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1. Document |dentifier No./Rev.: Change: Title:
ANL-EBS-MD-000030 REV 00 Ventilation Model
Input Document 8. TBV Due To
4. Input 5. 6. Input Description )
2. Technical Product Input Source Title and ge ction Sta?t?s Section .17'BVITBD Unqual. Unc‘; :not':;lled conlfJ'?r; g
: Identifier(s) with Version ; - ori 4 Irme
(s) Used in Priority Source

1 .37 Accepted 411 Stefan-Boltzmann Constant N/A N/A N/A
ASHRAE (American Society of Heating, P P NIA
Refrigerating and Air Conditioning Engineers, Data.

Inc.) 1989. 7989 ASHRAE Handbook, Handbook
Fundamentals I-P Edition. Atianta, GA: value
ASHRAE. TIC: 201565.

2 CRWMS M & O 1995. Waste Emplacement 7.23.2. | NA 6.1 Effects of ventilation on N/A N/A N/A N/A
Management Evaluation Report. BC0000000- | 3 Ref. onl emplacement drift thermal -
01717-5705-00011 REV 00. Las Vegas, - only condition -

Nevada: CRWMS M&O. ACC:
MOL.19970519.0103.

3 CRWMS M & O 1996. Thermal Loading 53 N/A 6.1 and | Effects of ventilation on N/A N/A N/A N/A
Study for FY 1996 Vol. I. B00000000-01717- Ref. onl 6.6 emplacement drift thermal
§705-00044 REV 01. Las Vegas, Nevada: - -only ) condition :

CRWMS M&O. ACC: MOL.19961217.0121.

4 CRWMS M&O 1997a. Software Qualification | Entire N/A 3 QA status of software ANSYS N/A N/A N/A N/A
Report for ANSYS Revision 5.28Gl, CSCI: Ref. onl Version 5.2
30013 V5.2SGI. 30013-2003 REV 00. Las el.only
Vegas, Nevada: CRWMS M&O. ACC:

MOL.19970815.0536.

5 CRWMS M & O 1997b. Heating and Cooling | pp. 75 N/A 6.1 Effects of ventilation on N/A N/A N/A N/A
Scoping Analysis Report. BC0000000-01717- | to 78 Ref. Onl emplacement drift thermal
5705-00007 REV 00. Las Vegas, Nevada: el. Only condition
CRWMS M&0O. ACC: MOL.19970606.0153.

6 CRWMS M&O 1998a. Ground Control 1.2.3.1 TBV 334 412 Average ground surface 3 X
System Description Document. BCA000000- temperature (18.7° C) and thermal
01717-1705-00011 REV 00. Las Vegas, gradient
Nevada: CRWMS M&0O ACC:

MOL.19980825.0286. .
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7 CRWMS M&O 1998b. Repository Ground Fig. 4-1 | TBV3528 | 4.1.3 Avg. elevations of repository leve! 3 X
Support Analysis for Viability Assessment. 1072.3 m at invert.
BCAA00000-01717-0200-00004 REV 01. Las
Vegas, Nevada: CRWMS M&O. ACC:
MOL.19980512.0714.
8 CRWMS M&O 1998c. Repository Subsurface | p.I-2to | TBV 3683 | 4.1.6 Ventilation air density at repository | 3 X
Waste Emplacement and Thermal level.
Management Strategy. B00000000-01717-
0200-00173 REV 00. Las Vegas, Nevada: o
CRWMS M&O. ACC: MOL.19980918.0084. Section Estimated level of initial heat :
43 1'1) output for naval spent fuel WPs .
e TBV 389 4152 X
9 CRWMS M&O 1999a. Input Transmittal for pp.1of | TBV 3529 | 4.1.3 Thermal modeling parameters by X
Thermal Modeling Parameters by 2 414 stratigraphic unit - thickness, grain
Stratigraphic Unit. Input Tracking No.: SSR- i density, thermal conductivity, &
NEP-89261.Ta. Las Vegas, Nevada: specific heat. Elevations for
CRWMS M&0O. ACC: MOL.19990920.0109. ground surface and Tpcpv2 unt
10 | CRWMS M&O 1999b. Thermal Calculation of | 5.1.3 TBV 3684 | 4.1.5.1 Waste package thermal properties | 3 X
the Waste Package with Backfill. BB0000000- for Alloy 22 - density, thermal
01717-0210-00001 REV 00. Las Vegas, conductivity, specific heat, and
Nevada: CRWMS M&O. ACC: emmisivity
MOL..19981214.0073.
11 | CRWMS M&O 1999¢c. Enhanced Design Item1, TBV 3685 | 4.1.5.2 | Waste package length and 3 X
Altemative (EDA) Il Repository Estimated pp. 25 diameter
Waste Package Types and Quantities. Input to 26
Tracking No.: EBS-SR-99325.T. Las Vegas,
Nevada: CRWMS M&O. ACC:
MOL.19991103.0236.
z,‘;‘ .
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11 | (Continued ... ) Item 2, TBV 3686 | 4.1.5.3 Number & initial heat generation 3 X
p. 15 rates of waste packages
and p.
17
tem2, | TBV3695 | 4.1.54 3 X
pp.7to Decay characteristics of the
9 commercial spent nuclear fuel
waste packages
12 | CRWMS M & O 1999e. Enhanced Design 2%para | N/A 6.3.2 General description of EDA Il N/A N/A NA N/A
Altemnative Il Report. BO0000000-01717- £51 Ref. ont characteristics.
5705-00131 REV 00. Las Vegas, Nevada: ors. el. only
CRWMS M&O. ACC: MOL.19990712.0194. 5.1.1
5.1.2 '
13 | CRWMS M & O 1999f. ANSYS Calculations p. Vi-6 TBV 3687 | 5.4 Airflow rate for preclosure 3 X -
in Support of Enhanced Design Alternatives. ventilation.
B00000000-01717-0210-00074 REV 00. Las , A | t drift length
Vegas, Nevada: CRWMS M&O. ACC: p7 TBV 3688 | 5.3 p Ve’agteil etf“p a°f’“le't‘. riit leng
MOL.19990218.0240. or ventilation calculation.
Fig. 4 TBV 3689 | 5.2 WP position in emplacement drift.
317 TBV 3690 | 5.5 Intake air temperature at
emplacement drift entrance.
14 | CRWMS M&O 19999. Activity Evaluation, Entre | N/A 2 Activity Evaluation N/A N/A N/A N/A
Engineered Barrier System Performance
Modeling (WP# 12012383MX). Las Vegas, Ref. only
Nevada: CRWMS M&0O. ACC:
MOL.19990719.0317. | .
“ -
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5
! CRWMS M&O 1996h. Classification of the NIA NA N/A NIA
MGR Subsurface Ventilation System. ANL- 71 N/A 2 QA classification of subsurface
SVS-SE-000001 REV 00. Las Vegas, Ref, only ventilation system.
Nevada: CRWMS M&O. ACC: ’
MOL.19990928.0219.
16 Enti N/A 2 | ilati
CRWMS M8O 1999i. Development Planfor | ' Doveiobment Plan for Ventiation | NIA NA - NA N/A
Ventilation Model. TOP-EBS-MD-000015 Ref. only
REV 01. Las Vegas, Nevada: CRWMS M&O. .
ACC: MOL.19991005.0214. .
17 o . pp. 762 | N/A 6.6 Description of a coupled N/A N/A N/A N/A
Danko, G.; Blink, J.A.; and Chesnut, D.A. to 766 simulation process to estimate :
1998. “Temperature and Maisture Control Ref. only heat and moisture effects on
Using Pre-Closure Ventilation’. Proceedings of emplacement drifts
the Eighth International Conference: High-
Level Radioactive Waste Management,
pp.762 - 766. La Grange Park, lllinois:
American Nuclear Society, Inc. TIC: 237082.
18 | DOE (U.S. Department of Energy) 1998. Entire N/A 2 Quality Assurance Requirements N/A N/A N/A N/A
Quality Assurance Requirements and : Ref. onl and Description program followed;
Description for the Civilian Radioactive Waste -only reference only
Management Program. DOE/RW-0333P REV
08. Washington, D.C. U.S. Department of
Energy. ACC: MOL.19980601.0022,
19 | Health, C.A. and Wilkins, D.R. 1999. ] /A 41, Emol : ing.
"Direction to Transition to Enhanced Design p-1 N 117 mplacement drift spacing NIA NIA NIA NIA
Alternative 11." Letter from C.A. Heath p. 1 Project 4.1.19 Diameter of waste emplacement
(CRWMS M&O) and D.R. Wilkins (CRWMS baseline drift.
M&OQ) to Distribution, LV.NS.JLY.06/99-026, ;
June 15, 1999, with enclosure. ACC: . p2, 4118 | VWaste package spacing.
MOL.19990622.0126, MOL.19990622.0427, 3 42 Heat removal of at least 70% by
and MOL..19990622.0128. P: : 50-yr preclosure ventilation,




00 ATd 0£0000-AN-SII-"INV

6661 19qQUIBAON

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.: Change: Title:
ANL-EBS-MD-000030 REV 00 Ventilation Model
Input Document 8. TBV Due To
6. Input Description
. " 3 4. Input 5. 7. i ~
2. Technical Product Input Source Title and Section | Status Section TBV/TED Unqual Un F""tm" q ‘-t!" 4
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20 | Holman, J.P. 1997. Heat Transfer. 8" Edition. | p. 646 | TBV 3691 | 4.1.6 Ventilation air properties at 25° C - | 3 X

New York, New York: McGraw-Hill, Inc. TIC: thermal conductivity, dynamic

239954 viscosity, and Prandtl Number
21 | Incropera, F.P.; and Dewitt, D. P. 1985. p. 780 TBV 3532 | 4.1.4 Emissivity for the TptpH unit 3 X

Fundamentals of Heat and Mass Transfer.
New York, New York: John Wiley & Sons.
TIC: 208420.
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AVERAGE OVERALL THERMAL DECAY

(1) Estimate of Linear Heat Load Along Emplacement Drift

. S - Drift Length Linear Heat
Waste Package Type Nur\;!vt';;esr of Fra'l(.::; rl' of . Length (m) H;::eo(:tv’:;;t Required Ozztatlxt'.:le;;) Load
(meters) P (kW/m)
Sec. 4.1.5.2 Sec. 4.1.5.2 Sec.4.1.5.3 see Note1 seeNote2

21-PWR  Absorber 4279 0.429 5.306 11.3337 23128.00 48496.90 2.10

21-PWR  Control Ro 87 0.009  5.305 23708 47024  206.27 0.44
12-PWR  Long 158 0.016 5.791 9.5402  930.78 1507.35 1.62
44-BWR  Absorber 2889 0.29 5.275 7.1346 15528.38 20611.86 1.33 °
24-BWR  Thick Plate 6 0.001 5.245 0.4910 32.07 2.95 0.09
5-DHLW 1249 0.125 3.73 4.0580 4783.67 5068.44 1.06
5-DHLW Long 414 0.042 5.357 5.8280 2259.20 2412.79 1.07
Naval Combined 285 0.029 5.888 7.1346 | 1706.58 2033.36 1.19
{See Note 2)
DOE/Other 598 0.06 5.57 0.7930 3390.66 474.21 0.14
Total 9965 1 52229.56 80814.14
Average | 5.141 1.5473

Note 1:  Total drift length required for a given type of WPs is determined using:
Total drift length = (Number of WPs)*(WP length + 0.1 m), where 0.1 m is the gap
between WPs (see Section 4.1.8). R

Note 2:  Heat output for Naval packages is not available. Value listed was based on consideration
that the Naval package have the similar initial heat output of the 44-BWR packages
This consideration was documented in CRWMS M&O 1998¢, Section 4.3.11.



Time
{years)

0.01

10

15

20

(SeeNote 3) 25
(SeeNote 3) 26
30

40

50

60

70

80

90
100
(See Note 3) 125
150

200

250

300

21-PWR
Absorber
Plates

kw

(Sec 4.1.5.4)

11.3337
10.9954
9.9653
8.9966
8.1887
7.5138
6.9115
6.8050
6.3792
5.4984
4.7912
4.2229
3.7685
3.3915
3.0866
2.8314
2.4552
2.079
1.7291
1.5128
1.3654

21-PWR
Control
Rods

kw

(Sec 4.1.5.4)

2.3709
2.3285
2.1785
2.0095
1.8647
1.7241
1.6038
1.5819
1.4942
1.3106
1.1649
1.0443
0.9479
0.8698
0.807
0.7545
0.6764
0.5983
0.5244
0.4796
0.4452

12-PWR
Long
KW

(Sec 4.1.5.4)
9.5402
0.2722
8.4286
7.5901
6.8815
6.3149
5.8009
5.7089
5.3407
4.5868
3.9792
3.5026
3.1031
2.7908
2.5304
2.3024
1.9895
1.6766
1.3818
1.2029
1.0804

(2) Thermal Decay for CSNF

44-BWR
Absorber
Platgs

- kw

{Sec 4.1.5.4)

7.1346
6.9146
6.2682
5.6536
5.1467
4.7102
4.3098
4.2419
3.9701
3.3915
2.9326
2.5621
2.2625
2.0227
1.8264
1.6685
1.4331
1.1977
0.9878
0.8725
0.7889

24-BWR
Thick
Absorber
Plates

kW

(Sec 4.1.5.4)

0.491
0.4829
0.4445

0.403
0.3689
0.3341
0.3065
0.3013
0.2806
0.2369
0.2033
0.1754
0.1536
0.1361
0.1222
0.1111
0.0955
0.0799
0.0684
0.0622
0.0583

Note 3: Values for 26 and 125 years are base on linear interpolation.
Values for 25 years were listed to illustrate data interpolation for values of 26 years.
They were not actually used in calculations.
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Total Heat
of All CSNF
WP (kW)

70825.33
68696.08
82274.26
56201.90
51168.11
46909.07
43083.23
42414.93
39741.73
34165.86
29705.11
26117.01
23235.45
20873.24
18954.78
17365.94
15018.79
12673.63
10516.93
9226.08
8331.46

Percentage
Decay of All
CSNF WP (%)

100.00%
96.99%
87.93%
79.35%
72.23%
66.23%
60.83%
59.89%
56.11%
48.24%
41.94%
36.88%
32.81%
29.47%
26.76%
24.52%
21.21%
17.89%
14.85%
13.03%
11.76%
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0.01

10
15
20
{See Note 5) 25
26
30
40
50
60
70
80
90
100
125
150
200
250
300

Note 4:

Note 5:

(3) Decay of Linear and Volumetric Heat Load

Percentage

All WP

. Total Heat of All Decay of All Linear Heat
Time (years) CSNF WP (kW)

(page 11-3)

70825.3276
68696.0805
62274.2638

56201.9031

51159.1129
46909.0735
43083.2325

42414.9311

39741.7253

34165.8551

29705.1059
26117.0133
23235.4527
20873.2444
18954.7764
17365.9444
16019.7875
12673.6306
10516.9307

9226.0803

8331.4641

Based on Linear heat load values. For example, in year 0.01,

CSNF WP
(%)

{page HI-3)
100.00%
96.99%
87.93%
79.35%
72.23%
66.23%
60.83%
59.89%
56.11%
48.24%
41.94%
36.88%
32.81%
29.47%
26.76%
24.52%
21.21%
17.89%
14.85%
13.03%
11.76%

Load

(kW/m)

{page 11-2)

1.5473

1.5008
1.3605
1.2278
1.1177
1.0248
0.9412
0.9266
0.8682
0.7464
0.6490
0.5706
0.5076
0.4560
0.4141
0.3794
0.3281
0.2769
0.2298
0.2016
0.1820

Volumetric
Heat Rate (Jiyr
m#3)

(See Note 4)
2.54E+10
2.46E+10
2.23E+10
2.02E+10
1.83E+10
1.68E+10
1.55E+10
1.52E+10
1.43E+10
1.23E+10
1.07E+10
9.37E+09
8.33E+09
7.49E+09
6.80E+09
6.23E+09
5.39E+09
4.54E+09
3.77E+09
3.31E+09
2.99E+09

1.5473(kW/m)*[1000(J/s)/kW]*[365*24*60*60(s/yr))/[(Pi/4)*(1.564 m)*2]

=2.54E+10

(Jlyr-m*3)

Where 1.564 m is the WP diameter (Section 5.1) used in the calculation.

Values for 25 years were listed to illustrate data interpolation for values of 26 years.
They were not actually used in calculations.

ANL-EBS-MD-000030 REV 00

11-4

i“

November 1999



ATTACHMENT III

CONVECTIVE HEAT TRANSFER COEFFICIENTS

ANL-EBS-MD-000030 REV 00 I11-1 . Nove



flo 7 mm = =1

C:
Lc

. AN

mber 1999



ATTACHMENT.IV

CALCULATION SUMMARY SHEETS FOR
CONTINUOUS EMPLACEMENT DRIFT COOLING ANALYSIS
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SheetA Page 1
DRIFT SEGMENT #1

{0 - 100m)

Air Quantity, Q = 10 m*3/s

Wall Temperature Results from ANSYS Modeling

60 MTU/acre

Drift Wall and Air Temperatures, C

Time, Yr Drift Wall Temperature, C Time Afte | Ave. Drift| Air Temp
Invert | Springline ] Crown Empim't, YWall Tem | at 100 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.95 28.45 27.92 0.00 28.10 28.43
1.00 55.68 58.19 55.66 Lk 1.00 56.85 33.50
5.00 §5.27 58.40 55.24 : N 5.00 56.30 35.83
10.00° | 53.01 55.87 52,98 ° 10.00 53.95 35.27
15.00 50.67 53.28 50.63 15.00 51.52 34.46
20.00 48.72 51.14 48.69 20.00 49.51 33.72
26.00 46.64 48.84 46.61 26.00 47.36 33.02
30.00 4544 47.52 45.40 30.00 46.12 32.45
40.00 42.78 44.59 42.75 40.00 43.37 31.78
50.00 40.62 42.20 40.59 50.00 41.14 30.94
60.00 38.81 40.21 38.79 60.00 39.27 30.24
70.00 37.38 38.62 37.36 70.00 37.79 29.67
80.00 36.21 37.34 36.19 80.00 36.58 29.21
90.00 35.26 36.28 35.24 90.00 35.59 28.83
100.00 | 34.45 35.39 34.43 100.00 | 34.76 28.52
125.00 { 33.24 34,05 33.22 125.00 | 33.50 28.16
150.00 | 32.05 3273 32.03 150.00 | 32.27 27.73
200.00 | 30.89 31.46 30.87 200.00 | 31.07 27.31
250.00 | 30.19 30.68 30.17 250.00 { 30.35 26.98
300.00 | 28.70 30.14 29.68 300.00 | 268.84 26.76
Air Temperature and Heat Removal Calculations
Tin= 25 C DS= 81.00 m WP Dia.= 1.56 Ap= 491 m*2
DritL= 600 m PG.= 010 m Drift Dia. =  5.50 Aw= 17.28 m*2
Deltak= 100 m TL = 6000 MTU/ac AirDens.=  1.06 kg/m*3
Cv.Coeff. h= 137 = Wim*2K LL. = 1556 kW/m AirCp= 101 kJikg K
Time Step 1 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 2943 )= 27.22
(0-1e-4 yr) Twout = 28.10 C Twa = 0.5*(Twin+Twout)  0.5%( 25.00 + 28.10 )= 26.55
Tpout= 10897 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 70.00 + 10897 )= 89.49
gw= Awxhx{(Twa= 26.55 ) - Tain= 2500 } = 3.67 kW
qp= Apxhx{(Tpa= 89.49 ) - Tain= 25.00 ) = 43.41 kW
Taout= 25.00 +(qw+qp) 47.08 )/(Q*rho*Cp) 1062 = 2943 C g-rm = 40.34
Time Step 2 Tain = 2500 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 33.50 )= 29.25
{1e-4-1yr) Twout = 56.85 C Twa = 0.5*(Twin+Twout) 0.5%( 28.10 + 56.85 )= 42.47
Tpout = 86.45 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 108.97 + 86.45 )= 97.71
qw= Awxhx{(Twa= 4247 ) - Tain= 2500} = 41.37 kW
qp= Apxhx{(Tpa= 97.71 ) -  Tain= 2500} = 48.94 kKW
Taout = 25.00 + (qw+qp) 90.31 )/(Q*rho*Cp) 10.62 = 3350 C g-rm = 77.38
Time Step 3 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 3583 )= 30.41
(1-5yr) Twout = 56.30 C Twa = 0.5*(Twin+Twout)  0.5%( 56.85 + 56.30 )= 56.57
Tpout = 8324 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 86.45 + 83.24 )= 84.84
qw= Awxhx{(Twa= 56.57 ) - Tain= 2500 } = 74.74 kW
gp= Apxhx{(Tpa= 84384 ) - Tain= 25.00 } = 40.28 kW -
Taout = 25.00 +(qw+gp) 115.02 )/(Q*rho*Cp) 1062 = 35.83 C q-rm = .$8.56
Time Step 4 Tain = 25.00 C Taa = 0.5%(Tain+Taout) 0.5%( 25.00 + 3527 )= 30.13
(510 yr) Twout = §3.95 C Twa = 0.5*(Twin+Twout)  0.5%( 56.30 + §3.95 )= 55,13
Tpout = 7883 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 83.24 + 78.83 )= 81.03
gw= Awxhx{(Twa= 55.13 ) -  Tain= 25.00 } = 71.32 kW
gp= Apxhx{(Tpa= 81.03 ) - Tain= 2500} = 37.72 KW
Taout = 25.00 + (qw+qp) 109.04 )/(Q*rho*Cp) 10.62 = 35.27 C q-rm = 93.43
Time Step § Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 3446 )= 29.73
{10-15 yr) Twout = 51.52 C Twa = 0.5*(Twin+Twout)  0.5%( 53.95 + 5152 )= 52.74
Tpout= 7454 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 78.83 + 7454 )= 76.68
qw= Awxhx{(Twa= 5274 ) - Tain= 2500 } = 65.66 kwW
qgp= Apxhx{(Tpa= 76.68 ) - Tain= 2500} = 34.79 kW
Taout = 25.00 + (qw+ap) 100.45 )/(Q*rho*Cp) 10.62 = 34.46 C Q-rm = 86.08
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Sheet A Page 2

Time Step 6 Tain = 25.00 C Taa = 0.5*(Tain+Taouty 0.5%( 25.00 + 3372 )= 29.36
(15-20 yr) Twout = 49.51 C Twa = 0.5*(Twin+Twout)  0.5*( 51.52 + 49.51 )= 50.52
Tpout = 7103 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 74.54 + 71.03 )= 7279

gw= Awxhx{(Twa= §0.52 ) - Tain= 25.00 } = 60.41 kW

gp= Apxhx{(Tpa= 7279 ) - Tain= 2500 } = 32.17 kW
Taout = 25.00 + (qw+ap) 92.58 )/(Q*rho*Cp) 10.62 = 33.72 C gq-rm = 79.33
Time Step 7 Tain = 25.00 C Taa = 0.5"(Tain+Taout) = 0.5*( - 25.00 + 33.02 )= 29.01
(20-26 yr) Twout = 47.36 C Twa = 0.5"(Twin+Twout) 0.5%( 49.51 + 47.36 )= 48.44
Tpout = 67.20 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 71.03 + 67.20 )= 69.12

gw= Awxhx{(Twa= 4844 ) - Tain= 25.00 } = 55.48 kW

qp= Apxhx{(Tpa= 69.12 ) - Tain= 25.00 } = 29.70 kW
Taout = 25.00 + (qw+qp) 85.18 )/(Q*rho*Cp) 1062 = 33.02 C g-rm = 72.99
Time Step 8 Tain = 25,00 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 3245 )= 28.73
(26-30 yr) Twout = 46.12 C Twa = 0.5*(Twin+Twout) 0.5%( 47.36 + 46.12 )= 46.74
Tpout = €65.01 C Tpa = 0.6*(Tpin+Tpout) = 0.5%( 67.20 + 65.01 )= 66.11

gw= Awxhx{(Twa= 46.74 ) - Tain= 2500} = - 5146 kW

qQp= Apxhx{(Tpa= 66.11 ) -  Tain= 2500 } = 27.67 kW
Taout = 25.00 + (qw+qp) 79.13 J(Q*rho*Cp) 10.62 = 3245 C g-rm = 67.81
Time Step 9 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 31.78 )= 28.39
(30-40 yr) Twout = 4337 C Twa = 0.5*(Twin+Twout) 0.5%( 46.12 + 43.37 )= 44.75
Tpout = 60.03 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 65.01 + 60.03 )= 62.52
gw= Awxhx{(Twa= 4475 ) - Tain= 2500 ) = 46.74 kw !

qp= Apxhx{(Tpa= 6252 ) - Tain= 2500} = 25.25 kW
Taout = 25.00 + (qw+qp) 72.00 10.62 = 31.78 C q-rm = 61.69
Time Step 10 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 2500 + 3094 )= 27.97
(40-50 yr) Twout = 4114 C Twa = 0.5*(Twin+Twout)  0.5%( 43.37 + 4114 )= 42.26
Tpout = §5.93 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 60.03 + 5593 )= 57.98

gw= Awxhx{(Twa= 4226 ) - Tain= 25.00 } = 40.85 kW

qp= Apxhx{(Tpa= 5798 ) - Tain= 2500 ) = 2220 kW
Taout = 25.00 + (gw+qp) 63.05 )/(Q*rho*Cp) 1062 = 3094 C Q-rm = 54.02
Time Step 11 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 30.24 )= 27.62
(5060 yr) Twout = 39.27 C Twa = 0.5*(Twin+Twout) 0.5 41.14 + 38.27 )= 40.20
Tpout = 5245 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 55.93 + 5245 )= 54.19

qw= Awxhx{(Twa= 40.20 ) - Tain= 2500} = 35.99 kW

gp= Apxhx{(Tpa= 5419 ) -  Tain= 2500 } = 19.65 kW
Taout = 25.00 + (qw+ap) 55.64 )/(Q*rho*Cp) 10.62 = 3024 C g-m = 47.67
Time Step12 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 2967 )= 27.33
(60-70 yr) Twout = 3779 C Twa = 0.5*(Twin+Twout) 0.5 39.27 + 37.79 )= 38.53
Tpout = 4967 C Tpa = 0.6*(Tpin+Tpout) = 0.5%( 52.45 + 49.67 )= 51.06

gw= Awxhx{(Twa= 3853 ) - Tain= 2500} = 32.02 kW

qp= Apxhx{(Tpa= 51.06 ) - Tain= 2500} = 17.54 kW
Taout = 25.00 + (qw+qp) 49.56 )/(Q*rho*Cp) 1062 = 2067 C g-rm = "42.47
Time Step 13 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 2021 )= 27.10
(70-80 yr) Twout = 36.58 C Twa = 0.5*(Twin+Twout) 0.5 37.79 + - 36.58 )= 37.18
Tpout = 47.38 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 49.67 + 47.38 )= 4853

= Awxhx{(Twa= 3718 ) - Tain= 25.00 } = 28.84 kW 3

qp= Apxhx{(Tpa= 48.53 ) - Tain= 2500} = 15.84 kW
Taout = 25.00 + (qw+qp) 44.68 )/(Q*rho*Cp) 1062 = 29.21 C q-rm = 38.28
Time Step14  Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5% 25.00 + 28.83 )= 26.91
(80-90 yr) Twout = 35.59 C Twa = 0.5*(Twin+Twout)  0.5% 36.58 + 3659 )= 36.09
Tpout = 4548 C Tpa =0.5"(Tpin+Tpout) = 0.5%( 47.38 + 4548 )= 46.43

qw= Awxhx{(Twa= 36.09 ) - Tain= 25.00 } = 26.24 kW

qQp= Apxhx{(Tpa= 4643 ) - Tain= 2500 ) = 14.43 kW
Taout = 25.00 + (qw+qgp) 40.67 )(Q*rho*Cp) 1062 = 28.83 C q-m = 34.85
Time Step 15 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 2852 )= 26.76
(90-100 yr) Twout = 3476 C Twa = 0.5*(Twin+Twout)  0.5%( 35.59 + 3476 )= 35.17
Tpout = 43.89 C Tpa= 0.5*(Tpin+Tpout) = 0.5*( 4548 + 4389 )= 44.69

qw= Awxhx{(Twa= 3617 ) -  Tain= 2500 } = 24.09 kW

gp= Apxhx{(Tpa= 44.69 ) -  Tain= 25.00 } = 13.25 kW
Taout = 25.00 + {qw+ap) 37.34 Y{(Q*rho*Cp) 1062 = 28.52 C g-rm = 31.99
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Time Step16  Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 28.16 )= 26.58
{100-125yr) Twout = 33.50 C Twa = 0.5*(Twin+Twout)  0.5%( 34.76 + 33.50 )= 34.13
Tpout = 4150 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 43.89 + 4150 )= 42.70
qw= Awxhx{(Twa= 3413 ) -  Tain= 2500 } = 21.62 kW
qgp= Apxhx{(Tpa= 4270 ) - Tain= 2500 } = 11.91 kW
Taout = 25.00 + (qw+ap) 33.53 }(Q*rho*Cp) 10.62 = 28.16 C g-m = 28.73
Time Step17 Tain = 2500 C Taa = 0.5*(Tain+TFaout) = .05 25.00 + 2773 )= 26.36
(125150 yr) Twout= 3227 C wa = 0.5*(Twin+Twout) = T 0.5°( 33.50 + 3227 )= 32.88
Tpout= 39.07 C Tpa = 0.5*(Tpin+Tpout) = ~ 0.5%( 41.50 + 39.07 )= 40.28
gw= Awxhx{(Twa= 3288 ) - Tain= 25.00 } = 18.66 KW
qp= Apxhx{(Tpa= 4028 ) - Tain= 25.00 }= 10.29 kW
Taout= 25.00 +(qw+gp) 28.95  )M(Q*rho*Cp) 10.62 = 2773 C g-rm=_ 24.81
Time Step18 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 2731 )= 26.15
(150-200yr) Twout= 31.07 C wa = 0.5*(Twin+Twout) = 0.5 3227 + 31.07 )= 31.67
Tpout= 3679 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 39.07 + 3679 )= 37.93
qw= Awxhx{(Twa= 3167 )- Tain= 25.00 } = 15.79 kW
qp= Apxhx{(Tpa= 3793 )- Tain= 25.00 } = 870 kW
Taout= 25.00 +{qw+gp) 2449  )(Q*rho*Cp) 10.62 = 2731 C q-rm=__ 20.98
Time Step19 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 2698 )= 2599
(200-250yr) Twout= 3035 C wa = 0.5%(Twin+Twout) = 0.5%( 31.07 + 3035 )= 30.71°
Tpout= 3540 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 36.79 + 3540 )= 36.09
gw= Awxhx{{Twa= 3071 ) - Tain= 25.00 }= 13.51 kW .
gp= Apxhx{(Tpa= 36.09 }- Tain= 25.00 }= 747 KW
Taout= 25.00  +(qw+qp) 20.98 )(Q*rho*Cp) 10.62 = 2698 C g-m=__ 17.98
Time Step20 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5% 25.00 + 28.76 )= 25.88
(250-300yr) Twout= 29.84 C wa = 0.5*(Twin+Twout) = 0.5*( 30.35 + 2084 )= 30.08
Tpout= 3443 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 35.40 + 3443 )= 34.91
gw= Awxhx{(Twa= 3009 )}- Tain= 25.00 } = 1206 KW
gp= Apxhx{(Tpa= 34.91 ) - Tain= 25.00 } = 6.67 kW
Taout= 25.00 +(gqw+qp) 18.73  )}(Q*rho*Cp) 10.62 = 2676 C g-m=__ 16.05
("
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DRIFT SEGMENT #2 (100-200m) 60 MTU/acre

