or document supported by the calculation 
• Conclusion/Results Interpretation 
• Impact on existing requirements 
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Calculation No. 145579-D-CA-060 
ORIGINATOR:~Yb DATE ~.1/P.t . .. 

Rev. No. A ra 
CHECKER: :®o--~ DATE-¥~/d,, 

Calculation Title: Kurt McCracken 
Heat Transfer Analysis - ICV Lid 

1.0 INTRODUCTION 

1.1 

The In-Container Vitrification (ICVTM) box is comprised of a lined box and lid. During 
processing the ICV lid provides a confinement barrier for gases generated. After 
processing, the penetrations into the lid are sealed and the complete box and lid provide a 
confinement barrier for the processed waste as it awaits shipment from the Demonstration 
Bulle Vitrification System (DBVS) site to a disposal location. Th.is calculation estimates 
the temperature of the ICV lid for its installed condition during processing at the DBVS 
site. 

Purpose 

The ICV box lid (referred to as an off-as hood in Attachment 1 because of its function as 
a confinement barrier for gases) will experience elevated temperature as a result of 
processing conditions associated with the vitrification process. This vitrification process 
is initiated at the bottom of the box; as waste material is added, the melt surface "moves" 
upward as material is vitrified. The distance between the melt surface and the ICV lid is 
smallest near the completion of processing when the ICV box is fullest. This analysis 
focuses on determining the lid temperature at this point in processing, which is 
considered to be conservative for design. 

1.2 Scope 

This calculation analyzes the heat transfer to and from the ICV lid and neighboring 
structures, _accounting for all three modes of heat transfer - radiation, conduction, and 
convection. The current DBVS design does not employ forced-air cooling in the Melt 
Area. Therefore, only natural convection heat transfer is modeled in this analysis. 

2.0 Basis 

2.1 Design Inputs 

Design inputs are discussed in Sections 1.0 and 2.0 of Attachment I. 

2.2 Criteria 

Operationally the DBVS Project has set 1058°F (570°C) as the limit for the ICV lid. This 
is based on full-scale testing experience with non-regulated testing materials (exceeding 
this temperature may impact the lid integrity and function of components/instruments that 
interact with the ICV lid). 

EP 3.3-2F, Apri l 2005 
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2.3 Assumptions 
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The melt surface temperature has the greatest impact on the results of the analysis. A 
melt surface temperature I 922°F (1050°C) with different boundary conditions was used 
in the analysis to determine the range of potential lid temperatures. An additional 
condition evaluated used data from full-scale testing with non-regulated material to 
estimate the melt surface temperature~ then used this estimated temperature to calculate a 
lid temperature for the DBVS site configuration. 

3.0 References 

References are discussed in Attachment 1, Section 8.0. 

4.0 Methods 

Methodology used is disc.ussed in Attachment 1. 

5.0 Results and Conclusions 

Sections 3.0 through 6.0 of Attachment 1 discuss the different cases run. The analysis in 
Section 3.0 for "Design Conditions" considered the DBVS site configuration with a melt 
surface of I 922°F (1050°C) and ·different A WTE floor temperatures. For this 
configuration, the temperature of the lid was relatively insensitive to the A WTE floor 
temperature and averaged about 1391 °F (755°C). What was found to have the greatest 
impact on the lid temperature for this configuration was whether there is any soil 
overburden present. Soil overburden of one-inch lowers the lid temperature to 999°F 
(537°C) while three-inches lowers the lid temperature to 750°F (399°C). From an 
operational standpoint, control of melt surface soil overburden thickness is difficult for 
the design of the DBVS. 

The analysis in Section 4.0 evaluated the impact of an insulation layer on the bottom 
surface of the A WTE floor. This results in a reduced heat flux through the A WTE floor. 
However, the presence of this insulating layer increases the average temperature of the 
ICV lid to l 665°F (907°C). No soil overburden is included in this analysis and the melt 
surface temperature is 1922°F (I050°C). 

In Section 5.0 of Attachment 1, the AWTE floor was removed to simulate an "Open Air" 
condition that is most similar to the configuration used for full-scale testing with non
regulated materials. Results from this analysis shows that the melt surface temperature is 
the main driver for the lid temperature, with a predicted lid temperature of 1353°F 
(734°C). In order to reduce this temperature, the emissivity of the melt surface must be 
reduced or soil overburden needs to be present. 

EP 3 .3-2F, April 2005 
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The analysis in Section 6.0 of Attachment I utilizes full-scale testing data with non
regulated material to estimate a temperature of the melt surface. Full-scale data is 
available for a prototypical lid in an open air configuration. Direct data for the melt 
surface is not available; however, data estimating the distance between the melt surface 
and lid is. Using the full-scale field data, the melt surface is estimated to be l 157°F 
(625°C). For the DBVS site configuration, using this melt surface temperature leads to a 
lid temperature of 800°F ( 427°C) 

In summary, the melt surface temperature is the critical parameter that influences the ICV 
lid temperature. Conditions from full-scale testing have been used to predict a melt 
surface temperature that is consistent with measured ICV lid temperatures. Application 
of this melt surface temperature for the DBVS site configuration indicates that the lid 
temperature can be maintained below l 058°F (570°C) for prototypical operating 
conditions within the ICV box. 
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Title: · DBVS JCVTM Off-Gas Hood Thermal Analysis 

Prepared By: P.S. Lowery I Date: 2.17.06 I Checked By: S.R. Pierce I Dale: 2.17.06 

1.0 INTRODUCTION 

A conseJVative, reasonably high estimate of the temperature of the Demonstration Bulk Vitrification System 
(DBVS) In-Container Vitrification (ICV™) off-gas hood is an important parameter used in the design of the 
structure. The off-gas hood will experience elevated temperatures as a result of the high operating temperatures 
associated with the vitrification process performed within the ICV™ box. Typically, the BulkVit process will 
generate nominal temperatures of approximately l 350°C in the core of the melt. The temperature at the top of 
the melt, where it is exposed to the off-gas hood plenum region, is somewhat lower, but still relatively high. 
For this analysis, DMJM H+N has specified that a temperature of 1922°F (l050°C) be assumed for the melt's 
entire top surface. The off-gas hood is maintained at a relatively high temperature as well. Project process flow 
sheets indicate that the temperature in the off-gas plenum will be approximately 875°F (468°C). The analysis 
assumes a worst-case ambient temperature of 55°C, reflecting operation during a very hot summer day. 

