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WBS Number: 64

WBS Title:

Bakeout Systems

Job Number: 6401
Job Title: Bakeout Systems
Job Manager: Mike Kalish

Description:

Schedule:

Approvals:

The WBS element consists of the effort to provide heating and cooling to the vacuum
vessel. The system supports high-temperature bakeout of the vessel and control of the
vacuum vessel temperature under heat loading from plasma losses and heat losses to

surrounding cold structure.
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NCSX June 2007 ETC
TABLE | - DESIGN LABOR

WBS Number: 64
WBS Title: Bakeout Systems
Job Number: 6401
Job Title: Bakeout Systems
Job Manager: Mike Kalish
FY07$K HOURS
o] > 4 13 sl s
%) %) - m m = m S S
=l 2| 2|6 | olEL|E=| Bl B 2| 5| % % @ g B B s of st
TASK DESCRIPTION Bl 2 5l s 21 5s| 53 2 2 2 2 S S w w w m Basis of Estimae
Design
Requirements definition 80 Engineering judgement based on NSTX experience.
Preliminary Design & Review 160 120 Engineering judgement based on NSTX experience.
Final Design & Review 160 120 Engineering judgement based on NSTX experience.
EA or ORNL VV Analysis to confirm 160 Engineering judgement based on NSTX experience.
ACC Review 40 40
Procrurement & Fabrication/Installatia
Procurement lead time and award
Piping and Equipment (See Piping Estimate T $157,185 1830 See Material Take Offs in Table V. labor from Means
480 VAC Power Service $5,000 80 Based on Means
Local Controls $3,000 80 Based on Means
PTP Testing 40 120
|
TOTALS $165,185 $0 $0 $0 $0 0 0 480 0 0 2150 160 240 0 0 0 0
31
. _________________________________________________________________________|
TOT/ 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0
Notes: Notes:
1. Existing PPPL Air Compressor is not acceptable, only 22 CFM available at 100 psi. Estimate is based on using a Gast Regenerative Blower
2. This estimate is based on a Gast blower operating at the conditions shown in "Calc Summary" Tab
3. Estimate assumes once through air system
4. Estimate assumes 3" 304 SS pipe will be adequate ( may require changes by permeability issues)
5. Estimate assumes 150 C VV Bakeout
6. Estimate assumes no VV cooling is required
7. Sizing based on approx. 7 kw heat load
8. Estimate assumes no instrumentation
9. Rev 1 added Piping Support Towers
10. Rev 2 Added Ceramic Breaks and Bellows

Job6401_RO page 1of 1 7/11/2007 3:33 PM



NCSX June 2007 ETC
TABLE Il - Materials and Subcontracts

WBS Number: 64

WBS Title: Bakeout Systems

Job Number: 6401

Job Title: Bakeout Systems

Job Manager: Mike Kalish

Materials and Subcontracts (M&S)

Basis of Estimate

M&S in Table |

Job6401_RO.xls

Table Il - M&S page 1 of 1
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NCSX June 2007 ETC
TABLE Il - Fabrication/Assembly Installation

In-house Fabrication and Assembly and Installation

Fabrication & Installation in Table |

Job6401_RO0.xIs Table Ill - FabAssy & Instl 1 of 1 6/29/2007 11:33 AM



NCSX June 2007 ETC
TABLE IV - Uncertainty of Estimate and Residual Risk Assessment

WBS Number: 64

WBS Title: Bakeout Systems
Job Number: 6401

Job Title: Bakeout Systems
Job Manager: Mike Kalish

Uncertainty of the Estimate

Uncertainty
High Medium Low Range (%) Comments/Other Considerations
Design Maturity X This is a preconceptual design using a new (to PPPL) type of blower and heater.
-20%/+40%
Due to the high thermal excursions, difficult permeability requirements and safety considerations, the
Design Complexity X design is considered medium complexity.

Note: High/Medium/Low uncertainty assessment from Job Manager. Uncertainty range based on AACEI recommended practice 18R-97 as amended for NCSX.