Air Quantity, Q = 10 m*3/s

Wall Temperatures Results from ANSYS Modeling Drift Wall and Air Temperatures

Time, Yr Drift Wall Temperature, C Time Afte { Ave. Drift| Air Temp
Invert | Springline | Crown Emplim't, YWall Tem | at 200 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.95 28.45 27.92 0.00 28.10 29.43
1.00 61.75 65.20 61.74 s 1.00 62.90 40.41
5.00 64.42 67.45 64.39 : 5.00 65.42 45.67
10.00 62.03 64.79 62.00 10.00 62.94 4511
15.00 59.11 61.63 59.07 15.00 59.94 43.63
20.00 §6.58 58.92 56.54 20.00 57.34 42.20
26.00 53.92 56.06 53.88 26.00 54.62 40.85
30.00 §2.25 54.28 52.21 30.00 52.91 39.73
40.00 49.01 50.78 48.98 40.00 49.59 38.44
50.00 46.14 47.70 46.11 50.00 46.65 36.82
60.00 43.73 45.10 43.70 60.00 44.18 35.44
70.00 41.80 43.03 41.77 70.00 42.20 34.31
80.00 40.23 41.34 40.20 80.00 40.59 33.40
90.00 38.93 39.94 38.91 90.00 39.26 32.65
100.00 | 37.85 38.77 37.83 100.00 { 38.15 32.02
125.00 36.29 37.10 36.27 125.00 36.55 31.32
150.00 | 3471 36.39 34.69 150.00 | 34,93 30.48
200.00 33.16 33.72 33.14 200.00 33.34 29.65
250.00 | 32.15 32.64 3213 250.00 | 32.31 28.99
300.00 | 31.45 31.89 31.43 300.00 | 31.59 28.55
Air Temperature and Heat Removal Calculations
Tin= 25.00 C DS= 81.00 m WP Dia. = 1.56 Ap = 4.91 m*2
DriftL = 600.00 m P.G.= 0.10 m Drift Dia. = 5.50 Aw = 17.28 m*2
Deltal = 100.00 m TL.= 60.00 MTU/ac Air Dens. = 1.06 kg/m*3
Cv. Coeff. h= 1.37 Wm*2K LL = 1.55 kW/m AirCp= 1.01 kifkg K
Time Step1 Tain = 2500 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 29.43 )= 27.22
(0-te-4yr)  Twout= 28.10 C Twa = 0.5*(Twin+Twout) 0.5%( 25.00 + 28.10 )= 26.55
Tpout = 108.97 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 70.00 + 108.97 )= 89.49
qw = Awxhx{(Twa= 2655 ) - Tain= 2500} = 3.67 kW
qp = Apxhx{{Tpa= 89.49 ) -  Tain= 2500} = 43.41 kW
Taout = 25.00 + (qw+qp) 47.08 )/(Q*rho*Cp) 1062 = 29.43 C q-m = 40.34
Time Step2 Tain = 33.50 C Taa = 0.5*(Tain+Taout) 0.5%( 33.50 + 4041 )= 36.96
(te-4-1yr) Twout= 62.90 C Twa = 0.5"(Twin+Twout) 0.5*( 28.10 + 62.90 )= 45.50
Tpout = 9172 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 108.97 + 8172 )= 100.35
= Awxhx{(Twa= 4550 ) - Tain= 3350 ) = 28.40 kw
qQp= Apxhx{(Tpa= 100.35 ) - Tain= 33.50 } = 44.99 kW
Taout = 33.50 + (qw+qp) 73.39 )/(Q*rho*Cp) 10.62 = 4041 C gq-rm = 62.89
Time Step 3 Tain = 3583 C Taa = 0.5*(Tain+Taout) = 0.5*%( 35.83 + 4567 ) = T 40.75
{1-5yr) Twout = 6542 C Twa = 0.5*(Twin+Twout) 0.5%( 62.90 + 65.42 )= 64.16
Tpout = 91.10 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 91.72 + 91.10 )= 91.41
qw = Awxhx{(Twa= 64.16 ) -  Tain= 3583} = 67.06 kW
gp= Apxhx{(Tpa= 9141 ) - Tain= 3583 ) = 37.41 kW -
Taout = 35.83 + (qw+qp) 104.47 )/(Q*rho*Cp) 1062 = 4567 C g-rm = -89.52
Time Step 4 Tain = 3527 C Taa = 0.5*(Tain+Taout) 0.5%( 35.27 + 4511 )= 40.19
(5-10yr) Twout = 6294 C Twa = 0.5*(Twin+Twout) 0.5%( 65.42 + 62.94 )= 64.18
Tpout = 8661 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 91.10 + 86.61 ) = 88.86
qw = Awxhx{(Twa= 64.18 ) -  Tain= | 3827} = 68.45 kW
qp= Apxhx{(Tpa= 88.86 ) - Tain= 3627 } = 36.07 kW
Taout = 35.27 +(qw+ap) 104.52 )/(Q*rho*Cp) 1062 = 45.11 C q-rm = 89.56
Time Step 5 Tain = 3446 C Taa = 0.5*(Tain+Taout) = 0.5%( 34.46 + 4363 )= 39.04
(10-15yr) Twout = 59.94 C Twa = 0.5*(Twin+Twout) 0.5%( 62.94 + 59.94 )= 61.44
Tpout = 81.89 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 86.61 + 81.89 )= 84.25
qw = Awxhx{(Twa= 61.44 ) - Tain= 3446 } = 63.87 kW
qp = Apxhx{(Tpa= 8425) - Tain= 3446 } = 33.562 kW
Taout = 34.46 + (qw+ap) 97.39 )/(Q*rho*Cp) 10.62 = 4363 C g-rm = 83.45
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Time Step6 Tain = 3372 C Taa = 0.5"(Tain+Taout) 0.5%( 33.72 + 4220 )= 37.96
{15-20 yr) Twout = 57.34 C Twa = 0.5"(Twin+Twout) 0.5%( 59.94 + 57.34 )= 58.64
Tpout = 7793 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 81.89 + 7793 )= 79.91
qw = Awxhx{(Twa= 58.64 ) - Tain= 3372} = 58.00 kW
qp = Apxhx{(Tpa= 79.91 ) - Tain= 3372} = 31.09 kW
Taout = 33.72 + (qw+qp) 90.10 )/(Q*rho*Cp) 1062 = 42.20 C g-rm = 77.20
Time Step7 Tain = 33.02 C Taa = 0.5*(Tain+TFaout) = 0.5%( . 33.02 + 40.85 )= 36.93
{20-26 yr) Twout = 5462 C Twa = 0.5*(Twin+Twout) 0.5% 57.34 + 5462 )= 55.98
Tpout = 7365 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 77.93 + 7365 )= 75.79
qw = Awx hx{{Twa = 6598 ) - Tain= 33.02} = 54.36 kW
qp= Apxhx{(Tpa= 75.79 ) -  Tain= 33.02} = 28.79 kW
Taout = 33.02 + (qw+gp) 83.15 )/(Q*rho*Cp) 1062 = 40.85 C q-rm = 71.25
Time Step 8 Tain = 3245 C Taa = 0.5*(Tain+Taout) 0.5%( 3245 + 3973 )= 36.09
(26-30 yr) Twout = 5291 C Twa = 0.5*(Twin+Twout) 0.5%( 54.62 + 5291 )= §3.77
Tpout = 71.07 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 73.65 + 71.07 )= 72.36
qw = Awxhx{(Twa= 5§3.77 ) -  Tain= 3245} = 50.46 kW
qp = Apxhx{(Tpa= 7236 ) - Tain= 3245 ) = 26.87 kW
Taout = 32.45 + (qw+qp) 77.33 )/(Q*rho*Cp) 10.62 = 39.73 C q-rm = 66.26
Time Step9 Tain = 31.78 C Taa = 0.5*(Tain+Taout) = 0.5%( 31.78 + 3844 )= 35.11
(30-40 yr) Twout = 4959 C Twa = 0.5*(Twin+Twout)  0.5%( 52.91 + 49.59 )= 51.25
Tpout = 65.66 C Tpa = 0.5*(Tpin+Tpout) =  0.5%( 71.07 + 65.66 )= 68.36
qw = Awxhx{(Twa= 5125 ) - Tain= 31.78 } = 46.10 kW '
qp = Apxhx{(Tpa= 68.36 ) - Tain= 3178 } = 24.63 kW
- Taout = 31.78 + (qw+aqp) 70.72 )/(Q*rho*Cp) 10.62 = 38.44 C g-rm = 60.60
Time Step 10 Tain = 30.94 C Taa = 0.5*(Tain+Taout) = 0.5%( 30.94 + 36.82 )= 33.88
(40-50 yr) Twout = 46.65 C Twa = 0.5*(Twin+Twout) 0.5%( 49,59 + 146.65 )= 48.12
Tpout = 60.97 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 65.66 + 60.97 )= 63.32
qw = Awxhx{(Twa= 4812 ) - Tain= 30984 } = 40.68 kW
qp = Apxhx{(Tpa= 63.32 ) - Tain= 3094 } = 21.80 kW
Taout = 30.94 + (qw+gp) 62.48 )(Q*rho*Cp) 10.62 = 36.82 C q-m = 53.54
Time Step 11 Tain = 30.24 C Taa = 0.5*(Tain+Taout) = 0.5%( 30.24 + 3544 )= 32.84
(50-60 yr) Twout = 4418 C Twa = 0.5*(Twin+Twout)  0.5%( 46.65 + 4418 )= 45.41
Tpout = 56.98 C Tpa = 0.5*(Tpin+Tpout) = 0.5 60.97 + 56.98 ) = 58.98
qw = Awxhx{(Twa= 4541 ) - Tain= 3024 } = 35.93 kW
qp = Apxhx{(Tpa= 58.98 ) -  Tain= 3024 } = 19.34 kW
Taout = 30.24 + (qw+qp) §5.27 Y{(Q*rho*Cp) 1062 = 35.44 C qQ-rm = 47.36
Time Step 12 Tain = 2967 C Taa = 0.5*(Tain+Taout) = 0.5%( 29.67 + 3431 )= 31.99
(60-70 yr) Twout = 4220 C Twa = 0.5*(Twin+Twout)  0.5%( 44.18 + 4220 )= 43.19
Tpout = 53.77 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 66,98 + 563.77 )= 55.37
qw = Awxhx{(Twa= . 43.19) - Tain= 2967 } = 32.01 kW
qp= Apxhx{(Tpa= 5537 ) - Tain= 2967 } = 17.30 kW
Taout = 29.67 + (qw+qp) 49.31 }{(Q*rho*Cp) 1062 = 3431 C g-rm = *42.25
Time Step 13 Tain = 29.21 C Taa = 0.5*(Tain+Taout) = 0.5%( 29.21 + 33.40 )= 31.30
(70-80 yr) Twout = 40.58 C Twa = 0.5*(Twin+Twout)  0.5%( 4220 + 40.59 )= 41.39
Tpout = 5113 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 53.77 + 5113 )= g2.45
qw= Awxhx{({Twa= 4139 ) - Tain= 29.21}) = 28.85 kW e
qp = Apxhx{(Tpa= 5245 ) - Tain= 2021 } = 15.65 kW
Taout = 29.21 + (qw+qp) 44.49 )/(Q*rho*Cp) 1062 = 33.40 C q-rm = 38.13
Time Step 14 Tain = 28.83 C Taa = 0.5*(Tain+Taout) = 0.5%( 28.83 + 32.65 )= 30.74
(80-90 yr) Twout = 39.26 C Twa = 0.5*(Twin+Twout) 0.5%( 40.59 + 38.26 )= 39.92
Tpout = 48.93 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( -51.13 + 48.93 )= 50.03
qw = Awxhx{(Twa= 39.92) - Tain= 2883} = 26.26 kW
qp = Apxhx{(Tpa= 50.03 ) - Tain= 2883} = 14.27 kW
Taout = 28.83 + (qw+qp) 40.53 )(Q*rho*Cp) 10.62 = 3265 C g-rm = 34.73
Time Step 15 Tain = 2852 C Taa = 0.5*(Tain+Taout) = 0.5%( 28.52 + 3202 )= 30.27
(90-100yr)  Twout = 38.15 C Twa = 0.5*(Twin+Twout)  0.5%( 39.26 + 38.15 )= 38.70
Tpout = 47.09 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 48.93 + 47.09 )= 48.01
qw = Awxhx{(Twa= 38.70 ) - Tain= 2852} = 24.12 kW
qp = Apxhx{{Tpa= 48.01 ) -  Tain= 2852} = 13.12 kW
Taout = 28.52 + (qw+qp) 37.24 )/(Q*rho*Cp) 1062 = 32.02 C q-rm = 31.91

ANL-EBS-MD-000030 REV 00

Iv-6

November 1999



Sheet B Page 3

Time Step 16 Tain = 28.16 C Taa = 0.5"(Tain+Taout) = 0.5%( 28.16 + 31.32 )= 28.74
(100-125yr) Twout= 36.55 C Twa = 0.5"(Twin+Twout)  0.5%( 38.15 + 36.55 )= 37.35
Tpout = 4440 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 47.09 + 4440 )= 45.75
qw = Awxhx{(Twa= 37.35) - Tain= 28,16 } = 21.77 kW
qp = Apxhx{(Tpa= 45675 ) -  Tain= 28.16 } = 11.84 kW
Taout = 28.16 + (qw+gp) 33.61 )/(Q*rho*Cp) 10.62 = 31.32 C q-m = 28.80
Time Step 17 Tain = 2773 C Taa = 0.5*(Tain+Taout) = - 0.8%( 27.73 + 3048 )= 29.10
(125-150yr) Twout= 3493 C wa = 0.5*(Twin+Twout) = T 057 3655 + 3493 )= 35.74
Tpout= 4162 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 4440 + 4162 )= 43.01
qgw= Awxhx{(Twa= 3574 )- Tain= 27.73 } = 18.98 kW
gp= Apxhx{{Tpa= 4301 ) - Tain= 27.73 } = 1029 kW
Taout= 2773 +(qw+gp) 29.27 Y{Q'rho*Cp) 10.62 = 3048 C g-m=  25.08
Time Step18 Tain = 2731 C Taa = 0.5*(Tain+Taout) = 0.5* 27.31 + 2965 )= 28.48
(150-200yr) Twout= 3334 C wa = 0.5*(Twin+Twout) = 0.5%( 3493 + 3334 )= 34.14
Tpout= 3897 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 41.62 + 3897 )= 40.29
gw= Awxhx{({Twa= 3414 )- Tain= 27.31 } = 16.17 kW
qp= Apxhx{(Tpa= 40.29 )} - Tain= 27.31 } = 874 kW
Taout= 27.31 +(qw+gp) 24.91  )(Q*rho*Cp) 10.62 = 2965 C g-m=_ 21.35
Time Step19 Tain = 2698 C Taa = 0.5*(Tain+Taout) = 0.5"( 2698 + 2899 )= 27.98
(200-250yr) Twout= 3231 C wa = 0.5*(Twin+Twout) = 0.5%( 33.34 + 3231 )= 32.82 °
Tpout= 3729 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 38.97 + 3729 )= 38.13
qw= Awxhx{(Twa= 3282 )- Tain= 26.98 }= 13.84 kw :
gp= Apxhx{(Tpa= 3813 ) - Tain= 26.98 }= 751 kW
Taout= 26.98 +(qw+qp) 21.35 )(Q*rho*Cp) 10.62 = 2899 C g-'m=_ 18.30
Time Step20 Tain = 2676 C Taa = 0.5*(Tain+Taout) = 0.5% 26.76 + 2855 )= 27.66
(250-300yr) Twout= 3159 C wa = 0.5*(Twin+Twout) = 0.5%( 32.31 + 3158 )= 31.95
Tpout= 3612 C Tpa = 0.5*(Tpin+Tpout) = 0.8*( 37.29 + 36.12 )= 36.71
gw= Awxhx{(Twa= 3195 ) - Tain= 26.76 }= 1227 kw
gp= Apxhx{(Tpa= 3671 ) - Tain= 26.76 } = 669 kw
Taout= 26.76 + (qw+qp) 18.97  )(Q*rho*Cp) 10.62 = 2855 C g-rm= 16.25
('ﬁ
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DRIFT SEGMENT #3

(200-300m)

Air Quantity, Q = 10 m*3/s

Wall Temperature Results from ANSYS Modeling

60 MTU/acre

Drift Wall and Air Temperatures, C

Time, Yr Drift Wall Temperature, C Time Afte | Ave. Drift{ Air Temp
Invert | Springline [ Crown Emplim't, Yjwall Temp{ at 300 m
0.00 25,00 25.00 25.00 0.00 25.00 25.00
0.00 27.95 28.45 27.92 0.00 28.10 29.43
1.00 66.69 70.09 66.67 Rt 1.00 67.81 46.03
5.00 72.68 75.61 72.65 ’ ) 5.00 73.65 54.51
10.00 70.63 73.29 70.59 10.00 71.50 54.46
15.00 67.26 69.70 67.22 15.00 68.06 52.49
20.00 64.19 66.46 64.15 20.00 64.94 50.44
26.00 61.00 63.09 60.97 26.00 61.69 48.48
30.00 58.89 60.87 58.85 30.00 59.53 46.84
40.00 55.12 56.85 55.09 40.00 55.68 44,97
50.00 51.60 53.12 51.57 50.00 52.10 4264
60.00 48.60 49.95 48.57 60.00 49.04 40.61
70.00 46.18 47.39 46.15 70.00 46.57 38.92
80.00 44.21 45.30 44.19 80.00 44.57 37.56
90.00 42.58 43.58 42.56 90.00 429 36.45
100.00 | 41.21 4213 41.20 100.00 | 41.51 35.52
125.00 | 39.34 40.14 39.32 125.00 | 39.60 34.4¢
150.00 | 37.39 38.06 37.37 150.00 | 37.61 33.26
200.00 | 3545 36.01 3543 200.00 § 3563 32.03
250.00 | 34.13 3463 34.12 250.00 | 34.29 31.03
300.00 | 33.22 33.67 33.20 300.00 | 33.36 30.36
Air temperature and Heat Removal Calculations
Tin= 25¢C DS= 81 m WP Dia. = 1.564 Ap= 4.91345 m*2
DriftL = 600 m PG.= 01m Drift Dia. = 55 Aw = 17.2788 m*2
Deita L = 100 m TL = 60 MTU/ac Air Dens. = 1.0561 kg/m*3
Cv. Coeff. h= 1.37 Wm*2K LL. = 1.55 kW/m AirCp= 1.0057 kJkg K
Time Step1 Tain = 25C Taa = 0.5*(Tain+Taout) 0.5%( 25 + 29.4328 )= 27.2164
{0-1e-4yr) Twout= 28.1037 C Twa = 0.5*(Twin+Twout) 0.5%( 25 + 28.1037 )= 26.5518
Tpout= 108972 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 70 + 108.972 )= 89.486
qw = Awxhx{(Twa= 26551833 ) - Tain= 25} = 3.67348 kW
qp= Apxhx{{(Tpa= 89.486 ) - Tain= 25} = 43.4083 kW
Taout = 25 +(qw+qp) 47.081769 )/(Q*rho*Cp) 10.6211977 = 29.4328 C g-rm 40.3432
Time Step2 Tain = 40413 C Taa = 0.5*(Tain+Taout) 0.5%( 40.413 + 46.0204 )= 43.2212
(le4-1yr) Twout= 67.8136 C Twa = 0.5*(Twin+Twout)  0.5%( 28.1037 + 67.8136 )= 47.9586
Tpout=  96.0203 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 108.972 + 96.0203 )= 102.496
qw = Awxhx{(Twa= 47958617 ) - Tain= 404129644 } = 17.862 kW :
qp = Apxhx{(Tpa= 102.49615 ) - Tain= 404129644 } = 41.7908 kW
Taout = 40.413 + (qw+qp) 59.652841 )(Q*rho*Cp) 10.6211877 = 46.0294 C q-fm = 51.115
Time Step 3 Tain = 45.6659 C Taa = 0.5*(Tain+Taout) = 0.5%( 45,6659 + 54,5137 )= 50,0898
(1-5yr) Twout= 73.6461 C Twa = 0.5*(Twin+Twout) 0.5%( 67.8136 + 73.6461 )= 70.7299
Tpout=  98.2409 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 96.0203 + 98.2409 )= 97.1306
qw = Awxhx{(Twa= 70.72985 ) -  Tain= 456659221 } = 5§9.3311 kW
qp = Apxhx{(Tpa= 97.1306 ) - Tain= 45.6659221 } = 34.6431 kW -
Taout=  45.6659 +(qw+qp) 93.974157 )/(Q*rho*Cp) 10.6211977 = 545137 C Q-rm = 80.524
Time Step4 Tain = 45.1067 C Taa = 0.5*(Tain+Taout) 0.5%( 45,1067 + 54.4648 ) = 49.7858
(5-10 yr) Twout=  71.5008 C Twa = 0.5*(Twin+Twout)  0.5%( 73.6461 + 71.5008 )= 72.5735
Tpout=  94.1044 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 98.2409 + 94.1044 ) = 96.1727
qw = Awxhx{(Twa= 72573467 ) - Tain= 45106728 } = 65.019 kW
qp = Apxhx{(Tpa= 96.17265 ) - Tain=  45.106728 } = 34.3747 kW
Taout= 451067 + (qw+gp) 99.393647 )/(Q*rho*Cp) 10.6211977 = 54.4648 C q-rm = 85.1679
Time Step 5 Tain = 436271 C Taa= 0.5%(Tain+Taout) = 0.5%( 43.6271 + 524947 )= 48.0609
(10-15 yr) Twout=  68.0586 C Twa = 0.5*(Twin+Twout)  0.5%( 71.5008 + 68.0586 ) = 69.7797
Tpout=  89.0471 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 94,1044 + 80.0471 )= 91.5758
qw = Awxhx{(Twa= 69779683 ) - Tain= 43.6271006 } = 61.9081 kW
qp = Apxhx{(Tpa= 91.57575 ) -  Tain= 43.6271006 } = 32.2763 kw
Taout=  43.6271 +(qw+qp) 94.184421 )/(Q*rho*Cp) 10.6211977 = 52.4947 C g-rm = 80.7042
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Time Step 6 Tain = 42,1989 C Taa = 0.5*(Tain+Taout) 0.5%( 42,1989 + 50.4445 )= 46.3217
(15-20 yr) Twout=  64.9353 C Twa = 0.5*(Twin+Twout)  0.5% 68.0586 + 64.9353 ) = 66.497

Tpout=  B4.6638 C Tpa = 0.5*(Tpin+Tpout) =  0.5%( 89.0471 + 84.6638 ) = 86.8555

qw = Awxhx{(Twa= 66.49695 ) - Tain= 42.1988961 } = 57.5181 kW

ap = Apxhx{(Tpa= 86.85545 ) -  Tain= 42.1988961 } = 30.0602 kW

Taout=_ 42.1989 + (qw+qp) 87.578348 )/(Q'rho*Cp) 10.6211977 = 50.4445 C g-rm = 75.0436
Time Step 7 Tain = 40.8484 C Taa = 0.5*(Tain+Taout) = 0.5%( . 40.8484 + 48.4831 )= 44.6657
(20-26 yr) Twout= 61.6866 C Twa = 0.5"(Twin+Twout) 0.5* 64.9353 + 61.6866 ) = 63.311

Tpout=  79.9753 C Tpa = 0.5*(Tpin+Tpouty =, 0.5%( 84.6638 + 79.9753 )= 82.3196

qw = Awxhx{(Twa= 63.310983 ) - Tain= 40.8483967 } = 53.1732 kW

qp = Apxhx{(Tpa= 8231955 ) - Tain= 40.8483967 } = 27.916 kW

Taout=  40.8484 +(qw+gp) 81.089219 Y(Q'rho*Cp) 10.6211977 = 48.4831 C g-m = 69.4833
Time Step 8 Tain = 39.7308 C Taa = 0.5"(Tain+Taout) 0.5%( 39.7308 + 46.8412 )= 43.286
(26-30 yr) Twout=  59.5338 C Twa = 0.5*(Twin+Twout) 0.5%( 61.6866 + 59.5339 ) = 60.6103

Tpout=  77.0186 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 79.9753 + 77.0186 )= 78.497

qw = Awxhx{{Twa= 60.61026 ) - Tain= 39.7308063 } = 49.4266 kW

qp = Apxhx{(Tpa= 78.49695 ) - Tain= 39.7308063 } = 26.0951 kW

Taout=  39.7308 +(gw+qp) 75.520761 )}(Q'rho*Cp) 10.6211977 = 46.8412 C q-rm = 64.7118
Time Step 9 Tain = 384375 C Taa = 0.5*(Tain+Taout) = 0.5 38.4375 + 44,9712 )= 41.7044
(30-40 yr) Twout= 556848 C Twa = 0.5*(Twin+Twout)  0.5%( 59.5339 + 55.6848 )= §7.6093

Tpout=  71.1996 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 77.0186 + 71.1996 ) = 74.1091

qw = Awxhx{(Twa= §7.609317 ) - Tain= 38.4375451 } = 45,3832 kW ’

qp = Apxhx{(Tpa= 741091 ) - Tain= 38.4375451 } = 24.012 kW

Taout=  38.4375 +(qw+gp) 69.395277 )/(Q*rho*Cp) 10.6211977 = 449712 C g-rm = 59.463
Time Step 10 Tain = 36.8185 C Taa = 0.5*(Tain+Taout) = 0.5%( 36.8185 + 426365 )= 38.7275
(40-50 yr) Twout = 52.095 C Twa = 0.5*(Twin+Twout) 0.5%( 55.6848 + 52,095 )= 53.8899

Tpout=  65.9695 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 71.1996 + 65.9695 )= 68.5846

qw = Awxhx{(Twa= 53.889883 ) - Tain= 36.8184743 } = 40.4113 kW

qp = Apxhx{(Tpa= €8.58455 ) - Tain= 36.8184743 } = 21.3831 kw

Taout=  36.8185 +(qw+qp) 61.794374 }(Q*rho*Cp) 10.6211977 = 426365 C g-m= 52.95
Time Step 11 Tain = 35.4419 C Taa = 0.5"(Tain+Taout) = 0.5%( 35.4419 + 40.6052 )= 38.0236
(50-60 yr) Twout=  49.0374 C Twa = 0.5*(Twin+Twout) 0.5%( 52.095 + 49.0374 )= 50.5662

Tpout = 61.478 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 65.9695 + 61.478 )= 63.7238

qw = Awxhx{(Twa= 50.566217 ) - Tain= 354419423 } = 35.802 kW

qp= Apxhx{(Tpa= 63.72375 ) -  Tain= 354419423 } = 19.0377 kW

Taout= 354419 +(qw+qp) 54.839727 ){(Q*rho*Cp) 10.6211977 = 40.6052 C g-rm = 46.9908
Time Step 12 Tain = 34.309 C Taa = 0.5*(Tain+Taout) = 0.5%( 34.309 + 38.9236 )= 36.6163
(60-70 yr) Twout=  48.5723 C Twa = 0.5*(Twin+Twout) 0.5 49.0374 + 46.5723 ) = 47.8049

Tpout = §7.844 C Tpa=0.5*(Tpin+Tpout) = 0.5%( 61.478 + 57.844 )= §9.661

qw = Awxhx{(Twa= 47804883 ) - Tain= 34.3090212 } = 31.9473 kW

qp = Apxhx{(Tpa= 59.661 ) - Tain= 34.3090212 } = 17.0655 kW

Taout = 34.309 + (qw+ap) 49.012772 Y(Q*rho*Cp) 10.6211977 = 38.9236 C q-rm = 41.9978
Time Step 13 Tain = 33.3957 C Taa = 0.5"(Tain+Taout) = 0.5%( 33.3957 + 37.5637 )= 35.4797
(70-80 yr) Twout= 445663 C Twa = 0.5*(Twin+Twout)  0.5*%( 46.5723 + 445663 ) = 45.5693

Tpout=  54.8584 C Tpa = 0.5*(Tpin+Tpout) = 0.5 57.844 + 54.8584 ) = §6.3512

qw = Awxhx{(Twas= 455693 ) - Tain= 33.3956727 } = 28.8173 kW A

qQp = Apxhx{(Tpa= 56.3512 ) - Tain= 33.3966727 } = 16.4523 kW

Taout=  33.3957 + (qw+gp) 44.269637 J{Q*rho*Cp) 10.6211977 = 37.5637 C g-rm = 37.9335
Time Step 14 Tain = 326453 C Taa = 0.5*(Tain+Taout) = 0.5%( 32,6453 + 36.4461 )= 34.5457
(80-90 yr) Twout= 429074 C Twa = 0.5*(Twin+Twout) 0.5%( 44 5663 + 429074 )= 43.7369

Tpout=  52.3651 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 54.8584 + 52.3651 ) = 53.6118

qgw = Awx hx{{Twa= 43.73685 ) -  Tain= 32.6452935 } = 26.2558 kw

qp = Apxhx{(Tpa= 563.611756 ) -  Tain= 32.6452935 } = 14.1134 kW

Taout=_ 32.6453 + (qw+gp) 40.369241 )(Q*rho*Cp) 10.6211977 = 36.4461 C q-rm= 34.5914
Time Step 15 Tain = 320217 C Taa = 0.5"(Tain+Taout) =  0.5%( 32,0217 + 355156 )= 33.7686
(30-100yr) Twout= 415142 C Twa = 0.5*(Twin+Twout) 0.5 42,9074 + 416142 )= 42.2108

Tpout = 50.271 C Tpa = 0.5*(Tpin+Tpout) =  0.5%( 52.3651 + 50.271 )= 51.3181

qw = Awxhx{(Twa= 42210833 ) - Tain= 320217152 } = 24.1196 kW

qp = Apxhx{(Tpa= 51.31805 ) - Tain= 32.0217152 } = 12.9892 kW

Taout= 320217 +(qw+qp) 37.108768 )/(Q*rho*Cp) 10.6211877 = 36.5156 C q-rm = 31.7975
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Time Step 16 Tain = 31.3209 C Taa = 0.5*(Tain+Taout) = 0.5%( 31.3209 + 34.4862 )= 32.9036
(100-125yr) Twout=  39.5995 C Twa = 0.5*(Twin+Twout)  0.5%( 41.5142 + 39.5895 )= 40.5569
Tpout=  47.2999 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 50.271 + 47.2999 )= 48.7855
qw = Awxhx{(Twa= 40556867 ) - Tain= 31.3209462 } = 21.8632 kW
qQp= Apxhx{(Tpa= 48.78545 ) - Tain= 31.3209462 } = 11.7561 kW
Taout=  31.3209 + (qw+gp) 33.619284 )/(Q*rho*Cp) 10.6211977 = 3449 C g-rm = 28.8075
Time Step17 Tain = 3048 C Taa = 0.5*(Taint+Taout) = . 0.5 3048 + 33.26 )= 31.87
(125-150yr) Twout= 3761 C wa=05*Twin+Twout) = - 0.5*( 39.60 + 3761 )= 38.60
Tpout= 4418 C Tpa = 0.5*(Tpin+Tpout) = ~ 0.5°( 47.30 + 4418 )= 45.74
gw= Awxhx{(Twa= '3860 ) - Tain= 30.48 } = 1923 kw
qgp= Apxhx{(Tpa= 4574 ) - Tain= 30.48 } = 1027 kW
Taout= 3048 +(qw+qp) 29.50  )/(Q*rho*Cp) 10.62 = 3326 C g-rm= 2528
Time Step18 Tain = 2965 C Taa = 0.5*(Tain+Taout) = 0.5*( 29.65 + 3203 )= 30.84
(150-200yr} Twout= 3563 C wa = 0.5*(Twin+Twout) = 0.5%( 37.61 + 3563 )= 36.62
Tpout= 4118 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 44.18 + 4118 )= 42.68
qw= Awxhx{(Twa= 3662 )- Tain= 29.65 } = 16.50 kw
ap= Apxhx{(Tpa= 4268 )- Tain= 29.65 } = 877 kW
Taout= 29.65 +(gw+gp) 25.27 ){Q’rho*Cp) 10.62 = 3203 C g-m=_ 2165
Time Step19 Tain = 2893 C Taa = 0.5*(Tain+Taout) = 0.5*( 28.99 + 31.03 )= 30.01
(200-250yr) Twout= 3429 C wa = 0.5*(Twin+Twout) = 0.5%( 35.63 + 3429 )= 34.96 -
Tpout= 3921 C Tpa = 0.5*(Tpin+Tpout) = 0.5 41.18 + 38.21 )= 40.20
= Awxhx{(Twa= 3496 ) - Tain= 28.99 }= 1415 kW '
ap= Apxhx{(Tpa= 4020 ) - Tain= 28.99 }= 755 kW
Taout= 28.99 +(gqw+gp) 21.69  Y(Q*rho*Cp) 10.62 = 31.03 C g-m=_ 18.59
Time Step20 Tain = 2855 C Taa = 0.5*(Tain+Taout) = 0.5"( 2855 + 3036 )= 29.45
(250-300yr) Twout= 3336 C wa = 0.5%(Twin+Twout) = 0.5"( 3429 + 3336 )= 33.83
Tpout= 3784 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 39.21 + 3784 )= 38.53
= Awxhx{(Twa= 33.83 )- Tain= 28.55 } = 1250 kW
gp= Apxhx{(Tpa= 3853 )- Tan= 2855 }= 672 KW
Taout= 2855 +(qw+qp) 19.21 Y{Q*rho*Cp) 10.62 = 3036 C g-rm=_ 16.46

