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1. PURPOSE

The purpose of this analysis and model report (AMR) for the Ventilation Model is to analyze the
effects of pre-closure continuous ventilation in the Engineered Barrier System (EBS)
emplacement drifts and provide heat removal data to support EBS design. It will also provide
input data (initial conditions, and time varying boundary conditions) for the EBS post-closure
performance assessment and the EBS Water Distribution and Removal Process Model.

The objective of the analysis is to develop, describe, and apply calculation methods and models
that can be used to predict thermal conditions within emplacement drifts under forced ventilation
during the pre-closure period.

The scope of this analysis includes:

» Provide a general description of effects and heat transfer process of emplacement drift
ventilation.

» Develop a modeling approach to simulate the impacts of pre-closure ventilation on the
thermal conditions in emplacement drifts.

o Identify and document inputs to be used for modeling emplacement ventilation.
e Perform calculations of temperatures and heat removal in the emplacement drift.

* Address general considerations of the effect of water/moisture removal by ventilation on
the repository thermal conditions.

The numerical modeling in this document will be limited to heat-only modeling and calculations.
Only a preliminary assessment of the heat/moisture ventilation effects and modeling method will
be performed in this revision. Modeling of moisture effects on heat removal and emplacement
drift temperature may be performed in the future.

ANL-EBS-MD-000030 REV 00 9 November 1999
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2. QUALITY ASSURANCE

The analyses in this AMR have been determined to be Quality Affecting in accordance with
CRWMS M&O procedure QAP-2-0, Conduct of Activities, because the information will be used
to support Performance Assessment and other quality-affecting activities. Therefore, this AMR
is subject to the requirements of the Quality Assurance Requirements and Description (QARD)
document (DOE 1998). This AMR is covered by the Activity Evaluation for EBS Performance
Modeling (CRWMS M&O 1999g).

Personnel performing work on this analysis were trained and qualified according to Office of
Civilian Radioactive Waste Management (OCRWM) procedures AP-2.1Q, Indoctrination and
Training of Personnel, and AP-2.2Q, Establishment and Verification of Required Education and
Experience of Personnel. The repository subsurface ventilation system has been classified as
Conventional Quality (CRWMS M&O 1999h, p. 9, Section 7.1) in accordance with CRWMS
M&O procedure QAP-2-3, Classification of Permanent Items. The governing procedure for
preparation of this AMR is OCRWM procedure AP-3.10Q, Analyses and Models, as an
implementing document of Work Package 12012383MX. Development Plan TDP-EBS-MD-
000015 (CRWMS M&O 1999i) and Technical Change Request (TCR) (T1999-0122) were
processed in accordance with AP-2.13Q, and AP-3.4Q respectively.

-ANL-EBS-MD-000030 REV 00 11 November 1999
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3. COMPUTER SOFTWARE AND MODEL USAGE

A commercially available computer program, ANSYS Version 5.2, is used to support the
_calculation. ANSYS Version 5.2 is a general purpose finite element analysis (FEA) code, and is
used in many disciplines of engineering that deal with topics including structural, geotechnical,
mechanical, thermal, and fluids. ANSYS is installed on the Silicon Graphics (SGI) and Sun
Microsystems workstations with the Unix operating system. ANSYS Version 5.2 has been
verified and validated (CSCI#: 30013 V5.2SGI, CRWMS M&O 1997a) according to applicable
M&O procedure. ANSYS was used in thermal calculations for predicting the effect of
continuous ventilation. The computer files for the ANSYS runs are included in this document in
Attachment V.

The ANSYS Version 5.2 software was obtained from the Configuration Management (CM) in .
accordance with the applicable M&O procedure. The software was appropriate for the
applications used in this calculation. The software was used within the range of validation as
specified in the software qualification report (CRWMS M&QO 1997a).

The ventilation model used for the analysis of emplacement drift ventilation considers only
sensible heat transfer. Moisture removal by ventilation and potential water movement in the
rock mass are not included in the model. This type of heat-only model is based on routine
application of established scientific laws (e.g. Newton’s cooling law, Fourier’s law, and Stefan-
Boltzmann law) and standard engineering practice for calculating heat transfer in and around an
underground opening. Detailed description of the model is provided in Sections 6.1 through 6.3.
The ventilation model is an application of existing industry standard and related software;
therefore, traditional validationi approach to validate the model was used. The validation is
documented in Sections 6.1 through 6.3. The model validation includes provision of scientific
literature, parameter input, assumptions, simplifications, initial and boundary conditions;
explanation of how the software are used; expected source of uncertainty (TBV tracking); and
computer data files to allow independent repetition of the model simulation. It is determined that
the model is validated for its intended use.

ANL-EBS-MD-000030 REV 00 13 November 1999
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4. INPUTS

This section presents data, parameters, and criteria used to develop this analysis. The majority of
the input data presented in this section is considered preliminary and unqualified and will be
designated as TBV and tracked in accordance with AP-3.15Q. The outputs from this analysis
cannot be used for procurement, fabrication, or construction prior to qualification of the input
data.

4.1 DATA AND PARAMETERS
4.1.1 Stefan-Boltzmann Constant

For thermal calculations the Stefan-Boltzmann constant value of 5.669x10° W/m*K*
(0.1714x10°® Brw/h-ft*R*) is used (ASHRAE 1989, p. 3.7).

4.1.2 Average Ground Surface Temperature and Thermal Gradient

The average ground surface rock temperature is 18.7°C (CRWMS M&O 1998a, Volume I, p. 16)
(TBV-334). The rock thermal gradients used in this analysis are listed in Table 1.

Table 1 Rock Thermal Gradient

- Depth (m) Value {°C /m)
0-150 0.020
150 - 400 0.018
400 - 541 0.030
541 - 700 0.030°

Note: ® Assumed value because the rock thermal gradient below 541 m is not available.

The undisturbed rock temperature at the repository level is calculated from the ground surface
temperature, the thermal gradient (Table 1), and the elevation at the repository level (4.1.3).

18.7°+ 0.02(150-0) + 0.018(348.98-150) = 25.3°C.
A value of 25°C is used in Section 5.5.

Using the same method, the undisturbed rock temperature at 606.57m (Section 4.1.3) below the
ground surface is determined as follows.

18.7°+ 0.02(150-0) + 0.018(400-150) + 0.030(541-400) + 0.030(606.57-541) = 32.40°C.

ANL-EBS-MD-000030 REV 00 15 November 1999



4.1.3 Lithostratigraphy

The thicknesses of the lithostratigraphic units are listed in Table 2 (CRWMS M&O 1999a, pp. 1
of 2, TBV-3529). These are the average values at the point, (N233, 760m, E170, 750m), of the
repository emplacement area based on CRWMS M&O 1999a. The average elevations of the
surface and the repository levels are 1421.28 m (CRWMS M&O 1999a, p. 2) and 1072.3 m
(CRWMS M&O 1998b, Figure 4-1), respectively (TBV-3528). Therefore, the depth of the
repository level (the invert) is at 348.98 m (1421.28 - 1072.3 = 348.98 m) from the surface. The
depth of the centerline of the emplacement drift is at 346.23 m (348.98 — 5.5 m (drift diameter,
Sec. 4.1.9)/2 = 346.23 m).

From the ground surface elevation of 1421.28 m and the Tpcpv2 elevation of 1306.98 m
- (CRWMS M&O 1999a, p. 2), the thickness of the overburden above the Tpepv2 is 114.3 m
(1421.28 — 1306.98 = 114.3m).