Residual Impacts

Cost Impact Schedule Impact
Likelihood of
Job Risk Description Occurring Mitigation Plan Basis of estimate Low High Low High
NONE
Notes:

[1] Low cost and schedule impacts are considered the minimum (0-percentile) impacts should the event occur.
High cost and schedule impacts are considered the maximum (100-percentile) impacts should the event occur
[2] Costimpacts should be entered as man-hours (by demographic) and M&S direct cost under basis of estimate.
Cost impacts should NOT include standing army costs which are separately calculated from the schedule impact
Project control is reponsible for quantifying the low and high cost impacts based on the labor hours and M&S identified
[3] The schedule impacts should be entered as the min and max impacts on the critical path.
If there is no critical path impact then the schedule entries should be zero.
[4] Likelihood of occurrence should be entered consistent with our risk classification methodology, i.e.
VL= Very Likely (P>80%), L=Likely (80%>P>40%), U=Unlikley (40%>P>10%), VU=Very Unlikely (P<10%), NC=Non-credible (P<1%)

Job6401_RO0.xIs Table IV - Conting & Risk 1 of1
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NCSX June 2007 ETC
TABLE V - Basis of Estimate

WBS Number: 64

WBS Title: Bakeout Systems
Job Number: 6401

Job Title: Bakeout Systems
Job Manager: Mike Kalish

Estimate Backup

6401 HEAT TORCH Baleout System REVI xis ST
see Labor  Beaterial CostTotsl Latol mss s&e Labor Marorial Cost  Total Labor pss
Manhours =] cors) [ ey ] Mhours) [
304 55 (0 2002 §1 304 55 (i 2002 5
SchiD with Clevis hangers VALVES
nos Faut 3" Backpressure control vatn| X £8 .00 £8.00¢
# # - Batanang Ve s 4 $45
1187 017 5 E 15 15,0 5 e
3 = 2700 m s ] & 2 s
5 % Betows[ 2] § §32
F s 521 174 1025
Gast Blower| 3z 4,000 $4.008
Schis and 10 M0 JOINTS Iresti] 230 £5,00C a9 $6.000
(s — | ' % Install sty 1 5200 ¥
Install Pwr . £5 000 12 £5.00¢
ELBOWS Quarte install Tank = £5 %0
14 & uppon Tomers 53 $72.000
Iy 5 ' o
531 = Toasis
548 =L 547 Subtoal (20025} 4 $192.07
5 4 5 p*
Escalation from 20024 to 20074 for 30455 a0
TEES
N [PU————
$118 o b
a1 x 5405
10 E

£401 HEAT TORCH Bakecut System REVI xis Piping Estimate page 1of 1 S/21200T  1:37 Pa
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Hichasi Kalish 7/2(2004
THE FOLLOWING CALCULATIONS DETERMINE THE MASS FLOW RATE THROUGH THE

INTERNAL PFC TUBING GIVEN THE PRESSURE DROP AND air PROPERTIES

Far air, once through

Galculate the pressure drop through the PFG tubing, Adjust & and i for Temperatwrs

203+ T ” 8 oses
T Ll e T LA en= 301610 St =
AR 273+ 20 R #
viscosily from GRE handbook or (Marks pg 3-36) R _g bf-sec v gekae
changes with temp. but not pressure up= 39210 TZ 1= 00187 centipaisa
)
Ph_at sti:= -UTB-?‘
[
= Y
oot~ T
s inlet ~ Toutlet
p=15psi Payg:= Pays - =5 Payg=14.26 Tavg_sm= [—z + Toutlsl + 27;,]
\
(Payg* BT\( 203 ) . Tavg.sys- 273= 175
| = —o0ss
Vo147 N\ Tages)  Ph=0008 E] Tilgt=2000  Toutet= 1500

eou= 101050 forcrawn coppertude  pppei= 150107 O for seel pine {ret. 356 Marks)

dg=0257in  dy=06536m nner dameter of coaling passage for a round cross-section

L= 216.5351n hydrauic length of epening under evaluation it

Ph=

cppe  InputValues vz
0 Payg= 1425
Calcuate the Reynolds # using the velociy and diameler. Use the hydrauic " S
dimmeter if s nol a round cross-section avg_sys -~ 273 =