ANL-EBS-MD-000030 REV 00 IVv-10 November 1999



SheetD Page 1

DRIFT SEGMENT #4 60 MTU/acre

(300-400m) Air Quantity, Q = 10 m*3/s

Wall Temperature Results from ANSYS Modeling Drift Wall and Air Temperatures, C

Time, Yr Drift Wall Temperature, C Time Afte { Ave. Drift] Air Temp
Invert | Springline | Crown Empim't, YWall Tem | at 400 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.95 28.45 27.92 0.00 28.10 29.43
1.00 70.70 74.05 70.68 LR 1.00 71.81 50.59
5.00 80.05 82.90 80.02 ’ ; 5.00 80.99 62.41
10.00 78.76 81.33 78.72 10.00 79.60 63.30
15.00 75.10 77.46 75.06 15.00 75.87 61.04
20.00 71.57 73.77 71.52 20.00 72.29 58.45
26.00 67.89 69.92 67.85 26.00 68.55 55.92
30.00 65.35 67.28 65.31 30.00 65.98 53.78
40.00 61.09 62.78 61.06 40.00 61.64 51.37
50.00 56.98 58.47 56.95 50.00 57.47 48.38
60.00 53.42 54.75 53.40 60.00 53.86 45.72
70.00 §0.52 51.71 50.49 70.00 50.91 43.51
80.00 48.15 49.24 48.13 80.00 48.51 M.71
90.00 46.21 47.19 46.19 90.00 46.53 40.23
100.00 | 44.57 45.48 44.55 100.00 | 44.87 39.00
125.00 | 42.39 43.18 42.37 125.00 | 4265 37.65
150.00 | 40.09 40.76 40.07 150.00 { 40.31 36.06
200.00 | 37.78 38.33 37.76 200.00 | 37.96 34.44
250.00 36.15 36.63 36.13 250.00 36.30 33.10
300.00 | 35.02 35.46 35.00 300.00 | 35.16 32.19
Air Temperature and Heat Calculations
Tin= 25.00 C D.S= 81.00 m WP Dia. = 1.56 Ap= 4.91 m*2
Drift L= 600.00 m PG.= 0.10 m Drift Dia. = 5.50 Aw = 17.28 m*2
Deltal = 100.00 m TL.= 60.00 MTU/ac Aijr Dens. = 1.06 kg/m*3
Cv. Coeff. h= 1.37 Wimr2K LL. = 1.565 kW/m AirCp= 1.01 kdkg K
Time Step 1 Tain = 2500 C Taa = 0.5*(Tain+Taout) 0.5 25.00 + 2943 )= 27.22
(0-1e4yr)  Twout= 28.10 C Twa = 0.5*(Twin+Twout) 0.5%( 25.00 + 28.10 )= 26.55
Tpout = 10897 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 70.00 + 108.97 )= 89.49
qw = Awxhx{{Twa= 26.55) -  Tain= 25.00 } = 3.67 kW
qp = Apxhx{(Tpa= 89.49 ) - Tain= 2500 ) = 43.41 kW
Taout = 25.00 + (qw+qp) 47.08 )/(Q*rho*Cp) 1062 = 29.43 C Q-rm = 40.34
Time Step 2 Tain = 46.03 C Taa = 0.5*(Tain+Taout) 0.5 46.03 + 50.59 )= 48.31
(le-d-1yr)  Twout= 7181 C Twa = 0.5*(Twin+Twout) 0.5%( 28.10 + 7181 )= 49.96
Tpout = 99.53 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 108.97 + . 99.53 )= 104.25
qw = Awxhx{(Twa= 49.96 ) -  Tain= 46.03 } = 9.30 kW
qp= Apxhx{(Tpa= 10425 ) - Tain= 46.03 } = 39.19 kW
Taout = 46.03 + (qw+qp) 48.49 )/(Q*rho*Cp) 1062 = 50.59 C q-rm = 41.55
Time Step3 Tain = 54.51 C Taa = 0.5%(Tain+Taout) = 0.5% 5451 + 6241 )= 758.46
(1-5yr) Twout = 80.99 C Twa = 0.5"(Twin+Twout) 0.5%( 71.81 + 8099 )= 76.40
Tpout = 10469 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 99.53 + 104.69 )= 102.11
qw = Awxhx{(Twa= 7640 ) -  Tain= 5451} = 51.81 kW
qp = Apxhx{(Tpa= 102.11 ) -  Tain= 5451} = 32.04 kW .
Taout = 54.51 + (qw+ap) 83.85 )/(Q*rho*Cp) 1062 = 6241 C Qq-rm = .§1.85
Time Step4 Tain = 54.46 C Taa = 0.5*(Tain+Taout) 0.5%( 54.46 + 63.30 )= 58.88
(5-10 yr) Twout = 79.60 C Twa = 0.5"(Twin+Twout) 0.5% 80.99 + 79.60 )= 80.30
Tpout = 10124 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 104.69 + 101.24 )= 102.96
qw = Awxhx{(Twa= 80.30 ) - Tain= 5446 } = 61.15 kW
gp= Apxhx{(Tpa= 102.96 ) - Tain= 5446 ) = 32.65 kW
Taout = 54.46 + (qw+ap) 93.79 J/(Q*rho*Cp) 1062 = 63.30 C g-rm = 80.37
Time Step 5 Tain = 5249 C Taa = 0.5*(Tain+Taout) = 0.5%( 52.48 + 61.04 )= 56.77
(1015 yr) Twout = 75.87 C Twa = 0.5*(Twin+Twout)  0.5%( 79.60 + 75.87 )= 77.74
Tpout = 95.99 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 101.24 + 95.99 )= 98.61
qw = Awxhx{(Twa= 77.74 ) -  Tain= 5248 } = 59.76 kW
qQp= Apxhx{(Tpa= 98.61 ) - Tain= 5249 } = 31.04 kW
Taout = 52.49 + (qw+qp) 90.80 )/(Q*rho*Cp) 1062 = 61.04 C g-rm = 77.80
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Time Step6 Tain = 5044 C Taa = 0.5*(Tain+Taout) 0.5%( 50.44 + 58.45 ) = 54.45
(15-20 yr) Twout = 7229 C Twa = 0.5"(Twin+Twout)  0.5%( 75.87 + 7229 )= 74.08

Tpout = 9123 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 95.99 + 91.23 )= 93.61

qw = Awxhx{(Twa= 74.08 ) - Tain= §0.44 } = 55.95 kW

qp = Apxhx{(Tpa= 9361 ) - Tain= 5044 } = 29.06 kW

Taout = 50.44 + (qw+qp) 85.01 )/(Q*rho*Cp) 1062 = 58.45 C g-rm = 72.84
Time Step7 Tain = 4848 C Taa = 0.5*(Tain+Taout) = 0.5"( . 48.48 + 5592 )= 52.20
(20-26 yr) Twout = 68.56 C Twa = 0.5%(Twin+Twout)  0.5%( 7229 + 68.55 )= 70.42

Tpout = 86.16 C Tpa = 0.6*(Tpin+Tpout) =. 0.5%( 91.23 + 86.16 )= 88.69

qw = Awxhx{(Twa= 7042 ) -  Tain= 4848 } = 61.93 kW

qp = Apxhx{(Tpa= 88.69 ) - Tain= 4848 } = 27.07 kW

Taout = 48.48 + (qw+qp) 79.00 Y(Q*rho*Cp) 1062 = 55.92 C q-m = 67.69
Time Step8 Tain = 46.84 C Taa = 0.5*(Tain+Taout) 0.5%( 46.84 + 53.78 )} = 50.31
(26-30 yr) Twout = 65.98 C Twa = 0.5*(Twin+Twout)  0.5%( 68.55 + 65.98 )= 67.27

Tpout = 8284 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 86.16 + 8284 )= 84.50

qw = Awxhx{{Twa= 67.27 ) - Tain= 4684 ) = 48.36 kW

qp= Apxhx{(Tpa= 84.50 ) -  Tain= 46.84 } = 25.35 kW

Taout = 46.84 + (qw+gp) 73.71 J(Q*rho*Cp) 10.62 = 53.78 C g-rm = 63.16
Time Step9 Tain = 4497 C Taa = 0.6*(Tain+Taout) = 0.5%( 4497 + 51.37 )= 48.17
(30-40 yr) Twout = 6164 C Twa-= 0.5*(Twin+Twout) 0.5%( 65.98 + 6164 )= 63.81

Tpout = 76.65 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 82.84 + 76.65 )= 79.74

qw = Awxhx{(Twa= 63.81 ) - Tain= 4497 } = 4460 kW '

qp = Apxhx{(Tpa= 7974 ) -  Tain= 4497 } = 23.41 kW

Taout = 44.97 + (qw+gp) 68.01 )J/(Q*rho*Cp) 10.62 = 51.37 C gq-m = 58.28
Time Step 10 Tain = 42864 C Taa = 0.5*(Tain+Taout) = 0.5%( 4264 + 4838 )= 45.51
(40-50 yr) Twout = 5747 C Twa = 0.5*(Twin+Twout) 0.5%( 61.64 + 5§7.47 )= 59.56

Tpout = 7092 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 76.65 + 70.92 )= 73.78

qw = Awxhx{(Twa= 5956 ) - Tain= 4264 } = 40.05 kW

qp = Apxhx{(Tpa= 7378 ) -  Tain= 4284 } = 20.97 kW

Taout = 42.64 + {qw+ap) 61.02 )/(Q*rho*Cp) 10.62 = 48.38 C q-m = 52.28
Time Step 11 Tain = 4061 C Taa = 0.5*(Taint+Taout) = 0.5%( 40.61 + 4572 )= 43.16
(50-60 yr) Twout = 53.86 C Twa = 0.5*(Twin+Twout) 0.5%( §7.47 + 53.86 )= 55.66

Tpout = 65.95 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 70.92 + 66.95 )= 68.44

qw = Awxhx{(Twa= " 5566 ) - Tain= 4061 } = 35.64 kW

qp= Apxhx{(Tpa= 6844 ) - Tain= 40.61 } = 18.73 kW

Taout = 40.61 + (qw+qp) 54.38 )/(Q*rho*Cp) 1062 = 4572 C g-rm = 46.59
Time Step 12 Tain = 38.92 C Taa = 0.5*(Tain+Taout) = 0.5%( 38.92 + 4351 )= 41.22
(60-70 yr) Twout = 5091 C Twa = 0.5*(Twin+Twout) 0.5%( 53.86 + 5091 )= 52.38

Tpout = 61.90 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 65.95 + 61.90 )= 63.92

qw = Awxhx{{Twa= 6238 ) - Tain= 3892} = 31.86 kW

qp = Apxhx{(Tpa= 6392 ) - Tain= 38921} = 16.83 kW

Taout = 38.92 + (qw+qp) 48.69 )/(Q*rho*Cp) 10.62 = 43.51 C g-rm = "41.72
Time Step 13 Tain = 37.56 C Taa = 0.5*(Tain+Taout) = 0.5%( 37.56 + 4171 )= 39.64
(70-80 yr) Twout = 48.51 C Twa = 0.5*(Twin+Twout)  0.5%( 50.91 + 4851 )= - 497

Tpout = 58.56 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 61.90 + 58.56 )= €0.23

qw = Awxhx{(Twa= 4971 ) - Tain= 3756 } = 28.75 kW 3

qp = Apxhx{(Tpa= 60.23 ) - Tain= 3756 } = 16.26 kW

Taout = 37.56 + (qw+qp) 44.00 )/(Q*rho*Cp) 10.62 = 41.71 C q-rm = 37.71
Time Step 14 Tain = 36.45 C Taa = 0.5*(Tain+Taout) = 0.5%( 36.45 + 4023 )= 38.34
(80-90 yr) Twout = 46.53 C Twa = 0.5*(Twin+Twout)  0.5%( 48.51 + 46.53 ) = 47.52

Tpout = 5578 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 58.56 + 55.78 )= 57.17

qw = Awxhx{(Twa= 4752 ) -  Tain= 3645} = 26.21 kW

qp= Apxhx{(Tpa= 5717 ) -  Tain= 3645 ) = 13.95 kW

Taout = 36.45 + (qw+qp) 40.16 )/(Q*rho*Cp) 10.62 = 40.23 C q-rm = 34.41
Time Step 15 Tain = 3552 C Taa = 0.5*(Tain+Taout) = 0.5*( 3552 +— 39.00 )= 37.26
(30-100yr) Twout= 4487 C Twa = 0.5*(Twin+Twout) 0.5%( 46.53 + 4487 )= 45.70

Tpout = §3.45 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 55.78 + 53456 )= 54.62

qw = Awxhx{(Twa= 4570 ) - Tain= 3552} = 2411 KW

qp = Apxhx{(Tpa= 5462 ) - Tain= 3552} = 12.86 kW

Taout = 35.52 + (qw+ap) 36.96 )/(Q*rho*Cp) 10.62 = .39.00 C q-rm = 31.67
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Time Step 16 Tain = 3449 C Taa = 0.5*(Tain+Taout) = 0.5%( 3449 + 3765 )= 36.07
(100-125yr) Twout = 4265 C Twa = 0.5*(Twin+Twout) 0.5%( 44.87 + 4265 )= 43.76
Tpout = 5021 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 53.45 + 50.21 )= 51.83
qw = Awx hx {(Twa = 4376 ) -  Tain= 3449} = 21.95 kW
qp = Apxhx{(Tpa= 5183 ) - Tain= 3449} = 11.67 kW
Taout = 34.49 + (qw+ap) 33.62 )/(Q*rho*Cp) 1062 = 3765 C q-m = 28.81
Time Step 17 Tain = 3326 C Taa = 0.5*(Tain+Taout) = - 0.6°( 33.26 + 3606 )= 34.66
(125-150yr) Twout= 4031 C wa = 0.5*(Twin+Twout) = T 05" 4265 + 4031 )= 41.48
Tpout= 4877 C Tpa = 0.5"(Tpin+Tpout) = 0.5*( 50.21 + 46.77 )= 48.49
qw= Awxhx{(Twa= 4148 ) - Tain= 33.26 }= 19.45 kW
qp= Apxhx{(Tpa= 4849 )} - Tain= 33.26 } = 10.25 kw
Taout= 33.26 +(qw+gp) 298.70 )/{(Q*rho*Cp) 10.62 = 3606 C g-m=_ 2545
Time Step18 Tain = 32.03 C Taa = 0.5*(Tain+Taout) = 0.5*( 3203 + 3444 )= 33.24
(150-200yr) Twout= 3796 C wa = 0.5*(Twin+Twout) = 0.5*( 40.31 + 3796 )= 39.13
Tpout= 4342 C Tpa = 0.5*(Tpin+Tpout) = 0.5 4677 + 4342 )= 45.10
qw= Awxhx{(Twa= 3913 ) - Tain= 32.03 }= 16.81 kW
qp= Apxhx{(Tpa= 4510 ) - Tain= 32.03 }= 8.80 kw
Taout= 32.03 +(gqw+gp) 25.61 )(Q*rho*Cp) 10.62 = 3444 C g-m=_ 21.94
Time Step19  Tain = 3103 C Taa = 0.5*(Tain+Taout) = 0.5*( 31.08 + 3310 )= 32.07
(200-250yr) Twout= 3630 C wa = 0.5*(Twin+Twout) = 0.5°( 37.96 + 36.30 )= 37.13
Tpout= 4116 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 43.42 + 4116 )= 42.29
qw= Awxhx{(Twa= 3713 ) - Tain= 31.03 } = 14.44 kW '
qgp= Apxhx{(Tpa= 4229 ) - Tain= 31.03 } = 758 KW
Taout=_  31.03 +(qw+gp) 22.02 )/(Q*rho*Cp) 10.62 = 33.10 C g-m=__ 18.87
Time Step20 Tain = 3036 C Taa = 0.5*(Tain+Taout) = 0.5%( 30.36 + 3219 )= 31.27
{250-300yr) Twout= 35.16 C wa = 0.5*(Twin+Twout) = 0.5*( 36.30 + 3516 )= 36.73
Tpout= 3958 C Tpa = 0.5*(Tpin+Tpout) = 0.5"( 41.16 + 3958 )= 40.37
qw= Awxhx{(Twa= 3573 ) - Tain= 30.36 }= 1272 kw
qp= Apxhx{(Tpa= 4037 )- Tain= 30.36 }= 6.74 kW
Taout= 30.36 +(gqw+gp) 19.46  )(Q*rho*Cp) 10.62 = 3219 C g-m=__ 16.67
&
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DRIFT SEGMENT #5 60 MTU/acre

(400-500m) Air Quantity, Q = 10 m*3/s

Wall Temperature Resuits from ANSYS Modeling Drift Wall and Air Temperatures, C

Time, Yr Drift Wall Temperature, C Time Afte V\\Ive. Drift| Air Temp
Invert | Springline{ Crown Emplm't, YWall Tem | at 500 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.95 28.45 27.92 0.00 28.10 29.43
1.00 73.88 77.20 73.87 Lo - 1.00 74.98 54.30
5.00 86.61 89.39 86.58 ' ) 5.00 87.52 69.40
10.00 86.39 88.89 86.35 i 10.00 87.21 71.57
15.00 82.63 84.92 82.59 15.00 83.38 69.26
20.00 78.71 80.85 78.67 20.00 79.41 66.21
26.00 74.59 76.56 74.55 26.00 75.23 63.16
30.00 71.65 73.53 71.61 30.00 72.26 60.55
40.00 66.93 68.59 66.90 40.00 67.47 57.64
50.00 62.27 63.74 62.24 50.00 62.75 54.04
60.00 58.18 59.49 58.15 60.00 58.61 50.79
70.00 54.83 56.00 54.80 70.00 55.21 48.06
80.00 52.08 53.15 52.06 80.00 5243 4583
90.00 49.81 50.78 49.79 90.00 50.12 43.99
100.00 | 47.91 48.80 47.89 100.00 | 48.20 42.46
125.00 | 45.42 46.21 45.40 125.00 | 45.68 40.81
150.00 | 42.80 43.46 4278 150.00 | 43.01 38.87
200.00 | 40.13 40.68 40.11 - 200.00 | 40.30 36.88
250.00 | 38.18 38.67 38.17 250.00 | 38.34 35.20
300.00 | 36.83 37.27 36.81 300.00 | 36.97 34.04
Air Temperature and Heat Removal Calculations
Tin= 25.00 C DS= 81.00 m WP Dia. = 1.56 Ap= 4.91 mt2
DriftL = 600.00 m PG.= 0.10 m Drift Dia. = 550 Aw= 17.28 mr2
DeltalL = 100.00 m TL = 60.00 MTU/ac Air Dens. = 1.06 kg/m*3
Cv. Coeff. h= 1.37 Wim*2K L.L.= 1.55 kW/m AirCp= 1.01 kdkg K
Time Step1 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 2943 )= 27.22
(0-te-4yr)  Twout= 28.10 C Twa = 0.5*(Twin+Twout) 0.5%( 25.00 + 28.10 )= 26.55
Tpout = 108.97 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 70.00 + 108.97 )= 89.49
qw = Awxhx{(Twa= 26.55 ) - Tain= 2500 } = 3.67 kW
qQp= Apxhx{(Tpa= 8949 ) - Tain= 25.00 } = 43.41 kW
Taout = 25.00 + (qw+qp) 47.08 )/(Q*rho*Cp) 10.62 = 29.43 C g-rm = 40.34
Time Step2 Tain = 50.59 C Taa = 0.5*(Tain+Taout) 0.5%( 50.59 + 5430 )= 52.45
(le4-1yr) Twout= 7498 C Twa = 0.5*(Twin+Twout) 0.5%( 28.10 + 74.98 )= 51.54
Tpout = 102,56 C Tpa = 0.5*(Tpin+Tpout) = 0.5 108.97 + 102.56 )= 105.77
qw = Awxhx{(Twa= 5154 ) - Tain= 50.59 } = 2.25 kW
qp= Apxhx{(Tpa= 106.77 ) - Tain= 50.59 } = 37.14 kW
Taout = 50.59 + (qw+qp) 39.39 )/(Q*rho*Cp) 10.62 = 54.30 C q-m = 33.75
Time Step 3 Tain = 6241 C Taa = 0.5*(Tain+Taout) = 0.5%( 62.41 + 69.40 )= 65.91
{(1-5yr) Twout = 8752 C Twa = 0.5*(Twin+Twout)  0.5%( 74.98 + 87.52 )= 81.25
Tpout = 11048 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 102.56 + 110.48 )= 106.52
qw = Awxhx{(Twa= 81.25) - Tain= 62,41} = 4461 kW
qp = Apxhx{(Tpa= 106.52 ) - Tain= 6241} = 29.69 kW -
Taout = 62.41 + (qw+qgp) 74.31 Y{Q*rho*Cp) 1062 = 69.40 C q-rm = %367
Time Step 4 Tain = 6330 C Taa = 0.5*(Tain+Taout) 0.5%( 63.30 + 71.57 )= 67.43
(5-10 yr) Twout = 8721 C Twa = 0.5*(Twin+Twout) 0.5%( 87.52 + . 87.21)= 87.37
Tpout = 108.00 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 110.48 + 108.00 )= 109.24
qw = Awxhx{(Twa= 87.37 ) - Tain= 6330} = 56.98 kW
ap= Apxhx{(Tpa= 108.24 )} -  Tain= 6330} = 30.93 kW
Taout = 63.30 + (qw+qp) 87.91 )(Q*rho*Cp) 1062 = 71.57 C 75.33
Time Step 5§ Tain = 61.04 C Taa = 0.5%(Tain+Taout) = 0.5*( 61.04 + 69.26 )= 65.15
(10-15yr) Twout = 8338 C Twa = 0.5*(Twin+Twout)  0.5%( 87.21 + 83.38 )= 85.29
Tpout = 102.70 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 108.00 + - 10270 )= 106.35
qw = Awxhx{(Twa= 8529 ) -  Tain= 61.04 } = §7.41 KW
qp = Apxhx{(Tpa= 105.35 ) -  Tain= 6104 } = 29.83 kW
Taout = 61.04 + (qw+qp) 87.23 Y{(Q*rho*Cp) 10.62 = §9.26 C 74.75
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Time Step6 Tain = Taa = 0.5*(Tain+Taout) 0.5%( 58.45 + 66.21 )= 62.33
(15-20 yr) Twout = Twa = 0.5*(Twin+Twout) 0.5%( 83.38 + 79.41 )= 81.40

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 102,70 + 97.64 )= 100.17

qw = Awxhx{(Twa= 8140 ) - Tain= 5845 ) = 54.32 kW

qp = Apxhx{{(Tpa= 100.17 ) -  Tain= 5845} = 28.09 kW

Taout = 58.45 + (qw+qp) 82.41 Y(Q*rho*Cp) 1062 = 66.21 C g-rm = 70.61
Time Step 7 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( - §6.92 + 63.16 )= 59.54
(20-26 yr) Twout = Twa = 0.5"(Twin+Twout)  0.5*( 79.41 + 7523 )= 77.32

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 97.64 + 9220 )= 94.92

qw = Awxhx{(Twa= 77.32) - Tain= 5592 } = 50.66 kW

qp= Apxhx{(Tpa= 9492 ) -  Tain= 5592 } = 26.25 kW

Taout = 5592 +(qw+ap) 76.91 )/(Q*rho*Cp) 1062 = 63.16 C g-rm = 65.90
Time Step 8 Tain = Taa = 0.5*(Tain+Taout) 0.5%( 53.78 + 60.55 )= 57.17
(26-30 yr) Twout = Twa = 0.5*(Twin+Twout) 0.5%( 75.23 + 7226 )= 73.75

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 92.20 + 88.55 )= 90.37

qw = Awxhx{(Twa= 73.75) -  Tain= 5378 } = 47.27 kW

qp= Apxhx{(Tpa= 90.37 ) - Tain= 5378 } = 24.63 kW

Taout = 53.78 + (qw+qp) 71.90 Y(Q*rho*Cp) 1062 = 60.55 C g-rm = 51.61
Time Step 9 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 51.37 + 5764 )= 54.51
(30-40 yr) Twout = Twa = 0.5*(Twin+Twout)  0.5%( 72.26 + 6747 )= 69.87

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5*%( 88.55 + 81.99 )= 85.27

qw = Awxhx{(Twa= 69.87 ) - Tain= 6137 } = 43.78 kW ’

qp= Apxhx{(Tpa= 8527 ) - Tain= 5137 } = 2282 kW

Taout = §1.37 + (qw+qp) 66.59 )/(Q*rho*Cp) 1062 = 57.64 C q-m = 57.06
Time Step 10 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 48.38 + 54.04 )= 51.21
(40-50 yr) Twout = Twa = 0.5*(Twin+Twout)  0.5%( 67.47 + 62.75 ) = 65.11

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 81.99 + 7581 )= 78.90

qw = Awxhx{(Twa= 65.11 ) -  Tain= 4838 } = 39.60 kW

qp = Apxhx{(Tpa= 7880 ) - Tain= 4838 } = 20.54 kW

Taout = 48.38 + (qw+gp) 60.15 Y{(Q*rho*Cp) 1062 = 54.04 C g-rm = 51.54
Time Step 11 Tain = Taa = 0.5*(Tain+Taout) = 0.5*( 4572 + 50.79 )= 48.26
(50-60 yr) Twout = Twa = 0.5*(Twin+Twout) 0.5 6275 + 58.61 )= 60.68

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 75.81 + 70.38 )= 73.09

qw= Awxhx{(Twa= 6068 ) - Tain= 4572} = 35.40 kW

qQp= Apxhx{(Tpa= 73.08 ) - Tain= 4572 } = 18.42 kW

Taout = 45.72 + (qw+qp) 53.82 )/(Q*rho*Cp) 10.62 = 50.79 C g-rm = 46.12
Time Step 12 Tain = Taa = 0.5"(Tain+Taout) = 0.5%( 43.51 + 48.06 )= 4578
(60-70 yr) Twout = Twa = 0.5*(Twin+Twout) 0.5%( 58.61 + 55.21 )= 56.91

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5*%( 70.38 + 65.93 )= €8.15

qw = Awxhx{(Twa= 56.81) - Tain= 43511} = 31.73 kW

qQp= Apxhx{(Tpa= 68.15 ) - Tain= 4351} = 16.59 kwW

Taout = 43.51 + (qw+qp) 48.32 J{Q*rho*Cp) 1062 = 48.06 C g-rm = "41.40
Time Step 13 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 4171 + 4583 )= 43.77
(70-80 yr) Twout = Twa = 0.5*(Twin+Twout)  0.5%( 5521 + 5243 )= 53.82

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 65.93 + 62.25 )= §4.09

qw = Awxhx{(Twa= 5382 ) - Tain= #M71} = 28.68 KW 4

gp= Apxhx{(Tpa= 64.09 ) - Tain= 4171} = 15.07 kW

Taout = 41.71 + (qw+gp) 43.74 )(Q*rho*Cp) 10.62 = 45.83 C g-rm = 37.48
Time Step 14 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 40.23 + 43.99 )= 42.11
(80-90 yr) Twout = Twa = 0.5*(Twin+Twout) 0.5%( 5243 + §0.12 )= 51,28

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 62.25 + 59.18 )= 60.72

qw = Awxhx{(Twa= 51.28 ) - Tain= 4023 } = 26.16 kW

qp = Apxhx{(Tpa= 60.72 ) -  Tain= 4023 } = 13.79 kW

Taout = 40.23 + (qw+qp) 39.95 )/(Q*rho*Cp) 1062 = 43.99 C Qq-rm = 34.23
Time Step 15 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 39.00 + 4246 )= 40.73
(90-100yr) Twout= Twa = 0.5*(Twin+Twout)  0.5%( 50.12 + 4820 )= 49.16

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 59.18 + 56.61 )= 57.89

qw = Awxhx{(Twa= 4916 ) - Tain= 39.00 } = 24.06 kKW

gp= Apxhx{(Tpa= 57.89 ) - Tain= 39.00 } = 1272 kW

Taout = 39.00 + (qw+qp) 36.79 ¥(Q*rho*Cp) 10.62 = 42.46 C q-rm = 31.52
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Time Step 16 Tain = 3765 C Taa = 0.5*(Tain+Taout) = 0.5%( 37.65 + 40.81 )= 39.23
(100-125yr) Twout = 4568 C Twa = 0.5"(Twin+Twout) 0.5%( 48.20 + 4568 )= 46.94
Tpout = 53.10 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 56.61 + 53.10 ) = 54.85
qw = Awx hx{(Twa= 46.94 ) - Tain= 3765} = 21.98 kW
ap = Apxhx{(Tpa= 54.85) - Tain= 3765 ) = 11.58 kW
Taout = 37.65 + (qw+qp) 33.56 )/(Q*rho*Cp) 1062 = 40.81 C g-rm = 28.76
Time Step17 Tain = 3606 C Taa = 0.5*(Tain+Taout) = _:05% 36.06 + 3887 )= 37.46
{125-150yr) Twout= 43.01 C wa = 0.5%(T win+Twout) = . 0.5%( 45.68 + 4301 )= 44,35
Tpout= 4937 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 53.10 + 4937 )= 51.24
-gw= Awxhx{(Twa= 4435 ). Tain= 3606 }= 19.63 kW
qp= Apxhx{({Tpa= 124 )- Tain= 3606 }= 10.22 kW
Taout= 36.06  +(qw+gqp) 29.84 )(Q’rho*Cp) 10.62 = 3887 C g-m= 2557
Time Step 18 Tain = 3444 C Taa = 0.5*(Tain+Taout) = 0.5"( 3444 + 36.88 = 35.66
(150-200yr) Twout= 4030 C wa = 0.5*(Twin+Twout) = 0.5*( 43.01 + 4030 )= 41.66
Tpout= 4569 C Tpa = 0.5"(Tpin+Tpout) = 0.5*( 49.37 + 4589 )= 47.53
gw= Awxhx{(Twa= 4166 )- Tain= 34.44 }= 17.09 kW
qp= Apxhx{(Tpa= 47.53 )} - Tain= 34.44 }= 8.81 kW
Taout= 3444  +(qw+qp) 25.90  ){Q*rho*Cp) 10.62 = 36.88 C grm=  22.19
Time Step19 Tain = 3310 C Taa = 0.5*(Tain+Taout) = 0.5*( 33.10 + 3520 )= 34.15
(200-250yr) Twout= 3834 C wa = 0.5*(Twin+Twout) = 0.5*( 40.30 + 3834 ) 39.32
Tpout= 4313 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 4569 + 4313 )= 44.41
= Awxhx{(Twa= 3932 )- Tain= 3310 } = 1472 kW '
qp= Apxhx{(Tpa= 4441 )- Tan= 3310 }= 761  kw
Taout=_ 3310  +(qw+gp) 2233 )(Q’tho*Cp) 10.62 = 3520 C g-m=_ 19.14
Time Step20 Tain= 3219 C Taa = 0.5*(Tain+Taout) = 0.5* 3219 + 3404 )= 33.12
(250-300yr) Twout= 3697 C wa = 0.5*(Twin+Twout) = 0.5 38.34 + 36.97 )= 37.65
Tpout= 4134 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 43.13 + 4134 )= 4223
qw= Awxhx{{Twa= 3765 )- Tain= 3219 }= 1293 kW
gp= Apxhx{(Tpa= 4223 )- Tain= 3219 } = 676 kW
Taout=_ 3219  +(qw+qp)  19.69  )J{Q'rho*Cp) 10.62 = 34.04 C g-rm=_ 16.87
£
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60MTU/acre