The thickness of the units from Tpcpv2 (including Tpepv2) to Tacbt is calculated based on data
in Table 2 as follows:

5.49 +4.69 + 0.53 + 7.05 + 4.58 + 14.09 + 9.69 + 4.58 + 0.53 + 1.06 + 46.85 + 8.98
+ 77.68 +29.94 + 106.21 +47.73 +20.61 +2.99 + 11.27 +3.35+84.37=492.27m
Therefore, the total thickness for all units shown in Table 2 is 606.57 m (114.3 + 49227 =

606.57 m). The thickness from the emplacement drift centerline to the bottom of the Tacbt unit
is 260.34 m (606.57 —346.23 = 260.34). '

ANL-EBS-MD-000030 REV 00 16 November 1999
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Table 2 Thermal Modeling Parameters by Stratigraphic Unit

Thickness Grain Thermal Conductivity Specific Heat
TIM Density .
unit | USGS Unit ISM 3.0 - (egim®)|__TE100°C_| T>100°C T<O5°C | 95°C<T<114°C_ | T>114°C
, 9 (Wim-K) WikgK)_
Tperv No Data No Data 2550 2.00 1.60 823 3879 823
Tpern No Data No Data 2550 2.00 1.60 823 3879 823
Tperl No Data No Data No Data No Data No Data No Data No Data No Data
Tpcpul No Data No Data 2520 1.67 1.23 882 4352 882
TCw Tpcpmn No Data No Data 2510 1.94 1.53 837 4010 837
Tpcpll No Data No Data 2510 1.76 1.02 847 4019 847
Tpepln No Data No Data 2510 1.88 1.28 837 4010 837
Tpcepine No Data No Data No Data No Data No Data No Data No Data No Data
3 Tcpv3d 0.0
Tpepv 5 Topv2 549 2470 0.98 0.54 857 4570 857
Tpcpv1 Tcpvi 4,69 2380 1.07 0.50 1037 6048 1037
Tpbt4 Tehta 0.53 2340 0.5 0.35 1077 21976 1077
Tpy Yucca 7.05 2400 0.97 0.44 849 16172 849
PTn Tpbt3 Tcbt3_dc 4.58 2370 1.02 0.46 1016 20669 1016
Tpp Pah 14.09 2260 0.82 0.35 1330 - 25560 1330
Tpbt2 Tpbt2 9.69 2370 0.67 0.23 1224 23878 1224
Tptrv3 Tptrv3 4,58
Tptrv2 Tptrv2 0.53 2510 1.00 0.37 834 5137 834
Tptrv1 Tptrvi 1.06
TSw Tptn Tptrn 46.85 2550 1.62 1.06 866 5629 866
Tptri Tptrl 8.98 2510 1.58 0.89 882 5693 882
Tptpul Tptpul 77.68 2510 1.80 0.71 883 5694 883
Tptpmn Tptpmn 29.94 2530 2.33 1.66 948 4568 948
TSw2 Tptpll Tptpll 106.21 2540 2.02 1.20 900 4663 900
Tptpin Tptpln 47.73 2560 1.84 1.42 865 4523 865
TSw3 Tptpv3 Tptpv3 20.61
Tptpv2 Tptpv2 2.99 2360 2.08 1.69 984 1958 984
Tptpv1 Tptpv1 11.27
Tpbt1 Tpbt1 3.35 2310 1.31 0.7 1057 21076 1057
CHn1 |1295
Tac4 Tac(v) 2240 117 0.58 1201 23863 1201
}'Zgg Calico 84.37
Tact Tac(z) 2350 1.2 0.61 1154 22086 1154
CHn2 Tacbt 2440 1.35 0.73 1174 13561 1174
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4.1.4 Rock Mass Thermal Properties

The rock mass grain density, thermal conductivity and specific heat values (TBV-3529) are used in
the thermal modeling. These values are listed in Table 2 based on Input Transmittal for Thermal
Modeling Parameters by Stratigraphic Unit (CRWMS M&O 19994, pp. 1 to 2). The emissivity of
0.9 for the Tptpll unit where the majority of emplacement drifts will be located was used based on
Fundamentals of Heat and Mass Transfer (Incropera and Dewitt 1985, p. 780).

4.1.5 Waste Package Parameters and Properties
4.1.5.1 Waste Package Thermal Properties
The thermal properties for waste package used in the analysis are listed in Table 3 (TBV-3684).

These values are for Alloy 22 material based on Thermal Calculation of the Waste Package with
Backfill (CRWMS M&O 1999b, Section 5.1.3).

Table 3 Thermal Properties for Waste Package

Parameter Value
Density (kg/m3) 8690
Thermal Conductivity (W/m-K) 12.52°
Specific Heat (J/kg-K) 435.25° -
Emissivity _ 0.87

Note: ? Averaged value over the temperature range of 48 to 300°C.
® Averaged value over the temperature range of 52 to 300°C.

4.1.5.2 Waste Package Length and Diameter
The length and diameter for waste packages are listed in Table 4 (TBV-3685), based on Enhanced

Design Alternative (EDA) II Repository Estimated Waste Package Types and Quantities (CRWMS
M&O 1999c¢, Item 1, pp. 25 to 26).

ANL-EBS-MD-000030 REV 00 18 November 1999



Table 4 Number and Initial Heat Generation Rates for Average CSNF and DHLW Waste Packages

Length of Diameter of Number of Initial Heat
Waste Waste .
Waste Package Type Packages Packages Waste Generation Rate
(m) (m) Packages (kW/package)

Absorber Plates 5.305 1.564 4,279 11.3337
21-PWR

Control Rodes 5.305 1.564 87 2.3709
12-PWR Long 5791 1.250 158 9.5402
44-BWR Absorber Plates 5.275 1.594 2,889 7.1346
24-BWR Thick Plates 5.245 1.238 6 0.4910
5-DHLW Short 3.73 2.030 1,249 4.0580
5-DHLW Long 5.357 2.030 414 5.8280°
Navy Combined 5.888 1.869 285 7.1350°
DOE/Other 5.57 No Data 598 0.7930

Note: “ Assumed value by assuming that the initial heat generation rates for 5-DHLWS, short and long, are linearly
proportional to their lengths (4.058kWx5.357m/3.73m=5.828kW).

® Averaged value equal to that of 44-BWR (CRWMS M&O, 1998c, p. 14. TBV-398).
4.1.5.3 Number and Initial Heat Generation Rates of Waste Packages

Table 4 lists the number of CSNF and defense high-level waste (DHLW) packages and their initial
heat. The data are from Enhanced Design Alternative (EDA) II Repository Estimated Waste

Package Types and Quantities (CRWMS M&O 1999¢, Item 2, p.7 (TBV 3695), and Item 2, p.15
(TBV 3686)).

4.1.5.4 Average Waste Package Heat Generation Rates

The decay characteristics of the commercial spent nuclear fuel (CSNF) waste packages, as listed in
Table 5, are used in this analysis. These values are provided in CRWMS M&O 1999c¢, Item 2,
Table 3, pp. 7 to 9 (TBV 3695). The values of heat flux and volumetric heat generation rate of the
waste packages used in thermal models are calculated in Attachment II.

4.1.6 Ventilation Air Properties

The properties of ventilation air are listed in Table 6 (TBV-3683 and TBV-3691). The values of
thermal conductivity, dynamic viscosity and Prandtl Number are based on an intake air temperature
of 25°C (298.16 K) (Section 5.5) and using linear interpolation from Heat Transfer. 8" Edition
(Holman 1997, p. 646). The density of ventilation air was obtained from Repository Subsurface
Waste Emplacement and Thermal Loading Management Strategy (CRWMS M&O 1998c¢, p.1I-2).
This was done to include air density difference due to the elevation difference between the sea level
and average elevation of emplacement area. -
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Table 5 Time-dependent Heat Generation Rates for Average CSNF Waste Packages

4.1.7

The emplacement drift spacing is 81 meters centerline to centerline (Heath and Wilkins 1999, p.1).

4.1.8

1’, 21-PWR 21-PWR Control 12-PWR Lon 44-BWR 24-BWR Thick
( ;:'res) Absorber Plates Rods (KWipacka eg) Absorber Plates | Absorber Plates
y (kW/package) (kWipackage) P 9 (kW/package) {(kWipackage)

0.01 11.3337 2.3709 9.5402 7.1346 0.4910
1 10.9954 2.3285 9.2722 6.9146 0.4829
5 9.9653 2.1785 8.4286 6.2682 0.4445

10 8.9956 2.0095 7.5901 5.6536 0.4030
15 8.1887 1.8547 6.8815 5.1467 0.3689
20 7.5138 1.7241 6.3149 47102 0.3341
25 6.9115 1.6038 5.8009 4.3098 0.3065
30 6.3792 1.4942 5.3407 3.9701 0.2806
40 5.4984 1.3106 . 45868 3.3915 0.2369
50 47912 1.1649 3.9792 2.9326 0.2033
60 4.2229 1.0443 3.5026 2.5621 0.1754
70 3.7685 0.9479 3.1031 2.2625 0.1536
80 3.3915 0.8698 2.7908 2.0227 0.1361
80 3.0866 0.8070 2.5304 1.8264 0.1222
100 2.8314 0.7545 2.3024 1.6685 0.1111
150 2.0790 0.5983 1.6766 1.1977 0.0799

200 1.7291 0.5244 1.3818 0.9878 0.0684

250 1.5128 0.4796 1.2029 0.8725 0.0622

300 1.3654 0.4452 1.0804 0.7889 0.0583

Table 6 Property Values for Ventilation Air

Parameter Value
Density (kg/m°) . 1.0561
Thermal Conductivity (W/m-K) 0.0261
Dynamic Viscosity (kg/m's) 1.8371x10°
Prandtl Number (dimensionless) 0.7079
Specific Heat (Cp) (J/kg-K) 1005.7

Emplacement Drift Spacing

Waste Package Spacing

]

The waste packages will be spaced 10 cm apart (Heath and Wilkins 1999, p. 2).