An Ancillary Waste Transfer Enclosure (A WTE) is situated above the ICVTM contajner. A 3½" steel floor 
separates the A WTE from the BulkVit processing region. The A WTE houses a number of the process' 
ancillary equipment and structures. The thermal environment within. the A WTE must be controlled to allow 
periodic access by operating personnel. Therefore, it is necessary to also provide a conseJVative, reasonably 
high estimate of the heat load imposed by the ICY™ off-gas hood so that the A WTE HY AC system can be 
adequately designed. 

Finally, to put these assumptions and their corresponding results in perspective, the model generated is 
modified to simulate the case of operating at the Hom Rapids Test Site (HRTS). The results for this case are 
then compared against comparable experimental data obtained from test performed at this Site. 

Revision I Modifications 

The melt surface temperature used in the Rev. 0 analyses was derived from estimates based upon the judgment 
of vitrification experts, without the support of specific experimental measurements of this quantity. This 
estimate yielded results from the models that were inconsistent with experimental data (viz. - hood surface 
temperatures). The hood temperatures are strongly coupled to the actual melt surface temperature realized 
during testing. Therefore, the model developed in Rev. 0 of the calculations is re-visited in this revision, 
turning the problem around. That is, adjust the melt surface temperature until the hood temperatures predicted 
are consistent with those realized in the BulkVit testing performed at the HRTS. Then, use this value in the 
DBVS-specific version of the model to determine the corresponding hood temperatures that result with this 
revised melt surface temperature. 

Two HRTS operational scenarios are considered: 

I) when the melt surface level is the same as was considered in the Rev. 0 analysis (- 30" 
below the off-gas hood top surface), and 

2) when the meh surface is 75" below the off-gas hood top surface. 
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For both scenarios, the temperatme modeled for the melt surface is adjusted until the computed average hood 
temperature agrees with the data measured during the HRTS BulkVit Tests 38A- l and 38B data. Per Re( 7 
(also in Appendix F), these values are: 

l) 400°C when the melt surface is at its highest level, - 30" below the off-gas hood top 
surface, and -

2) 350°C when the melt surface is 75" below the off-gas hood top surface. 

The higher of the two melt surface temperatures obtained from these cases is then used in the DBVS-version of 
the model to generate the average hood temperature for that configuration. The results are addressed in Section 
6.0 of the calculation. · 

2.0 CALCULATION METHODOLOGY 

This calculation analyzes the heat transfer to and from the ICY™ off-gas hood and neighboring structures, 
accounting for all three modes of heat transfer - radiation, conduction, and convection. The current design does 
not employ forced-air cooling in the BulkVit processing region. Therefore, only natural convection heat 
transfer is modeled in this analysis. 

The general layout of the ICVTM box and A WfE steel floor has been provided in Reference I . Detailed 
drawings of the off-gas hood, JCVTM box and internals, and associated neighboring structures were also 
provided in this reference. As the materials provided in this reference indicate, the top surface of the melt is 
located 30.32" below the top of the ICV™ off gas hood. A relatively narrow 2½" air gap separates the top of 
the off-gas hood from the bottom surface of the A WTE floor. Drawing F-145579-35-D-0004, Rev. I (provided 
with Re[ I} indicates that the panels covering the top, east, and west sides of the off-gas hood are.stiffened with 
4"x2" steel tubing spaced at approximately 12" intervals along the long-axis of the hood. The additional surface 
provided by these tubes is included in the convective heat transfer considerations in the model. 

The calculation presented herein expands on the method and results presented in a previous calculation of the 
off-gas hood temperatures (Re( 2). Many of the material properties used in that analysis are also employed in 
this analysis_ Specifically, the emissivity used to compute the radiation heat transfer from the melt surface was 
specified as 0. 7 in the Ref. 2. This same value is used in this calculation. Moreo.ver, the emissivity assigned for 
radiant heal transfer off steel surfaces was assigned a value of 0.85 in Ref. 2. Again, this same value is used in 
this calculation. 

The calculation presented herein represent.s a considerably more elaborate model of the thermal energy 
exchange between the surfaces of the ICVTM box, off-gas hood, and A WTE floor, however. The model is used 
to perform a parametric study of the effects of variations in A WTE floor temperature on the heat load to the 
A WTE air space as well as for its effect on hood temperatures .. Several valu.es are prescribed for the melt 
surface temperature and the temperature of the top surface of the A WfE floor. The cases discussed in Sections 
3.0, 4.0, and 5.0 assume a melt surface temperature of I 922°F ( 1050°C). The temperatures prescribed for the 
top surface of the A WTE floor are 77°F, 250°F, and 400°F. The off-gas hood and A WfE floor bottom-surface 
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temperatures, along with an estimate of the thennal heat Oux through the A WfE floor are computed for each 
case. In addition, the effect on hood temperatures of including a layer of yet-to-be processed soil resting on ·top 
of the melt surface is also considered in these parametric studies. Soil layer thicknesses ranging from l" to 6 11 

are considered in this study. The cases discussed in Section 6.0 address the effect of varying the melt surface 
temperature to achieve agreement with measured off-gas hood temperature data. 

The analysis develops a coupled, non-linear system of equations describing energy conservation on each 
surface of the model. Radiation heat transfer view factors were obtained using the relationships provided in 
Ref. 3. MathCad v200 Ii (Ref. 4) was used to formulate the system of equations and effect their solution. The 
relevant surfaces of the ICY™ box and off-gas hood are modeled, as is the 3½" thick steel A WfE floor. A 
schematic diagram of the ICV™ box and off-gas hood surfaces modeled is provided in Figure I . Index 
numbers used to identify each constituent surface of the model are-indicated in this figure. Alphanumeric 
designators for the box and hood dimensions are indicated. These designators correspond to the values 
included in the MathCad models presented in the Appendices. 