Forarndppe  dg=0287in  Areap

D

A= hreag Input Hydraulc Diameter and fres A = 0.052in°
New calcuiate the flow thraugh & pise when anly Ihe head kass Lruagh the pipe and aipe size is knawn

-5 0 o -7 Ibf-s¢
D=025in  p=5666x 10 "‘ia p=18psi  e=15x107"0 w=a016x 1077 22

i

-z
This equation salves for f fickion factor) when the flow rate s

e
il i B 251 Jnknawn but the fead loss s known, check for laminar flow
=|-Blog — +
a7 5
D oY
Ao (29 WI i i
=k R + =004 == 7004 10
D
Tof4

NCSX June 2007 ETC

TABLE V - Basis of Estimate

Calculations |

Michael Kallsn 7/2/2004

Mow solve for the Reynolds # in terms of the friction Factor.

9.287 | {15128y &Y for burbulent gy
ey ——— = Re-to8ex 100
Ve L)oo
2] a
Ra=+ Rey= 1.619 % 10 for larminar fiow

Check that Re is turbulent f not use Re=64/

Reference pg. 3-55 Marks to delermine if fiow is laminar or turbulert Generally turbulance begins at Re>2000

4
Re = if|Rey < 2000, Rey, Rey) Re = 1086 10 =004
ft .
v=B5295— Tre veiocity of the fuid
sec
IS 3 b gm
Q= vA Q=1411— m=Qp M= 2308k 10—  mi=1.00=—
min sen 60
Vz 2
Hy = 66.3571 Hi-pg = 0.045 sl A=0052in

To find £1 for furbuar fiow calcuate the relative roughness, e/d, and use along with the Re # o look up f o the
graph {pg. 3-55 Marks o pg. A-24 of the Crane fech. manual}

- 3l
N s 0 giow = 50K
r

Progli= mh-cp-ajiow

Table V -Basis of Estimate 2 of 4
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Michae! Kalisn 7/2/2004
Now salve for the Reynolds # in terms of the friction facior

(SRR

y
e
LV )o)

———
Re=tomxgt

®
Rei= Re= 1019x 100 foramicar fw

Check that Re is lurbulent if not use Re=G4/

Reference pg. 3-35 Marks to delermine if fiow i laminar o urbuient Generally turbulance begins at Re>2000

Ro = i{Rey < 2000, Rey, Rey) Re-1086x10°  1-004
e - The wiocily of the fluid
o sec
& 3 b o
Q=141 — m=0p  m=230x10 Y= =108
mn st sec

Hy= BB.25TH Hip-g=0.045p8l A= 00520

To fnd {4 for turbulent iow calcurate the refative foughness, e/d, and use slong with the Re# 1o ook ua fen the
graph (pg. 3-56 Marks or pg. A-24 of the Crane fech, manual)

3k
A= 1802 10" dlaggn = 50K
"

_a kg
Poool = Ty Halow PooaN= 101760 mf= 1064 % 10 3;1

NCSX June 2007 ETC
TABLE V - Basis of Estimate

Minaal Kalisn 722004

INEUTS N=85-2  rumber parraliel pahs

Towaoe= 180 Tit= 200 IndegC
Tolower_in = 20 Toutet = Taurizce+ 0004 Toutet= 130
Peys« 18 psi avgpassure in NCSK
i % 9 ]
ph=0008— pp= 15682 Trt s +32=32  Toyper~ + 32= 302001
? i 5 5

Olalow * (Triet - Toutleth K flaliow= B3998R digjgyy= 50K Temp. drop of helum

‘acruss vessel
L=5§m Tolal length cf Libing
s (313-2.028)n  Damelerofhoeintbiig  dp=0257n  dp=0653em
p=15psl dp across ubes
QUTRUTS
1 2 n
v=g5—  Velaciy of Helum Fag= s v-10802-
56 sec