4.1.9

Emplacement Drift Diameter

The diameter of the waste emplacement drifts is 5.5 m (Heath and Wilkins 1999, p. 1).
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42  CRITERIA
Each drift segment in the repository will be ventilated during preclosure, which for base case

analyses should be assumed to be 50 years... The ventilation system shall be designed to remove at
least 70% of the heat generated by the waste packages during preclosure (Heath and Wilkins 1999,

p-3).
43 CODES AND STANDARDS

Not used.
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5. ASSUMPTIONS

5.1 WASTE PACKAGE DIAMETER

It is assumed for the purpose of the continuous ventilation calculation that all waste packages have
the same diameter. The diameter used is that of the 21 PWR waste packages, 1.564 m (See Table
4). This assumption is based on the waste stream, where the largest number of waste packages are
21 PWR. (TBV-3686)

52  WASTE PACKAGE PLACEMENT

For the preclosure ventilation calculation, it is assumed that the waste packages are placed in the
center of the emplacement drift (CRWMS M&O 19991, p. 37). This is a limitation of the ANSYS
software. (TBV-3689)

53 AVERAGE EMPLACEMENT DRIFT LENGTH

For the preclosure ventilation calculation, the average drift length from the air inlet of emplacement
drift to the central exhaust main is assumed 600 m (CRWMS M&O 19991, p. 7). (TBV-3688)

54  PRECLOSURE YENTILATION RATES

The preclosure ventilation calculations were performed for airflow rates of 10m>/s and 15m’®/s. This
is based on the ANSYS Calculations in Support of Enhanced Design Alternatives (CRWMS M&O
1999f). Page VI-6 of this document shows that for EDA II, a ventilation rate of 10m>/s removed
67% of the heat after 50 years. The EDA Il requirements state that 70% of the heat must be
removed (Section 4.2), so 15m°/s will also be evaluated. (TBV-3687)

5.5 INTAKE AIRFLOW TEMPERATURE AT EMPLACEMENT DRIFT INLET

The preclosure ventilation calculations, the temperature of intake airflow at emplacement dnft inlet
is assumed to the same as the undisturbed rock temperature at repository level, 25 °C (see Section
4.1.2). (CRWMS M&O 1999f, p. 10, Section 3.1.7) (TBV-3690)

5.6 ROCK PROPERTIES FOR OVERBURDEN ABOVE TPCPV2 UNIT

The rock properties for the overburden above the Tpcpv2 unit are incomplete. This is due to the
lack of thickness data for individual units within the overburden (Table 2). For the entire

overburden of 114.3 m (Section 4.1.3) on top of Tpcpv2 unit, the rock properties are assumed to the
same as those of Tpcpv2 unit, which is the closest unit to the overburden. (TBV-3529)
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6. ANALYSIS/MODEL
6.1 INTRODUCTION TO VENTILATION MODEL

It is required that each segment of the repository will be ventilated during preclosure. The
repository system shall be designed to remove at least 70% of the heat generated by waste packages
during preclosure (Section 4.2).

Ventilation is the most direct means to remove the heat energy generated by spent fuel in the
emplacement drifts. Ventilation of emplacement drifts after waste emplacement, if considered
desirable, could be employed as a part of the thermal management process. The net effect of
ventilation of emplacement drifts should be to delay the onset of the peak rock temperature and to
lower the peak when it does occur (CRWMS M&O 1995, pp. 28 to 36; CRWMS M&O 1996,
Section 5.3; and CRWMS M&O 1997b, pp. 75 to 78).

As discussed later in this section, analysis of the heat transfer processes in the vicinity of a
ventilated emplacement drift is a complex problem which cannot be solved by direct analysis. The
heat removal by ventilation (thermal energy transferred into the airflow) must be determined by
analyzing the thermal conduction, thermal convection and thermal radiation occurring
simultaneously in the drift and the surrounding rock mass. This section will provide an explanation
of the thermal energy exchange mechanism in ventilated emplacement drifts. The numerical

analysis method developed to quantify the heat flow rates and drift temperatures will also be
discussed.

6.2 HEAT TRANSFER DURING VENTILATION

When an air flow initially at ambient temperature is applied to an emplacement drift to manage the
drift temperature, thermal energy released from a waste package (WP) will be transferred to the
surroundings through the following processes, as shown in Figure 1.

1) Convective heat transfers from the surface of the WP directly to the air flow, due to the
temperature difference between the surface and the moving air. The heat flow rate can be

calculated using Newton's cooling law, if the mean temperature of airflow and the temperature
of the WP surface are known.

2) Thermal radiation heat exchange occurs between the surface of the WP and the drift wall. The
net rate at which the radiative heat is transferred to the drift wall can be described by the Stefan-
Boltzmann Law. Determination of the net thermal radiation will require known WP surface
temperature and drift wall temperature.
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3) Convective heat transfers between the drift wall surface and the air flow, due to the temperature
difference between the wall surface and the moving air. The heat flow rate can be calculated
using Newton's cooling law, if the mean temperature of airflow and the temperature of drift wall
are given.

4) Conduction heat transfer occurs in the rock mass due to increased drift wall temperature caused
by thermal radiation to the wall surface. The heat flow rate into the rock can be determined
using Fourier's conduction law, after the temperature gradient in the rock mass is specified.

The heat transfer rates and the temperatures resulting from these heat transfer modes are all time-
dependent and coupled throughout the entire thermal process.

6.3  VENTILATION MODEL DESCRIPTION

6.3.1 Software

The heat transfer rates for the processes described in the previous section can be related by
considering the overall thermal energy conservation (i.e. the sum of convective heat transfer into the
airflow and the conductive heat transfer into the rock is equal to the total heat released from the
waste emplaced in the drift). However, the problem cannot be directly solved from this relation
since both convective and conductive heat transfers are unknown and their solutions will be
dependent on each other. Determining the convective heat transfer into the airflow (or,
alternatively, the conductive heat transfer into the rock) requires knowledge of both air and drift
wall temperatures which are constantly changing with time since emplacement, and the distance
from the drift entrance. In other words, the number of energy equations is less than the number of
variables involved. Analytical solutions of the coupled air and drift wall temperatures are not
possible even with the help of the energy conservation equation. Therefore, it is necessary to
develop a calculation method and appropriate assumptions to find approximate solutions.

In pursuing numerical solutions to the problem of quantifying the thermal processes during
continuous ventilation, an initial attempt was made to investigate the currently available computer
software that may be used to directly solve this problem. It was found that although almost all
thermal or thermal-fluid analysis programs perform simulations of thermal conduction, thermal
convection and thermal radiation, they require some known parameters (which are variables to be
solved in this problem) as input. For example, modeling conductive heat transfer in a solid imposed
with both thermal convective and thermal radiative boundaries can only be accomplished under the
conditions of known temperatures for the fluid and the radiating surfaces.

To overcome this difficulty, an approach to be used in conjunction with general thermal analysis
programs (e.g. ANSYS) was developed for reaching an approximate solution to this problem. In
this method, a ventilated emplacement drift is treated as a series of finite drift segments. Thermal
analysis with computer models is performed for each drift-section sequentially from the beginning
(air-inlet) to the end (air-exhaust) of the drift. Then the heat transfer processes for the entire drift
can be evaluated through assembly and comparison of the results from individual segments. Figure
2 1s a simple flow chart illustrating the main steps of this process.
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As shown in Figure 2, this process starts with defining a number of time-steps (Af;) to represent the L/

entire ventilation time period of interest (f..,). The total number of time intervals (n), and the
length of each time-step (Ar) can be selected according to the degree of calculation accuracy
demanded and considerations of the expected computational time. The values of At; may be set
differently to accommodate the variations of the thermal decay rate of the waste during different
time periods. Generally, during the initial stages when the waste decays rapidly, short time steps
can be arranged to justify the use of a constant heat output, which is obtained by averaging the heat
output from the waste over a time interval. In the later stages of heat transfer, the thermal decay
curves become relatively flat, thus longer time-steps would be desirable in order to reduce
computational efforts.