Surface O represents the top surface of a soil layer covering the melt. The thickness of this layer (Oso;1) is a 
parameter that is varied in the simulations. In addition, a relatively crude model is included to allow the 
capability to address the "participating-media" effects of constituents in the gas-phase of the off-gas plenum. 
This effect could resuli from the presence ofNOx, CO, CO2, SO2, water vapor, dust, and other media present in 
the off-gas plenum region. It is included through the use of an absorbtivity parameter, <XoG, and corresponding 
transmissivity parameter, Too = I- Clo(; . For the cases presented in this calculation however, this off-gas 
absorbtivity parameter is set to zero, indicating no participating-media radiation heat transfer effects for the 
gases and particulates present in the off-gas plenum. 

As discussed above, the drawings provided in Ref. I indicate that several of the surfaces are backed-up with a 
series of 4"x2" steel tubes, effectively forming an exoskeleton for these hood surfaces. This tubing is present 
on modeled surfaces 6, 8, and 9. The horizontal and vertical components of the surfaces associated with these 
tubes are included to enhance the convective heat transfer surfaces areas of these modeled surfaces. 

Surfaces I through 4 in the model represent the portions of the ICV™ box sidewalls that are above the melt 
surface but beneath the off-gas hood. These surfaces conduct energy in the lateral direction through the 60PC 
and refractory sand composite liner out to the sidewalls of the ICVTM box where it is passed to the surrounding 
air space by convective and radiative heat transfer. Surfaces I through 4 represent the inside surface of the melt 
confinement structure. The corresponding surfaces representing the outside surfaces of the box have ID tags I I, 
12, 13, and 14. These surfaces are not shown in Figure I . They have the same width and height dimensions as 
their internal mating surfaces I through 4, however. Surface I I mates with surface I, surface 12 with 2, and so 
on. The surfaces are separated by a 6" thick layer of60PC castable refractory, backed by a corresponding 6" 
thick layer of refractory sand. The steel skin of the ICY™ box separates the refractory sand from the ambient 
air surrounding the box. 

Surface IO (not pictured in Figure I) represents the A WTE floor. The floor is composed of a 3 ½" steel plate 
and spans an area 24 ft x 30 ft. Per the drawings provided in Ref I, the bottom surface of the floor is 2½" 
above the top surface of the off-gas hood. Only a portion of the A WTE floor is assumed to participate in the 
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heat transfer with the off-gas hood. As indicated in the Appendices, the effective A WfE floor area is 3 ft larger 
on any side than the plan area of the ICVTM box. All heat transferred from the hood to the A WfE floor is 

A .,,,.,,,. I 
,1-

i"'' ' i 

_I 

T 

Figure). Model Schematic. 

restricted to communication through trus area. The temperature for the top surface of this floor is set to one of 
three values (per Ref. 1 ) - 77°F, 250°F, and ·400°F. The heat flu x through the A WfE floor is computed by the 

_ model for each of these temperatures. The A WTE HV AC system must include the heat load associated with 
· this flux in order to be properly sized to maintain this prescribed floor temperature. The HV AC design and 

analysis is provided by others. 

In addition to analyzing for the design conditions described above, two more scenarios are considered. In the 
first scenario, the effect of including an insulating blanket on the bottom surface of the A WfE steel floor (the 
surface exposed to the JCVTM off-gas hood) is considered. This is done to evaluate the benefit s for reduced heat 
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transfer to the A WfE through the steel floor. The potentially detrimental effect on off-gas hood temperatures is 
also addressed in this case. The second case considers the effect of perfonning the analysis assuming 
conditions representative of performing the BulkVit process in the out-of-doors [analogous to the conditions 
present during the testing performed by AMEC at the Hom Rapids Test Site (HRTS)J. This is done to 
benchmark results generated by the model against the available experimental data. The tests generated a wealth 
of thermocouple data. However, the conditions of the melt that were driving these temperatures were less well 
defined in the tests. Therefore, while comparison of these results with experimental data is illustrative, 
quantitative comparison of the computed vs. experimental results will necessarily require these differences be 
kept in perspective. When reasonable assumptions for the thickness of a yet-to-be-processed soil layer are 
included in the model, results are obtained that are well within the band of temperatures measured in the HRTS 
tests. 

3.0 ANALYSIS FOR DESIGN CONDITIONS 

Three cases were considered in which the upper surface of the A WfE floor was set at 77°F, 250°F, and 400°F. 
This condition is introduced in the model through changes to one parameter only - TAwrE- The rest of the 
model is unchanged. The MathCad listing of the model for one of these cases is presented in Appendix A. The 
results fol" each case are summarized in Table I below. The average hood temperature and total heat loss 
emanating from the 1922°F melt surface are listed in this table. In addition, the heat flux passing through the 
A WfE flooI" under these conditions is also presented in the table. As these results indicate, the average hood 
temperature and overall melt heat ioss parameters are relatively insensitive to changes in the prescribed 
temperature on the upper-surface of the A WfE floor. 

Table 1. ICY™ Off-Gas Hood Thermal Analysis Results for Design Conditions 

77 751 952 21.7 

250 755 943 20.7 
400 760 932 19.3 

Table 2 presents the resulls obtained when a relatively thin layer of yet-to-be-processed soil is modeled. This 
thin soil layer separates the melt surface from direct exposure to the off-gas hood and plenum regions. It can be 
argued that the presence ofthis soil layer effectively increases the temperature at the melt-soil interface. 
Therefore, to address this concern, the temperature of this interface is increased from the I050°C valued used to 
simulate an exposed melt top, to I 250°C. This is only approximately I 00°C less than the targeted bulk 
temperature at the core of the melt and therefore should be conservative. For each of these cases, a temperature 
of77°F was assumed for the top surface of the A WTE. As the results presented in Table 2 indicate, the hood 
temperatures and associated A WTE floor heat fluxes are reduced considerably when the effect of a soil 
overburden layer is included. The MathCad model used to simulate these conditions is provided in 
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Appendix B. 