DRIFT SEGMENT #6 (500-600m) Air Quantity, @ = 10 m*3/s
Wall Temperature Resuits from ANSYS Modeling Drift Wall and Air Temperatures
Time, Yr Drift Wall Temperature, C Time Afte | Ave. Drift| Air Temp
invert | Springline { Crown Empim't, YWall Tem | at 600 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.95 28.45 27.92 0.00 28.10 29.43
1.00 76.53 79.82 76.51 Lok 1.00 77.62 57.32
5.00 92.38 95,10 92.36 ) N 5.00 93.28 75.57
10.00 93.49 95.92 93.45 - 10.00 94,28 79.27
15.00 89.84 92.07 89.80 15.00 90,57 77.11
20.00 85.61 87.69 85.56 20.00 86.29 73.71
26.00 81.09 83.01 81.04 26.00 81.71 70.20
30.00 77.78 79.61 77.73 30.00 78.37 67.15
40.00 72.64 74.26 72.60 40.00 7347 63.78
50.00 67.48 68.92 67.45 50.00 67.95 59.62
60.00 62.89 64.18 62.86 60.00 63.31 55.80
70.00 59.09 60.25 69.07 70.00 59.47 52.57
80.00 55.97 57.02 55.95 80.00 56.31 49.92
90.00 53.38 54.34 53.36 90.00 53.70 47.73
100.00 | 51.21 52.10 51.19 100.00 | 51.50 45.90
125.00 | 4845 49,23 48.43 125.00 | 48.70 43.96
150.00 45.51 46.17 46.50 150.00 45.73 41.68
200.00 | 4250 43.05 42.48 200.00 | 42.67 39.34
250.00 | 40.24 4073 40.23 250.00 { 4040 37.34
300.00 | 3865 39.09 38.64 300.00 | 38.79 35.92
Air Temperature and Heat Removal Calculations
Tin= 25.00 C D.S= 81.00 m WP Dia. = 1.6 Ap= 4.91 m*2
DritL = €00.00 m PG.= 0.10 m Drift Dia. = 5.50 Aw = 17.28 m*2
DeltalL = 100.00 m TL.= 60.00 MTU/ac Air Dens. = 1.06 kg/m*3
Cv. Coeff. h= 1.37 Wm*2K LL. = 1.55 kW/m AirCp= 1.01 kJkg K
Time Step1 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5( 25.00 + 2943 )= 27.22
(0-1edyr)  Twout= 2810 C Twa = 0.5*(Twin+Twout)  0.5%( 25.00 + 2810 )= 26.55
Tpout = 108.97 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 70.00 + 108.97 )= 89.49
qw = Awxhx{(Twa= 2655 ) - Tain= 25.00 } = 3.67 kW
qp = Apxhx{(Tpa= 8949 ) - Tain= 25.00 } = 43.41 kW
Taout = 25.00 + (qw+qp) 47.08 )/{Q*rho*Cp) 10.62 = 2943 C q-m = 40.34
Time Step 2 Tain = 5430 C Taa = 0.5*(Tain+Taout) 0.5%( 54.30 + 5732 )= 55.81
(le-d-1yr)  Twout= 7762 C Twa = 0.5*(Twin+Twout) 0.5%( 28.10 + 77862 )= 52.86
Tpout = 104.88 C Tpa =0.5*(Tpin+Tpout) = 0.5% 108.97 + 104.88 ) = 106.93
qw = Awxhx{(Twa= 5286 ) - Tain= §430 } = -3.41 kw
qp = Apxhx{(Tpa= 106.93 ) -  Tain= 5430 } = 35.42 kW
Taout = 54.30 + (qw+gp) 32.01 )/(Q*rho*Cp) 1062 = 5732 C g-m = 27.43
Time Step3 Tain = 69.40 C Taa = 0.5*(Tain+Taout) = 0.5*( 69.40 + 7557 )= 72.49
(1-5yr) Twout = 93.28 C Twa = 0.5*(Twin+Twout)  0.5%( 7762 + 93.28 )} = 85.45
Tpout = 11557 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 104.88 + 115.57 )} = 110.23
qw = Awxhx{(Twa= 8545 ) - Tain= 69.40 } = 37.98 kW
gp= Apxhx{(Tpa= 11023 ) -  Tain= 6940 } = 27.48 kW -
Taout = 69.40 + (qw+qp) 65.46 )/(Q*rho*Cp) 10.62 = 75.57 C g-rm = .%56.09
Time Step4 Tain = 7157 C Taa = 0.6*(Tain+Taout) 0.5%( 71.57 + 79.27 )= 75.42
(5-10 yr) Twout = 9428 C Twa = 0.5*(Twin+Twout) 0.5%( 93.28 + 94.28 )= 93.78
Tpout = 11435 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 116.57 + 11435 )= 114.96
qw = Awxhx{{Twa= 9378 ) - Tain= 7157 } = 52.58 kW
qp= Apxhx{(Tpa= 11496 ) -  Tain= 7157 } = 29.20 kW
Taout = 71.57 + (qw+ap) 81.78 )/(Q*rho*Cp) 1062 = 79.27 C Q-rm = 70.08
Time Step 5 Tain = 69.26 C Taa = 0.5*(Tain+Taout) = 0.5%( 69.26 + 7711 )= 73.19
(10-15yr) Twout = 9057 C Twa = 0.5"(Twin+Twout) 0.5%( 94,28 + 90.57 )= 92.43
Tpout = 109.17 C Tpa = 0.5*(Tpin+Tpout) = 0.5*%( 11435 + 108.17 ) = 111.76
qw = Aw x hx{(Twa= 9243 ) - Tain= 69.26 } = 54.85 KW
qp = Apxhx{(Tpa= 11176 ) -  Tain= 69.26 } = 28.61 kw
Taout = 69.26 + (qw+qp) 83.46 )/(Q*rho*Cp) 1062 = 77.11 C g-rm = 71.51
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Time Step 6 Tain = 66.21 C Taa = 0.5*(Tain+Taout) 0.5%( 66.21 + 7371 )= 69.96
(15-20 yr) Twout = 86.29 C Twa = 0.5"(Twin+Twout) 0.5%( 90.57 + 86.29 )= 88.43

Tpout = 103.86 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 108.17 + 103.86 ) = 106.52

qw = Awxhx{(Twa= 8843 ) - Tain= 66.21 } = 52.60 kW

ap= Apxhx{{Tpa= 106.52 ) - Tain= 6621 } = 27.13 kW

Taout = 66.21 + (qw+ap) 79.74 Y(Q*rho*Cp) 1062 = 73.71 C g-rm = 68.32
Time Step7 Tain = 63.16 C Taa = 0.5"(Tain+Taout) = 0.5%( - 63.16 + 70.20 )= 66.68
(20-26 yr) Twout = 81.71 C Twa = 0.5*(Twin+Twout) 0.5'(\ 86.29 + 81.71 )= 84.00

Tpout = 98.09 C Tpa = 0.5*(Tpin+Tpout) =+ 0.5% 103.86 + 98.09 )= 100.98

qw = Awxhx{(Twa= 84.00 }) - Tain= 63.16 } = 49.33 kW

gp= Apxhx{(Tpa= 100.98 ) -  Tain= 63.16 } = 25.45 kW

Taout = 63.16 + (qw+qp) 74.79 )(Q*rho*Cp) 10.62 = 70.20 C g-rm = 64.08
Time Step 8 Tain = 60.55 C Taa = 0.5*(Tain+Taout) 0.5% 60.55 + 67.15 )= 63.85
(26-30yr) Twout = 7837 C Twa = 0.5*(Twin+Twout)  0.5%( 81.71 + 78.37 )= 80.04

Tpout = 9412 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 98.09 + 94.12 )= 96.11

qw = Awxhx{(Twa= 80.04 ) - Tain= 60.55 } = 46.15 kW

qQp= Apxhx{(Tpa= 98.11 ) -  Tain= 60.55 } = 23.93 kW

Taout = 60.55 + (qw+gp) 70.08 Y/(Q*rho*Cp) 1062 = 67.15 C qQ-rm = 60.05
Time Step 9 Tain = 5764 C Taa = 0.5%(Tain+Taout) = 0.5*( 5764 + 63.78 )= 60.71
{30-40 yr) Twout = 7317 C Twa = 0.5*(Twin+Twout)  0.5%( 78.37 + 73.47 )= 75.77

Tpout = 8724 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 94.12 + 87.24 )= 90.68

qw = Awxhx{(Twa= 7577 ) - Tain= 5764 ) = 42.91 kwW

qp = Apxhx{(Tpa= 9068 ) - Tain= 5764 } = 22.24 kW

Taout = 57.64 +(qw+qp) 65.15 Y(Q*rho*Cp) 10.62 = 63.78 C g-rm = 55,82
Time Step 10 Tain = 54.04 C Taa = 0.5*(Tain+Taout) = 0.5%( 54.04 + 59.62 )= 56.83
{40-50 yr) Twout = 67.95 C Twa = 0.5*(Twin+Twout) 0.5%( 7317 + 67.95 )= 70.56

Tpout = 80.63 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 87.24 + 80.63 )= 83.94

qw= Awxhx{(Twa= 7056 ) - Tain= 5404 } = 39.09 kW

qp= Apxhx{(Tpa= 83.94 ) - Tain= 5404 } = 20.12 kW

Taout = 54.04 + (qw+qgp) 58.21 ){(Q*rho*Cp) 1062 = 59.62 C g-rm = 50.74
Time Step 11 Tain = 50.79 C Taa = 0.5*(Tain+Taout) = 0.5%( 50.79 + 55.80 )= 53.30
(50-60 yr) Twout = 6331 C Twa = 0.5*(Twin+Twout) 0.5%( 67.95 + 6331 )= 65.63

Tpout = 7477 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 80.63 + 7477 )= 77.70

qw= Awxhx{(Twa= 6563 ) - Tain= 50.79 } = 35.12 kW

qp= Apxhx{(Tpa= 7770 ) -  Tain= §0.79 } = 18.12 kW

Taout = 50.79 + (qw+qp) 53.24 Y/(Q*rho*Cp) 10.62 = 55.80 C qQ-rm = 45.62
Time Step 12 Tain = 48.06 C Taa = 0.5*(Tain+Taout) = 0.5%( 48.06 + 5257 )= 50.31
(60-70 yr) Twout = 5947 C Twa = 0.5*(Twin+Twout)  0.5%( 63.31 + 59.47 )= 61.39

Tpout = €9.93 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 7477 + 69.93 )= 72.35

qw = Awxhx{(Twa= 61.39 ) - Tain= 48.06 } = 31.56 kW

qQp= Apxhx{(Tpa= 72.35) - Tain= 48.06 } = 16.35 kW .

Taout = 48.06 + (qw+qp) 47.92 )/(Q*rho*Cp) 1062 = 5257 C g-rm = 41.06
Time Step 13 Tain = 4583 C Taa = 0.5*(Tain+Taout) = 0.5%( 45.83 + 49.92 )= 47.87
(70-80 yr) Twout = 56.31 C Twa = 0.5*(Twin+Twout) 0.5%( 59.47 + 56.31 )= 57.89

Tpout = 65.92 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 69.93 + 6592 )= ?7.92

qw= Awxhx{(Twa= 5§7.89 ) -  Tain= 4583 ) = 28.56 kW

qp= Apxhx{(Tpa= 6792 ) - Tain= 4583 ) = 14.88 kW

Taout = 45.83 + (qw+qgp) 43.44 )/(Q*rho*Cp) 1062 = 48.92 C g-rm = 37.22
Time Step 14 Tain = 4399 C Taa = 0.5*(Tain+Taout) = 0.5%( 43.99 + 4773 )= 45.86
(80-90 yr) Twout = 53.70 C Twa = 0.5"(Twin+Twout) 0.5%( 56.31 + 53.70 )= §5.00

Tpout = 62.56 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 65.92 + 62.56 )= 64.24

qw= Awxhx{(Twa= 55.00 ) - Tain= 4399 } = 26.08 kW

qQp= Apxhx{(Tpa= 64.24 ) - Tain= 4399} = 13.63 kW

Taout = 43.99 + (qw+qp) 39.71 )/(Q*rho*Cp) 1062 = 47.73 C q-rm = 34.03
Time Step 15 Tain = 4246 C Taa = 0.5%(Tain+Taout) = 0.5%( 4246 + 4590 )= 44.18
(90-100yr) Twout= 51.50 C Twa = 0.5*(Twin+Twout) 0.5%( 53.70 + 51.50 )= 52.60

Tpout= 5975 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 62.56 + 59.75 ) = 61.15

qw = Awxhx{(Twa= 52.60 ) - Tain= 4246 } = 24.00 kW

qp= Apxhx{(Tpa= 61.15) - Tain= 4246 } = 12.58 kW

Taout = 42.46 + (qw+ap) 36.59 )/(Q*rho*Cp) 1062 = 45.90 C q-rm = 31.35
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Time Step 16 Tain = 4081 C Taa = 0.5"(Tain+Taout) = 0.56%( 40.81 + 43.96 )= 42.39
(100-125yr) Twout = 48.70 C Twa = 0.5"(Twin+Twout) 0.5%( 51.50 + 48.70 )= 50.10
Tpout = 55.99 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 59.75 + §5.99 )= 57.87
qw = Awxhx{(Twa= 50.10 ) -  Tain= 40.81 } = 21.99 kW
qp = Apxhx{(Tpa= 57.87 ) - Tain= 40.81 } = 11.48 kW
Taout = 40.81 + (qw+qp) 33.48 )/(Q*rho*Cp) 1062 = 43.96 C g-m = 28.68
Time Step17 Tain = 3887 C Taa = 0.5"(Tain+Taout) = - 0.5%( 3887 + 4168 )= 40.28
(125-150yr) Twout= 4573 C wa = 0.5%(Twin+Twout) = B} i 0.5*( 48.70 + 4573 )= 47.21
Tpout= 5198 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 55.99 + 5198 )= §3.99
gw= Awxhx{(Twa= 47.24 ) - Tain= 38.87 }= 19.76 kW
gp= Apxhx{(Tpa= §399 )- Tain= 3887 )= 1018 kW
Taout= 3887 +(qw+gp)  29.94  ){(Q°rho*Cp) 10.62 = 4168 C g-rm=_ 25.66
Time Step18 Tain = 3688 C Taa = 0.5*(Tain+Taout) = 0.5*( 36.88 + 3934 )= 38.11
(150-200yr) Twout= 4267 C wa = 0.5*(Twin+Twout) = 0.5"( 45.73 + 4267 )= 4420
Tpout= 4799 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 51.88 + 4799 )= 49.98
gw= Awxhx{(Twa= 4420 ) - Tain= 36.88 )= 17.33 kW
qp= Apxhx{(Tpa= 4998 ) - Tain= 36.88 }= 882 kw
Taout= 36.88  +(qw+qp) 26.15  Y(Q*rho*Cp) 10.62 = 39.34 C g-rm=_ 2241
Time Step19 Tain = 3520 C Taa = 0.5"(Tain+Taout) = 0.5*( 3520 + 3734 )= 36.27
(200-250 yr) Twout= 4040 C wa = 0.5*(Twin+Twout) = 0.5*( 4267 + 4040 )= 4154
Tpout= 4513 C Tpa = 0.5°(Tpin+Tpout) = 0.5*( 47.99 + 4513 )= 46.56
qw= Awxhx{(Twa= 4154 ) - Tain= 35.20 }= 1499 kw
qp= Apxhx{(Tpa= 4656 ) - Tain= 35.20 Y= 7.64 kw
Taout= 3520 +(qw+gp) 2263  ){Q*rho*Cp) 10.62 = 3734 C g-rm=__ 19.39
Time Step20 Tain = 3404 C "Taa = 0,5*(Tain+Taout) = 0.57( 34.04 + 3592 )= 34.98
(250-300yr) Twout= 38.79 C wa = 0.5"(Twin+Twout) = 0.5"( 4040 + 3879 )= 39.60
Tpout= 4311 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 45.13 + 4311 )= 4412
gw= Awxhx{(Twa= 3860 )- Tain= 34.04 } = 13.14  kw
gp= Apxhx{(Tpa= 4412 ) - Tain= 34.04 } = 6.78 kw
Tacut= 34.04 +(qw+gp) 19.93  ){Q*rho*Cp) 10.62 = 3592 C g-rm=_ 17.07
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DRIFT SEGMENT #1

{0-100m)

Air Quantity, @ = 15 m*3/s

60 MTU/acre

Wall Temperature Results from ANSYS Modeling Drift Wall and Air Temperatures, C
Time, Yr Drift Wall Temperature, C Time Afte | Ave. drift | Air Temp
Invert | Springline | Crown Empim't, YWall Tem | at 100 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.93 28.43 27.90 0.00 28.09 29.07
1.00 47.04 50.28 47.02 LA 1.00 48.11 31.66
5.00 46.25 49.16 46.23 ' ) 5.00 47.21 3262
10.00 44.53 47.17 44.51 ) 10.00 45.40 32.12
15.00 42.83 4523 42.80 15.00 43.62 31.53
20.00 41.44 43.66 41.414 20.00 4217 31.00
26.00 39.95 41.96 39.92 26.00 40.61 30.51
30.00 39.10 40.99 39.07 30.00 39.72 30.11
40.00 37.22 38.86 37.19 - 40.00 37.76 29.64
50.00 35.70 37.13 35.68 §0.00 36.17 29.05
60.00 34.43 35.69 34.41 60.00 | 34.84 28.56
70.00 33.43 34.55 3341 70.00 33.80 28.16
80.00 32.63 33.63 32,61 80.00 32.95 27.84
90.00 31.96 32.87 31.94 90.00 32.26 27.58
100.00 | 31.41 32.24 31.39 100.00 | 31.68 27.37
125.00 | 30.57 31.29 30.55 125.00 | 30.81% 27.12
160.00 | 29.75 30.36 29.73 150.00 | 28.95 26.83
200.00 | 28.96 2947 28.95 200.00 | 28.12 26.54
250.00 | 28.49 28.93 28.47 250.00 | 28.63 26.32
300.00 { 28.16 28.55 28.14 300.00 | 28.28 26.18
Air Temperature and Heat Removal Calculations
Tin= 25 C D.S= 81 m WP Dia. = 1.564 Ap= 4.91345 mr2
DriftL = 600 m PG.= 01m Drift Dia. = 55 Aw = 17.2788 m*2
Deltal = 100 m TL = 60 MTU/ac Air Dens. = 1.0561 kg/m*3
Cv. Coeff. h= 1.89 Wmr2K LL = 1.55 kWim AirCp= 1.0057 kJkg K
Time Step 1 Tain = 2500 C Taa = 0.5"(Tain+Taout) 0.5% 25.00 + 29.07 )= 27.03
(0-te-4yr)  Twout= 28.08 C Twa = 0.5*(Twin+Twout)  0.5%( 25.00 + 28.09 )= 26.54
Tpout = 10879 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 70.00 + 108.79 )= 89.39
qw = Awxhx{{Twa= 26.54 ) - Tain= 2500} = 5.04 kW
qp = Apxhx{(Tpa= 89.39 ) - Tain= 25.00 } = 59.80 kW
Taout = 25.00 + (qw+qp) 64.84 Y(Q*rho*Cp) 1593 = 28.07 C q-rm = 56.31
Time Step2 Tain = 25,00 C Taa = 0.5*(Tain+Taouty 0.5%( 25.00 + 31.66 )= 28.33
{(le4-1yr) Twout= 4811 C Twa = 0.5*(Twin+Twout) 0.5%( 28.09 + 48.11 )= 38.10
Tpout = 7766 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 108.79 + 77.66 )= 93.22
qw = Awxhx{(Twa= 3810 ) - Tain= 2500 } = 42,78 kW
qp = Apxhx{(Tpa= 93.22 ) - Tain= 2500 } = 63.35 kW
Taout = 25.00 +(qw+gp) 106.13 )/(Q*rho*Cp) 1593 = 3166 C q-rm = 92.16
Time Step 3 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 3262 )= 28.81
(1-5yr) Twout = 4721 C Twa = 0.5*(Twin+Twout)  0.5%( 48.11 + 47.21 )= 47.66
Tpout= 7426 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 77.66 + 74.26 )= 75.96
qw = Awxhx{(Twa= 4766 ) - Tain= 2500 } = 74.01 kW
qp= Apxhx{(Tpa= 7596 ) - Tain= 2500} = 47.32 kW -
Taout = 25.00 + (qw+gp) 121.33 )/(Q*rho*Cp) 1593 = 3262 C q-rm = 405.36
Time Step4 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 3212 )= 28.56
(5-10 yr) Twout = 4540 C Twa = 0.5*(Twin+Twout) 0.5%( 47.21 + 4540 )= 46.31
Tpout = 7030 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 74.26 + 70.30 )= 72.28
qw = Awxhx{(Twa= 46.31 ) - Tain= 25.00 } = 69.59 kW
qp= Apxhx{(Tpa= 7228 ) - Tain= 25.00 } = 43.90 kW
Taout = 25.00 + (qw+qp) 113.49 )/(Q*rho*Cp) 1593 = 3212 C q-rm = 98.55
Time Step 5 Tain = 25.00 C Taa = 0.5"(Tain+Taout) = 0.5%( 25.00 + 31.53 )= 28.27
(10-15yr) Twout = 4362 C Twa = 0.5"(Twin+Twout) 0.5%( 4540 + 4362 )= 44.51
Tpout = 66.56 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 70.30 + 66.56 ) = 68.43
qw = Awxhx{(Twa= 4451 ) - Tain= 25.00 } = 63.72 KW
qQp= Apxhx{(Tpa= 68.43 ) - Tain= 2500 } = 40.33 kW
Taout = 25.00 + (qw+qp) 104.05 )/(Q*rho*Cp) 1593 = 3153 C q-m = 90.35
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Time Step 6 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5% 25.00 + 31.00 )= 28.00
(15-20 yr) Twout = 4217 C Twa = 0.5*(Twin+Twout) 0.5 4362 + 4217 )= 42.90
Tpout = 63.52 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 66.56 + 63.52 )= 65.04

qw = Awxhx{(Twa= 4280 ) - Tain= 2500 ) = 58.44 kW

qp= Apxhx{(Tpa= 65.04 ) -  Tain= 2500} = 37.18 kW
Taout = 25.00 + {qw+qp) 956.63 )/(Q*rho*Cp) 1593 = 31.00 C q-rm = 83.04
Time Step7 Tain = . 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( - 25.00 + 30.51 )= 27.75
(20-26 yr) Twout = 4061 C Twa = 0.5*(Twin+Twout) 0.5 4217 + 4061 )= 41.39
' Tpout = 60.23 C Tpa = 0.5*(Tpin+Tpout) =- 0.5%( 63.52 + 60.23 )= 61.88

qw = Awxhx{(Twa= 4139 ) - Tain= 2500} = 63.53 kw

qp = Apxhx{(Tpa= 61.88 ) - Tain= 25.00 } = 34.24 kW
Taout = 25.00 + (qw+qp) 87.77 )(Q*rho*Cp) 1693 = 30.51 C q-rm = 76.22
Time Step 8 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 30.11 )= 27.55
(26-30 yr) Twout = 39.72 C © Twa = 0.5*(Twin+Twout) 0.5%( 40.61 + 39.72 )= 40.17
' Tpout = 58.34 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 60.23 + 58.34 )= 59.29

qw = Awxhx{(Twa= 40.17 ) - Tain= 25.00 } = 49.53 kw

qQp = Apxhx{(Tpa= 5929 ) - Tain= 2500} = 31.84 kW
Taout = 25.00 + (qw+qp) 81.37 ){(Q*rho*Cp) 1593 = 30.11 C g-rm = 70.66
Time Step9 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 2964 )= 27.32
(30-40 yr) Twout = 3776 C Twa = 0.5*(Twin+Twout)  0.5*%( 39.72 + 37.76 )= 38.74
Tpout = 54.09 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 58.34 + 54.09 )= 56.22
qw = Awxhx{(Twa= 3874 ) - Tain= 25.00 } = 44.87 kW ’

qp = Apxhx{(Tpa= 56.22 ) - Tain= 25.00 ) = 28.99 kW
Taout = 25.00 + (qw+qp) 73.85 )/(Q*rho*Cp) 1693 = 29.64 C g-fm = 64.13
Time Step 10 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 29.05 )= 27.02
(40-50 yr) Twout = 36.17 C Twa = 0.5*(Twin+Twout) 0.5%( 37.76 + 36.17 )= 36.96
Tpout = 50.60 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 54.09 + 50.60 )= 52.34

qw = Awx hx{(Twa= 3696 ) - Tain= 2500} = 39.06 kW

qp = Apxhx{(Tpa= 5234 ) - Tain= 2500} = 25.39 kW
Taout = 25.00 + (qw+qp) 64.45 )/(Q*rho*Cp) 1693 = 29.05 C q-rm= 55.97
Time Step 11 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 28.56 )= 26.78
(50-60 yr) Twout = 3484 C Twa = 0.5"(Twin+Twout) 0.5%( 36.17 + 3484 )= 36.50
. Tpout= 4765 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 50.60 + 4765 )= 49.13

qw = Awxhx{(Twa= 3550 ) - Tain= 2500} = 34.31 kW

gp = Apxhx{(Tpa= 4913 ) -  Tain= 25.00 } = 2241 kW
Taout = 25.00 + (qw+qp) 56.71 J(Q*rho*Cp) 1583 = 28.56 C q-rm = 49.25
Time Step 12 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5% 25.00 + 28.16 )= 26.58
(60-70 yr) Twout = 3380 C Twa = 0.5*(Twin+Twout) 0.5%( 34.84 + 33.80 )= 34.32
Tpout = 4531 C Tpa = 0.5*(Tpin+Tpout) = 0.5 47.65 + 4531 )= 46.48

qw = Awxhx {(Twa= 3432 ) - Tain= 2500} = 30.44 kW

qp = Apxhx{(Tpa= 4648 ) - Tain= 2500 ) = 19.95 kW
Taout = 25.00 + (qw+gp) 50.39 )(Q*rho*Cp) 1593 = 28.16 C q-m = 4375
Time Step 13 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 27.84 )= 26.42
{70-80 yr) Twout = 3295 C Twa = 0.5*(Twin+Twout) 0.5%( 33.80 + 3295 )= 33.38
Tpout = 43398 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 4531 + 43.39 )= 44.35

qw= Awxhx{(Twa= 33.38 ) - Tain= 2500 )} = 27.36 kW 4

gp= Apxhx{(Tpa= 4435 ) - Tain= 2500} = 17.97 kW
Taout = 25.00 + (qw+ap) 45.32 Y(Q*rho*Cp) 1693 = 2784 C g-rm = 39.36
Time Step 14 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 2758 )= 26.29
(80-90 yr) Twout = 3226 C Twa = 0.5*(Twin+Twout) 0.5%( 32.95 + 3226 )= 32.61
Tpout = 4179 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 43.39 + 4179 )= 42.59

qw = Awxhx{(Twa= 3261 ) - Tain= 2500 } = 24.84 kW

qp = Apxhx{(Tpa= 4259 ) - Tain= 25.00 } = 16.33 kW
Taout = 25.00 + (qw+gp) 41.18 )/(Q*rho*Cp) 1693 = 27.58 C q-rm = 35.76
Time Step 15 Tain = 2500 C Taa = 0.5"(Tain+Taout) = 0.5%( 25.00 + 2737 )= 26.18
(90-100yr) Twout= 3168 C Twa = 0.5*(Twin+Twout)  0.5%( | 3226 + 3168 )= 31.97
Tpout= 40.46 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 4179 + 4046 )= 41.13

qw = Awxhx{(Twa= 3197 ) - Tain= 2500} = 22,76 kW

qp= Apxhx{(Tpa= 4113 ) - Tain= 25,00 } = 14,98 kW
Taout = 25.00 + (qw+qp) 37.74 )(Q*rho*Cp) 1593 = 2737 C g-rm = 32.77
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Time Step 16 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5*%( 25.00 + 2712)= 26.06
(100-125 yr) Twout= 30.81 C Twa = 0.6*(Twin+Twout) 0.5%( 31.68 + 30.81 )= 31.24
Tpout = 3847 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 4046 + 38.47 )= 39.47
qw= Awxhx{(Twa= 31.24 ) - Tain= 2500} = 20.39 kW
qp= Apxhx{(Tpa= 3947 ) - Tain= 2500 } = 13.44 kW
Taout = 25.00 + (qw+gp) 33.83 )/(Q*rho*Cp) 1593 = 2712 C g-rm = 29.37].
Time Step17 Tain = 2500 C Taa = 0.5"(Tain+Taout) = 0.5*( 25.00 + 26.83 )= 25.91
(125-150yr) Twout= 2995 C wa = 0.5*(Twin+Twout) = 0.5*( 30.81 + 2995 )= 30.38
Tpout= 3645 C Tpa = 0.5*(Tpin+Tpout) = ~ 0.5°( 38.47 + 3645 )= 37.46
= Awxhx{(Twa= 3038 ) - Tain= 25.00 } = 17.56 kW
gp= Apxhx{(Tpa= 3746 ) - Tain= 25.00 } = 11.57 kW
Taout= 2500 +(qw+gp) 29.13  )(Q*rho*Cp) 156.93 = 2683 C gm=  25.30
Time Step 18 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5% 25.00 + 26.54 )= 25.77
(150-200yr) Twout= 2912 C wa = 0.5"(Twin+Twout) = 0.5%( 29.95 + 2912 )= 29.54
Tpout= 3457 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 36.45 + 3457 )= 35.51
qw= Awxhx{{Twa= 2954 ) - Tain= 25.00 } = 1481 kW
gp= Apxhx{(Tpa= 3551 )- Tain= 25.00 } = 9.76 kW
Taout=_25.00 +(qw+gp) 24.57 )(Q'rho*Cp) 156.93 = 2654 C g-rm=_ 21.34
Time Step19 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 26,32 )= 25.66
(200-250yr) Twout= 2863 C wa = 0.5*(Twin+Twout) = 0.5% 29.12 + 2863 )= 28.88
Tpout= 3344 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 3457 + 3344 )= 34.00
qw= Awxhx{(Twa= 2888 ) - Tain= 25.00 }= 1266 kw
qgp= Apxhx{(Tpa= 3400 )- Tain= 25.00 } = 8.36 kw
Taout=  25.00 +{qw+gp) 21.02 )(Q'rho*Cp) 15.93 = 2632 C g-rm=_ 18.25
Time Step20 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 26.18 )= 25.59
(250-300yr) Twout= 2828 C wa = 0.5*(Twin+Twout) = 0.5*( 28.63 + 28.28 )= 28.45
Tpout= 3284 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 33.44 + 3264 )= 33.04
qgw= Awxhx{(Twa= 2845 )- Tain= 25.00 } = 11.28 kW
qp= Apxhx{(Tpa= 33.04 ) - Tain= 25.00 } = 746 kw
Taout= 25.00 +{gw+qp} 18.75 )/(Q*rho*Cp) 15.93 = 26.18 C g-rm=_ 16.28
£
ANL-EBS-MD-000030 REV 00 v -22 November 1999