In this approach, the entire drift (total length of L) is considered as a series of connected drift
segments with AJ; in length. The total number of drift segments (m) is related to segment length
(Al)) It is desirable to choose a short Al; for individual drift segments, to the extent practicable, so
that the temperature of air traveling within the segment can be reasonably represented by a constant,
irrespective of the distance traveled. The values of Al; may be set differently to accommodate the
variations of air temperature increases as the air flows through the drift.

Calculations are performed sequentially for each time-step, as indicated in Figure 2, from Af;=; to
At;=,. Within each time span (Az;) thermal analysis with computer models is performed for each
drift segment sequentially from the beginning (air-intake) to the end (air-exit) of the drift. The
calculating process within each finite drift segment (Al;) starts with identification of the initial and
boundary conditions within segment (A/;) and during time span (At;), which are required by the
computer thermal analysis model as input data. Typically, these include the heat output rate (Gwaste)
from the decay of waste, mean temperature of the intake air entering the segment, initial drift wall
surface temperature, air flow quantity (Q), and convective heat transfer coefficient (%) for the drift
wall surface. Then the thermal modeling using general heat transfer computer software ANSYS is
performed to predict the rock temperature distributions in the vicinity of the drift segment. From
the outputs of the simulation, an average drift wall temperature of that segment can be found.

Applying the determined average wall temperature together with the mean airflow temperature,
convective heat transfer rate in the segment can be calculated using Newton's cooling law. The
obtained heat removal rate, and the known airflow rate will enable the determination of the increase
in internal thermal energy of the air, and the mean temperature of the air flow exiting the segment,
which will be used as the mean temperature of air entering the next segment. The above described
process will be repetitively performed until the calculation reaches the end of the drift.
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When calculations of all drift segments are completed for a time-step, the results will be used as
inputs to the next time step.

Upon the completion of the required computational efforts for all time-steps, results for all
individual segments and time intervals are assembled. The outcome forms a comprehensive
description of the heat transfer process for the entire drift at different times after emplacement.

With this information, alternative concepts and some subjects regarding emplacement drift
temperature management by ventilation may be further evaluated.

6.3.2 Model Setup

The calculation uses the Enhanced Design Alternative (EDA) II as the basis for simulation of the
heat transfer process during ventilation. EDA II has the following characteristics (CRWMS M&O
1999¢, second para. of Section 5.1., Sections 5.1.1 and 5.1.2):
e Temperature above the boiling point of water in the emplacement drifts.
e Temperatures below the boiling point of water in the center areas of the pillars (areas of rock
between emplacement drifts) with the expectation that moisture mobilized at the emplacement
drift walls will drain through this pillar region and be transported below the repository.

e Continuous ventilation for fifty years to remove moisture and heat generated prior to closure.

o Backfill and a 2-cm thick titanium alloy drip shield will be placed over the waste packages at
closure.

¢ Close spacing (10 cm between WPs) within a drift (line loading) and 81-m center to center
spacing between emplacement drifts.

¢ Blending of WP composition to achieve an average heat output of 9.8 kW and a maximum heat
output of 11.8 kW per package.

e WPs are constructed with 2-cm thick Alloy 22 outer layer and 5-cm thick 316NG stainless steel
interlayer.

e Spent Nuclear fuel cladding temperature below 350 °C.
e Closure 50 years after start of emplacement.

The ANSYS program was used to simulate the conditions in the rock mass of the repository based
on the EDA II characteristics with ventilation flows of 10, and 15 cubic meters per second (cms).
The simulation was performed as follows:

e Anemplacement drift was divided into six 100m segments, each represented as a 2-dimensional
case.
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® ANSYS calculated the drift wall and waste package temperatures for the first segment by
assuming the air temperature is constant.

e Given the WP, drift wall, and air intake temperatures; the exhaust air temperature for the first
segment is calculated (external to ANSYS).

e This process is repeated for the remaining drift segments.

» The thermal conditions of the rock mass and exhaust air temperature for a given time step were
used as inputs for the next time step. The intake air temperature for a time step is the exhaust air
temperature from the previous drift segment in the previous time step. Also, the WP heat output
varies with time and additional time periods are affected by the thermal decay curve.

e Calculations for the convective heat transfer coefficients used in the modeling are documented
in Attachment III.

» Pre-closure ventilation duration of up to 300 years was modeled, but results of temperature and
heat removal were plotted and discussed just for up to 200 years in Sections 6.4 and 6.5 of this
document.

The block representation used in the calculation are shown in Figure 3. The height of the block is
606.57 m (346.23 m + 262.13 m = 606.57 m) (see Section 4.1.3). The diameter of emplacement
drift is 5.5 m (see Section 4.1.9). The boundary temperatures (18.7 °C at the top and 32.40 °C at the
bottom) are described in Section 4.1.2.
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64 TEMPERATURE RESULTS

For the two ventilation flow scenarios and ventilation through 300 years after placement, drift wall
rock and the exit air temperatures were calculated at various time increments. The calculated
results for the drift wall temperatures are shown in Figures 4 and 7. The resultant air temperatures
are shown in Figures 7 and 9. Drift wall temperatures presented are averages of the crown,
springline and invert temperatures calculated by ANSYS. Air temperatures presented are the
calculated values at the end of the segment. Individual wall temperatures and air temperature
calculations are presented in Appendix IV.

Wall temperature peaks within the first few years at the air inlet end of the drift and within five to
fifteen years at the air discharge end of the drift. Air temperature peaks slightly later at the inlet end
of the drift but in the same time frame as the walls at the outlet end. For ventilation of 10 cms, the
maximum temperatures calculated occurred at year 10 and are 94° C average wall temperature, with
a corresponding maximum air temperature of 79° C. For ventilation at 15 cms, calculated
maximums occurred at the same time but were lower, 76° C for the wall and 64° C for air.

Under this continuous ventilation flow scenario all temperatures remain below the boiling point of
water.

6.5 HEAT REMOVAL RESULTS

The rate of heat generated and removed with time for the 10 cms and 15 cms ventilation scenarios
are presented in Figures 4 through 6, and Figures 7 through 9, respectively. Details of the
temperature and heat removal values shown in Figures 4 through 9 are documented in Attachment
IV. Heat removal by convective transfer from both the WP surface and from the wall surfaces is
accounted for. Heat removal is by dry air, the additional heat removal that will occur if moisture is
accounted for is not addressed in these calculations. Heat generated is the same for both scenarios
and is the heat produced by average WPs that are placed to produce a linear heat load of 1.55 kW
per meter in the drift.

Heat removed by ventilation at the rate of 10 cms has been calculated to be 68% of the heat
generated after 50 years, 73% after 100 years, and 77% after 200 years. Heat removed by
ventilation at the rate of 15 cms has been calculated to be 74% of the heat generated after 50 years,
78% after 100 years, and 82% after 200 years. Peak removal rates occur within the 5 to 15 year
time frame.

From the results of heat removal indicated that for thermal loading cases evaluated in this

document, the airflow rate to remove 70% of heat generated during 50-year preclosure (see Section
4.2) will be between 10 to 15 cms per drift.
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6.6 CONSIDERATION OF MOISTURE EFFECTS

The results of temperature and heat removal discussed in Sections 6.4 and 6.5 were based on a
consideration that the heat transfer associated water vaporization was negligible. In other words, only
“sensible heat” was included in the calculations "Sensible heat" is the energy associated with
increasing the temperature of air at a constant water content, whereas the "latent heat" is the energy
associated with vaporizing water and adding it to the air stream. The sensible heat model tends to
over-predict the emplacement drift temperature, which is conservative for repository thermal loading
and ventilation temperature calculations.