Table 2. ICV™ Off-Gas Hood Thermal Analysis Results for Design Conditions 
with Soil Overburden Layer 

537 383 8.9 
399 181 4.4 

6 330 109 2.9 , 

4.0 ANALYSIS FOR INSULATED A WfE FLOOR CONDITIONS 

Date: 2.17.06 

Again, three cases were considered in which the upper surface of the A WfE floor was set at 77°F, 250°F, and 
400°F. There is no soil overburden layer included in this model, however. For each case, the effect of 
including a I½" thick blanket of calcium-silicate insulation affixed to the bottom surface of the A WfE floor is 
assessed. This material has been suggested in Re( 5 as a candidate material for insulating this and other 
surfaces in and around the A WfE. The properties for this material were obtained from this reference. As 
before, the A WfE floor surface temperature condition is introduced in the model through changes to one 
parameter only - TA WTE- The model was revised to include the effect of the insulating blanket, however. The 
resi of the model is unchanged. The MathCad listing of the model for one of the cases performed in this study 
is presented in Appendix C. The results for each case are summarized in Table 3 below. The average hood 
temperature and total heat loss emanating from the I922°F (l050°C) melt surface are listed in this table. In 
addition, the heat flux passing through the A WTE floor under these conditions is also presented in the table. As 
these results indicate, while the heat loss through the A WfE floor is reduced substantially, the average hood 
temperature increases significantly, to approximately 905°C. 

Table ;3. ICVT"' Off-Gas Hood Thermal Analysis Results for Insulated Floor Conditions. 

77 906 549 1.3 
250 907 546 1.2 
400 908 544 I.I 
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5.0 ANALYSIS FOR "OPEN AIR" OPERATING CONDITIONS 

The MathCad model was modified to remove the influence of the A WfE floor in. an effort to represent 
conditions of operating in an "open air" environment. In addition, parameters associated with modeling heat 
transfer from the external surfaces of the ICVTM container were modified to reflect direct communication with 
ambient conditions. The resulting MathCad model for this scenario is provided in Appendix D. 

Three cases were considered. The first case employs the same set of assumptions for the melt and ambient 
temperatures as was done for the preceding analysis sets. In particular, a temperature of l 922°F was assumed 
for the melt's free-surface. An emissivity of0.7 was also assumed for radiative heat losses from the melt (as 
before). An ambient temperature of 55°C was also assumed for this case. The results obtained for this case are 
presented in the first row of Table 4. As the results for this case (and, in fact, all the preceding cases) indicate, 
under these conditions, the heat Joss from the surface of the melt to the surrounding surfaces of the ICVTM box 
walls and off-gas hood panels far exceeds the power delivered to the melt under normal operating conditions. 
At the present time, a nominal power level of approximately 700 kW is targeted. These results indicate that the 
heat loss from the melt surface is nearly I 000 kW. This is largely a consequence of imposing the l 922°F 
temperature to represent the top surface of the melt. To assess the impact ofthis, a second case was considered 
in which the effective emissivity of the melt was reduced until the heat flux from the melt approximates that 
realized in traditional in-situ vitrification (ISV) conditions - viz., 32.5 kW/m2 (Ref. 6). This required that the 
melt emissivity be reduced to 0.045. The second row of results presented in Table 4 provides the results 
obtained for this case. Finally, a third case was analyzed in which the ambient temperature was reduced from 
55°C to 0°C. The "open-air" HRTS tests were conducted in ambient conditions nearer this than the hot 
summer-day conditions represented by the 55°C temperature. The results obtained for this case are presented in 
the third row of data provided in Table 4. 

TabJe 4. IC\fTM Off-Gas Hood Thermal Analysis Results for "Open Air" Conditions. 

55 0.7 734 986 

55 0.045 487 363 
0 0.045 476 366 

When a layer of yet-to-be-processed soil overburden is included in this model, the off-gas hood and total heat 
loss results are dramatically reduced. To compensate for the fact that the melt is somewhat insulated by this 
soil overburden, the temperature at the melt-lo-soil overburden interface is increased from 1922°F (I050°C) lo 
2282°F (I250°C). Table 5 presents the results obtained when a I", 3", and 6" thick layer of overburden soil is 
modeled. An ambient temperature of25°C is assumed for each case - approximating nominal ambient 
conditions at the HRTS. ln addition, the emissivity of soil surface is set to the same value as was used to 
represent the melt ' s surface, 0.7. The Mathcad model for these cases is presented in Appendix E. 
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The results obtained from this model are compared against experimental data obtained from two relatively 
recent BulkVit demonstrations performed at the HRTS. Figure 2 presents results for off-gas hood skin 
temperature measurements during BulkVit Tests 38A-1. Hood skin temperatures realized during Test 38B are 
provided in Figures 3 and 4. Since these tests were intended (in part) to demonstrate the feed-while-melt 
approach to processing, for most of the test duration, a substantial layer of soil feed was maintained on top of 
the melt As indicated in these figures, the hood skin temperatures exhibited considerable variation during the 
course of the process. For Test 38A- l, the hood skin temperatures ranged from approximately l 50°C to 500°C. 
The average temperature appears to be approximately 250 to 300°C for this test. The hood s)cjn temperatures 
realized in Test 38B ranged from 100°C to 400°C, with one apparently outlier thermocouple indicating 
temperatures up to 700°C. It's likely that this thermocouple was the recipient of direct radiant "shine" from an 
exposed portion· of the melt. The average hood s)cjn temperature for this test appears to be approximately 200 to 
250°C. The results obtained using the MathCad model of the configuration and test conditions are presented in 
Table 5. These results are consistent with these experimental values. 

Table 5. ICVo' Off-Gas Hood Thermal Analysis Results for "Open Air" Conditions 
with Soil Overburden. 