SheetH Page 1

DRIFT SEGMENT #2 (100-200m) Air Quality, @ =15 m*3/s 60MTU/acre
Drift Temperature Results fron ANSYS Modeling Drift Wall and Air Temperatures, C
Time, Yr Drift Wall Temperature, C Time Afte | Ave. Drift| Air Temp
Invert | Springline | Crown Empim't, YWall Tem | at 200 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.93 28.43 27.90 0.00 28.09 29.07
1.00 §2.23 55.44 52.21 Lk 1.00 53.29 37.23
5.00 53.06 55.91 53.03 : N 5.00 54.00 39.76
10.00 51.06 53.65 51.03 T 10.00 51.91 39.07
15.00 48.88 51.24 48.85 15.00 49.65 37.95
20.00 47.04 49.21 47.01 20.00 47.75 36.91
26.00 45.11 47.09 45.08 26.00 45.76 356.95
30.00 43.91 45.78 43.88 30.00 44.53 35.15
40.00 41.60 43.22 41.58 40.00 4213 34.23
50.00 39.56 40.97 39.53 50.00 40.02 33.09
60.00 37.85 39.09 37.83 60.00 38.26 3212
70.00 36.49 37.59 36.46 70.00 36.85 31.33
80.00 35.38 36.38 36.36 80.00 35.71 30.69
90.00 34.48 35.38 34.46 90.00 34.77 30.17
100.00 | 33.73 34.56 33.71 100.00 | 34.00 29.74
125.00 | 32.65 33.37 32.63 125.00 { 32.88 29.26
150.00 | 31.56 32.16 31.54 150.00 | 31.75 28.68
200.00 | 30.49 30.99 - 3047 200.00 | 30.65 28.11
250.00 | 29.80 30.24 29.79 250.00 | 29.94 27.66
300.00 | 29.33 29.73 29.32 300.00 | 29.46 27.37
Alir Temperature and Heat Removal Calcuiations
Tin= 25C DS= 81 m WP Dia. = 1.564 Ap= 4913456 m*2
DriftL = 600 m PG. = 0.1m Drift Dia. = 55 Aw= 17.2788 m*2
Deltal = 100 m TL = 60 MTU/ac Air Dens. = 1.0561 kg/m*3
Cv. Coeff. h= 1.89 Wm*2K L.L = 1.55 kW/m AirCp= 1.0057 kJkg K
Time Step1  Tain = 25.00 C Taa = 0.5"(Tain+Taout} 0.5*( 25.00 + 29.07 )= 27.03
(0-1e-4yr)  Twout= 28.09 C Twa = 0.5*(Twin+Twout) 0.5%( 25.00 + 28.09 )= 26.54
Tpout = 10879 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 70.00 + 108.79 )= 89.39
qw = Awxhx{(Twa= 2654 ) - Tain= 25.00 } = 5.04 kW
qp= Apxhx{(Tpa= 8939 ) - Tain= 2500} = 59.80 kW
Taout = 25.00 + {qw+qp) €4.84 )/(Q*rho*Cp) 1693 = 29.07 C g-rm = 56.31
Time Step2 Tain = 3166 C Taa = 0.5"(Tain+Taout) 0.5%( 31.66 + 37.23 )= 34.45
(1e-4-1yr)  Twout= 5329 C Twa = 0.5*(Twin+Twout) 0.5%( 28.09 + 53.29 )= 40.69
Tpout = 8220 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 108.79 + 8220 )= 95.50
qw = Awxhx{(Twa= 40.69 ) - Tain= 3166 } = 29.48 KW
qp = Apxhx{(Tpa= 9550 ) - Tain= 3166 } = 59.28 kw
Taout = 31.66 + (qw+gp) 88.76 )/(Q*rho*Cp) 1593 = 3723 C q-rm = 77.08
Time Step 3 Tain = 3262 C Taa = 0.5*(Tain+Taout) = 0.5%( 3262 + 39.76 ) = *36.19
(1-5yr) Twout = 5400 C Twa = 0.5*(Twin+Twout)  0.5*%( 53.29 + 54.00 )= 53.65
Tpout = 80.12 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 82.20 + 80.12 )= 81.16
qw = Awxhx{(Twa= §365) - Tain= 3262} = €8.68 kW
gp= Apxhx{(Tpa= 81.16 ) - Tain= 3262} = 4508 kW .
Taout = 32.62 + (qw+qp) 113.76 )(Q*rho*Cp) 1693 = 39.76 C q-rm = .38.79
Time Step4 Tain = 3212 C Taa = 0.5"(Tain+Taout) 0.5%( 3212 + 39.07 )= 35.60
(5-10yr) Twout = 5191 C Twa = 0.5*(Twin+Twout) 0.5%( 54.00 + 51.91 )= 52.96
Tpout = 75.96 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 80.12 + 7596 )= 78.04
qw = Awxhx{(Twa= 5296 ) - Tain= 3212} = 68.04 kW
qp= Apxhx{(Tpa= 78.04 ) -  Tain= 3212} = 42.64 kW
Taout = 32,12+ (qw+qp) 110.68 )/(Q*rho*Cp) 1593 = 38.07 C g-m = 96.11
Time Step§ Tain = 3153 C Taa = 0.5"(Tain+Taout) = 0.5%( 31.53 + 3795 )= 34.74
(10-15 yr) Twout = 4965 C Twa = 0.5*(Twin+Twout)  0.5%( 51.91 + 4965 )= 50.78
Tpout = 7186 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 75.96 + 7186 )= 73.91
qw = Awxhx{(Twa= §0.78 ) -  Tain= 3153} = 62.88 kW
qp = Apxhx{(Tpa= 7391 ) - Tain= 3153 ) = 39.36 kW
Taout = 31.53 + (qw+qp) 102.23 )/(Q*rho*Cp) 1693 = 37.95 C Q-rm = 88.78
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Time Step 6 Tain = 31.00 C Taa = 0.5*(Tain+Taout) 0.5% 31.00 + 36.91 )= 33.96
(15-20 yr) Twout = 47.75 C Twa = 0.5"(Twin+Twout) 0.5%( 49.65 + 47.75 ) = 48.70
Tpout = 68.46 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 71.86 + 68.46 )= 70.16
qw = Awxhx{(Twa= 4870 ) - Tain= 31.00 } = 57.81 kW
qp= Apxhx{(Tpa= 70.16 ) - Tain= 3100} = 36.36 kW
Taout = 31.00 + (qw+qp) 94.17 Y{Q*rho*Cp) 1593 = 36.91 C q-rm = 81.78
Time Step 7 Tain = 3051 C Taa = 0.5*(Tain+Taout) = 0.5%( - 30.51 + 3695 )= 33.23
(20-26 yr) Twout = 45.76 C Twa = 0.5*(Twin+Twout)  0.5%( 47.75 + 4576 )= 46.76
Tpout = 64.83 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 68.46 + 64.83 )= 66.65
qw = Awxhx{(Twa= 4676 ) - Tain= 3051} = §3.07 kW
qQp = Apxhx{{Tpa= 66.65 ) - Tain= 3051 } = 33.56 kW
Taout = 30.51 + (qw+qp) 86.63 )/(Q*rho*Cp) 1693 = 35.95 C q-rm = 75.22
Time Step8 Tain = 30.11 C Taa = 0.5*(Tain+Taout) 0.5*%( 30.11 + 35.15 )= 32.63
(26-30 yr) Twout = 4453 C Twa = 0.5*(Twin+Twout) 0.5 45.76 + 4453 )= 45.15
Tpout = 62.66 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 64.83 + 62.66 )= 63.75
qw = Awxhx{(Twa= 4515 ) -  Tain= 3011 } = 49.11 KW
qQp= Apxhx{(Tpa= 63.75) - Tain= 3011} = 31.24 kW
Taout = 30.11 + (qw+qp) 80.35 ¥(Q*rho*Cp) 1693 = 35.15 C q-rm = 69.77
Time Step 9 Tain = 2964 C Taa = 0.5*(Tain+Taout) = 0.5%( 29.64 + 3423 )= 31.93
{30-40 yr) Twout = 4213 C Twa = 0.5*(Twin+Twout)  0.5%( 4453 + 4213 )= 43.33
Tpout = 58.07 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 62.66 + 58.07 )= 60.37
qw = Awxhx{(Twa= 4333) - Tain= 2964 ) = 4472 KW '
qp=_ Apxhx{(Tpa= 60.37 ) - Tain= 29.64 } = 28.54 kW
Taout = 29.64 + (qw+qp) 73.26 )(Q*rho*Cp) 15.93 = 34.23 C q-rm = 63.62
Time Step 10 Tain = 29.05 C Taa = 0.5*(Tain+Taout) = 0.5%( 29.05 + 33.09 )= 31.07
(40-50 yr) Twout = 4002 C Twa = 0.5*(Twin+Twout)  0.5%( 4213 + 40.02 )= 41.08
Tpout = 54,15 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 58.07 + 54.15 )= 56.11
qw = Awxhx{(Twa= 4108 ) - Tain= 29.05) = 39.29 kW
qp= Apxhx{{Tpa= 56.11 ) - Tain= 29.05 } = 2513 kW
Taout = 29.05 + (qw+qp) 64.43 )/(Q*rho*Cp) 1693 = 33.09 C Q-rm = 55.85
Time Step 11 Tain = 28.56 C Taa = 0.5*(Tain+Taout) = 0.5%( 28.56 + 3212 )= 30.34
(50-60 yr) Twout = 38.26 C Twa = 0.5*(Twin+Twout) 0.5%( 40.02 + 38.26 )= 39.14
Tpout = 5082 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 54.15 + 50.82 )= 52.48
qw = Awxhx{(Twa= 39.14 ) -  Tain= 2856 } = 34.55 kW
qp = Apxhx{(Tpa= 5248 ) - Tain= 28.56 } = 22.22 kW
Taout = 28.56 + (qw+qgp) 56.77 Y{Qrho*Cp) 1593 = 3212 C g-m = 49.29
Time Step 12 Tain = 28.16 C Taa = 0.5*(Tain+Taout) = 0.5%( 28.16 + 31.33 )= 28.75
(60-70 yr) Twout = 36.85 C Twa = 0.5*(Twin+Twout) 0.5%( 38.26 + 36.85 )= 37.55
Tpout = 4815 C Tpa = 0.5*(Tpin+Tpout) = 0.5 50.82 + 4815 )= 49.49
qw = Awxhx{(Twa= 3755 ) - Tain= 2816 } = 30.66 kW
qp = Apxhx{(Tpa= 4949 ) - Tain= 2816} = 19.80 kW .
Taout = 28.16 + (qw+gp) 50.46 )(Q*rho*Cp) 15.93 = 31.33 C q-rm = 43.82
Time Step 13 Tain = 2784 C Taa = 0.5"(Tain+Taout) = 0.5%( 27.84 + 3069 )= 29.27
(70-80 yr) Twout = 3571 C Twa = 0.5*(Twin+Twout)  0.5%( 36.85 + 35.71 )= 36.28
Tpout = 4597 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 48.15 + 45.97 )= 47.06
qw = Awxhx{(Twa= 36.28 ) - Tain= 2784} = 27.54 kW 4
qp = Apxhx{(Tpa= 47.06 ) - Tain= 2784 } = 17.85 kW
Taout = 27.84 + (qw+ap) 45.39 )/(Q*rho*Cp) 1693 = 3069 C g-im = 39.41
{Time Step 14 Tain = 27.58 C Taa = 0.5*"(Tain+Taout) = 0.5%( 27.58 + 30.17 )= 28.88
(80-90 yr) Twout = 3477 C Twa = 0.5*(Twin+Twout)  0.5%( 35.71 + 3477 )= 35.24
Tpout = 4417 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 45.97 + 4417 )= 45.07
qw = Awxhx{(Twa= 3524) - Tain= 2758 } = 25.00 kW
qp= Apxhx{{Tpa= 4507 ) - Tain= 2758 ) = 16.24 kW
Taout = 27.58 + (qw+qp) 41.24 Y(Q*rho*Cp) 15.93 = 30.17 C Qq-m = 35.81
Time Step 15 Tain = 2737 C Taa = 0.5*(Tain+Taout) = 0.5%( 27.37 + 29.74 )= 28.56
(90-100yr) Twout= 34.00 C Twa = 0.5*(Twin+Twout) 0.5*( 3477 + 34.00 )= 34.38
Tpout = 4266 C Tpa = 0.5*(Tpin+Tpout) = 0.5* 4417 + 4266 )= 43.41
qw = Awxhx{(Twa= 3438 ) - Tain= 2737} = 22,91 kW
gp= Apxhx{(Tpa= 43.41 ) - Tain= 2737} = 14.90 kW
Taout = 27.37_+ (qw+ap) 37.81 )/(Q*rho*Cp) 1593 = 29.74 C g-tmn = 32.83
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Time Step 16 Tain = 2712 C Taa = 0.5*(Tain+Taout) = 0.5%( 27.12 + 29.26 )= 28.19
{100-125yr) Twout= 3288 C Twa = 0.5*(Twin+Twout) 0.5%( 34.00 + 32.88 )= 33.44
Tpout = 4046 C Tpa=0.5"(Tpin+Tpout) = 0.5%( 4266 + 40.46 )= 41.56
qw = Awxhx{(Twa= 3344 ) - Tain= 2712} = 20.63 kW
qp = Apxhx{(Tpa= 4156 ) - Tain= 2712} = 13.41 kW
Taout = 27.12 + (qw+qp) 34.03 Y(Q*rho*Cp) 1593 = 29.26 C q-rm = 29.55
Time Step17 Tain = 2683 C Taa = 0.5*(Tain+Taout) = 0.5 26.83 + 2868 )= 27.76
(125-150yr) Twout= 3175 C wa = 0.5*(Twin+Twout) = " 054 3288 + 3175 )= 32.32
Tpout= 3813 C Tpa = 0.5*(Tpin+Tpout) = ~ 0.5*( 40.46 + 3819 )= 39.32
qw= Awxhx{(Twa= 3232 )- Tain= 26.83 } = 17.93 kW
qp= Apxhx{(Tpa= 39.32 ) - Tain= 26.83 } = 11.60 kW
Taout= 26.83  +({(qw+gp) 29.53  )(Q*rho*Cp) 15.93 = 2868 C g-m=_ 25.64
Time Step18 Tain = 2654 C Taa = 0.5*(Tain+Taout) = 0.5*( 26.54 + 2811 ) 27.33
(150-200yr) Twout= 3065 C wa = 0.5*(Twin+Twout) = 0.5 31.75 + 3065 )= 31.20
Tpout= 36.05 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 38.19 + 3605 )= 37.12
gw= Awxhx{(Twa= 3120 ) - Tain= 26.54 } = 1622 kW
qp= Apxhx{(Tpa= 3712 ") - Tain= 26.54 }= 8.82 kW
Taout= 26.54 +(qw+gp) 25.03 )(Q*rho*Cp) 15.93 = 2811 C qQ-m=  21.74
Time Step19 Tain = 2632 C Taa = 0.5*(Tain+Taout) = 0.5% 26.32 + 2766 )= 26.99
{200-250 yr) Twout= 2994 C wa = 0.5*(Twin+Twout) = 0.5*( 30.65 + 2994 )= 30.30°
Tpout= 3471 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 36.05 + 3471 ) 35.38
gw= Awxhx{(Twa= 3030 ) - Tain= 26.32 } = 12,99 kw '
qp= Apxhx{(Tpa= 3538 )- Tain= 26.32 }= 841 kW
Taout= 2632 +{qw+qp)  21.40 )(Q*rho*Cp) 15.93 = 2766 C g-rm=_ 18.59
Time Step20 Tain = 26.18 C Taa = 0.5*(Tain+Taout) = 0.5%( 26.18 + 27.37 )= 26.77
(250-300yr) Twout= 2946 C wa = 0.5*(Twin+Twout) = 0.5* 29.94 + 2946 )= 29.70
Tpout= 3378 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 34.71 + 3378 )= 34.25
gw= Awxhx{(Twa= 29.70 ) - Tain= 26.18 } = 11.51 kW
gp= Apxhx{(Tpa= 3425 })- Tain= 26.18 } = 749 kW
Taout= 26.18  + (qw+qp) 19.01 YW(Q*rho*Cp) 15.93 = 2737 C g-m= 16.50
(’
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DRIFT SEGMENT #3 (200-300m) Air Quantity, Q = 15 m*3/s 60 MTU/acre
Drift Wall Temperature Results from ANSYS Modeling Drift Wall and Air Temperatures, C
Time, Yr Drift Wall Temperature, C Time Aﬂil Ave. Drift| Air Temp
Invert | Springline { Crown Emplm't, YWall Tem | at 300 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.93 28.43 27.90 0.00 28.08 29.07
1.00 56.57 59.76 56.55 B 1.00 57.62 41.89
5.00 59.40 62.19 59.38 N 5.00 60.32 46.38
10.00 57.42 59.96 57.39 ) 10.00 58.26 45.81
15.00 54.81 57.13 54.78 15.00 55.57 44.25
20.00 52.54 54.68 52.51 20.00 53.24 42.73
26.00 50.20 52.15 50.17 26.00 50.84 41.31
30.00 48.66 50.50 48.62 30.00 49.26 40.13
40.00 45.94 47.53 45.91 40.00 46.46 38.79
50.00 43.40 44,80 43.38 50.00 43.86 37.12
60.00 41.26 42.49 41.24 60.00 41,66 35.69
70.00 39.54 40.64 39.52 70.00 39.90 34.50
80.00 38.14 39.13 38.12 80.00 38.47 33.55
90.00 37.00 37.90 36.98 90.00 37.29 32.77
100.00 | 36.04 36.87 36.02 100.00 | 36.31 32.12
125.00 | 34.74 35.46 34.72 125.00 | 34.97 3141
150.00 | 33.38 33.98 33.36 150.00 | 33.57 30.56
200.00 | 32.04 32.54 32.03 200.00 | 3220 28.71
250.00 | 31.14 31.67 31.12 250.00 | 31.28 29.03
300.00 | 30.52 30.92 30.50 300.00 | 30.65 28.58
Air Temperature and Heat Removal Calculations
Tin= 2500 C DS= 81.00 m WP Dia. = 1.56 Ap= 4.91 m*2
DriftL = 600.00 m PG.= 010 m Drift Dia. = 5.50 Aw = 17.28 m*2
Deltal = 100.00 m TL = 60.00 MTU/ac Air Dens. = 1.06 kg/m*3
Cv. Coeff. h= 1.8 Wm*2K L.L. = 1.55 kWim AirCp = 1.01 kd/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 29.07 )= 27.03
(0-1ed4yr)  Twout= 28.09 C Twa = 0.5*(Twin+Twout) 0.5%( 25.00 + 28.09 )= 26.54
Tpout = 10879 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 70.00 + 108.79 )= 89.39
qw = Awxhx{(Twa= 26.54 ) - Tain= 2500} = 5.04 kW
gp= Apxhx{(Tpa= 89.39 ) - Tain= 2500 } = 59.80 kW
Taout = 25.00 + (qw+qp) 64.84 )/(Q*rho*Cp) 1693 = 28.07 C g-rm = 56.31
Time Step2 Tain = 3723 C Taa = 0.5*(Tain+Taout) 0.5*( 37.23 + 41.89 )= 39.56
(tled-1yr) Twout= 5762 C Twa = 0.5*(Twin+Twout) 0.5%( 28.09 + 5762 )= 42.85
Tpout= 86.01 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 108.79 + 86.01 )= 97.40
qw = Awx hx{(Twa= 4285) - Tain= 3723} = 18.36 kW
gp= Apxhx{(Tpa= 97.40 ) - Tain= 3723 } = 55.87 kw
Taout = 37.23 + (qw+ap) 74.23 )/(Q*rho*Cp) 1593 = 4189 C g-rm = 64.46
Time Step3 Tain = 39.76 C Taa = 0.5*(Tain+Taout) = 0.5%( 39.76 + 46.38 ) = "43.07
(1-5yr) Twout= 60.32 C Twa = 0.5"(Twin+Twout) 0.5%( 5762 + 6032 )= 58.97
Tpout= 8563 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 86.01 + 8563 )= 85.82
qw = Awxhx{{Twa= 5897 ) - Tain= 39.76 } = 62.76 kW
qp = Apxhx{(Tpa= 8582 ) - Tain= 39.76 } = 42.78 kW -
Taout = 39.76 + (qw+ap) 105.53 )/(Q*rho*Cp) 1693 = 46.38 C q-m = .51.64
Time Step4 Tain = 38.07 C Taa = 0.5*(Tain+Taout) 0.5*( 39.07 + 4581 )= 42.44
(5-10yr) Twout = 58.26 C Twa = 0.5*(Twin+Twout)  0.5%( 60.32 + 58.26 )= 59.29
Tpout = 81.50 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 85.63 + 81.50 )= 83.57
qw = Awxhx{(Twa= 58.29 ) - Tain= 39.07 } = 66.03 kW
qp= Apxhx{(Tpa= 83.57 ) - Tain= 39.07 } = 41.32 kW
Taout = 39.07 + (qw+qp) 107.35 )/(Q*rho*Cp) 1593 = 45.81 C g-rm = 93.22
Time Step 5 Tain = 37985 C Taa = 0.5*(Tain+Taout} = 0.5%( 37.95 + 44.25 )= 41,10
{10-15yr) Twout = 55.57 C Twa = 0.5*(Twin+Twout) 0.5%( 58.26 + 56.57 )= 56.92
Tpout = 77.08 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 81.50 + 77.08 )= 79.29
qw = Awxhx{(Twa= 5692 ) - Tain= 3795} = 61.94 kW
qp = Apxhx{(Tpa= 7929 ) - Tain= 3795} = 38.39 kW
Taout = 37.95 + (qw+qp) 100.34 Y{Q*rho*Cp) 1693 = 44.25 C g-rm = 87.13
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Time Step6 Tain = Taa = 0.5*(Tain+Taout) 0.5%( 36.91 + 4273 )= 39.82
{15-20 yr) Twout = Twa = 0.5*(Twin+Twout)  0.5%( 55.57 + 6§3.24 )= 54.41

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 77.08 + 7334 )= 75.21

qw = Awxhx{(Twa= 5441 ) - Tain= 3691} = §7.13 kW

qp = Apxhx{(Tpa= 7521 ) - Tain= 3691} = 35.57 kW

Taout = 36.91 + (qw+ap) 92.70 Y(Q*rho*Cp) 1503 = 42.73 C g-rm = 80.50
Time Step 7 Tain = Taa = 0.5%(Tain+TFaout) = 0.6%( - 3595 + 4131 )= 38.63
(20-26 yr) Twout = Twa = 0.5*(Twin+Twout)  0.5% 53.24 + 50.84 )= §2.04

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 73.34 + 69.39 )= 71.37

qw = Awxhx{(Twa= 5204 ) - Tain= 3595} = 52.56 kW

qp = Apxhx{(Tpa= 71.37 ) - Tain= 3595} = 32.89 kW

Taout = 35.95 +(qw+ap) 85.46 )/(Q*rho*Cp) 1593 = 41.31 C g-rm = 74.21
Time Step 8 Tain = Taa = 0.5*(Tain+Taout) 0.5( 35.15 + 4013 )= 37.64
(26-30 yr) Twout = Twa = 0.5%(Twin+Twout)  0.5% 50.84 + 49.26 )= 50.05

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 69.39 + 66.92 )= 68.16

qw = Awxhx{(Twa= 50.05 ) - Tain= 3516} = 48.66 kW

qp = Apxhx{(Tpa= 68.16 ) -  Tain= 3515 } = 30.65 kw

Taout = 35.15 + (qw+qp) 79.31 )/(Q*rho*Cp) 1593 = 40.13 C g-m = 68.87
Time Step 9 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 3423 + 38.79 )= 36.51
(30-40 yr) Twout = Twa = 0.5*(Twin+Twout) 0.5%( 49.26 + 46.46 )= 47.86

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5*( 66.92 + 62.03 )= 64.48

qw = Awxhx{(Twa= 4786 ) - Tain= 3423} = 44.50 kW ’

qp= Apxhx{(Tpa= 6448 ) - Tain= 3423} = 28.08 kW

Taout = 34.23 + (qw+qp) 72.58 )/(Q*rho*Cp) 15983 = 38.79 C g-rm = 63.03
Time Step 10 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 33.09 + 3712 )= 35.11
(40-50 yr} Twout = Twa = 0.5*(Twin+Twout) 0.5%( 46.46 + 43.86 )= 45.16

Tpout = Tpa = 0.5"(Tpin+Tpout) = 0.5%( 62.03 + 5769 )= 59.86

qw = Awxhx{(Twa= 4516 ) -  Tain= 33.09 } = 39.42 kW

qp = Apxhx{(Tpa= 59.86 ) - Tain= 33.09} = 24.86 kW

Taout = 33.08 + (qw+qp) 64.28 )/(Q*rho*Cp) 1593 = 3712 C q-rm = 55.82
Time Step 11 Tain = Taa = 0.5%(Tain+Taout) = 0.5%( 32.12 + 35.69 )= 33.90
(50-60 yr) Twout = Twa = 0.5*(Twin+Twout) - 0.5%( 43.86 + 4166 )= 4276

Tpout= Tpa = 0.5*(Tpin+Tpout) = 0.5*%( 57.69 + 53.99 )= 55.84

qw = Awx hx{(Twa= 4276 ) - Tain= 3212} = 34.74 kW

qp = Apxhx{{Tpa= 5584 ) - Tain= 3212} = 22.02 kW

Taout = 32.12 + (qw+qp) 56.77 Y(Q'rho*Cp) 1593 = 35.69 C g-rm = 49.29
Time Step 12 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 31.33 + 3450 y= 3292
{60-70 yr) Twout = Twa = 0.5*(Twin+Twout) 0.5%( 4166 + 39.90 )= 40.78

Tpout = Tpa =0.5*(Tpin+Tpout) = 0.5%( 53.99 + 51.01 )= 52,50

qw = Awxhx{(Twa= 40.78 ) - Tain= 3133} = 30.86 kw

qp= Apxhx{(Tpa= 5250 ) - Tain= 3133} = 19.66 kW

Taout = 31.33 + (qw+gp) 50.52 ){Q*rho*Cp) 1593 = 34.50 C q-rm = "43.87
Time Step 13 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 30.69 + 33.85 )= 3212
(70-80 yr) Twout = Twa = 0.5*(Twin+Twout) 0.5*( 39.90 + 38.47 )= 39.18

Tpout = Tpa = 0.5%(Tpin+Tpout) = 0.5%( 51.01 + 48.57 )= 49.79

qw = Awxhx{{Twa= 39.18 ) - Tain= 3069 ) = 27.72 kW .2

qp= Apxhx{(Tpa= 4979 ) -  Tain= 30.69 } = 17.73 kW

Taout = 30.69 + (qw+ap) 45.46 )/(Q*rho*Cp) 15.93 = 33.55 C g-rm = 39.47
Time Step 14 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 30.17 + 3277 )= 31.47
{80-90 yr) Twout = Twa = 0.5*(Twin+Twout)  0.5%( 3847 + 37.29 )= 37.88

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 48.57 + 46.55 )= 47.56

qw = Awxhx{(Twa= 37.88 ) - Tain= 3017 } = 25.16 kW

qp = Apxhx{(Tpa= 4756 ) - Tain= 3017 } = 16.15 kW -

Taout = 30.17 + (qw+qp) 41.31 J{Q*rho*Cp) 1593 = 32.77 C q-m = 35.87
Time Step 15 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 2074 + 3212) = 30.83
(90-100yr) Twout= Twa = 0.5*(Twin+Twout) 0.5% 37.29 + 36.31 )= 36.80

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5% 46.55 + 44.86 )= 45.70

qw = Awxhx{{Twa= 36.80 ) - Tain= 2974 } = 23.05 kw

qp = Apxhx{(Tpa= 4570 } -  Tain= 2974 } = 14.82 kW

Taout = 29.74 + (qw+gp) 37.87 )/(Q*rho*Cp) 1593 = 3212 C g-rm = 32.89
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Time Step 16 Tain = 29.26 C Taa = 0.5"(Tain+Taout) = 0.5%( 29.26 + 3141 )= 30.33
(100-125yr) Twout = 3497 C Twa = 0.5*(Twin+Twout) 0.5%( 36.31 + 3497 )= 35.64
Tpout = 4246 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 44.86 + 4246 )= 43.66
qw= Awxhx{(Twa= 3564 ) - Tain= 2926 } = 20.85 kW
qp = Apxhx{(Tpa= 43.66 ) - Tain= 2926 } = 13.37 kW
Taout = 29.26 +(qw+qp) 34.22 )/(Q*rho*Cp) 1593 = 3141 C q-rm = 29.71
Time Step17 Tain = 2868 C Taa = 0.5%(Tain+Taout) = . 0.5*( 2868 + 3056 )= 29.62
{125-150yr) Twout= 3357 C wa = 0.5*(Twin+Twout) = T 057 34.97 + 3357 )= 34.27
Tpout= 3994 C Tpa = 0.5*(Tpin+Tpout) = ~ 0.5*( 4246 + 39.94 )= 41.20
qw= Awxhx{({Twa= 3427 )- Tain= 28.68 }= 18.26 kW
gp= Apxhx{(Tpa= 41.20 ) - Tain= 28.68 }= 11.62 kw
Taout= 28.68 +(qw+gp)  29.89  )}/(Q*rho*Cp) 15.93 = 30.56 C g-m=_ 25.95
Time Step 18 Tain = 2811 C Taa = 0.5%(Tain+Taout) = 0.5%( 28.1 + 2971 )= 28.91
(150-200yr) Twout= 3220 C wa = 0.5*(Twin+Twout) = 0.5%( 33.57 + 3220 )= 32.89
Tpout= 3755 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 39.94 + 3755 )= 38.74
qgw= Awxhx{{(Twa= 3289 ) - Tain= 28.11 }= 15.59 kW
qQp= Apxhx{(Tpa= 3874 ) - Tain= 28.11 }= 9.87 kW
Taout= 28.11  +(qw+gp) 25.47 )(Q*rho*Cp) 16.93 = 23.71 C g-m=__ 22.11
Time Step19 Tain = 2766 C Taa = 0.5*(Tain+Taout) = 0.5*( 27.66 + 29.03 )= 28.35
(200-250yr) Twout= 3128 C wa = 0.5"(Twin+Twout) = 0.5 3220 + 3128 )= 31.74"
Tpout= 36.00 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 37.55 + 36.00 )= 36.78
qw= Awxhx{(Twa= 3174 ) - Tain= 27.66 } = 13.32 kW :
qp= Apxhx{(Tpa= 3678 ) - Tain= 27.66 } = 846 kW
Taout= 27.66  +(qw+gp) 21.78  M(Q'rho*Cp) 15.93 = 29.03 C g-m=__ 18.91
Time Step20 Tain = 2737 C Taa = 0.5*(Tain+Taout) = 0.5%( 27.37 + 28.58 )= 27.97
(250-300yr} Twout= 3065 C wa = 0.5*(Twin+Twout) = 0.5%( 31.28 + 3065 )= 30.96
Tpout= 3494 C Tpa = 0.5"(Tpin+Tpout) = 0.5*( 36.00 + 3494 )= 35.47
qw= Awxhx{(Twa= 3086 )- Tain= 27.37 } = 1173 kw
ap= Apxhx{(Tpa= 3547 ) - Tain= 27.37 } = 7.52 kw
Taout= 2737 +(qw+gp) 19.26  Y(Q*rho*Cp) 15.93 = 2858 C q-m=_ 16.72.
f’
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DRIFT SEGMENT #4