However, the moisture contained in the rock mass, if transported into the ventilation air, will have
certain degree of influences on the temperatures and total heat removal. The Spent Fuel Test - Climax
conducted in an underground testing facility for a period of about 3 years showed that about 76.7% of
the heat removal by ventilation was associated with "sensible heat", and 23.3% was associated with
"latent heat" (CRWMS M&O 1997, p. 86).

Determination of the potential latent heat in a ventilated emplacement drift requires description of
water movement within the rock during ventilation. The rate at which the water is transported to the
drift surface contacted with the airflow, and the time duration of the water movement in the
surrounding rock mass must be evaluated. A coupled simulation program, known as MULTIFLUX,
was developed for the Yucca Mountain Project to model the psychrometric environment in and around
the emplacement drift (Danko et al.1998, p. 762). This program is currently being validated in
accordance with the quality administrative procedure for software management, and may be available
for modeling the repository ventilation with consideration of moisture effects. To demonstrate the
overall approach developed to simulate the coupled heat and mass transfer problem during ventilation,
the major processes of the program is discussed below.

The MULTIFLUX program is developed by University of Nevada, Reno (UNR) under the contract
with the CRWMS M&Q. The MULTIFLUX is coupled to the NUFT (Non-isothermal Unsaturated-
Saturated Flow and Transport), a thermal hydrologic model, developed by Lawrence Livermore
National Laboratory. The NUFT software is capable of analyzing flow (moisture mass transport or
infiltration) and coupled mass and energy transport in geological media by conduction, convection, and
diffusion with multiple gas and liquid phases including phase change.

The MULTIFLUX program uses a predetermined number of NUFT runs to solve the heat and moisture
mass transfer in the rock. These runs will establish relationships among the rock temperature, partial
vapor pressure, heat flux, and moisture flux at the drift wall surfaces. Then, the MULTIFLUX
performs the airway model that solves the heat and mass transfer within predefined drift segments.
This airway model is based on computational fluid dynamic (CFD) and is designed to model the heat
and mass transfer in and around the subsurface opening. The calculation using the airway model is
repeated until the drift wall heat flux and temperatures match at selected axial nodes. Then the exit air
temperature and humidity from a drift segment will be used as the inlet conditions for the next
segment. This process is repeated for successive drift segments until temperature, saturation, and
humidity values have been calculated for the entire drift. Then, the above steps are iterated for I
successive time intervals of ventilation time.
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Preliminary calculations performed previously during the development of the program (CRWMS
M&O 1996, Section 5.3) will be discussed in this paragraph Although the thermal loading
arrangement considered at that time (83 MTU/acre, 22.5-m drift spacing and 16-m WP spacing) was
different from the current concept, it can be used to illustrate the overall effect of moisture removal.on
the repository thermal conditions. The results indicated that emplacement drift ventilation is capable of
removing significant amount of water out of the repository system. The total water removal from a
600-m long drift in 100-years of ventilation was calculated to be 3 to 9x10° kg for airflow rates ranging
from 0.1 to 10 m’/s. The previous calculation showed that during the ventilation of 10 m’/s, the
maximum drift wall temperature was 51 °C for heat-only model, and 45 °C for the coupled
heat/moisture model. The lower temperatures predicted with the coupled heat/moisture model were
due to the additional heat being removed through the latent heat of vaporization.
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7. CONCLUSIONS

The unqualified input data used for the analysis work performed in this document are identified and
listed with TBV numbers in the Section 4 and Attachment I of this document. The results of this
report are considered unqualified.

This report addressed the preliminary ventilation model to be used to analyze the effects of pre-
closure continuous ventilation in the EBS emplacement drifts. Based on the information and
discussions presented in the previous sections, the following conclusions are made:

Heat transfer processes during continuous ventilation of emplacement drifts were evaluated. A
method that can be used to model the thermal conditions in and around the emplacement drifts
was developed and documented in this report. '

Numeérical analyses were performed using the heat-only model for airflow rates of 10 and 15
m’/s. The results indicate that use of ventilation with appropriate airflow rate is capable of
removing heat from emplacement drifts and is capable of controlling emplacement drift
temperatures.

The modeling results for ventilation of 10 m’/s showed that the maximum drift wall
temperatures of 94° C occurred at year 10, with a corresponding maximum air temperature of
79° C. For ventilation airflow rate of 15 m3/s, calculated maximums occurred at the same time
but were much lower, 76° C for the drift wall and 64° C for the airflow.

Heat removed by ventilation at the rate of 10 m*/s has been calculated to be 68% of the heat
generated after 50 years, 73% after 100 years, and 77% after 200 years. Heat removed by
ventilation at the rate of 15 m%/s has been calculated to be 74% of the heat generated after 50
years, 78% after 100 years, and 82% after 200 years. Peak rates of heat removal occur within
the 5 to 15 year time frame. For thermal loading cases evaluated in this document, the airflow
rate to remove 70% of heat generated during 50-year preclosure (see Section 4.2) will be
between 10 to 15 cms per drift.

Moisture contained in the rock mass, if transported into the ventilation air, will have certain
degree of influences on the temperatures and total heat removal. The principle steps of a
coupled simulation program developed to model the psychrometric environment in the
emplacement drift were described. Further study of the moisture effects on heat removal and
temperature management may be conducted.
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00 ATY 0£0000-AN-SET-INV

z-1

6661 19qUIBAON

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.. Change: Title:
ANL-EBS-MD-000030 REV 00 Ventitation Mode!
Input Document ' 8. TBV Due To
6. Input Description
2. Technical Product Input Source Title and 3. gt;?g: t g.ection ;BWI'BD Unqual. From Un-
Identiﬁer(s) with Version Section Used in PI’iOfily Ung‘:;;trl:e"ed confirmed
1 ASHRAE (American Society of Heating p. 3.7 Accepted 411 Stefan-Boltzmann Constant N/A N/A N/A N/A
Refrigerating and Air Conditioning Engi;xeers, Data.
inc.) 1989. 1989 ASHRAE Handbook, Handbook
Fundamentals I-P Edition. Atlanta, GA: value
ASHRAE. TIC: 201565.
2 CRWMS M & O 1995. Waste Emplacement 7.23.2. | NIA 6.1 Effects of ventilation on N/A N/A N/A N/A
Management Evaluation Report. BC0000000- | 3 emplacement drift thermal
01717-5705-00011 REV 00. Las Vegas, Ref. only condition
Nevada: CRWMS M&O. ACC:
MOL.19970519.0103.
3 CRWMS M & O 1996. Thermal Loading 5.3 N/A 6.1 and | Effects of ventilation on N/A N/A N/A N/A
Study for FY 1996 Vol. |. B00000000-01717- emplacement drift thermal
5705-00044 REV 01. Las Vegas, Nevada: Ref. only 6.6 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 5.2SGI, CSCI: Ref. onl Version 5.2
30013 V5.2SG. 30013-2003 REV 00. Las - 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 emplacement drift thermal
5705-00007 REV 00. Las Vegas, Nevada: Ref. Only condition
CRWMS M&O. ACC: MOL.19970606.0163.
6 CRWMS M8O 1998a. Ground Control 1.2.3.1 TBV 334 41.2 Average ground surface 3 X
System Dascription Document. BCA000000- temperature (18.7° C) and thermal
01717-1705-00011 REV 00. Las Vegas, gradient
Nevada: CRWMS M&O ACC:
MOL..19980825.0286.
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6661 1qUI2AON