505 393 
3 364 186 
6 296 112 

- 2 
- 3 

- - 4 
- 6 

t 
1- -7 
:_ 8 

,,.....,. ·9 

I:-::-. 1 () 

Figm·e 2. Bulk Vil Test 38A- I Hood Skin Temperature Data. 
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Figure 4. BulkVit Test 38B North-Side Hood Skin Temperature Data. 
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6.0 ANALYSIS FOR ADJUSTED MELT SURFACE TEMPERATURE 

The melt surface temperatures used to drive the analyses presented in the preceding sections was estimated 
based upon the judgment of vitrification experts, without the benefit of direct measurements of this value. As 
the results in the preceding sections indicate. the results are tightly coupled to the value chosen. As was also 
indicated in the preceding analyses, without the inclusion of a yet-to-be-processed soil layer on top of the melt. 
the hood temperatures that result are not consistent with those realized in recent BulkVit demonstrations. 
Therefore, the "Open Air" model discussed in Section 5.0 is re-visited to investigate the effect of adjusting the 
melt surface temperature until the resulting average hood temperature is consistent with experimental data 
obtained from HRTS BulkVit Tests 38A-l and 38B. Two cases are considered (per Ref. 7; also provided in 
Appendix F): 

1) when the melt surface is at a level - 30" below the top surface of the off-gas hood ( as was 
modeled in the cases considered in the preceding sections of this calculation), and 

2) when the melt surface level is 75" below the top surface of the off-gas hood. 

Per the guidance provided in Ref. 7 ( also Appendix F), for the Case (l) conditions, an ambient 
temperature of l 2°C and off-gas plenum temperature of 600°C are included in the model. For Case (2), 
the ambient temperature is reduced to 0°C to better reflect conditions experienced during the BulkVit 
demonstration for which the hood temperature data for this case was obtained (viz. - Test 38B). The off
gas temperature is again prescribed at 600°C for this case. The Case (2) melt surface conditions, while 
indicating lower hood .temperatures, may result in a higher required melt surface temperature due to the 
lower melt surface elevation within the ICV™ box. 

The Mathcad model for Case (I) is presented in Appendix G. A melt surface temperature of 625°C 
yielded an average hood temperature of --400°C for these conditions. The Mathcad model for Case (2) 
is presented in Appendix H. For this case, a melt surface temperature of 605°C resulted in an average 
hood temperature of -350°C. 

Since the Case (I) results are more limiting, the melt surface temperature of 625°C obtained from the 
case is prescribed for the DBVS-version of the model when the upper surface of the A WfE floor is 
maintained at 77°F and operations are conducted with an ambient outside-air temperature of 50°C. The 
Mathcad model for this case is presented in Appendix I. The results indicate that the average hood 
temperature is -427°C for this case. Under these conditions, - 153 kW (- 44 tons refrigeration) of 
thermal energy is transferred to the A WTE floor. 
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7.0 CONCLUSIONS 

The results presented in Table I for the design conditions indicate that an average off-gas hood temperature of 
approximately 750°C would result from the asswned configuration and melt temperature. The previous 
analysis performed by AMEC (Ref. 2) indicated that this temperature would be approximately 661 °C. The 
differences are, to some extent, the result of changes in the assumed configuration {e.g. -the separation 
between the top surface of the off-gas hood and the bottom surface of the A Wf floor). The increased 
complexity and detail provided in the model and analysis approach employed in this calculation are, however, 
more likely the predominant cause for the differences. For the "design conditions", the heat transfer through 
the A WTE floor represents a considerable heat load to the A WfE. Applying this flux over the 322 ft2 (-30 m2

) 

of the affected portion of the A WTE floor indicates that the_ total heat load to the A WfE is as high as 650 kW 
(-185 tons refiigeration). It is likely that this load will require a sizeable HVAC system to maintain the 
targeted 77°F air-space temperature in the A WfE. 

When a½" thick layer of yet-to-be-processed soil is included in the model, in effect separating the melt surface 
from the off-gas hood and plenum regions, the average off-gas hood temperature is reduced substantially, from 
approximately 750°C to approximately 630°C. The heat load to the A WfE floor is also significantly reduced, 
to approximately I 3.2 kW/m2

. This translates to a heat load of 400 kW (-115 tons refrigeration), roughly 60% 
of the load when no soil overburden is accounted-for. This reduces even further with increasing soil 
overburden thickness. For example, when a 6" thick layer of soil overburden is included in the model, the 
average off-gas hood temperature reduces to 330°C. The A WTE floor heal flux is reduced to3 kW/m2 for this 
case. 

Including the I½" thick CaSi insulating blanket on the bottom surface of the A WTE floor reduces this heat load 
to approximately 30 kW. The average temperature of the off-gas hood increases considerably however, to 
approximately 905°C. · 

The heat losses emanating from the melt surface in either of these scenarios appears incredibly high. This heat 
loss is associated with the assumption of a I 050°C temperature over the entire free-surface of the melt. Were 
this condition to be realized, it is likely that the melt would rather quickly cool down to a lower temperature, 
even if this occurred while providing the 700 kW steady-state power to the melt. Still, these conditions 
certainly provide a conservatively-high estimate of off-gas hood temperatures. 

To help assess the adequacy and conservatism of the model, the model is applied to the system under an "open 
air" operating sceriario - analogous to what was done for the HRTS testing program. The results obtained for 
the case wherein the emissivity of the melt is reduced to produce a heal flux from the melt surface consistent 
with what has been realized in traditional ISV melts (viz.- approximately 32½ kW/m2

) are more in-line with 
the hood temperatures measured in Test 38A-1 and 38B. The data from those tests indicates that the hood 
temperature ranged from I 50°C to 500°C for test 38A-I, and I 00°C to 700°C in Test 38B. The average hood 
skin temperatures appears 10 be in the range from 250°C to 300°C for Test 38A-1, and from 200°C to 250°C for 
Test 38B. When the melt emissivity is reduced to a level such that the heat flux of the top surface of the melt is 
commensurate with the 32.5 kW/m2 realized in traditional lSV applications, the average off-gas hood 
temperature is reduced to approximately 490°C. This level is still a bit higher than that realized in the test data, 
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but not far off. When the effect of a soil overburden layer is inciuded·in the HRTS version of the model, the 
average off-gas hood temperatures are reduced further still. A soil overburden layer in the range of3" to 6" 
yields average off-gas hood temperatures comparable to those obtained in the Tests, in the range 365°C to 
300°C. 