{300-400m)

Air Quantity, Q = 15 m*3/s

Drift Wall Temperature Results from ANSIS Modeling

60 MTU/acre

Drift Wall and Air Temperatures, C

Time Drift Wall Temperatures, C Time Afte | Ave. Drift]| Air Temp
Invert | Springline | Crown Emplim't, YWall Tem | at 400 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.93 28.43 27.90 0.00 28.09 29.07
1.00 60.20 63.35 60.18 s . 1.00 61.24 45.79
5.00 65.25 67.99 65.23 : . 5.00 66.16 5247
10.00 63.56 66.04 63.52 . 10.00 64.37 52.30
15.00 60.62 62.89 60.59 15.00 61.36 50.41
20.00 57.95 60.05 57.91 20.00 58.63 48.45
26.00 55.21 57.13 55.18 26.00 55.84 46.60
30.00 53.33 55.15 53.30 30.00 53.93 45.04
40.00 50.23 51.81 50.20 40.00 50.75 43.30
50.00 47.23 48.62 47.20 50.00 47.68 41.15
60.00 4467 45.89 44 65 60.00 45.07 39.25
70.00 42.59 43.68 42.57 70.00 42.95 37.67
80.00 40.91 41.89 40.89 80.00 41,23 36.40
90.00 39.52 40.42 39.50 90.00 39.81 35.36
100.00 | 38.36 39.19 38.35 100.00 | 38.63 34.50
125.00 | 36.84 37.55 36.82 125.00 | 37.07 33.57
150.00 35.23 35.83 35.21 150.00 35.42 3245
200.00 | 33.62 34.12 33.61 200.00 | 33.78 31.34
250.00 | 32.50 32.93 3248 250.00 | 32.64 | 3042
300.00 | 31.73 3212 31.71 300.00 | 31.85 29.80
Air Temperature and Heat Removal Calculations
Tin= 25.00 C DS= 81.00 m WP Dia. = 1.56 Ap= 4.91 m*2
DriftL = 600.00 m P.G. = 0.10 m Drift Dia. = 5.50 Aw = 17.28 m*2
Deltal = 10000 m TL. = 60.00 MTU/ac Air Dens. = 1.06 kg/m*3
Cv. Coeff. h= 1.89 Wm*2K LL. = 1.55 kW/m AirCp= 1.01 kd/kg K
Time Step1  Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5"( 25.00 + 29.07 )= 27.03
(0-1e-4yr) Twout= 2803 C wa = 0.5*(Twin+Twout) = 0.5*( 25.00 + 2809 )= 26.54
Tpout= 108.78¢ C Tpa = 0.5%(Tpin+Tpout) = 0.5*( 70.00 + 108.79 )= 89.39
gw= Awxhx{(Twa= 2654 )- Tain= 25.00 } = 504 kW
qp= Apxhx{(Tpa= 88.39 )- Tain= 25.00 } = 59.80 kW
Taout= 25.00 +(qw+qgp) 64.84 )(Q*rho*Cp) 15.93 = 2907 C grm=__ 56.31
TimeStep2 Tain = 4183 C Taa = 0.5*(Tain+Taout) = 0.5%( 41.89 + 4579 )= 43.84
(le4-1yr) Twout= 6124 C wa = 0.5*(Twin+Twout) = 0.5*( 28.09 + 61.24 )= 44.66
Tpout= 8921 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 108.79 + 89.21 )= $9.00
qw= Awxhx{(Twa= 4466 ) - Tain= 41.89 }= 9.05 kW
qgp= Apxhx{(Tpa= 99.00 )- Tain= 41.89 }= 53.03 kw
Taout= 41.89 +(qw+qp) 62.08 ){Q*rho*Cp) 15.93 = 4579 C g-rm=_ 53.91
Time Step3 Tain = 4638 C Taa = 0.5*(Tain+Taout) = 0.5°( 46.38 + 5247 )= 49:43
{(1-5yr) Twout= 66.16 C wa = 0.5"(Twin+Twout) = 0.5"( 61.24 + 66.16 )= 63.70
Tpout= 9074 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 89.21 + 90.74 )= 89.97
gw= Awxhx{(Twa= 63.70 ) - Tain= 46.38 } = 56.56 kw
gp= Apxhx{{Tpa= 89.97 )- Tain= 46.38 }= 4048 kW -
Taout= 46.38 +(qw+gp) 97.04 )/(Q*rho*Cp) 15.93 = 5247 C gm= 8427
Time Step4 Tain = 4581 C Taa = 0.5*(Tain+Taout) = 0.5*( 4581 + 5230 )= 49.06
(5-10 yr) Twout= 6437 C wa = 0.5 (Twin+Twout) = 0.5%( 66.16 + 6437 )= 65.26
Tpout= 86.89 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 90.74 + 86.88 )= 88.82
qw= Awxhx{(Twa= 65.26 ) - Tain= 45.81 } = 63.53 kw
qp= Apxhx{(Tpa= 8882 )- Tain= 45.81 }= 39.94 kW
Taout=  45.81 +(qw+ap)  103.47  )(Q*rho*Cp) 15.93 = 5230 C g-rm=  89.85
Time Step5 Tain = 4425 C Taa = 0.5*(Tain+Taout) = 0.5%( 4425 + 5041 )= 47.33
(10-15yr)  Twout= 6136 C wa = 0.5*(Twin+Twout) = 0.5%( 64.37 + 6136 )= 62.87
Tpout= 8223 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 86.89 + 8223 )= 84.56
qw= Awxhx{(Twa= 6287 ) - Tain= 44.25 }= €0.82 kw
qQp= Apxhx{(Tpa= 8456 ) - Tain= 44.25 }= 37.44 KW
Taout= 44.25 +(qw+qp) 9825 ){Q'rho*Cp) 15.93 = 5041 C g-rm= 8532
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Time Step6  Tain = 4273 C Taa = 0.5*(Tain+Taout) = 0.5*( 4273 + 4845 )= 45.59
(15-20yr) Twout= 5863 C wa = 0.5*(Twin+Twout) = 0.5% 61.36 + 58.63 = 60.00
Tpout= 7816 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 8223 + 7816 )= 80.19
qw= Awxhx{(Twa= 60.00 ) - Tain= 4273 } = 56.39 kW
qgp= Apxhx{(Tpa= 80.19 ) - Tain= 42.73 }= 3479 kW
Taout= 4273  +(qw+gp) 9118  )/(Q'rho*Cp) 16.93 = 4845 C g-m=_ 79.18
TimeStep7 Tain = 4131 C Taa = 0.5"(Tain+Taout) = . 0.5% 4.3 + 4660 )= 43.95
(20-26 yr)  Twout= 5584 C wa = 0.5%(Twin+Twout) = ©0.5% 58.63 + §5.84 )= 57.24
Tpout= 7389 C Tpa = 0.5*(Tpin+Tpout) =. ~ 0.5%( 78.16 + 7389 )= 76.03
qgw= Awxhx{(Twa= §7.24 ) - Tain= 41.31 }= 52.01 kw
agp= Apxhx{(Tpa= 76.03 ) - Tain= 41.31 }= 32.24 kW
Taout= 4131 +(qw+qp) 84.25 ){Q'rho*Cp) 15.93 = 4660 C gm=__ 73.16
Time Step8 Tain = 4013 C Taa = 0.5*(Tain+Taout) = 0.5% 40.13 + 4504 )= 42.59
(26-30yr) Twout= 5393 C wa = 0.5%(Twin+Twout) = 0.5% 55.84 + 6393 )= 54.88
Tpout= 7115 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 73.B9 + 7115 )= 7252
gw= Awxhx{(Twa= 5488 ) - Tain= 40.13 }= 48.18 kW
gp= Apxhx{(Tpa= 7252 ) - Tain= 40.13 }= 30.08 kW
Taout= 40.13  +(qw+qp) 78.26  )/(Q*rho*Cp) 15.93 = 45.04 C g-rm = 67.96
TimeStep2 Tain = 3879 C Taa = 0.5*(Tain+Taout) = 0.5*( 3879 + 4330 )= 41.05
(30-40 yr) Twout= 8075 C wa = 0.5*(Twin+Twout) = 0.5%( 63.93 + 5075 )= 52.34
Tpout= 6596 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 71.15 + 6596 )= 68.55
gw= Awxhx{(Twa= 5234 ) - Tain= 38.79 } = 44,24 kW :
gp= Apxhx{(Tpa= 6855 ) - Tain= 38.79 } = 2764 kW
Taout= 38.79 +(qw+gp) 71.88 )(Q*rho*Cp) 15.93 = 4330 C g-m=__ 62.42
Time Step10 Tain = 3712 C Taa = 0.5*(Tain+Taout) = 0.5*( 37.12 + 4115 )= 39.13
(40-50yr) Twout= 4768 C wa = 0.5*(Twin+Twout) = 0.5*( 5075 + 4768 )= 49.22
Tpout= 6122 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 65.96 + 61.22 )= 63.59
qw= Awxhx{(Twa= 4922 )- Tain= 37.12 } = 39.49 kW
qp= Apxhx{(Tpa= 6359 ) - Tain= 37.12 } = 2458 kW
Taout= 3712  +(qw+qp) 64.07 )(Q*rho*Cp) 16.93 = 4115 C g-m= 5663
Time Step11  Tain = 3569 C Taa = 0.5*(Tain+Taout) = 0.57( 35.69 + 39.25 )= 37.47
(50-60yr) Twout= 4507 C wa = 0.5*(Twin+Twout) = 0.57( 47.68 + 4507 )= 46.38
Tpout= 57.16 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 61.22 + 57.16 )= 59.19
qw= Awxhx{(Twa= 4638 ) - Tain= 35.69 } = 3492 kW
qp= Apxhx{(Tpa= §9.19 ) - Tain= 35.69 }= 21.83 kW
Taout= 3569 +(gqw+gp) 56.75 )(Q*rho*Cp) 15.93 = 39.25 C g-m=  49.28
Time Step 12 Tain = 3450 C Taa = 0.5"(Tain+Taout) = 0.5°( 34.50 + 3767 )= 36.09
(60-70yr)  Twout= 4295 C wa = 0.5*(Twin+Twout) = 0.57( 45.07 + 4295 )= 44,01
Tpout= 5387 C Tpa = 0.5*(Tpin+Tpout) = 0.5°( 57.16 + 53.87 )= 55,52
qw= Awxhx{(Twa= 44,01 ) - Tain= 34.50 } = 31.05 kW
qp= Apxhx{(Tpa= §552 ) - Tain= 34.50 }= 19.52 kwW
Taout= 34.50 +(qw+gp)  50.57  ¥(Q'rho*Cp) 15.93 = 3767 C gm=_ 4391
Time Step13 Tain = 3355 C Taa = 0.5*(Tain+Taout) = 0.5%( 33.55 + 3640 )= 34.98
(70-80 yr) Twout= 4123 C wa = 0.5*(Twin+Twout) = 0.5% 4295 + 4123 )= 42.09
Tpout= 51.18 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 53.87 + 51.18 )= 52,52
qw= Awxhx{(Twa= 4209 )- Tain= 33.55 }= 27.89 kW I
qp= Apxhx{(Tpa= §252 ) - Tain= 33.55 }= 17.62 kW
Taout= 33.55 +(qw+agp) 45.51  Y(Q*rho*Cp) 15.93 = 3640 C g-m = 39.52
Time Step 14 Tain = 3277 C Taa = 0.5*(Tain+Taout) = 0.5%( 32.77 + 3536 )= 34.06
(80-90yr) Twout= 3981 C wa = 0.5*(Twin+Twout) = 0.5*( 41.23 + 39.81 )= 40.52
Tpout= 4894 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 51.18 + 4894 )= 50.06
gw= Awxhx{(Twa= 40.52 ) - Tain= 3277 } = 2533 kW
gp= Apxhx{(Tpa= 50.06 ) - Tain= 3277 }= 16.06 kW
Taout= 3277 +(qw+agp) 41.39 )(Q*rtho*Cp) 15.93 = 3536 C g-rm=_ 3594
Time Step15 Tain = 3212 C Taa = 0.5*(Tain+Taout) = 0.5%( 3212 + 3450 )= 33.31
(90-100yr) Twout= 3863 C wa = 0.5*(Twin+Twout) = 0.5* 39.81 + 3863 )= 39.22
Tpout= 47.06 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 48.94 T+ 4706 )= 48.00
gw= Awxhx{(Twa= 33.22 )- Tain= 3212 }= 23.20 kw
gp= Apxhx{(Tpa= 48.00 ) - Tain= 32.12 }= 1475 kW
TJaout= 32,12 +(qw+qp) 37.95 )(Q'rho*Cp) 15.93 = 3450 C g-rm=  32.95
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Time Step16 Tain = 3141 C Taa = 0.5*(Tain+Taout) = 05" 3141 + 33.57 )= 3249
(100-125yr) Twout= 37.07 C wa = 0.5*(Twin+Twout) = 0.5%( 38.63 + 37.07 )= 37.85
Tpout= 4446 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 47.06 + 4446 )= 4576

qw= Awxhx{(Twa= 3786 ) - Tain= 31.41 }= 21.05 kW

gp= Apxhx{(Tpa= 4576 ) - Tain= 31.41 }= 13.33 kW
Taout= 3141 +(qw+gp) 34.38  )/(Qrho*Cp) 15.93 = 3357 C g-m=_ 29.86
Time Step17 Tain = 3056 C Taa = 0.5*(Tain+Taout) = . 0.5*( 30.56 + 3245 )= 31.51
(125-150yr) Twout= 3542 C wa = 0.5*(Twin+Twout) = ¥ 0.5 37.07 + 3542 ) 36.25
Tpout= 4172 C Tpa = 0.5%(Tpin+Tpout) = ° 0.5*( 44.46 + 4172 ) 43.09

gw= Awxhx{(Twa= 3625 )- Tain= 30.56 } = 18.58 kW

qgp= Apxhx{(Tpa= 43.09 ) - Tain= 30.56 } = 11.64 kW
Taout= 30.56 +(qw+gp) 30.22  )/{(Qrho*Cp) 15.93 = 3245 C g-m=_ 26.24
Time Step18 Tain = 2971 C Taa = 0.5*(Tain+Taout) = 0.5 28.71 + N34 )= 30.52
(150-200yr) Twout= 3378 C wa = 0.5"(Twin+Twout) = 0.5%( 3542 + 33.78 )= 34.60
Tpout= 39.08 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 41.72 + 30.08 )= 40.40

= Awxhx{({Twa= 3460 ) - Tain= 29.71 } = 15.97 kW

gp= Apxhx{(Tpa= 4040 ) - Tain= 29.71 }= 9.92 kW
Taout= 2971  +(gw+gp} 2583 )(Q*rho*Cp) 15.93 = 3134 C g-rm=__ 2248
Time Step19 Tain = 29.03 C Taa = 0.5*(Tain+Taout) = . 0.5*( 29.03 + 3042 )= 29.73

(200-250yr) Twout= 3264 C wa = 0.5*(Twin+Twout) = 0.5%( 33.78 + 3264 )= 33.21
Tpout= 3732 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 39.08 + 3732 )= 38.20
gw= Awxhx{(Twa= 33.21 ) - Tain= 29.03 } = 13.65 kw '

gp= Apxhx{(Tpa= 3820 )- Tain= 29.03 } = 852 kw
Taout=  29.03 +(gw+gp) 22.17 {Q*rho*Cp) 15.93 = 3042 C g-m=__ 19.25
Time Step20 Tain = 2858 C Taa = 0.5%(Tain+Taout) = 0.57( 28.58 + 20980 )= 29.19
(250-300yr) Twout= 3185 C wa = 0.5*(Twin+Twout) = 0.5*( 32.64 + 3185 )= 32.25
Tpout= 3611 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 37.32 + 311 )= 36.72

qw= Awxhx{(Twa= 3225 ) - Tain= 28.58 }= 11.98 kW

qp= Apxhx{(Tpa= 36.72 ) - Tain= 28.58 }= 756 kW
Taout=_ 28.58 +(gw+gp) 19.54 {(Q’rho*Cp) 15.93 = 2980 C g-m=  16.96
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DRIFT SEGMENT #5  (400-500m) Air Quantity, Q = 15 m*3/s 60 MTU/acre
Drift Wall Temperature Results from ANSIS Modeling Drift Wall and Air Temperatures, C
Time Drift Wall Temperatures, C Time Afte | Ave. Drift| Air Temp
Invert | Springline ] Crown Empim't, YWall Tem | at 500 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.93 28.43 27.90 0.00 28.09 29.07
1.00 63.23 66.36 63.22 Tk . 1.00 64.27 49.05
5.00 70.61 73.31 70.58 : N 5.00 71.50 58.03
10.00 69.43 71.87 69.40 T 10.00 70.24 58.53
15.00 66.28 68.51 66.25 15.00 67.01 56.43
20.00 63.24 65.30 63.20 20.00 63.91 54.08
26.00 60.14 62.03 60.11 26.00 60.76 51.81
30.00 57.94 §9.73 57.90 30.00 58.52 49.89
40.00 54.48 §6.03 54.44 40.00 54.98 47.77
50.00 51.05 §2.42 51.02 50.00 51.50 45.15
60.00 48.07 49.28 48.05 60.00 4847 42.81
70.00 45.64 46.72 45.61 70.00 45.99 40.85
80.00 43.66 4464 43.64 80.00 43.98 39.26
90.00 42.04 4293 42.02 90.00 42.33 37.96
100.00 | 40.68 41.50 40.67 100.00 | 40.95 36.88
125.00 | 38.95 39.66 38.93 125.00 | 39.18 35.73
150.00 | 37.08 37.68 37.07 150.00 | 37.28 34.37
200.00 | 35.23 35.72 35.21 200.00 | 35.39 32.99
250.00 | 33.88 34.31 33.86 250,00 { 34.02 31.84
300.00 | 32.95 33.34 32.93 300.00 | 33.07 31.05
Alr Temperature and Heat Removal Calculations
Tin= 25.00 C DS= 81.00 m WP Dia. = 1.56 Ap= 4.91 m*2
DriftL = 600.00 m PG.= 0.10 m Drift Dia. = 5.50 Aw = 17.28 m*2
Deltal = 100.00 m TL. = 60.00 MTU/ac Air Dens. = 1.06 kg/m*3
Cv. Coeff. h= 1.89 Wim*2K LL. = 1.55 kW/m AirCp= 1.01 kkg K
Time Step1  Tain = 2500 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 29.07 )= 27.03
(0-1ed4yr)  Twout= 28.09 C Twa = 0.5*(Twin+Twout)  0.5%( 25.00 + 28.09 )= 26.54
Tpout = 108.79 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 70.00 + 108.79 )= 89.39
qw = Awxhx{(Twa= 26.54 ) - Tain= 2500} = 5.04 kW
qp = Apxhx{(Tpa= 89.39 ) - Tain= 2500 } = 59.80 kW
Taout = 25.00 + (qw+qp) 64.84 )/(Q*rho*Cp) 16.93 = 28.07 C q-rm = 56.31
Time Step 2 Tain = 4579 C Taa = 0.5*(Tain+Taout) 0.5%( 4579 + 49.05 )= 47.42
(le4-1yr)  Twout= 64.27 C Twa = 0.5*(Twin+Twout)  0.5%( 28.09 + 64.27 )= 46.18
Tpout = 9188 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 108.79 + 91.88 )= 100.34
qw= Awxhx{(Twa= 46.18 ) - Tain= 4579} = 1.27 kW
aqp= Apxhx{(Tpa= 100.34 ) - Tain= 4579 } = 50.65 kw
Taout = 45.78 + (qw+gp) 51.93 )/(Q*rho*Cp) 1593 = 49.05 C g-rm = 45.09
Time Step3 Tain = 5247 C Taa = 0.5%(Tain+Taout) = 0.5% 5247 + 58.03 )= 55.25
(1-5yr) Twout = 7150 C Twa = 0.5*(Twin+Twout)  0.5%( 64.27 + 71.50 )= 67.89
Tpout = 9543 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 91.88 + 95.43 )= 93.66
qw = Awxhx{(Twa= 67.88 ) - Tain= 5247 } = 50.34 kW
aqp= Apxhx{(Tpa= 9366 ) - Tain= 5247 } = 38.25 kW -
Taout = 52.47 + (qw+qp) 88.58 )/(Q*rho*Cp) 1593 = 58.03 C g-rm = .%76.92
Time Step4 Tain = 5230 C Taa = 0.5*(Tain+Taout) 0.5%( 52.30 + 5853 )= 55.41
(5-10 yr) Twout = 7024 C Twa = 0.5*(Twin+Twout)  0.5%( 71.50 + 70.24 )= 70.87
Tpout = 9209 C . Tpa = 0.5*(Tpin+Tpout) = 0.5%( - 9543 + 92.09 )= 93.76
qw = Awxhx{(Twa= 70.87 ) -  Tain= 5230 } = 60.62 kW
qp= Apxhx{(Tpa= 93.76 ) - Tain= 5230} = 38.50 kW
Taout = 52.30 + (qw+qp) 99.12 )/(Q*rho*Cp) 1593 = 58.53 C q-rm = 86.07
Time Step 5 Tain = 5041 C Taa = 0.5*(Tain+Taout) = 0.5%( 5041 + 56.43 )= 53.42
(10-15 yr) Twout = 67.01 C Twa = 0.5*(Twin+Twout) 0.5%( 70.24 + 67.01 )= 68.62
Tpout = 87.26 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 92.09 + 87.26 )= 89.68
qw= Awxhx{(Twa= 68.62 ) - Tain= 5041} = 59.47 kW
qQp= Apxhx{(Tpa= 8968 ) - Tain= 5041 ) = 36.46 kW
Taout = 50.41 + (qw+qp) 95.93 )/(Q*rho*Cp) 15.93 = 56.43 C q-m = 83.30
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Time Step6 Tain = 4845 C Taa = 0.5%(Tain+Taout) 0.5%( 4845 + - 5408 )= 51.27
(15-20 yr) Twout = 6391 C Twa = 0.5*(Twin+Twout)  0.5%( 6§7.01 + 63.91 )= 65.46
Tpout = 8292 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 87.26 + 8292 )= 85.09
qw = Awxhx{(Twa= 6546 ) - Tain= 4845 } = 55.54 kW
qp = Apxhx{(Tpa= 85.09 ) - Tain= 4845} = 34.02 kW
Taout = 48.45 + (qw+qp) 89.56 )/(Q*rho*Cp) 1593 = 54.08 C q-rm = 77.77
Time Step7 Tain = 46.60 C Taa = 0.5*(Tain+Taout} = 0.5%( . 46.60 + 51.81 )= 49.20
(20-26 yr) Twout = 60.76 C Twa = 0.5"(T win+Twout) 0.5% 63.91 + 60.76 ) = 62.34
Tpout= 7834 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 8292 + 78.34 )= 80.63
qw = Awx hx{(Twa= 62.34 ) - Tain= 46.60 } = 51.40 kW
qp= Apxhx{{Tpa= 80.63 ) - Tain= 4660 } = 31.60 kW
Taout = 46.60 + (qw+qp) 83.00 )/(Q*rho*Cp) 1593 = 51.81 C g-m= 72.07
Time Step 8 Tain = 4504 C Taa = 0.5*(Tain+Taout) 0.5%( 45.04 + 4989 )= 47.46
(26-30 yr) Twout = 68.52 C Twa = 0.5*(Twin+Twout)  0.5%( 60.76 + 58.52 )= 59.64
Tpout = 7532 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 78.34 + 7632 )= 76.83
qw = Awxhx{(Twa= 5964 ) - Tain= 4504 } = 47.68 kW
qp= Apxhx{(Tpa= 76.83 ) - Tain= 45.04 } = 29.52 kW
Taout = 45.04 + (qw+ap) 77.20 )/(Q*rho*Cp} 1593 = 49.89 C q-rm = 67.04
Time Step 8 Tain = 43.30 C Taa = 0.5*(Tain+Taout) = 0.5*( 43.30 + 4777 )= 45.53
(30-40 yr) Twout = 54,98 C Twa = 0.5*(Twin+Twout)  0.5%( 5852 + 5498 )= 56.76
Tpout = 69.85 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 7532 + 69.85 )= 72,58
qw= Awxhx{(Twa= 5875 ) - Tain= 4330} = 43.93 kw ’
qp = Apxhx{(Tpa= 7258 ) - Tain= 4330} = 27.19 kW
Taout = 43.30 + (qw+gp) 71.12 Y{Q*rho*Cp) 1593 = 4777 C q-rm = 61.76
Time Step 10 Tain = 4115 C Taa = 0.5*(Tain+Taout) = 0.5%( 41.15 + 45.15 )= 43.15
(40-50 yr) Twout = 51.50 C Twa = 0.5*(Twin+Twout) 0.5%( 54,98 + 5150 )= 53.24
Tpout = 64.76 C Tpa= 0.5*(Tpin+Tpout) = 0.5%( 69.85 + 64.76 ) = 67.30
qw = Awxhx{(Twa= §3.24 ) - Tain= 4116} = 39.50 kW
qQp = Apxhx{(Tpa= 67.30 ) -  Tain= 4115} = 24.29 kW
Taout = 41.15 + {qw+qp) 63.80 )/(Q*rho*Cp) 1593 = 45.15 C g-rm = 55.40
Time Step 11 Tain = 38.25 C Taa = 0.5*(Tain+Taout) = 0.5%( 39.25 +, 4281 )= 41.03
{50-60 yr) Twout = 4847 C Twa = 0.5*(Twin+Twout) 0.5%( 51.50 + 4847 )= 49.98
- Tpout= 60.34 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 64.76 + 60.34 )= 62.55
qw = Awxhx{(Twa= "4998 ) - Tain= 3925} = 35.06 kW
qp = Apxhx{{Tpa= 6255 ) - Tain= 39.25} = 21.64 kW
Taout = 39.25 + (qw+ap) 56.69 )}/(Q*rho*Cp) 15.93 = 4281 C q-m = 49,23
Time Step 12 Tain = 3767 C Taa = 0.5"(Tain+Taout) = 0.5%( 37.67 + 40.85 )= 39.26
(60-70 yr) Twout = 4599 C Twa = 0.5*(Twin+Twout) 0.5%( 48.47 + 4599 )= 47.23
Tpout = 56.73 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 60.34 + 56.73 )= 58.53
qw = Awxhx{(Twa= 47.23 ) - Tain= 3767} = 31.20 kW
qp= Apxhx{(Tpa= 58.53 ) - Tain= 3767 } = 19.37 kW
Taout = 37.67 + {qw+ap) 50.57 )(Q*rho*Cp) 1593 = 40.85 C q-rm = "43.91
Time Step 13 Tain = 36.40 C Taa = 0.5*(Tain+Taout) = 0.5%( 36.40 + 39.26 )= 37.83
(70-80 yr) Twout = 43.98 C Twa = 0.5*(Twin+Twout) 0.5%( 45.99 + 43.98 )= 44.98
Tpout = 5377 C Tpa = 0.5"(Tpin+Tpouty = 0.5%( 56.73 + §3.77 )= 5}25
qw= Awxhx{{Twa= 4498 ) - Tain= 36.40 } = 28.02 kW V2
gp= Apxhx{(Tpa= 6525 ) - Tain= 36.40 )} = 17.50 kW
Taout = 36.40 + (qw+qp) 45,53 (Q"rho*Cp) 16.93 = 39.26 C q-rm = 39.53
Time Step 14 Tain = 3536 C Taa = 0.5*(Tain+Taout} = 0.5%( 36.36 + 37.96 )= 36.66
(80-90 yr) Twout = 4233 C Twa = 0.5*(Twin+Twout) 0.5%( - 4398 + 4233 )= 43.15
Tpout = 51.32 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 53.77 + 51.32 )= §2.55
qw = Awxhx{(Twa= 43.15 ) -  Tain= 3536 } = 25.44 KW
qp= Apxhx{(Tpa= 5255 ) - Tain= 3536 } = 16.96 kw
Taout = 35.36 + (qw+qp) 41.40 )/(Q*rho*Cp) 156.83 = 37.96 C q-rm = 35.95
Time Step 15 Tain = 3450 C Taa = 0.5"(Tain+Taout) = 0.5%( 34.50 + 36.88 )= 35.69
(90-100yr) Twout= 4095 C Twa = 0.5*(Twin+Twout) 0.5*( 42.33 + 40.95 )= 41.64
Tpout = 49.27 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 51.32 + 4927 )= 50.29
qw = Awxhx{(Twa= 4164 ) - Tain= 3450} = 23.31 kW
gp= Apxhx{(Tpa= 50.29 ) - Tain= 3450} = 14.66 kW
Taout= 34.50 + (qw+gp) 37.97 Y(Q*rho*Cp) 1693 = 36.88 C q-rm = 32.97
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Time Step 16 Tain = 3357 C Taa = 0.6*(Tain+Taout) = 0.5%( 33.57 + 3573 )= 34.65
{100-125yr) Twout = 38.18 C Twa = 0.5"(Twin+Twout) 0.5%( 40.95 + 39.18 )= 40.06
Tpout = 46.48 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 49.27 + 4648 )= 47.87
qw = Awxhx{(Twa= 40.06 ) - Tain= 3357} = 21.22 kW
ap= Apxhx{(Tpa= 4787 ) - Tain= 3357 } = 13.29 kW )
Taout = 33.57 + (qw+ap) 34.51 )/(Q*rho*Cp) 1593 = 3573 C q-m = 29.97
Time Step16 Tain = 3357 C Taa = 0.5*(TaintTaout) = . 0.5% 3357 + 3573 )= 34.65
(100-125yr) Twout= 39.18 C wa = 0.5*(Twin+Twout) = Y054 40.95 + 39.18 )= 40.06
Tpout= 4648 C Tpa = 0.5*(Tpin+Tpout) = ~ 0.5 49.27 + 4648 )= 47.87
qw= Awxhx{(Twa= 40.06 ) - Tain= 33.57 } = 21.22 kW
qgp= Apxhx{(Tpa= 4787 ) - Tain= 33.57 } = 13.29 kw
Taout= 33.57 +(gqw+gp) 34.51 ){(Q*rho*Cp) 15.93 = 3573 C grm=_ 29.97
Time Step17 Tain = 3245 C Taa = 0.5*(Tain+Taout) = 0.5*( 3245 + 34.37 )= 33.41
(125-150yr) Twout= 3728 C wa = 0.5*(Twin+Twout) = 0.5*( 39.18 + 3728 )= 38.23
Tpout= 4350 C Tpa = 0.5*(Tpin+Tpout) = 0.5°( 46.48 + 4350 )= 4499
gw= Awxhx{(Twa= 3823 ) - Tain= 32.45 }= 1885 kW
gp= Apxhx{(Tpa= 4489 ) - Tain= 32.45 }= 11.64 kW
Taout= 3245  +(qw+gp) 30.50 )/(Q*rho*Cp) 15.93 = 3437 C g-rm=_ 26.48
Time Step18 Tain = 3134 C Taa = 0.5*(Tain+Taout) = 0.5 31.34 + 3299 )= 32.16
(150-200yr) Twout= 3539 C wa = 0.5*(Twin+Twout) = 0.5 37.28 + 3539 )= 36.33°
Tpout= 4063 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 43.50 + 4063 )= 42,07
qw= Awxhx{(Twa= 3633 )- Tain= 31.34 } = 16.31 kW '
qgp= Apxhx{(Tpa= 4207 ) - Tain= 31.34 } = 996 kW
Taout= 31.34 +(qw+gp) 26.28 ){Q°rho*Cp) 15.93 = 3298 C g-m=  22.82
Time Step19 Tain = 3042 C Taa = 0.5%(Tain+Taout) = 0.5°( 3042 + 3184 )= 31.13
(200-250yr) Twout= 3402 C wa = 0.5*(Twin+Twout) = 0.5%( 35.39 + - 3402 )= 34.70
Tpout= 3866 C Tpa = 0.5%(Tpin+Tpout) = 0.5*( 4063 + 3866 )= 39.65
gw= Awxhx{(Twa= 3470 ) - Tain= 30.42 }= 1398 kw
qp= Apxhx{(Tpa= 3865 )- Tain= 30.42 }= 857 Kw
Taout= 3042 +(qw+gp) 22.55 )(Q*rho*Cp) 15.93 = 3184 C g-rm=__ 19.58
Time Step20 Tain = 29.80 C Taa = 0.5*(Tain+Taout) = 0.5%( 29.80 + 31.05 )= 30.43
(250-300yr) Twout= 33.07 C wa = 0.5*(Twin+Twout) = 0.5%( 34.02 + 33.07 )= 33.54
Tpout= 3729 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 38.66 + 37.29 )= 37.98
gw= Awxhx{(Twa= 3354 ) - Tain= 29.80 } = 1221 kW
qp= Apxhx{(Tpa= 3798 ) - Tain= 29.80 } = 758 kW
Taout= 29.80 +(qw+gp) 19.80  )/{Q*rho*Cp) 15.93 = 31.05 C g-rm=_ 17.19
f’
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DRIFT SEGMENT #6 60 MTU/acre