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
. ) 4. Input 5. 6. Input Description 7. N
2. Technical Product Input Source Title and g'ection Status Section TBV/TED Unqual. UncFrnotrrglled coanJ'?med
\dentifier(s) with Version Used in Priority S?)urce !
7 CRWMS M&O 1998b. Repository Ground Fig. 4-1 | TBV3528 413 Avg. elevations of repository level 3 X
Support Analysis for Viability Assessment, 1072.3 m atinvert.
BCAA00000-01717-0200-00004 REV 01. Las
Vegas, Nevada: CRWMS M&0O. ACC:
MOL.19980512.0714.
8 CRWMS M&O 1998c. Repository Subsurface | p. 1-2to | 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:
CRWMS M&O. ACC: MOL.19980918.0084. Secti Estimated leve! of initial heat
4%‘31'?" output for naval spent fuel WPs
~ TBV 389 4152 X
9 CRWMS M&O 1999a. Input Transmittal for pp.1of | TBV 3529 | 4.1.3 Thermal modeling parameters by 3 X
Thermal Modeling Parameters by 2 414 stratigraphic unit - thickness, grain
Stratigraphic Unit. Input Tracking No.: SSR- o density, thermal conductivity, &
NEP-99261.Ta. Las Vegas, Nevada: specific heat. Elevations for
CRWMS M&O. 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. BB000000O- 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 ltemd, TBV 3685 | 4.1.5.2 | Waste package length and 3 X
Alternative (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.
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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 7
2. Technical Product input Source Title and g.ection ;l&ll?l?: t g.ection TBV/TBD Unqual. Unc'(:)rnotmlled con%?r;\ed
Identifier(s) with Version Used in Priority Source
11 | (Continued ... ) Item 2, TBV 3686 | 4.1.53 Number & initial heat generation 3 X
p. 156 rates of waste packages
and p.
17
tem2, | TBV 3695 | 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 |l N/A N/A N/A N/A
Alternative Il Report. B00000000-01717- £5.1 Ref. onl characteristics.
5705-00131 REV 00. Las Vegas, Nevada: 0. el. only
CRWMS M&O. ACC: MOL.19990712.0194. 511
51.2
13 | CRWMS M & O 1999f. ANSYS Calculations p. VI-6 TBV 3687 | 54 Airflow rate for preclosure 3 X
in Support of Enhanced Design Alternatives. ventilation.
B00000000-01717-0210-00074 REV 00. Las ,
Vegas, Nevada: CRWMS M&O. ACC: p.7 TBV 3688 | 5.3 .:\veraggl e(nplac:emle nt drift length
MOL.19990218.0240. ‘or ventilation calculation.
Fig. 4 TBv 3689 | 5.2 WP position in emplacement drift.
347 TBV3690 | 5.5 Intake air temperature at
emplacement drift entrance.
14 | CRWMS M&O 19999. Activity Evaluation, Entire | 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&O. ACC:
MOL.19990719.0317.

|
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.: Change: Title:
ANL-EBS-MD-000030 REV 00 Ventitation Model
Input Document 8. TBV Due To
6. Input Description
2. Technical Product Input Source Title and ge ston ét;?‘?: t %ection ;I'.BVITBD Unqual. Unczrnot?;lled ij'?r;1ed
i i confi
Identifier(s) with Version Used in Priority Source
15
CRWMS M&O 1999h. Classification of the NIA NIA NIA 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&0O. ACC: ’
MOL.19990928.0219.
16 Enti N 2 Devel lan for Ventilati /, /
CRWMS MO 19991, Development Planfor | =e | NA Development Plan for Ventiation | N/A NA - NA WA
Ventilation Model. TDP-EBS-MD-000015 Ref. only
REV 01. Las Vegas, Nevada: CRWMS M&O.
ACC: MOL.19991005.0214.
17 . ) 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 Moisture 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, illinois:
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. ont 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.
Health, C.A. and Wilkins, D.R. 1999. ; ;
19 : , 1 N/A 4.1.17 Emplacement drift . N/A N/A IA
“Direction to Transition to Enhanced Design P placement critt spacing N NIA
Alternative I1." 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&O) to Distribution, LV.NS.JLY.06/99-026, ;
June 15, 1999, with enclosure, ACC: p.2 4118 | Waste package spacing.
MOL.19990622.0126, MOL.19990622.0127, 2 42 Heat removal of at least 70% by
and MOL.19990622.0128. P. ) 50-yr preclosure ventilation.
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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
) - 4. Input 5. 6. Input Description 7. U ' F Un-
2. Technical Product Input Source Title and 3. st . nqual. rom n
; ; Section atus Section TBV/TBD . Uncontrolled { confirmed
tdentifier(s) with Version Used in Priority " Source €

20 | Holman, J.P. 1997. Heat Transfer. 8" Edition. | p. 646 TBV 3691 | 4.1.6 Ventilation air properties at26°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 Tptpll unit 3 X

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

a

B
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AVERAGE OVERALL THERMAL DECAY

(1) Estimate of Linear Heat Load Along Emplacement Drift

R h .
Waste Package Type Number of Fraction of Length (m) Heat Output D::ql::::’; Total Heat LmE:ra:eat
WPs Total Rate (KW) (meters) Output (kW) (KWim)
Sec. 4.1.5.2 Sec.4.1.5.2 Sec.4.1.5.3 seeNote1 see Note2

21-PWR Absorber 4279 0.429 5.305 11.3337 23128.00 48496.90 2.10
21-PWR ControlRo 87 0.009 5.305 23709 47024  206.27 0.44
12-PWR Long 188 - 0.016 5.791 9.5402 930.78 15607.35 1.62

44-BWR Absorber 2889 0.29 5275 7.1346 15528.38 20611.86 1.33

24-BWR  Thick Plat 6 0.001 5.245 0.4910 32.07 2.95 0.08
5-DHLW 1249 0.125 3.73 4.0580 4783.67 5068.44 1.06
5-DHLW long 414 0.042 5.357 58280 225920 2412.79 1.07

Naval Combined 285 0.029 5.888 7.1346 | 1706.58 2033.36 1.19

{See Note 2) Rl
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).

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 1998c, Section 4.3.11.
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Time
(years)

0.01

10

15

20

(SeeNote3) 25
(See Note 3) 26
30

40

50

60

70

80

90

100

(See Note 3) 125
150

200

250

300

21-PWR
Absorber
Piates
kwW
(Sec 4.1.5.4)

11.3337
10.9954
9.9653
8.9956
8.1887
7.5138
6.9115
6.8050
6.3792
5.4984
47912
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
2.0085
1.8547
1.7241
1.6038
1.5819
1.4942
1.3106
1.1649
1.0443
0.9479
0.8698
0.807
0.7545
0.6764
0.56983
0.5244
0.4796
0.4452

12-PWR
Long

kw
(Sec 4.1.5.4)

9.5402
9.2722
8.4286
7.5801
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
Plates
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

{Sec4.1.5.4)

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
01111
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.

ANL-EBS-MD-000030 REV 00

Total Heat
of All CSNF
WP (kW)

70825.33
68696.08
62274.28
56201.90
51159.11
46909.07
43083.23
42414.93
39741.73
34165.86
29705.11
26117.01
23235.45
20873.24
18954.78
17365.94
15019.79
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%
59.88%
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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Time
{years)

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 l

Percentage Al WP

Total Heat of All Decay of All Linear Heat He\:;:'tztz; r
CSNFWP (kW) CSNFWP  Load mA3) y

(%) {(kWim)

(page 1i-3) (page 11-3) | (page il-2) | (See Note 4)
70825.3276 100.00% 1.5473] 2.54E+10
68696.0805 96.99% 1.5008 2.46E+10
62274.2638  87.93% - 1.3605 2.23E+10
56201.8031 79.35% 1.2278 2.02E+10
51158.1129 72.23% 1.1177 1.83E+10
46909.0735 66.23% 1.0248 1.68E+10
43083.2325 60.83% 0.9412 1.55E+10
424149311 59.89% 0.9266 1.52E+10
39741.7253 56.11% 0.8682 1.43E+10
34165.8551 48.24% 0.7464 1.23E+10
29705.1059 41.94% 0.6490 1.07E+10
26117.0133 36.88% 0.5706 9.37E+09
23235.4527 32.81% 0.5076 8.33E+09
20873.2444 29.47% 0.4560 7.49E+09
18954.7764 26.76% 0.4141 6.80E+09
17365.9444 24.52% 0.3794 6.23E+09
15019.7875 21.21% 0.3281 5.39E+09

12673.6306 17.89% 0.2768 4.54E+09 —

10516.9307 14.85% 0.2298 3.77E+09
9226.0803 13.03% 0.2016 3.31E+09
8331.4641 11.76% 0.1820 2.99E+09

Based on Linear heat load values. For example, in year 0.01,
1.5473(KW/m)*[1000(J/s)/kW]*[365*24*60*60(s/yr)J/[(Pi/4)*(1.564 m)*2]
=2.54E+10 (J/yr-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.
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Convective Heat Transfer Coefficients

input Parameter - Value Source

Constant (pi), dimensionless 3.141582654 Universal Constant

Emplacement Drift Diameter (D), m 5.5 (Sec. 4.1.9)

Waste Package Diameter (d), m 1.564 (Sec. 5.1)

Wetted Perimeter (P), m 22.2 P=Pi*(D+d) (See Note below)