Two cases are considered to assess the impact of adjusting the melt surface temperature to make the results 
obtained for the average off-gas hood temperature in the "Open Air" version of the model consistent with 
experimental data obtained from the HRTS BulkVit demonstrations. The results from these cases indicate that 
a melt surface temperature of --625°C results in an average hood temperature of -400°C - consistent with data 
obtained from BulkVit Demonstration #38A-l performed at the HRTS. Using the 625°C melt surface 
temperature in the DBVS-version of the model results in an average hood temperature of 427°C and a heat load 
of-153 kW (-44 tons refrigeration) to the A WTE floor (assuming the top surface of the A WTE floor is 
maintained at 77°F and an ambient outside-air temperature of 50°C). 
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third column-of data contalns: lheveilical 
component: Qf lhe·iibs. liRr lha1-ele.roi1rital·ari/a., 

~e-1~~ ~~~ 
~ 

0

'!.ZJ Q fi 
~I . 6.4. 11 ·o 
~;;;i;:7 -o o· 
~ ~;_.;j: 0 0 

['£ 25.7 0 0 

~ 6 _o o 
/\ = ;.!( -'37i'i . ,H -13':5 ti2 
. ~ 6 0 -0 

W ,1-.t '3.~ 1;Ji~ 

~ Tl -t, ''i~ 

.@. 3?2 (i o. 
~ '!i:t_ 9 o· 
i;,;g .25.':! 0 ~ 

l~ 5_4. iJ Q. 

it 15.7 0 0 
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!i, :ll2.l .09,t .02! ,(\91 :Q28: ,i).l. :ii>,..:&- .1]1 .3/i6' 0 

_,391 o _026 JJO.f- .026 o .. n, . . 071 .119 ..2i>,r o. 
.~2.l! -~ 0 :!)06 .0~2 -0~9 .,0~9. :~JJI· ,911 .J.~ !) 

_ijoo .604: bi6 o ,026 :i>2i .Ji§.. ii jig . • i&S' ii 

\1# ;~ ..o~2 :OQll: o J>'l? ,o-n :i>r9', 'JJ.j!I JM :o 
,&.s ,9: ..OSJ ,oi~ .~1 q: ;ns_a. -~i ;O~l -..1186'. •O 

-~1~ ;~i .~~1 ,W. ·'°s:r .;~lit 9, A1> ~i1 4~ ,~r~ 
..s'6~ .~ffi· .i\ij.l o: .os i .11:0:1 .P.fj .Ii' ;ij'al )1);6 : o 
-.315. .Q:ZZ .0.SJ .022 .• 027' .O.il ,1,0 c<M O . l'25 .616 . 

. ,f/.4 ;im. ,iH :021, JJg .Qj~ . ,OM ;iµj· ·.!i~ .0 

Maelix-.F .COt)lains thevlew laclofs ·lor'tacfiant heal-lr.ansrer-~n surfaces 
of 11-., moiiel. 'llie fiist(mw}'index.'i:orrespbnds'•lo the 1o·ot1be,souice-surtace~ 
~s~ lo:th~,eceiying.s~. Fol'e.xampi!, .ibe fpp ~ll!Je'S<Jji surface -

:=::~~h:S~:~e;.1;:r~~~s;;::~7;~~ 
al fl\l.1.J>= 0:021 (<i!>Jaililed ~ W>Jil,i.uraliofl 1a. p. 103C!"ii(Sieg,I &Howell's 
T.~:~ H~ T ~nsfef, ;!i,lEi~i<~i)'. The.»r.e!:ij,rqcify' view f'!ctor for: 
lhese~,;urlaces is F[1,0r ·AIQ.Off(0;1J/Al1 ;0f·= 0.397~ 
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T emperalure:Boundasy Conditions __ 

Tiitcll :~ ~2!>2"F TmC := A~Tme!i) T
111

~11 := Cto,K(T~) Tmeli = 1.~3_.15·~ 

TAWTE c= n·F TAC := 1'1.,qTAWTE) TAWTE := OciK(TA"C) T-AwrE= 291.HC 

T00:;,. 11'7S•F Tog.:= FtoC{-TOO) 

Tulilb~ .S5"C 

Initial guess· for leriiperalu[es· ... 

Too·"'·Oo!C(Tog) 

·Tamb·'° (,loJ<lTalnb) 

Toq ~ .1~1.~83K 

T~b-='3211:llc· 

Tl ;= ·713,K T 3 := 113K T:5.:a= :7731.·, T 7 :="•77.3K 

T2 := 773k T~ := t 73K r 6 := 71'.\K Ts := iTIK 

. w 
i:..,, := 605 

10 · K 

w tcR := 1.44-
m K· 

"'OG := 1· - <toe;. ~oo= 1 

Con~eclive heal trnns fer coefficients ... 
I 

.n :=r-
] 
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j=f3 

, '"!l> 

·:ri 

~ 
0. 
,4 
T.i 

T(i. 

Dale: 2.17.06 Checked By: S.R. Pierce :,. 

11 _c= Fin<tr.0.;11.1'.7,r;.1,.I~,:i;~.1~.'.1'4.r1.'.l'!i.1)9,;rn,T12,li3-1'.1,il 
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TO= 1.ris.iK 

Ti - JOOSK' 

T.~ ,s: JO:t4~·JC. 

T3,;,'1005JC 

'ft;.,1t9jjl( 

·'ri -= 9Ji IC 

n :~ 89:i:iK 

T9 .;.9()5.6.K, 

T1Q a,lf7.§.:K: 

Ti) =.·-(1!4.s){ 

Tl:i-,;,:~-1_63-J( 

·TIJ = •74.(K. 

T[~=-'176!!:K-

TDC:= KloqTOj 

TIC:• Kioqn) 

nc; := KtoQii) 

T3C;:~T-)) 

IAeo= K!oQ;T•). 
TSC.;: KJoqTS) 

T6C:=' Klo€(T6) 

U'C:= Ki~0:17) 

TSC := kioC(Ti) 

T9C ;= Ka,q)~) 

TJO(}:= Xl!IQ'.1'. IQ) 

tliC:=•·KtotjTJt) 

TllC<= •Klo<:(H-2) 

Tl3Q:= .Kti>Q'..Tt3j. 

n~c := Kloqn•} 
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' . . ~~!fN .... 'l:i!r·Gas HpO!J p,e,,nai-.~ 
TOC= .192'.6· 

11C=·'lll,' 

TIC = 'l~(J. 