{500-600m) Air Quantity, Q = 15 m*3/s

Drift WaliTemperature Results from ANSYS Modeling Drift Wall and Air Temperatures, C

Time Drift Wall Temperature, C Time Afte | Ave.Drift | Air Temp
Invert |} Springline | Crown Empim't, YWall Tem | at 600 m
0.00 25.00 25,00 25.00 0.00 25.00 25,00
0.00 27.93 28.43 27.90 0.00 28.09 29.07
1.00 65.77 68.88 65.76 S s 1.00 66.80 51.77
5.00 75.48 78.13 75.46 - N 5.00 76.36 63.08
10.00 75.06 77.45 75.02 - 10.00 75.84 64.45
15.00 71.80 73.98 71.76 15.00 72.51 62.30
20.00 68.44 70.47 68.40 20.00 69.11 59.59
26.00 64.99 66.85 64.96 26.00 65.60 56.94
30.00 62.48 64.24 62.44 30.00 63.06 54.67
40.00 58.67 60.21 58.64 40.00 59.18 5218
50.00 54.84 56.19 54.81 §0.00 55.28 49.13
60.00 51.47 52.66 §1.44 §0.00 51.86 46.36
70.00 48,69 49.76 48.66 70.00 49.04 44.02
80.00 46.42 47.39 46.40 80.00 46.74 4212
90.00 44.56 4544 44.54 90.00 44.84 40.56
100.00 | 43.00 43.81 42.98 100.00 | 43.26 39.27
125.00 [ 41.05 41.76 41.04 125.00 | 41.28 37.80
150.00 | 38.97 39.56 38.95 150.00 | 39.16 36.30
200.00 | 36.85 37.35 36.84 200.00 | 37.01 34.66
250.00 | 35.29 3572 35.27 250.00 | 35.42 33.28
300.00 | 34.19 34.58 34.17 300.00 | 34.31 32.31
Air Temperature and Heat Removal Calculations
Tin = 2500 C D.S= 81.00 m WP Dia. = 1.56 Ap= 4.91 m*2
DriftL= 600.00 m PG. = 0.10 m Drift Dia. = 5.50 Aw = 17.28 m*2
Deltal = 100.00 m TL = 60.00 MTU/ac Air Dens. = 1.06 kg/m*3
Cv. Coeff. h= 1.89 Wm*2K LL = 1.556 kW/m AirCp= 1.01 kJ/kg K
Time Step1 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 29.07 )= 27.03
(0-1e-4yr)  Twout= 28.09 C Twa = 0.5*(Twin+Twouty 0.5%( 25.00 + 28.08 )= 26.54
Tpout = 10879 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 70.00 + 108.79 ) = 89.39
qw = Awxhx{(Twa= 26.54 ) - Tain= 2500} = 5.04 kW
qp= Apxhx{(Tpa= 89.39 ) -  Tain= 2500} = 59.80 kW
Taout = 25.00 + (qw+gp) 64.84 )/(Q*rho*Cp) 1693 = 29.07 C g-m = 56.31
Time Step2 Tain = 4905 C Taa = 0.5*(Tain+Taout) 0.5%( 49.05 + 51.77 )= 50.41
(le4-1yr) Twout= 66.80 C Twa = 0.5*(Twin+Twout)  0.5%( 28.09 + 66.80 )= 47.44
Tpout = 9412 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 108.79 + 94.12 )= 101.46
qw = Awxhx{(Twa= 4744 ) - Tain= 49.05 } = -5.24 kW
qp = Apxhx{(Tpa= 10146 ) - Tain= 4905 } = 48.67 kW
Taout = 49.05 + (qw+qap) 43.42 )/{Q*rho*Cp) 1593 = 5177 C g-rm = 37.71
Time Step3 Tain = 58.03 C Taa = 0.5*(Tain+Taout) = 0.5%( 58.03 + 63.08 ) = " 60.55
(1-5yr) Twout = 76.36 C Twa = 0.5"(Twin+Twout)  0.5*%( 66.80 + 76.36 )= 71.58
Tpout = 9973 C Tpa =0.5"(Tpin+Tpout) = 0.5%( 94.12 + 99.73 )= 96.93
qw = Awxhx{(Twa= 71.58 ) - Tain= 58.03 } = 44,24 kW
qp= Apxhx{(Tpa= 96.93 ) - Tain= 58.03 } = 36.12 kW
Taout = 58.03 + (qw+qp) 80.36 )/(Q*rho*Cp) 1593 = 63.08 C g-rm = ,59.78
Time Step4 Tain = 58.53 C Taa = 0.5*(Tain+Taout) 0.5%( 58.53 + 64.45 )= 61.49
(5-10 yr) Twout = 75.84 C Twa = 0.5*(Twin+Twout) 0.5%( 76.36 + 75.84 )= 76.10
Tpout = 97.08 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 99.73 + 97.08 )= 98.41
qw = Awxhx{({Twa= 76.10 ) -  Tain= 58.53 } = 57.39 kW
qp= Apxhx{(Tpa= 98.41 ) - Tain= 58.53 } = 37.04 kW
Taout = 58.53 + (qw+gp) 94.43 )(Q*rho*Cp) 1593 = 64.45 C g-m = 82.00
Time Step 5 Tain = 56.43 C Taa = 0.5*(Tain+Taouty = 0.5%( 56.43 + 62.30 ) = 59,37
(10-15 yr) Twout = 7251 C Twa = 0.5*(Twin+Twout) 0.5%( 75.84 + 7251 )= 74.18
Tpout = 9220 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 97.09 + 92.20 )= 94.64
qw = Awxhx{(Twa= 7418 ) -  Tain= 5643 } = 57.85 kW
qp = Apxhx{(Tpa= 9464 ) - Tain= 5643 } = 35.48 kw
Taout = 56.43 + (qw+qp) 93.43 )/(Q*rho*Cp) 1593 = 62.30 C Q-rm = 81.13
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Time Step 6 Tain = Taa = 0.5*(Tain+Taout) 0.5%( 54,08 + 59.59 )= 56.84
(15-20yr)  Twout= Twa = 0.5"(Twin+Twout)  0.5%( 7251 + 69.11 )= 70.81

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 92.20 + 87.60 )= 89.90

qw= Awxhx{(Twa= 70.81) - Tain= 54.08 } = 54.65 kW

qp = Apxhx{{Tpa= 89.90 ) - Tain= 5408 } = 33.27 kW

Taout = 54.08 + (qw+qp) 87.92 ){(Q*rho*Cp) 1593 = 59.59 C g-rm = 76.34
Time Step7 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( . 51.81 + 56.94 )= 54.37
(20-26 yr) Twout = Twa = 0.5*(Twin+Twout) 0.5*( 69.11 + 6560 )= 67.35

Tpout = Tpa = 0.5*(Tpin+Tpout) =. 0.5%( 87.60 + 8273 )= 85.17

qw= Awxhx{(Twa= 67.35) -  Tain= 51.81 } = 50.77 kW

qp= Apxhx{(Tpa= 8517 ) - Tain= 5181 ) = 30.98 kW

Taout = 51.81 + (qw+qp) 81.74 )/(Q*rho*Cp) 1593 = 56.94 C g-rm = 70.98
Time Step 8 Tain = Taa = 0.5*(Tain+Taout) 0.5% 49.89 + 5467 )= 52.28
(26-30 yr) Twout = Twa = 0.5*(Twin+Twout)  0.5%( 65.60 + 63.06 )= 64.33

Tpout = Tpa = 0.5*(Tpin+Tpout) =  0.5%( 8273 + 79.45 )= 81.09

qw= Awxhx{(Twa= 6433 ) - Tain= 4989 } = 47.16 kW

gp= Apxhx{(Tpa= 81.09 ) - Tain= 4989 } = 28.98 kW

Taout = 49.89 + (qw+qp) 76.14 )I(Q*rho*Cp) 1693 = 54.67 C gm= 66.11
Time Step9 Tain = Taa = 0.5*Tain+Taout) = 0.5%( 4777 + 52.18 )= 49.97
(30-40yr)  Twout= Twa = 0.5*(Twin+Twout)  0.5%( 63.06 + 59.18 ) = 61.12

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 79.45 + 7371 )= 76.58

qw= Awxhx{(Twa= 61.12) - Tain= 4777 ) = 43.60 kW :

qp= Apxhx{(Tpa= 76.58 ) -  Tain= 4777 } = 26.76 kW )

Taout = 47.77 + (qw+ap) 70.35 )/(Q*rho*Cp) 1593 = 52.18 C g-m = 61.09
Time Step 10 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 45,15 + 49.13 )= 47.14
(40-50 yr) Twout = Twa = 0.5*(Twin+Twout)  0.5%( 59.18 + 55.28 )= §7.23

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 7371 + 68.27 )= 70.98

qw= Awxhx{(Twa= 5723 ) - Tain= 4515 } = 39.45 kW

gp= Apxhx{(Tpa= 7099 ) - Tain= 45156 ) = 24.00 kW

Taout = 45.15 + (qw+ap) 63.44 Y(Q"rho*Cp) 1593 = 49.13 C g-rm = 55.09
Time Step 11 Tain = 4281 C Taa = 0.5*(Tain+Taout) = 0.5%( 4281 + 46.36 ) = 44.58
(50-60 yr) Twout = 51.86 C Twa = 0.5*(Twin+Twout) 0.5%( 55.28 + 51.86 )= 63.57

Tpout = 63.51 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 68.27 + 63.51 )= 65.89

qw = Awxhx{(Twa= 53.57 ) - Tain= 4281} = 35.15 kW

qQp= Apxhx{(Tpa= 65.89 ) -  Tain= 4281 } = 21.44 kW

Taout = 42,81 + (qw+qp) 56.58 Y(Q*rho*Cp) 1593 = 46.36 C g-rm = 49.13
Time Step 12 Tain = 40.85 C Taa = 0.5*(Tain+Taout) = 0.5%( 40.85 + 4402 )= 42.44
{60-70 yr) Twout = Twa = 0.5*(Twin+Twout) 0.5%( 51.86 + 49.04 ) = 50.45

Toout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 63.51 + 59.60 ) = 61.55

qw= Awxhx{(Twa= 5045 ) -  Tain= 4085 } = 31.34 kW

gp= Apxhx{(Tpa= 61.55) - Tain= 4085 } = 19.23 kW

Taout = 40.85 + (qw+qp) 50.57 Y(Q*rho*Cp) 16.93 = 4402 C q-m = "43.91
Time Step 13 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 39.26 + 4212 )= 40.69
(70-80 yr) Twout = Twa = 0.5*(Twin+Twout) 0.5%( 48.04 + 46.74 ) = 47.89

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 59.60 + 56.38 ) = 57.99

qw = Awxhx{(Twa= 4789 ) - Tain= 39.26 } = 28.17 kW &

qp = Apxhx{(Tpa= §7.99 ) - Tain= 30.26 } = 17.39 kW

Taout = 39.26 + (qw+ap) 45.56 )/(Q*rho*Cp) 1693 = 4212 C g-rm = 39.56
Time Step 14 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 37.96 + 40.56 )= 39.26
(80-90 yr) Twout = Twa = 0.5*(Twin+Twout) 0.5%( 46.74 + 4484 )= 45.79

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 56.38 + 53.71 )= 55.04

qw= Awx hx{{Twa= 4579 ) - Tain= 3796 } = 25.57 kW

qp = Apxhx{(Tpa= 5504 ) - Tain= 3796 } = 15.86 kW

Taout = 37.96 + (qw+qp) 41.43 )/(Q*rho*Cp) 16.93 = 40.56 C Q-rm = 35.98
Time Step 15 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 36.88 + 39.27 )= 38.08
(90-100yr) Twout= Twa = 0.5*(Twin+Twout) 0.5%( 4484 + 4326 )= 44.05

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( §3.71 + §1.47 )= 52.59

qw= Awxhx{(Twa= 4405 ) - Tain= 36.88 } = 23.42 kW

qp = Apxhx{(Tpa= §259 ) - Tain= 36.88 } = 14.58 kW

Taout = 36.88 + (qw+qp) 38.00 )/(Q*rho*Cp) 1693 = 39.27 C g-rm = 33.00
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Time Step 16 Tain = 3873 C Taa = 0.5*(Tain+Taout) = 0.5%( 35.73 + 37.90 )= 36.82
(100-125yr) Twout = 4128 C Twa = 0.5*(Twin+Twout) 0.5%( 43.26 + 4128 )= 42.27
Tpout = 48.50 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 51.47 + 48.50 )= 49.98
qw = Awxhx{(Twa= 4227 ) - Tain= 3573} = 21.37 kW
qp = Apxhx{{Tpa= 4998 ) - Tain= 3573} = 13.24 kW
Taout = 35.73 + (qw+qp) 34.60 )(Q*rho*Cp) 1593 = 37.90 C q-rm = 30.05
Time Step16 Tain = 3573 C Taa = 0.5*(Tain+Faout) = . 0.5*( 35.73 + 3790 )= 36.82
(100-125yr) Twout= 4128 C wa = 0.5*(Twin+Twout) = T 0.5% 43.26 + 4128 )= 4227
Tpout= 4850 C Tpa = 0.5*(Tpin+Tpout) = ~ 0.5* 51.47 + 4850 )= 49.98
qw= Awxhx{(Twa= 4227 ) - Tain= 35.73 } = 21.37 kW
qp= Apxhx{(Tpa= 4998 ) - Tain= 35.73 }= 13.24 kW
Taout= 3573  +(qw+qgp) 34.60  )/(Q*rho*Cp) 15.93 = 3790 C g-m=__ 30.056
Time Step 17 Tain = 3437 C Taa = 0.5*(Tain+Taout) = 0.5%( 34.37 + 36.30 )= 35.33
{125-150yr) Twout= 3916 C wa = 0.5*(Twin+Twout) = 0.5%( 41.28 + 39.16 )= 40.22
Tpout= 4531 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 48.50 + 4531 )= 46.91
qgw= Awxhx{(Twa= 4022 ) - Tain= 34.37 }= 19.11 kW
qp= Apxhx{(Tpa= 4681 )- Tain= 3437 } = 11.64 KW
Taout= 3437 +(qw+gp) 30.75 W(Q*rho*Cp) 15.93 = 36.30 C g-rm=__ 26.70
Time Step18 Tain = 3293 C Taa = 0.5*(Tain+Taout) = 0.5"( 3299 + 3466 )= 33.82
(150-200yr) Twout= 37.01 C wa = 0.5*(Twin+Twout) = 0.5*( 39.16 + 3701 )= 38.09 -
Tpout= 4221 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 45.31 + 4221 )= 43.76
= Awxhx{(Twa= 38.09 )- Tain= 32.99 } = 16.65 kw ’
qp= Apxhx{(Tpa= 43.76 )} - Tain= 32.99 }= 10.00 kW
Taout=_ 32.99 - +(qw+gp) 26.65 )/(Q*rho*Cp) 15.93 = 3466 C g-rm=_ 23.14
Time Step19 Tain = 3184 C Taa = 0.5*(Tain+Taout) = 0.5% 31.84 + 33.28 )= 32.56
(200-250yr) Twout= 3542 C wa = 0.5*(Twin+Twout) = 0.5% 37.01 + 3542 )= 36.22
Tpout= 40.03 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 42.21 + 4003 )= 41.12
gw= Awxhx{(Twa= 36.22 )- Tain= 31.84 }= 1431 kW
gp= Apxhx{{Tpa= 4112 ) - Tain= = 31.84 } = 8.62 kW
Taout= . 31.84 +(qw+qp) 22.93 )(Q*rho*Cp) 15.93 = 3328 C g-m=_ 19.91
Time Step20 Tain = 3105 C Taa = 0.5"(Tain+Taout) = 0.5% 31.05 + 3231 )= 31.68
(250-300yr) Twout= 3431 C wa = 0.5*(Twin+Twout) = 0.5%( 3542 + 3431 )= 34.87
Tpout= 3850 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 40.03 + 3850 )= 39.27
gw= Awxhx{(Twa= 3487 ) - Tain= 31.05 } = 1248 kW
qgp= Apxhx{(Tpa= 3927 )- Tain= 31.05 } = 763 kW
Taout= 31.05 +(qw+ap) 20.11  {Q*rho*Cp) 15.93 = 3231 C g-m=_ 17.46
&
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/BATCH, LIST

!
LHARHRRR B RR BB R R S R R S B R R R B RS BB U R B E B SR R
t#

14 ANSYS INPUT

1#

£ Filename: amr

13

14 Input File: amr.dat B

14 th data.input N

14 -

t# Output File: amr.out

1

14 Description: 2D ANSYS Model for Analysis and Modeling Report for
14 SR/LA (amr)

4 Emplacement mode: Center-in-drift
t# Drift diameter: 5.5 meters

1 Drift spacing: 81 meters

1# ’ WP diameter: 1.564 meters

14 Units modeled: All

1%

14 Code Version: ANSYS Revision 5.2

1#

14

LHERRERRR AR BRI R R B R R R R S RSB B DU BB R A RSB R U B AR BB EHRER
1

/COM, ANSYS MEDIA REV. 5.2

!

/FILNAM, amr ! Jobname to use for all subsequent files
/TITLE, 2D Model (DS:81m;DD:5.5m)

/UNITS, SI

/SHOW

!

/NOPR

*ABB, SAVE_DB , SAVE

*ABB, RESUM DB, RESUME

*ABB, QUIT ,Fnc_/EXIT
*ABB, SHFR , /SHOW,FILE,,,8
*ABB, SHFV ,/SHOW,FILE,,1
*ABB, X11C , /SHOW,X11C,,,8
*ABB, X11 . /SHOW,X11,,1
*ABB,REPLOT , /REPLOT

*ABB, K1 , /PNUM,KP, 1
*ABB, KO . /BPNUM,KP, 0

*ABB, POWRGRPH, Fnc_/GRAPHICS
*ABB, ANSYSWEB, Fnc_HomePage
/GO

!

/FDELE, EMAT, DELE

/FDELE, ESAV, DELE

/FDELE, EROT, DELE

/FDELE, DSUB, DELE

/FDELE, TRI1,DELE

/FDELE, OSAV, DELE

/FDELE, PAGE, DELE

4-node, 2-D thermal solid élemenc

.1, PLANESS H
ET, 2,LINK32 ! 2-D conduction bar
R,1,1.0
ET, 3,MATRIX50 1 Superelement for radiation

Superelement behavior: radiation substructure

/INPUT, th_data,input,,1,0 ! Read material properties
!

t Parameters for model generation
1

ORIG=0.0

X1=5.5

X2=40.5

Y1=5.5

R1=2.75

RW=0.782

!

RECTNG, ORIG, X1, ORIG, Y1,

PCIRC,R1, ,0,90,

ASBA,1,2
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MAT, 4,

ESYS, 0,

ESI2E,10.0,0,

AMESH, 68,92, 24

!

TYPE, 1, ! Mesh Tpcpvl unit
MAT, 3,

ESYS, 0, .
ESIZE,10.0,0, =
AMESH, 69, 93, 24 -

1 .
TYPE, 1, ! Mesh Tpcpv2 unit
MAT, 2,

ESYS, 0,

ESIZE,10.0,0,

AMESH, 70, 94, 24

1

TYPE, 1, ! Mesh Tpcpv3 unit
MAT, 1,

ESYS, 0,

ESIZE,10.0,0,

AMESH, 71,95,24

!

TYPE, 1, ! Mesh Tptpln unit
MAT,17,

ESYS, 0,

ESIZE,S5.0,0,

AMESH, 72, 96, 24

]

TYPE, 1, ! Mesh Tptpv3 unit
MAT, 18,

ESYS, 0,

ESIZE,S5.0,0,

AMESH, 73,97, 24

1

TYPE, 1, ! Mesh Tptpv2 unit
MAT, 19,
ESYS, 0,
ESIZE,S5.0,0,
AMESH, 74,98, 24
!

TYPE, 1,

MAT, 20,
ESYS, 0,
ESIZE,7.5,0,
AMESH, 75,99, 24
!

TYPE, 1, ! Mesh Tpbtl unit
MAT, 21,

BSYS, 0,

ESIZE,7.5.,0,

AMESH, 76,100, 24

1 .
TYPE,1, ! Mesh the Tac unit
MAT, 22,

ESYS, 0,

ESIZE,10.0,0,

AMESH, 77,101,224

1

Mesh Tptpvl unit

TYPE, 2, ! Define link elements for radiation surface
ESYS, 0,

LSEL, S,LINE,, 11 ! WP

LSEL, A, LINE, ,209

LSEL,A,LINE,, 10 H Drift wall

LSEL, A,LINE, , 308

NSLL,S,1

ESURF,ALL

PLOT

]

[AUX12 ! Generate superelement for thermal
EMIS, 16,0.9, 1 radiation calculation

EM1S,23,0.87,

STEF,1.7878,

GEOM, 1,0,

SPACE, ,

ESEL, S,TYPE, , 2,2

NSLE, S

VTYPE, 0, ,

MPRINT, O

WRITE, amr ! Save radiation matrices
FINISH
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1
/PREP?

TYPE, 3,

REAL, 1,

ESYS, 0,

SE,amr

!

ESEL, S, TYPE, , 2,2 o

EDELE, ALL et :
ALLSEL : )
SAVE

!

FINISH

/EXIT
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MPDATA,KXX,19,1,6.56E7,6.56E7,5.33E7,5.33E7
MPDATA,KXX,ZO,1,6.5637,6.5637,5.33E7,5.33E7
MPDATA, KXX,21,1,4.13E7,4.13E7,2.21E7, 2.21E7
MPDATA, KXX,22,1,3.69E7,3.69E7,1.83E7,1.83E7
!

MPTEMP, 1,15,95,95.1,114,114.1,300 !

Specific Heat (J/kg-K)

MPDATA,C,1,1,857,857,4570,4570,857,857
MPDATA,C,2,1,857,857,4570,4570,857, 857
MPDATA,C,3,1,1037,1037,6048,6048,1037,1037
MPDATA,C,4,1,1077,1077,21976,21976,1077,1077
MPDATA,C,S5,1,849,849,16172,16172,849,849
MPDATA,C,6,1,1016,1016,20669,20669,1016,1016
MPDATA,C,7,1,1330,1330,25560,25560,1330,1330
MPDATA,C,8,1,1224,1224,23878,23878,1224,1224
MPDATA,C,9,1,834,834,5137,5137,834,834

MPDATA,C,10,1,834,834,5137,5137,834,834
MPDATA,C,11,1,834,834,5137,5137,834,834
MPDATA,C,12,1,866,866,5629,5629, 866,866
MPDATA,C,13,1,882,882,5693,5693,882,882
MPDATA,C,14,1,883,883,5694,5694,883,883
MPDATA,C,15,1,948,948,4568,4568, 948, 948
MPDATA,C,16,1,900,900,4663,4663,900, 900
MPDATA,C,17,1,865,865,4523,4523, 865, 865
MPDATA, C,18,1,984,984,1958,1958, 984, 984
MPDATA,C,19,1,984,984,1958,1958, 984, 984
MPDATA,C,20,1,984,984,1958,1958, 984,984
MPDATA,C,21,1,1057,1057,21076,21076,1057,1057
MPDATA,C,22,1,1201,1201,23863,23863,1201,1201
!

! - Emissivity

H

MP,EMIS,16,0.9 ! Tptpll unit

Waste Package Thermal Properties

SRR

MP,DENS, 23, 8690 !

1 Tptpv2 unit
! Tptpvl unit

! Tpbtl unit

! Tac unit (values for Tac(v) unit)

Temperature table for temperature
! dependent gpecific heat (degree C)

Lt Tpcpv3 unit

! Tpcpv2 unit
! Tpcpvl unit
t Tpbt4 unit
1 Tpy unit
Tpbt3 unit
Tpp unit
Tpbt2 unit

Tptrv3 unit
Tptrv2 unit
Tptrvl unit
Tptrn unit
Tptrl unit
Tptpul unit
Tptpmn unit
Tptpll unit
Tptpln unit
Tptpv3 unit
Tptpve unit
Tptpvl unit
Tpbtl unit
Tac unit (values for Tac{v) unit)

. b e b e e e dm b b e tm oy e i G e

Thermal conductivity (J/yr-m-K)

Density (kg/m”*3)
MP,KXX, 23,39.48E7 - !
MP,C, 23,435.25! Specific heat (J/kg-K)

MP, EMIS,23,0.8 ! Emissivity

1] .
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/BATCH, LIST
!

LARRHH R R R R SRR R B R R S U R BB S H BB R R R R RS

14

14

14

t# Filename:
£

£ ] Input File:
14

14

14 Output File:
#

t# Description:
tH#

3

1%

14

t#

£

53

1§ 3

1#

14

t#

14 Code Version:

TRERIABEREARRERRNRE BB SRR S S R R B R R R BB R R R R H R B H R

!
/COM, ANSYS MEDIA REV. 5.2
!

/PILNAM, amr-101
RESUME, amr, db, ,

ANSYS INPUT
amr-101

amr-101.dat i
th_data.input ’ ‘

amr-101.out

2D ANSYS Model for Analysis and Modeling Report for

SR/LA (amr)

Linear heat load: 1.55 kW/m
Emplacement mode: Center-in-drift
Drift diameter: 5.5 meters
Drift spacing: 81 meters

WP diameter: 1.564 meters
WP length: 5.305 meters
Air Flow Rate: 10 m*3/s (10)
Intake Air Temp. : 25 degree C
Segment No: 1 (1)

Units modeled: All

ANSYS Revision 5.2

! Jobname to use for all subsequent files

/TITLE, 2D Model (LL:1.SSkW/m;DS:81m;DD:5.5m;VT:300yr;FR:10m‘/s;SN:1)

/UNITS, ST
/SHOW

1

/NOPR

*ABB, SAVE_DB ., SAVE
*ABB, RESUM_DB, RESUME
*ABB,QUIT  ,Fnc_/EXIT

*ABB, SHFR . /SHOW, FILE,,,8
*ABB, SHFV ,/SHOW,FILE,,1
*ABB, X11C ,/SHOW,X11C,,,8

*ABB,X11 , /SHOW,X11, ,1
*ABB, REPLOT , /REPLOT
*ABB, K1 »/PNUM,KP, 1
*ABB, KO . /PNUM, KP, 0

*ABB, POWRGRPH, Fnc_/GRAPHICS
*ABB, ANSYSWEB, Fnc_HomePage

/GO

!

/FDELE, EMAT, DELE
/FDELE, ESAV, DELE
/FDELE, EROT, DELE
/FDELE, DSUB, DELE
/FDELE, TRI, DELE
/FDELE, OSAV, DELE
/FDELE, PAGE, DELE
!

/soLuU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TINTP,0.005, , ,0.5,0.5,0.2°

!

OUTPR, NSOL, LAST,
OUTRES, NSOL, LAST,
!

IC,ALL,TEMP, 25,
NSEL, §,LOC, Y, Tpcpv3
D,ALL, TEMP, 18.7
NSEL, 8, LOC, Y, Tac
D,ALL, TEMP, 32.40
ALLSEL

SAVE

!

Solution phase

Transient analysis

Programchosen Newton-Raphson option
Specify the temperature offset: 273 K
Use defaults of transient integration
parameters

1 Solution printout at last substep
Solution data written to database

Initial temperature at all nodes
Select all nodes on top surface

! Select all nodes on bottom surface

! Load step number 1

TIMINT, OFF

! Turn off transient effects at the
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/BATCH, LIST
!
LERBRERARREE B R R R R R BB R AR H SR R B SRR B R R AR R R R B R R B B B R B HE B R BB BB R RN

1# #
14 ANSYS INPUT #
14 #
15 Filename: amr-102 #
14 L. #
3 Input File: amr-102 = . #
5] th_data.input . #
14 O #
14 Output File: amr-102.out #
14 #
1# Description: 2D ANSYS Model for Analysis and Modeling Report for #

tH SR/LA (amr) #
14 Linear heat load:1.55 kW/m #

t# Emplacement mode: Center-in-drift #
33 Drift diameter: 5.5 meters #
14 Drift spacing: ' 81 meters #
1% WP diameter: 1.564 meters #
1% WP length: 5.305 meters #
1# Air Flow Rate: 10 m*3/s (10) #
14 Intake Air Temp.: 25 degree C #
15 Segment No: 2 (2) #
[£3 Units modeled: all #
5 #
14 Code Version: ANSYS Revision 5.2 #
14 #
1% #

l#############################################################################3##
' .

/COM, ANSYS MEDIA REV. 5.2

!

/FILNAM, amr-102 ! Jobname to use for all subsequent files
RESUME, amr, db, ,

/TITLE, 2D Model (LL:1.55kW/m;DS:81m;DD:5.5m; VI': 300yr;FR:10m"/s;SN:2)
JUNITS, ST

/SHOW

1

/NOPR

*ABB, SAVE_DB , SAVE

*ABB,RESUM_ DB, RESUME

*ABB, QUIT .Fnc_/EXIT

*ABB, SHFR ,/SHOW, FILE,,,8

*ABB, SHFV , /SHOW,FILE, ,1 .

*ABB,X11C , /SHOW, Xx11C,,,8

*ABB, X11 . /SHOW,X11, ,1

*ABB, REPLOT ,/REPLOT .
*ABB, K1 ,/PNUM,KP,1

*ABB, KO . /PNUM,KP, 0

*ABB, POWRGRPH, Fnc_/GRAPHICS
*ABB, ANSYSWEB, Fnc_HomePage
/6o

!

/FDELE, EMAT, DELE

/FDELE, ESAV, DELE

/FDELE, EROT, DELE

/FDELE, DSUB, DELE
/FDELE, TRI, DELE

/FDELE, OSAV, DELE

/FDELE, PAGE, DELE

!

/SOLU 1 Solution phase

ANTYPE, TRANS ! Transient analysis

NROPT, AUTO 1 Programchosen Newton-Raphson option
TOFFST, 273 ! Specify the temperature offset: 273 K
TINTP,0.005, , ,0.5,0.5,0.2 ! Use defaults of transient integration
1 parameters

OUTPR, NSOL, LAST, ! Solution printout at last substep
OUTRES, NSOL, LAST, 1 Solution data written to database

!