3 . 3
° Voume fowrste of helum [
ON=B = ough sl Qs o= U0 Fowat neltoBaver

b
GoN=1sx 1002 MesFow  p-oosmn’
"

PogneN= 10KW Fomhadt  Conveclon heat anser

must equal snergy blance
PogorN =104 From me, gt
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Wats - 0000
SCEFM - 100

Delta T (°F) - 270
Delta T ¢°C) - 150

NCSX June 2007 ETC
TABLE V - Basis of Estimate

Heat Torch Data

e[RRI |

st | 6w

B |
|- g R
e | 1m

wwaw | || w | o |

el

Specifications
Max, wallage: 12500

Max. exhaust air temp: 1300°F

Wy, inlet air fomp: 250°F
Wax, SCFM: 100
Pressure rating: 120 PSIG
Horizontal mounting
Leads: 12 gauge, 12’ long

Construction
Heater hody: stainless steel
Inlet fitting: nicke! plated steel
Exhaust fitting: stainless steel

Calculate the wattage, flow rate or
[emperalure requirement as
Tollows:

Watts = SCFM x AT/

SCFM = airflovr in standard cudic
Teet per minute

AT = tomparatura rise In dograes F
from tha inlet 1o the exhaust

Mnimym
Watage | So7Hl e

T

Airtlow [Prassire Dray| Prassure Drog| Pressure Drop)
(SCFM) | (PSi) | (415 | (PsiG)
10 3% 12 i
20 i 15 23
0 17 34 &1

| 30 50 9 |
50 47 94 7]
0 68 1 20

0 92 B | % |
0] 12 2 %
90 15 0 45
100 19 38 il
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Activity MILE- Activity Duration Baseline Baseline Shifts  Total % Proposed
ID (sl.;?lrétlez Description ((\;vatz,;k Start Finish Float cmplt Budgeted EYO7 FY08 EY09 EY10 EY11 EY12
P I
64 - PFC/VV Heating & Cooling (Bakeout)
Job: 6401 - PFC/VV Htng/Cooling(bakeout)- KALISH
6401-000 Bakeout Sys- Requirements Definition 40 06APR0O9* 01JUNO09 93 15,296.80 Wemi/Em =8ohr ;
6401-001 Bakeout Sys-Preliminary Design 40 02JUNO09* 28JUL09 93 43,874.32 BIEM//EM =152hr ; EA//SB =120hr ;
6401-002 Bakeout Sys-PDR 1 29JULO9* 29JUL09 93 1,529.68 [EM//EM =08hr ;
6401-004 Bakeout Sys- EA Analysis 30 30JULO9 10SEP09 93 30,593.60 B EA//EM =160hr ;
6401-005 Bakeout Sys-Final Design 40 11SEPQ9* 05NOV09 93 44,844.12 B EM//EM =152hr ; EA//SB =120hr ;
6401-009 Bakeout Sys-FDR 1 06NOV09* | 06NOV09 93 1,581.68 I[EM//EM =08hr ;
6401-010 Bakeout Sys-Procure Piping & Equipt 65 09NOV09* 19FEB10 93 236,552.08 [l 41-165.185%k ;
6401-013 Assemble & Install 65 22FEB10* 21IMAY10 93 169,667.40 I Em/TB =1990hr ;
6401-017 Bakeout Sys- ACC Review 10 24MAY10*  |07JUN10 93 11,318.80 TEMIEM =40hr ; EM/ITB =40hr ;
6401-020 Bakeout Sys-PTP Testing 10 08JUN10* 21JUN10 93 18,139.60 EM//EM =40hr ; EM//TB =120hr ;|
Subtotal 302 06APR09 21JUN10 93 573,398.08 I
Run Date 18JUL0O7 07:31 Fre Resou?(lzctzesl_ﬁazr:ciescéhedule sheetTaoree
© Primavera Systems, Inc. EAC
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