'ti(;=,'Jlii 

~C,,.6Ra· 

i6¢'=ill8.6 

nc~~t, 
f ac·,, 111.s'~ 

T9.C = 63.25. 

-ti<'Q'- 4~~ 

Tl;iri= -i'OJ:7 

TliiC.= 103:.i 

TOF := Grof(-TOC) 

TIPo= Cll>ffflC) 

·PF"" P.oRTICJ 

T2F := Clof\T2g T3.F := Oo'fi;J:lq_ Hf ;= Qof(T4<-) 

Ti Of :,: O oFiTJOCJ 

T5f -:= QQl'(T5q Tl\!' := Ocif(T6C) 

TSP ;= OP.Ffr¢) 'f.9.f, :;= £lciF(J=lic} 

T:Qfi:;.·,qi\J;ffµd} Ti4P:= Qof(TJ;ig)· 

~~s~~-lftj:,__ 

TJF = ·1349:tt7 'l2F = l36S.919 

Tilf ,= Oof(filb) i:i·2F:= Ouf(Tl'.!Cf 

T-3F.= .1349.297 T4f'= l36:S.979 T5F = IIS0.083 T6F = ·1145:447 TOF = 1i3's .6 

T7F = I i80:0S3 T.8F = 1-145.#-41 T9F = li?(UiS TIOF = i-12 TIIF = 39S H 2F ~ ·39.7,6 TJ3F = }95 
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TO= JJ6S.7K 

TT ~ 911K 

Tl'.'I = 476.3K. 