IC,ALL, TEMP, 25,
NSEL, S, LOC, Y, Tpcpv3
D,ALL,TEMP,18.7
NSEL, S, LOC, ¥, Tac ! Select all nodes on bottom surface
D,ALL,TEMP, 32.40

ALLSEL

SAVE

1

! Load step number 1

TIMINT, OFF ! Turn off transient effects at the

Initial temperature at all nodes
Select all nodes on top surface
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/BATCH, LIST
!
LHRBHRRAR BRI R R B R A S B R R R R B U R R R R R AR B R A R R R R R B R H S R E

33 #
£ ANSYS INPUT #
L4 #
3 Filename: amr-103 R #
1# L #
1% Input File: amr-103.dat e #
1# th_data.input o . #
1 ) L #
tH Qutput File: amr-103.out #
1§ #
t# Description: 2D ANSYS Model for Analysis and Modeling Report for #
tH SR/LA (amr) #
14 Linear heat load: 1.55 kW/m #
1§ Emplacement mode: Center-in-drift #
L# Drift diameter: ) 5.5 meters #
1% Drift spacing: 81 meters #
1% WP diameter: 1.564 meters #
1% WP length: 5.305 meters #
14 Air Flow Rate: 10 m*3/s (10) #
t# Intake Air Temp.: 25 degree C #
1 Segment No: 3 (3) #
X3 Units modeled: All #
1§ #
[£:3 Code Version: ANSYS Revision 5.2 #
[£:3 . #
1# #

THERGHHS SRS RABHEHHRRB BB H B RHRU BB BH U U U SR H BB R R B ER B S BB S BB U B R B RER USRS B
' .

/COM, ANSYS MEDIA REV. 5.2

!

/FPILNAM, amr-103 t Jobname to use for all subsequent files
RESUME, amr,db, ,

/TITLE, 2D Model (LL:1.55kW/m;DS:81m;DD:5.5m;VT:300yr;FR:10m"/s;SN:3)
/JUNITS, ST

/SHOW

!

/NOPR

*ABB, SAVE_DB , SAVE

*ABB, RESUM_DB, RESUME

*ABB, QUIT .Fnc_/EXIT

*ABB, SHFR , /SHOW, FILE,,,8

*ABB, SHFV , /SHOW,FILE, ,1

*ABB,X11C , /SHOW,X11C,,,8
*ABB, X11 , /SHOW, X11, ,1
*ABB, REPLOT ,/REPLOT

*ABB, K1 ,/PNUM,KP, 1
*ABB, KO , /PNUM, KP, 0

*ABB, POWRGRPH, Fnc_/GRAPHICS
*ABB, ANSYSWEB, Fnc_HomePage
/GO

1

/FDELE, EMAT, DELE

/FDELE, ESAV, DELE

/FDELE, EROT, DELE
/FDELE,DSUB, DELE
/FDELE, TRI, DELE

/FDELE, OSAV, DELE

/FDELE, PAGE, DELE

!

/SoLu ! Solution phase

ANTYPE, TRANS ! Transient analysis

NROPT, AUTO ! Programchosen Newton-Raphson option
TOFFST, 273 ] Specify the temperature offset: 273 K
TINTP,0.005, , ,0.5,0.5,0.2 ! Use defaults of transient integration
t parameters

QUTPR, NSOL, LAST, 1 Solution printout at last substep

Solution data written to database

QUTRES,NSOL, LAST,
1

IC,ALL,TEMP,25, Initial temperature at all nodes
NSEL, S,LOC, Y, Tpcpv3 ! Select all nodes on top surface
D,ALL,TEMP,18.7

NSEL, S,LOC, Y, Tac ] Select all nodes on bottom surface
D,ALL,TEMP, 32.40

ALLSEL

SAVE

t Load step number 1
TIMINT, OFF ! Turn off transient effects at the

ANL-EBS-MD-000030 REV 00 V-19 November 1999
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/BATCH, LIST
!

THESR R AR R RN RS R R R R D B R BB R BB BB R R R R AR R R SR B R R BB IR

1#

1#

1#

t# Filename:

1§

£ Input File:
14

4

t# Output File:
t#

# Description:
14

14

14

t#

£

t§

£

14

1

14

t#

t#

L4 Code Version:
14 .

14

!
/COM, ANSYS MEDIA REV. 5.2
!

/FILNAM, amr-104

RESUME, amr,db, ,

ANSYS INPUT

amr-104

amr-104.dat
th_data.input

amr-104.out

2D ANSYS Model for Analysis and Modeling Report for

SR/LA (amr)
Linear heat load:
Emplacement mode:
Drift diameter:
Drift spacing:
WP diameter:

WP length:

Air Flow Rate:
Intake Air Temp.:
Segment No:
Units modeled:

ANSYS Revision 5.2

1.55 kW/m
Center-in-drift
5.5 meters

81 meters

1.564 meters
$.305 meters

10 m*3/s (10)
25 degree C

4 (4)

all

CRHBHEHHEH R R S R R R R B R R R RS R BB BB R R R RS B B R

! Jobname to use for all subsequent files

/TITLE, 2D Model {LL:1.55kW/m;DS:81m;DD:5.5m; VT:300yr; FR:10m™/s;SN:4)

/UNITS, SI

/SHOW

!

/NOPR

*ABB, SAVE_DB , SAVE
*ABB, RESUM_DB, RESUME

*ABB, QUIT Fnc_/EXIT
*ABB, SHFR ,/SHOW, FILE,,, 8
*ABB, SHFV ,/SHOW, FILE, ,1
*ABB,X11C ,/SHOW,X11cC,,,8
*ABB, X11 ,/SHOW,X11,,1
*ABB, REPLOT , /REPLOT

*ABB, K1 »/PNUM,KP, 1
*ABB, KO ,/PNUM, KP, 0

*ABB, POWRGRPH, Fnc_/GRAPHICS
*ABB, ANSYSWEB, Fnc_HomePage
/GO

!

/FDELE, EMAT, DELE

/FDELE, ESAV, DELE

/FDELE, EROT, DELE

/FDELE, DSUB, DELE
/PDELE, TRI, DELE

/FDELE, OSAV, DELE

/FDELE, PAGE, DELE

!

/SOLU

ANTYPE, TRANS

NROPT, AUTO

TOFFST, 273

TINTP,0.005, , ,0.5,0.5,0.2
!

OUTPR, NSOL, LAST,
OUTRES, NSOL, LAST,

!

IC,ALL, TEMP, 25,

NSEL, S,LOC, Y, Tpcpv3

D,ALL, TEMP, 18.7

NSEL, S,LOC, ¥, Tac !
D,ALL, TEMP,32.40

ALLSEL

SAVE

1

Solution phase
Transient analysis
Programchosen Newton-Raphson option
Specify the temperature offset: 273 K
Use defaults of transient integration
parameters
Solution printout at last substep
Solution data written to database

Initial temperature at all nodes
Select all nodes on top surface

Select all nodes on bottom surface

! Load step number 1

TIMINT,OFF

ANL-EBS-MD-000030 REV 00

Turn off transient effects at the

V-24
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/BATCH, LIST
!

;####################################################################ﬁ###########

1#

14 ANSYS INPUT

14

1# Filename: amr-105

14

] Input File: amr-105.dat = .
14 th_data.input :

t# -

[§:3 Output File: amr-105.out

tH

t4 Description: 2D ANSYS Model for Analysis and Modeling Report for
14 SR/LA (amr)

14 Linear heat load: 1.55 kW/m

3] Emplacement mode: Center-in-drift
14 Drift diameter: . 5.5 meters

X ] Drift spacing: 81 meters

1§ WP diameter: 1.564 meters
X3 WP length: 5.305 meters
1# Air Flow Rate: 10 m*3/s (10)
14 Intake Air Temp.: 25 degree C
1% Segment No: 5 (5)

[} ] Units modeled: All

14

t# Code Version: ANSYS Revision $.2

5]

L#

LHESREBRRBRARHBH HH BB BH BHEFHB SRS HHBIA BB E R R SR B R B HHH S E B U SRR R SR
! .

/COM, ANSYS MEDIA REV. 5.2

!

/FILNAM, amr-105 1 Jobname to use for all subsequent files
RESUME, amr, db, ,

/TITLE, 2D Model (LL:1.55kW/m;DS:81m;DD:5.5m; VT:300yr;FR:10m"/5;SN:5)
/UNITS,SI

/SHOW

!

/NOPR

*ABB, SAVE_DB , SAVE

*ABB, RESUM_DB, RESUME

*ABB, QUIT ,Fnc_/EXIT

*ABB, SHFR , /SHOW,FILE,,,8

*ABB, SHFV , /SHOW,FILE,,1
*ABB,X11C ,/SHOW,X11C,,,8
*ABB,X11 ,/SHOW,X11,,1
*ABB,REPLOT ,/REPLOT

*ABB, K1 ,/PNUM,KP, 1
*ABB, K0 , /PNUM, KP, 0

*ABB, POWRGRPH, Fnc_/GRAPHICS .
*ABB, ANSYSWEB, Fnc_HomePage

/6o

!

/FDELE, EMAT, DELE

/FDELE, ESAV, DELE

/FDELE, EROT, DELE

/FDELE, DSUB, DELE

/FDELE, TRI, DELE

/FDELE, OSAV, DELE

/FDELE, PAGE, DELE

1

/SOLU ! Solution phase

ANTYPE, TRANS ! Transient analysis

NROPT, AUTC ! Programchosen Newton-Raphson option
TOFFST, 273 ! Specify the temperature offset: 273 X
TINTP,0.005, , ,0.5,0.5,0.2 H Use defaults of transient integration
! parameters

OUTPR,NSOL, LAST, 3 Solution printout at last substep
OUTRES, NSOL, LAST, ! Solution data written to database

!

1C,ALL, TEMP, 25, ! Initial temperature at all nodes
NSEL, S,LOC, Y, Tpcpv3 ' Select all nodes on top surface
D,ALL, TEMP, 18.7

Select all nodes on bottom surface

NSEL, S,LOC, Y, Tac
D,ALL, TEMP,32 .40
ALLSEL

SAVE

!

! Load step number 1

TIMINT, OFF ' ' Turn off transient effects at the

ANL-EBS-MD-000030 REV 00 vV-29
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/BATCH, LIST
t

VHHH I B R R S S R R R B R R B B H R R R R B R H B R RS E

2D ANSYS Model for Analysis and Modeling Report for

%3

L4 ANSYS INPUT
1#

14 Filename: amr-106

1#

14 Input File: amr-106.dat

14 th_data.input

t#

L4 Output File: amx-106.out

14

14 Description:

1# SR/LA (amr)

14 Linear heat load:
2] Emplacement mode:
t# Drift diameter:
L4 Drift spacing:

t# WP diameter:

14 WP length:

1# Air Flow Rate:

14 Intake Air Temp.:
14 Segment No:

14 Units modeled:

[£:3 .

L Code Version: ANSYS Revision 5.2
14

14

!##############é#################################################################

H
/COM, ANSYS MEDIA REV. 5.2
!

/FILNAM, amr-106 !
RESUME, amr, db, ,

1.55 kW/m
Center-in-drift
5.5 meters

81 meters

1.564 meters
5.305 meters

10 m*3/s (10)
25 degree C

6 (6)

all

Jobname to use for all subsequent files

/TITLE, 2D Model (LL:1.55kW/m;DS:81m;DD:S. 5m;VT:300yr;FR:10m™/s;SN:6)

/UNITS, SI

/SHOW

!

/NOPR

*ABB,SAVE_DB , SAVE
*ABB, RESUM_DB, RESUME

*ABB, QUIT ,Fnc_/EXIT
*ABB, SHFR . /SHOW,FILE,,,8
*ABB, SHFV ,/SHOW,FILE, ,1
*ABB, X11C ,/SHOW, X11C,,,8
*ABB,X11 ,/SHOW,X11,,1
*ABB,REPLOT , /REPLOT

*ABB, K1 +/PNUM,KP, 1
*ABB, K0 , /PNUM,KP, 0

*ABB, POWRGRPH, Fnc_/GRAPHICS
*ABB, ANSYSWEB, Fnc_HomePage
/60

1

/PDELE, EMAT, DELE

/FDELE, ESAV, DELE

/FDELE, EROT, DELE

/FDELE, DSUB, DELE
/FDELE, TRI, DELE

/FDELE, OSAV, DELE

/FDELE, PAGE, DELE

1

/SOLU

ANTYPE, TRANS

NROPT, AUTO

TOFFST, 273

TINTP,0.005, , ,0.5,0.5,0.2
!

OUTPR, NSOL, LAST,

OUTRES, NSOL, LAST,

1

IC,ALL,TEMP, 25,

NSEL, S, LOC, Y, Tpcpv3
D,ALL,TEMP,18.7

NSEL, S, LOC, Y, Tac !
D,ALL, TEMP, 32.40

ALLSEL

SAVE

!

Solution phase

Transient analysis

Programchosen Newton-Raphson option
Specify the temperature offset: 273 K
Use defaults of transient integration

parameters
Solution printout at last substep
Solution data written to database

Initial temperature at all nodes

4 Select all nodes on top surface

Select all nodes on bottom surface

! Load step number 1
! Turn off transient effects at the

TIMINT, OFF

ANL-EBS-MD-000030 REV 00

V-34

##%%%%&%%3&%3&%%3&*#%%%%&%#3&3&

November 1999
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/BATCH, LIST
!

THERBREAHE R R AR R U B RS R R AR B R R BB U R B DU B R R BR R BB DB DR R AR R R BB BRI

1#

£

£

1# Filename:

1#

14 Input File:
'#

153

L# Output File:
1#

1# Description:
14

14

14

1#

L#

1%

14

1%

14 Code Version:

LREHE R B B BB B SRR R R R A S B BB R AR R BRI

!
/COM, ANSYS MEDIA REV. 5.2
1

/FILNAM, amr-151
RESUME, amr, db, ,

ANSYS INPUT

amr-151

amr-151.dat
th_data.input

amr-151.out

2D ANSYS Model for Analysis and Modeling Report for

SR/LA (amr)
Linear heat load:
Emplacement mode:
Drift diameter:
Drift spacing:
WP diameter:

WP length:

Air Flow Rate:
Intake Air Temp.:
Segment No:

Units modeled:

ANSYS Revision 5.2

1.55 kW/m
Center-in-drift
5.5 meters

81 meters

1.564 meters
5.305 meters

15 m*3/8 (15)
25 degree C

1 (1)

aAll

1 Jobname to use for all subsequent files

/TITLE, 2D Model (LL:1.55kW/m;DS:81m;DD:5.5m; VT:300yr;FR:15m"/s;SN:1)

/UNITS, ST
/SHOW
[
/NOPR

*ABB, SAVE_DB , SAVE
*ABB, RESUM_DB, RESUME
*ABB, QUIT ,Fnc_/EXIT

*ABB, SHFR ,/SHOW, FILE, ,,8
*ABB, SHFV , /SHOW,FILE,,1
*ABB,X11C , /SHOW, X11cC,,,8
*ABB, X11 , /SHOW,X11, ,1
*ABB,REPLOT , /REPLOT

*ABB, K1 ,/PNUM,KP, 1
*ABB, K0 ./PNUM, KP, 0

*ABB, POWRGRPH, Fnc_/GRAPHICS
*ABB, ANSYSWEB, Fnc_HomePage

/Go

1

/FDELE, EMAT, DELE
/FDELE, ESAV, DELE
/FDELE, EROT, DELE
/FDELE, DSUB, DELE
/FDELE, TRI, DELE
/FDELE, OSAV, DELE
/FDELE, PAGE, DELE
!

/SoLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TINTP,0.005, , ,0.5,0.5,0.2

]
OUTPR,NSOL, LAST,
OUTRES, NSOL, LAST,
1

IC,ALL,TEMP, 25,
NSEL, S,LOC, Y, Tpcpv3
D,ALL, TEMP,18.7
NSEL, S,LOC, Y, Tac
D,ALL, TEMP, 32.40
ALLSEL

SAVE

1

1 Load step number 1 .
! Turn off transient effects at the

TIMINT, OFF

[

Solution phase
Transient analysis
Programchosen Newton-Raphson option
Specify the temperature offset: 273 K
Use defaults of transient integration

parameters
! Solution printout at last substep
! Solution data written to database

Initial temperature at all nodes
Select all nodes on top surface

! Select all nodes on bottom surface
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/BATCH, LIST
!
LHEHBRAH SRR RN BB S R R B U B R S U B B U R SRR R R AR H R B R R H G B R R R0 80

14

% . ANSYS INPUT

1% ’

14 Filename: amr-152

£

14 Input File: amr-152.dat LA

t# . th_data.input : "

14 ‘ -

14 OQutput File: amr-152.out

14

1# Description: 2D ANSYS Model for Analysis and Modeling Report for
14 SR/LA (amr) :
1% Linear heat load: 1.55 kW/m

t# Emplacement mode: Center-in-drift
14 Drift diameter: 5.5 meters

1§ Drift spacing: 81 meters

t# WP diameter: 1.564 meters

53 WP length: 5.305 meters

14 Air Flow Rate: 15 m*3/s (15)

14 Intake Air Temp.: 25 degree C

14 Segment No: 2 (2)

1 Units modeled: All

14

1# Code Version: ANSYS Revision 5.2

]

1

IRERBHE BRI B SR BH SRR BB BE RN BH B R RH S HH BA B U R AR BUHU B H R AR R BB HE RS R R U R R R RS R H R B0
]

/COM, ANSYS MEDIA REV. 5.2

!

/FILNAM, amr-152 1 Jobname to use for all subsequent files
RESUME, amr,db, ,

/TITLE,2D Model (LL:1.55kW/m;DS:81m;DD:5.5m;VT:300yr;FR:15m"/s;SN:2)
JUNITS, SI

/SHOW

)

/NOPR

*ABB, SAVE_DB , SAVE

*ABB, RESUM_DB, RESUME

*ABB, QUIT ’ Fnc_/EXIT

*ABB, SHFR , /SHOW, FILE, ,,8

*ABB, SHFV , /SHOW,FILE, ,1

*ABB, X11C , /SHOW, X11C,,,8

*ABB, X11 ,/SHOW,X11, ,1
*ABB, REPLOT , /REPLOT
*ABB, K1 . /PNUM,KP, 1
*ABB, KO . /PNUM, KP, 0

+*ABB, POWRGRPH, Fnc_/GRAPHICS
*ABB, ANSYSWEB, Fnc_HomePage
/GO

!

/FDELE, EMAT, DELE

/FDELE, ESAV, DELE

/FDELE, EROT, DELE

/FDELE, DSUB, DELE
/FDELE, TRI, DELE

/FDELE, OSAV, DELE

/FDELE, PAGE, DELE

1

/SOLU ! Solution phase

ANTYPE, TRANS ! Transient analysis

NROPT, AUTO ! Programchosen Newton-Raphson option
TOFFST,273 ] Specify the temperature offset: 273 X
TINTP,0.005, , ,0.5,0.5,0.2 ! Use defaults of transient integration
1 parameters

OUTPR,NSOL, LAST, 14 Solution printout at last substep
OUTRES, NSOL, LAST, ! Solution data written to database

]

IC,ALL,TEMP, 25,
NSEL, §,LOC, Y, Tpcpv3
D,ALL,TEMP,18.7
NSEL, S, LOC, Y, Tac ! Select all nodes on bottom surface
D,ALL,TEMP, 32.40

ALLSEL

SAVE

1

! Load step number 1

TIMINT, OFF ! Turn off transient effects at the

Initial temperature at all nodes
Select all nodes on top surface

ANL-EBS-MD-000030 REV 00 V-44
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/BATCH, LIST
t

VEHSBRARHGH B R B RS R R R R B R RS BB R R H SR BB R R RE R R R R R BB BB R

t#
t#
14
t# Filename:
1§

t§ Input File:

14
153

1# Output File:

t#

5 Description:

t#
14
'#
1#
L#
14
14
t#
1#
14
14
18

14 Code Version:

1%
1#

LHESEERABRARREHHS DHRHR BB R R R R SRR R B R R SRR AR R RO R R

!

/COM, ANSYS MEDIA REV. 5.2

1
/FILNAM, amr-153
RESUME, amr, db, ,

ANSYS INPUT
amr-153

amr-153.dat LA
th_data.input :

amr-153.out

2D ANSYS Model for Analysis and Modeling Report for
SR/LA {amr)
Linear heat load:
Emplacement mode:
Drift diameter:
Drift spacing:
WP diameter:

WP length:

Air Flow Rate:

1.55 kW/m
Center-in-drift
5.5 meters

81 meters

1.564 meters
5.305 meters

15 m”~3/8 (15}

Intake Air Temp.: 25 degree C
Segment No: 3 (3)
Units modeled: All

ANSYS Revision 5.2

! Jobname to use for all subsequent files

/TITLE,2D Model (LL:1.55kW/m;DS:81m;DD:5.5m;VT:300yr;FR:15m"/5;SN:3)

/UNITS,SI

/SHOW

!

/NOPR

*ABB, SAVE_DB , SAVE

+ABB, RESUM_DB, RESUME

*ABB, QUIT ,Fnc_/EXIT
*ABB, SHFR , /SHOW, FILE,, ,8
*ABB, SHFV , /SHOW,FILE,,1
*ABB, X11C , /SHOW, X11C,,,8
*ABB, X11 , /SHOW, X11,,1
+ABB, REPLOT , /REPLOT

+*ABB, K1 ,/PNUM,KP, 1
*ABB, KO + /PNUM, KP, 0

*ABB, POWRGRPH, Fnc_/GRAPHICS
*ABB, ANSYSWEB, Fnic_HomePage

/GO

!

/FDELE, EMAT, DELE
/FDELE,ESAV, DELE
/FDELE, EROT, DELE
/FDELE, DSUB, DELE
/FDELE, TRI, DELE
/FDELE, OSAV, DELE
/FDELE, PAGE, DELE
!

/soLu

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TINTP,0.005, , ,0.5,0.5,0.2

1

OUTPR, NSOL, LAST,
OUTRES, NSOL, LAST,
!

IC,ALL,TEMP, 25,

NSEL, S,LOC, Y, Tpcpv3

D,ALL, TEMP, 18.7
NSEL, S, LOC, ¥, Tac
D,ALL, TEMP, 32.40
ALLSEL

SAVE

t

Sclution phase
Transient analysis
Programchosen Newton-Raphson option

[T U

parameters
! _ Solution printout at last substep
! Solution data written to database

Initial temperature at all nodes
Select all nodes on top surface

-

! Select all nodes on bottom surface

! Load step number 1

TIMINT, OFF

ANL-EBS-MD-000030 REV 00

1 Turn off transient effects at the

V-49

Specify the temperature offset: 273 K
Use defaults of transient integration

E R i I S i S I T o

November 1999
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/BATCH, LIST
!

LHBERRARABRB IR BRI R U BB R G BH B RN SRR R H BB R RN R R R B R R R R R R R B RN

18

14

14

14 Filename:

14

14 Input File:
18

1H

14 Output File:
t#

1# Description:
14

t#

t#

14

t#

1§

L#

tH#

1§

L4

1%

t#

53 Code Version:
14

14

PHEHEREEHEREEHH I B H AR H R R AR AR U BH R B H B HHHEHHHHEHE S R B R S R R R R R

!

/COM, ANSYS MEDIA REV. 5.2
1

/FILNAM, amr-154
RESUME, amr, db, ,

ANSYS INPUT
amr-154

amr-154.dat L.k
th_data.input :

amr-154 .out

2D ANSYS Model for Analysis and Modeling Report for

SR/LA (amr)

Linear heat load: 1.55 kW/m
Emplacement mode: Center-in-drift
Drift diameter: 5.5 meters
Drift spacing: 81 meters

WP diameter: 1.564 meters
WP length: 5.305 meters
Air Flow Rate: 15 m*3/s (15)
Intake Air Temp.: 25 degree C
Segment No: 4 (4)

Units modeled: All

ANSYS Revision 5.2

! Jobname to use for all subsequent files

/TITLE, 2D Model (LL:1.55kW/m;DS:81m;DD:%.5m;VT:300yr;FR:15m"/5;SN:4)

/UNITS, ST
/SHOW

' -

/NOPR

*ABB, SAVE_DB , SAVE
*ABB, RESUM_DB, RESUME
*ABB, QUIT ,Fnc_/EXIT

*ABB, SHFR ,/SHOW, FILE,,,8
*ABB, SHFV ,/SHOW,FILE, ,1
*ABB, X11C , /SHOW, X11C,,,8

*ABB, X11 ,/SHOW,Xx11,,1
*ABB, REPLOT ,/REPLOT
*ABB, K1 ,/PNUM,KP,1
*ABB, KO ,/PNUM,KP, 0

*ABB, POWRGRPH, Fnc_ /GRAPHICS
*ABB, ANSYSWEB, Fnc_HomePage

/Go

!

/FDELE, EMAT, DELE
/FDELE, ESAV, DELE
/FDELE, EROT, DELE
/FDELE, DSUB, DELE
/FDELE, TRI, DELE
/FDELE, OSAV, DELE
/FDELE, PAGE, DELE
!

/SoLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TINTP,0.005, , ,0.5,0.5,0.2

!
OUTPR, NSOL, LAST,
OUTRES, NSOL, LAST,

!

IC,ALL, TEMP, 25,
NSEL, S, LOC, Y, Tpcpv3
D, ALL, TEMP, 18.7
NSEL, 8, LOC, Y, Tac

D, ALL, TEMP, 32.40
ALLSEL

SAVE

!

Solution phase

Transient analysis

Programchosen Newton-Raphson option
Specify the temperature offset: 273 K
Use defaults of transient integration
parameters

! Solution printout at last substep
Solution data written to database

——— -

! Initial temperature at all nodes
! Select all nodes on top surface

! Select all nodes on bottom surface

1 Load step number 1

TIMINT, OFF

! Turn off transient effects at the

ANL-EBS-MD-000030 REV Od V-54

HEEHFEERXREBRERE TR E NI R
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/BATCH, LIST
1

LHHHE S S RE SR E SR HS R RN BB S R S S B B R R B R R R R R R R S

L#

1§ ANSYS INPUT

53

t# Filename: amr-185

53

14 Input File: amr-155.dat Tk

¥ th_data.input : N
L# -

4 Output File: amr-155.out

1#

%] Description: 2D ANSYS Model for Amalysis and Modeling Report for
14 SR/LA (amr)

14 Linear heat load: 1.55 kW/m

1% Emplacement mode: Center-in-drift
14 Drift diameter: 5.5 meters

14 Drift spacing: " Bl meters

1# WP diameter: 1.564 meters
14 WP length: 5.305% meters
14 Air Flow Rate: 15 m*3/s (15)
14 Intake Air Temp.: 25 degree C
14 Segment No: 5 (5)

[} ] Units modeled: All

1#

14 Code Version: ANSYS Revision 5.2

1#

1#

LHESSHEH BRRRERHHEREBHEH B R R R BB R R SRR AR R R R

!
/COM, ANSYS MEDIA REV. 5.2
1

/FILNAM, amr-155 !
RESUME, amr, db, ,

Jobname to use for all subsequent files

/TITLE, 2D Model (LL:1.55kW/m;DS:81m;DD:5.5m;VT:300yr;FR:15m"/s;5N:5)

JUNITS, ST

/SHOW

!

/NOPR

*ABB, SAVE_DB , SAVE
*ABB, RESUM_DB, RESUME

*ABB, QUIT ,Fnc_/EXIT
*ABB, SHFR , /SHOW, FILE,,,B
*ABB, SHFV , /SHOW,FILE,,1
*ABB, X11C , /SHOW, X11C,, ,8
*ABB, X11 , /SHOW, X11,,1
*ABB,REPLOT , /REPLOT

*ABB, K1 , /PNUM, KP, 1
*ABB, KO . /PNUM, KP, 0

+*ABB, POWRGRPH, Fnc_/GRAPHICS
*ABB, ANSYSWEB, Fnc_HomePage
/GO

!

/FDELE, EMAT, DELE

/FDELE, ESAV, DELE

/FDELE, EROT, DELE

/FDELE, DSUB, DELE
/FDELE, TRI, DELE

/FDELE, OSAV, DELE

/FDELE, PAGE, DELE

1

/soLu

ANTYPE, TRANS

NROPT, AUTO

TOFFST, 273

TINTP,0.005, , ,0.5,0.5,0.2
!

OUTPR, NSOL, LAST,

OQUTRES, NSOL, LAST,

!

IC,ALL,TEMP, 25,

NSEL, S,LOC, Y, Tpcpv3
D,ALL,TEMP,18.7

NSEL, S§,LOC, ¥, Tac !
D,ALL, TEMP, 32.40

ALLSEL

SAVE

t

Solution phase
Transient analysis
Programchosen Newton-Raphson option
Specify the temperature offset: 273 K
Use defaults of transient integration
parameters
Solution printout at last substep
Solution data written to database

Initial temperature at all nodes
Select all nodes on top surface

Select all nodes on bottom surface

! Load step number 1

TIMINT, OFF

ANL-EBS-MD-000030 REV 00

! Turn off transient effects at the

V-59
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/BATCH, LIST
!

e i3 a T R e e s A d s SRR A L5588

14

14

14

14 Filename:

1#

1# Input File:
14#

14

14 Output File:
14

4 Description:
14

L#

L4

L

53

1§

53

1§:3

t#

53

14

1#

t# Code Version:
1#

1#

LEHBHE RS EH R U RREHR BB RSB R B BB A B AR R BRI AR RS H R B S R U RSB EBHBHH R B AR R BB H R RN

!
/COM, ANSYS MEDIA REV. 5.2
1

/FILNAM, amr-156
RESUME, amr, db, ,

ANSYS INPUT
amr-156

amr-156.dat LA
th_data.input

amr-156.out

2D ANSYS Model for Analysis and Modeling Report for

SR/LA (amr) .
Linear heat load: 1.55 kW/m
Emplacement mode: Center-in-drift
Drift diameter: 5.5 meters
Drift spacing: 81 meters

WP diameter: 1.564 meters
WP length: 5.305 meters
Air Flow Rate: 15 m*3/s (15)
Intake Air Temp.: 25 degree C
Segment No: 6 (6)

Units modeled: All

ANSYS Revision 5.2

! Jobname to use for all subsequent files

/TITLE, 2D Model (LL:1.55kW/m;DS:81m;DD:5.5m;VT:300yr;FR:15m"/s;SN:6)

/UNITS, ST

/SHOW

1

/NOPR

*ABB, SAVE_DB , SAVE
*ABB, RESUM_DB, RESUME

*ABB, QUIT ,Fnc_/EXIT
*ABB, SHFR , /SHOW, FILE,,,8
*ABB, SHFV , /SHOW,FILE,,1
*ABB, X11C , /SHOW, X11¢,,,8
*ABB, X11 ,/SHOW,X11,,1
*ABB, REPLOT , /REPLOT

*ABB, K1 ,/PNUM, KP, 1
*+ABB, KO , /PNUM, KP, 0

+*ABB, POWRGRPH, Fnc_/GRAPHICS
+*ABB, ANSYSWEB, Fnc_HomePage

/Go

!

/FDELE, EMAT, DELE
/FDELE, ESAV, DELE
/FDELE, EROT, DBLE
/FDELE, DSUB, DELE
/FDELE, TRI,DELE
/FDELE, OSAV, DELE
/FDELE, PAGE, DELE
!

/SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273
TINTP,0.005, , ,0.5,0.5,0
!

OUTPR, NSOL, LAST,
OUTRES, NSOL, LAST,
!

IC,ALL, TEMP,25,
NSEL, S, LOC, Y, Tpcpv3
D,ALL, TEMP,18.7
NSEL, S,LOC, Y, Tac
D,ALL, TEMP, 32.40
ALLSEL

SAVE

1

.2

Solution phase
Transient analysis
Programchosen Newton-Raphson option

- =

parameters
! Solution printout at last substep
! Solution data written to database

! Initial temperature at all nodes
Select all nodes on top surface

! Select all nodes on bottom surface

! Load step number 1

TIMINT, OFF

! Turn off transient effects at the

ANL-EBS-MD-000030 REV 00 V-64

Specify the temperature offset: 273 K
Use defaults of transient integration

HHEBERF USRS TSI

November 1999
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