Cross Section Area (A), m*2 21.84 A=pi/4*(D*2-d"2) (See Note below)

HydraulicDiameter (Dh), m 3.836 Dh=4A/P=D-d {See Note below)

Air Density (tho), kg/m*3 1.0561 (Sec. 4.1.6)

Air Thermal Conductivity (k), W/m-K 0.0261 (Sec. 4.1.6)

Air Specific Heat (Cp), J/kg-K 1005.7 (Sec. 4.1.6)

Air Dynamic Viscosity (mu), kg/m-s 1.8371E-05 (Sec. 4.1.6)

Air Prandtl Number (Pr), dimensionless 0.7079 (Sec. 4.1.6)

Air Flow Rate (Q), m"3/s per drift 10 (Sec. 5.4)

Air Flow Velocity (v), m/s 0.46 v=Q/A {See Note below)

Reynolds Number (Re), dimensionless 103617.16 Re=rho*v*Dh/mu (See Note below)

Nusselt Number (Nu), dimensionless 206.09 Nu=0.023*"Re*0.8*Pr*0.4 (See Note below)

Conv. Heat Transfer Coef. (h), W/m*2-K 1.37 h=k*Nu/Dh (See Note below)
or h= 4.320E+07 Ji(yr-m*2-K) (See Note below)

Air Flow Rate (Q), m*3/s per drift 15 (Sec. 5.4)

Air Flow Velocity (v), m/s 0.69 v=Q/A (See Note below)

Reynolds Number (Re), dimensioniess 15542574 Re=rho*v*Dh/mu (See Note below)

Nusselt Number (Nu), dimensionless 285.06 Nu=0.023*"Re*0.8*"Pr*0.4 (See Note below)

Conv. Heat Transfer Coef. (h), Wim*2-K 1.89 h=k*Nu/Dh (See Note below)
or h= 5.96E+07 J/(yr-m*2-K) (See Note below)

Note:

Calculations is based on CRWMS M&O 1998c. Repository Subsurface Waste Emplacement and Thermal
Loading Management Strategy , BO0O000000-01717-0200-00173 REV 00. MOL.19980918.0084. pp.lil-2 to IH-3.
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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

60 MTU/acre

Wall Temperature Results from ANSYS Modeling

Drift Wall and Air Temperatures, C

Time, Yt Drift Wall Temperature, C ﬁime Afted 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 2943
1.00 55.68 59.19 65.66 1.00 56.85 33.50
5.00 55.27 58.40 55.24 5.00 56.30 35.83
10.00 §3.01 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 45.44 47.52 4540 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 3779 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 3443 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 15000 | 3227 27.73
200.00 | 30.88 31.46 30.87 200.00 | 31.07 27.31
250.00 | 30.18 30.68 30.17 250.00 | 30.35 26.98
300.00 29.70 30.14 29.68 300.00 29.84 26.76
Air Temperature and Heat Removal Calcutations
Tin= 25 C DS= 81.00 m WP Dia.= 1.56 Ap= 4891 mr2
DrftL= 600 m PG.= 010 m Drift Dia.= 550 Aw= 17.28 m"2
Deltak= 100 m TL= 6000 MTU/ac AirDens. = 1.06 kg/m*3
Cv.Coeff h= 137 WwWm*2K LL= 1.55 KWim AirCp= 101 kd/kg K
Time Step 1 Tain = 2500 C Taa = 0.5*(Tain+Taout) 0.5 25.00 + 2943 )= 27.22
{0-1e4 yr) Twout = 2810 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
aw= Awxhx{{Twa= 26.55) - Tain= 2500} = 3.67 kW
gp= Apxhx{(Tpa= 8949) - Tain= 2500} = 43.41 kW
Taout= 2500 +{(qw+qp) 47.08 Y(Q"rho*Cp) 1062 = 2943 C qrm = 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
gw= Awxhx{(Twa= 4247 ) - Tain= 2500} = 41.37 kW
qp= Apxhx{(Tpa= 97.71) -  Tain= 2500} = 48.94 kW
Taout = 25.00 + (qw+qgp) 90.31 )/(Q*rho*Cp) 10.62 = 33.50 C q-rm = 77.38
Time Step 3 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 3583 )= 30.41
(1-5y7 Twout = 56.30 C Twa = 0.5"(Twin+Twout) = 0.5%( 56.85 + 56.30 )= 56.57
Tpout=  83.24 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 86.45 + 8324 )= 84.84
qw= Awxhx{{Twa= 56.57 ) -  Tain= 25.00} = 74.74 KW
gp= Apxhx{(Tpa= 84.84 ) - Tain= 2500} = 40.28 kW
Taout= 25.00 + (qw+qp) 115.02 ¥(Q*rho*Cp) 1062 = 3583 C q-rm = 98.56
Time Step 4 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 35.27 )= 30.13
(5-10 yr) Twout = 53985 C Twa = 0.5*(Twin+Twout) = 0.5%( 56.30 + 53.95)= 55.13
Tpout = 7883 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 83.24 + 7883 )= 81.03
gw= Awxhx{(Twa= 55.13) - Tain= 2500} = 71.32 kW
qp= Apxhx{(Tpa= 81.03) - Tain= 2500} = 37.72 kW
Taout = 25.00 + (qw+qp) 109.04 ¥(Q*rho"Cp) 1062 = 3527 C g-rm = 93.43
Time Step 5 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 3446 )= 29.73
(10-15 yr} Twout = 5152 C Twa = 0.57(Twin+Twout) = 0.5%( 63.95 + 51.52 )= 52.74
Tpout = 74.54 C Tpa = 0.5(Tpin+Tpout) = 0.5%( 78.83 + 7454 )= 76.68
gw= Awxhx{(Twa= 5274 ) - Tain= 2500} = 65.66 kW
qgp= Apxhx{(Tpa= 7668 ) - Tain= 2500} = 3479 kW
Taout = 25.00 + (qw+gp) 100.45 J(Q*rho*Cp) 1062 = 3446 C Q-m = 86.08
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Time Step 6 Tain = 2500 C Taa = 0.5*(Tain+Taout) 0.57( 25.00 + 33.72)= 29.36
(15-20 yr) Twout= 4951 C Twa = 0.5*(Twin+Twout) = 0.5%( §1.52 + 49.51)= §0.52
Tpout = 7103 C Tpa = 0.5%(Tpin+Tpout) = 0.57( 74.54 + 71.03 )= 72.79

qgw= Awxhx{(Twa= 50.52) - Tain= 2500} = 60.41 KW

qgp= Apxhx{(Tpa= 7279) -  Tain= 2500} = 32.17 KW
Taout = 25.00 + (qw+gp) 92.58 Y(Q*rho"Cp) 10.62 = 3372 C g-m = 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 = 4736 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 )= 68.12

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

qgp= Apxhx{(Tpa= 69.12) - Tain= 2500} = 29.70 kW
Taout = 25.00 + (qw+qp) 85.18 }(Q*rho*Cp) 10.62 = 33.02C q-rm = 72.99
Time Step 8 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 32.45)= 28.73
{26-30 yr) Twout = 4612 C Twa = 0.5*(Twin+Twout) = 0.5%( 47.36 + 46.12 )= 46.74
Tpout= 65.01 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 67.20 + 65.01 )= 66.11

qw= Awxhx{(Twa= 46.74) - Tain= 25.00} = 51.46 kW

qp= Apxhx{(Tpa= 66.11) - Tain= 2500} = 27.67 kW
Taout = 25.00 + (qw+qp) 79.13 Y{(Q*rho*Cp) 10.62 = 3245 C g-m = 67.81
Time Step 9 Tain = 2500 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 3178 )= 28.39
(30-40 yr) Twout = 4337 C Twa = 0.5*(Twin+Twout) = 0.5%( 46.12 + 43.37 )= 4475
: Tpout= 60.03 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 65.01 + 60.03 )= 62.52

gw= Awxhx{(Twas= 4475) -  Tain= 2500} = 46.74 kW

qp= Apxhx{(Tpa= 62.52) - Tain= 2500} = 25.25 KW
Taout = 25.00 + (qw+ap) 72.00 1062 = 31.78 C g-rm = 61.69
Time Step 10 Tain = 25.00 C Taa = 0.5"*(Tain+Taout) = 0.5%( 25.00 + 30.94 )= 27.97
(40-50 yr) Twout= 4114 C Twa = 0.5*(Twin+Twout) = 0.5%( 4337 + 41.14) = 42.26
Tpout = 5593 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 60.03 + 5593 )= 57.98