j=1 

Tl = JOOSK 

Date: 2.17.06 Checked By: S.R. Pierce 

'r.:z:·= ii>)_{2 IC 

TS D·90S.~IC 

'fhJoo>.~ T4 >< f!!J.4./!t T~=f 1tK 

·T.Lll ,.: ,3)7.6.K Tl'I ,.,r-74,sic: J'll .=•:041·.JC. 
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OBVS.JCY~ ~ .. -Themal~ 

~~~-D?o: •~"~ge;hooii lel11)<!ratur" -

:~, o·lSC.• A_., o·'f6C +-A., o•T7C~ As 9•T8C+ "9 .-lx 
Tw; > . , , . ., . • . . 

· A);_o .. ~6.o • -~. o • -"1.0 :+ A9.o 

· ~~~jjt#.li i~""°r ~ 
. .. . -~~(no- Tt,WIJ,) 

'/\ W:Jl!-:s. . Snoo,- 'IJ<\VT£ = 13.2 ~ -l,W ... 
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Prepared By: P.S. Lowery 

!'f'""l 
~-... 1 

.0oi,M ,,J_,2;;c. + n\.,-·ooK(i) ,,, (..!.. 273_151...-
"r:t l:!:'~c. l.. •c ·r ,.,., . ,.,. ·)-c 

ICl""\lLJ := - - T.3.1, :_,:: 

Date: 2.17.06 

X-i!>s"" 11 -~r\i!s,;;.)!il 

wrL, 

"'rh1 

Lrb·1 

~1 ·h1 

1;-,,~, 
~ ... , + "':i}li:z 

"2 
Lr Sm{e)· 

A :;=, .\ ... I• •ilh 
2 

b2 

'"i-.sii11ol 
"'i"Li 

{311 • "'1 + 3~}(311;. ½ .. 111) 

"'fbf 

L1·h1 

~~i'."":•~-rm: · 
0 

0 

(i 

0 

J) 

0. 

0 

·o 

0 

:0 

Jl 

.() 

h2 Jii 
::lribf .,.nls"--::-r, 2~bs'h ·- ··=)· 

·· . Slb\Jr} ·-nns Slll!8I 

0 

0 

0 

0 

!-' 

0 
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2N,;1,s,h11~;;-w~

.o 

•o 
·i> 
,; 

SE~I~tf;· 
sieel~iibiriiJ•fil>s.6ri that,elemenlal area.-The· 

;:f~'i\f:;.~;~~ar~-
:1J:~~ -ti ii 

- '.~ill~· 
' _;~?- I) fl 

, '!:f · lx:4, · o· o 
~ :15.7: 0. ii 

--~ - -~ o· !> 
A- ~~ ~f.Z; . 9;4.' 13..~ 

!?ii . 6. o· o 
' I; ;~0 ?. .3;..'4· ·t3c5 
· ,g 77 7: 28 

: ·_.';\22: a ll. 
!U Jl ~ 

'25:7- 0 0 

6;4 o. i> 

,c: ·::1s:1. :o o 

n.2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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0. :021 -.<191 .02-1 .09J .02S .J-n .021 ,171. ..;166, 0 

-??7 o .Ol~ .!M)4 .026 o .i29 .(!21 .12!i , 265" o . . . 

:: : .:. 7 :: :;: ~= ·;· .: :, : ~~~"'.':.~~g;&-,~~ 
.F ,-.; -.•-iK. :~ .ii~ .006 O .019 .:671 .0.19_ JM ..354 ct. -~=-1.-4ili})'ii!s1(l':'.'1.""l'l.iEl'>!W _ . •~:two s .. faa:s ,s lo!:;il!!d 

~-: :~:! ;: :::~ ::: :::: :~! :: ': ~F a~l~,r~~~ ::~~~F~~=~ 
~7,$. ,022. .. 053 .022 .027 .Oi l . ISO .013 I) l l-25" '6t6 
-,s14 :022- ., u; .on .11& .on .06tl .on .o60 -o 
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TemP.eralure-Boundary Condiiions __ 

TmeJ. := 192?-'P 

TA1'-"TE·::= 77°F 

TOO := !75°.f 

T111.C := Floq:Tin~I!,)_ T me)(_:= c;toK{T'aiC)' 

TAC := l'\oq_TAWIB) T Av.,-e·;;: di>K('f"AC) 

Tog•:=·f.'loC(TOO) Too-,;,. Oolq-T"!I)• 

Checked By: S.R. Pierce 

Tm~-• l~-l~K 
Tj,w.ra = 29U JC: 

•TQi, ••7~UllK. 

:r~~ "~~-~~-

T1 := 773JC T3 :- 773K. 15 := 77-JK "fa ?' 7t~ic, T9-- i15.K 

Page 77 of252 

Date: 2.17.06 

T2 := 773K T~::= 773K Tj, .:= 1:m:K· Tg,,,; ·WIK . Tw;= P.3 K 

,;.f,,iE!rial l!(operties: .•• 

~.sil := .&5 
w 

k;;Ji := 6Q.5 mX. 

w 
kc-R. == J.4-'l·m,K 

Conveclive lieat transl...- t:nAffiriP.nls ... 
- 4 

I 
n.~ -

3 

4 

~HD "' ll.6!>1-W-m-2, ,:; 3 
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T.i =~li":

Ti .,, r:23'.:UJ:-

T-~= ·•~t4Jt' 

.T::.•- i p1f ~.K: 

T 7 ,..-,013,lK

rs= :llJ~:te 

>f9 = iljQJ i<' 

T.)R= J9~.aKc 

,'fJJ= -8.S(f~t 
·Tii-;: 'ior.:'rit. 

:TJ(c~ ~ T.!) 

nc::= KloqTJ) 

:nc :=-'Kio.qT-J > 

i~t:= ~T4) 

T5.C o= K¼T~-) 

f lic-;,, JC~ 'T~~ 

:r:JC ~ KtoqJ'7} 

r (cc~ JC~$) 

t9C ::= K...,q'T9) 

T!.O.G;=J<.!oQ'.l'.J P) 

:r1~C:;:;Ki<>q;T:ll1 
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TIOF := O ol'(TlOC) 

T5F ·~ cioF(T5<;) T6F := CtoF(T6C) 

T8F :,._-Oo~T&C, T9F-:= 'Oof(T9C) 

n3.h ¢io~tT!J<;) T14f.o=-OoF,{Tl4C). 

~!lj•i\iil~F:,,,. 
TiF=t11ioli13 T3F = 1700.6, 3 HF = 115!<.591 

Till' :• (;fol'(TIJC) . T11F := Ool'(TI 2C) 

'l'SF = l476.6B6 T6F= iSfHI 

TSF = i !i3:SI T9F = H61'.895 TIOF • 1484.7 TI IF =-:2044.S T l '!P - 454.2 T-13F =-20+U Tl•F - •H .2 
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T.5. = 1021.SK 

T6 = 1003,K 

T7 = 'i 02) .8:j

T& =·1003 It 

TIP= 1008 Ki 

T IO .._ 7,73.K 

Tfl . 4!H.'7k 

TIC_:=. KtoqTJ) 

T2C;=. ~1oqT2'j 

T3C:= K'toQ'.T3) 

T6C:= KtoC(T6J 

T70 ;= 'Kl<!C(T?) 

TSC;: 'KioCfT·S)' 

19C:= KtoC'(T-9) 

TIOC := 'KtoC{TIO) 

lllC:; K1oC(Tll) 

T 11C := l<.toC:(T12) 
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Tl !'!,=·S!>S,/i 

'T2C = 'a7&1 

T30=.S6:!-:6 

H C= S?6.I 

n .c."' 74t.6 

17c ;...·1<1t1> 

TSC.='?i!l.3 

Date: 2.17.06 
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1 131' := aoF(Tl3Gj Tl4f := a oF(Tl4Cj 
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Tl~ IH9.2K 
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. BOXUDANALYSlSINPUfVALUES 
(DATA-OBTAINED FROM 3~-1 & 38Q TC'S) 

Calculations for box lid temperature and A WTE cooling load sball ui.ilize the ·following 
bollDdiJig.conditions fi.om tbe:testsiie. 

A box Jiilt~,;>( 400"C. 
~Q" ~ .!!:.~Pl, tb,e lid,tq oolilc;;ipl,ruillCI\ ~rfac;e, 
Ambictlt conditions at ll'!C, 
Plmutiilcinp~ oot'less'dian 600°C. 

A 35Q"C .bi:>x !,id skin tcmpe(;l)ll(e at.7.S"·from .the- lid surface with ,aJ!(I ~b,ent -condilion 
of O"C should be used ifit results in a ~ore conservative approach. 

SuJQ~:lri:ted. TcstSite..Dat~ fo.r, 38B & 38A.;1 
Conditfons: euc·ouoier-edm38B 
TheJ1vcja~.iiiaxiiniun.l»:i:'lid siui ~ture.diuing:Oic'.38B'meit .was 330°°{.Usiiig 
TC's ii~iG ljlSS $, J~ ~: Jo whi:a oi'hr.iie). 
tbe-inelhwu~~Qdmg:to:11,e Ilaµ al/ove was ...fiS-75" li:om 'lhe box lid. 
The~ pl~lll1l 'i~p duJ:ingt¥. melt,~ 6l)O~ 
The .ambieritcooditions for the test were -o•c 

Nole: Tt,ft8 is·,nol J:Onsid~ a.ilicalizcdhot spilt, but .rathcra: faulty lhermocouplc:(the 
static temp¢rafurc,was .far>J!l>o:ve:~othcr,tbermocoup)cs-prior to ihe start of the irn;Jt) 
and wa,s ~WP ouWr91µ·.1he. analysis. 
TC #-12 provided oegati.ve,readings'and·was thrown out. 
TC #I Owasused. for•lhc average,c:alculated temperature except when off-scale. 

Conditions:tncounte.t~ 'lnJ~A.4 
The average maximum boxa'Jid sl;u-tcmpcrarure during:the-3SA-l mclt·was 375~ (Using 
TC's6-10). 
The melt :surfucc temps fo JilA-1 . com:sponds to a melt 11,at rcachc:d:<3()" from ~ box 
lid. 
The 1.ast stage oithe,mcll·pllSbcd .the-TC skin temperature average up ,-.70-C. 
The peak plenum temp during lhe melt .was 600"C. 
The.ambient-conditions for the. test were ~ I 2°C (minimum record of TC-I) 
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