qw= Awxhx{(Twa= 4226) - Tain= 2500} = 40.85 kwW

qp= Apxhx{(Tpa= 57.98 ) - Tain= 25.00} = 22.20 kW
Taout = 25.00 + (qw+qp) 63.05 )/(Q*rho*Cp) 1062 = 3084 C g-rm = 54.02
Time Step 11 Tain = 25.00 C Taa = 0.5"(Tain+Taout) = 0.5%( 25.00 + 30.24 )= 27.62
{50-60 yr) Twout = 3827 C Twa = 0.5*(Twin+Twout) = 0.5%( 4114 + 39.27 )= 40.20
Tpout = 5245 C Tpa = 0.5"(Tpin+Tpout) = 0.57( 55.93 + 52,45 )= 54.19

gw= Awxhx{(Twa= 4020) - Tain= 25.00} = 35.99 kW

gp= Apxhx{(Tpa= 5419) - Tain= 2500} = 19.65 kW
Taout = 25.00 + {qw+qp) 55.64 Y(Q*rho*Cp) 1062 = 30.24 C g-rm = 47.67
Time Step 12  Tain = 25.00 C Taa =0.5*(Tain+Taout) = 0.5%( 25.00 + 29.67 )= 27.33
(60-70 yr) Twout = 3779 C Twa = 0.5"(Twin+Twout) = 0.5%( 38.27 + 37.79 )= 38.53
Tpout = 4867 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 5245 + 4967 )= 51.06

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

gp= Apxhx{(Tpa= 51.06) - Tain= 2500} = 17.54 kW
~Taout = 25.00 + (qw+qp) 49.56 )/(Q*rho*Cp) 1062 = 29.67 C q-rm = 42.47
Time Step 13 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 28.21)= 27.10
(70-80 yr) Twout = 36.58 C Twa = 0.5*(Twin+Twout) = 0.5%( 37.79 + 36.58 )= 37.18
Tpout = 4738 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 49.67 + 47.38 )= 48.53

qw= Awxhx{(Twa= 37.18) - Tain= 2500} = 28.84 kW

gp= Apxhx{(Tpa= 4853) - Tain= 2500} = 15.84 kW
Taout = 25.00 + (qw+qp) 44.68 Y{Q*rho*Cp) 10.62 = 29.21 C q-m = 38.28
Time Step 14  Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.57( 25.00 + 28.83 )= 26.91
{80-90 yr) Twout = 3559 C Twa = 0.5"(Twin+Twout) = 0.5%( 36.58 + 35.58 )= 36.09
Tpout= 4548 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 4738 + 4548 )= 46.43

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

gp= Apxhx{(Tpa= 4643 ) - Tain= 25.00} = 14.43 KW
Taout = 25.00 + (qw+Qp) 40.67 )/(Q*rho*Cp) 10.62 = 2883 C g-rm = 34.85
Time Step15  Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5 25.00 + 28.52 )= 26.76
(90-100 yr) Twout = 3476 C Twa = 0.5 (Twin+Twout) = 0.5%( 35.59 + 3476 )= 35.17
Tpout = 4389 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 4548 + 4389 )= 44 .69

qgw= Awxhx{(Twa= 35.17) -  Tain= 2500} = 24.09 kW

gp= Apxhx{{Tpa= 44.69) -  Tain= 25001} = 13.25 kW
Taout = 25.00 + (qw+qp) 37.34 )/(Qrho*Cp) 1062 = 28.52 C g-rm = 31.99
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Time Step 16  Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 2816 )= 26.58
(100-125yr}  Twout= 3350 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 + 41,50 )= 4270 .
gw= Awxhx{(Twa= 3413) - Tain= 2500} = 21.62 kW
gp= Apxhx{(Tpa= 4270) - Tain= 2500} = 11.91 kW
Taout = 25.00 + (qw+qp) 33.53 )(Q*rtho*Cp) 10.62 = 28.16 C g-m = 28.73
Time Step17 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 2773 )= 26.36
(125-150yr) Twout= 3227 C Twa = 0.5*(Twin+Twout) = 0.5°( 33.50 + 3227 )= 32.88
Tpout= 3907 C Tpa = 0.5*(Tpin+Tpout) = 0.57( 41.50 + 39.07 )= 40.28
qw= Awxhx{(Twa= 3288 ) - Tain= 25.00 }= 18.66 KkwW
qp= Apxhx{(Tpa= 4028 ) - Tain= 25.00 }= 1028 kw
Taout= 25.00 +(qw+gp) 28.95 )(Q'rho*Cp) 10.62 = 2773 C q-rm= 2481
Time Step18 Tain = 2500 C Taa = 0.5"(Tain+Taout) = 0.5*( 25.00 + 2731 )= 26.15
(150-200yr) Twout= 31.07 C Twa = 0.5%(Twin+Twout) = 0.5°( 3227 + 3107 )= 3167
Tpout= 36.79 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= 2500 }= 870 kW .
Taout= 2500 +({gw+qp) 2449 )(Q'rho"Cp) 10.62 = 2731 C g-rm=  20.98
Time Step19  Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 2698 )= 2599
(200-250yr) Twout= 3035 C Twa = 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
qw= Awxhx{{Twa= 30.71 ) - Tain= 25.00 } = 13.51 kW
gp= Apxhx{(Tpa= 36.09 )- Tain= 25.00 } = 747 kW
Taout= 25.00 + (gw+qgp) ° 20.98 WQ*rho*Cp) 10.62 = 2698 C Q-rm = 17.98
Time Step20 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 2676 )= 25.88
(250-300yr) Twout= 2984 C Twa = 0.5%(Twin+Twout) = 0.5°( 30.35 + 2984 )= 30.09
Tpout= 3443 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 35.40 + 3443 )= 34.91
gw= Awxhx{(Twa= 3009 )- Tain= 25.00 } = 12.06 kwW
qp= Apxhx{(Tpa= 3491 )- Tain= 25.00 } = 6.67 kW
Taout= 25.00 +(gw+gp) 18.73  WQ*rho Cp) 10.62 = 2676 C g-m= 16.05
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DRIFT SEGMENT #2

(100-200m)

Air Quantity, Q =10 m*3/s

Wall Temperatures Results from ANSYS Modeling

60 MTU/acre

Drift Wall and Air Temperatures

Time, Yr]  Drift Wall Temperature, C [Time Afted Ave. Drift{ Air Temp
Invert | Springline| Crown Emplim't, Yiwall Tem | at 200 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.85 28.45 27.92 0.00 28.10 29.43
1.00 61.75 65.20 61.74 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 45.11
15.00 59.11 61.63 £9.07 15.00 59.94 43,63
20.00 56.58 58.92 56.54 20.00 57.34 42.20
26.00 53.82 56.06 53.88 26.00 54.62 40.85
30.00 52.25 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 4134 40.20 80.00 40.59 3340
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 34.71 35.39 34.69 150.00 34.93 30.48
200.00 | 33.16 33.72 33.14 200.00 | 33.34 2965
250.00 3218 32.64 32.13 250.00 32.31 28.99
300.00 31.45 31.89 31.43 300.00 3159 .| 28.55
Air Temperature and Heat Removal Calculations
Tin= 2500 C D.S= 81.00 m WP Dia. = 1.56 Ap = 4.91 mr2
Drift L = 600.00 m PG. = 0.10m Drift Dia. = 5.50 Aw = 17.28 mr2
Deltal =, 100.00 m TL. = 60.00 MTUfac Air Dens. = 1.06 kg/m*3
Cv. Coeff. h= 1.37 Wm*2K LL = 1.55 KW/m AirCp= 1.01 kd/kg K
Time Step1 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 2943 )= 27.22
(0-1te-dyr) Twout= 2810 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
aqp= Apxhx{(Tpa= 89.49) - Tain= 2500} = 43.41 kW
Taout = 25.00 +(qw+qp) 47.08 ){(Q rho*Cp) 1062 = 2343 C g-m = 40.34
Time Step2 Tain = 3350 C Taa = 0.5*(Tain+Taout) 0.5%( 33.50 + 40.41 )= 36.96
({ed4-1yr) 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 + 91.72)= 100.35
qw = Awxhx{(Twa= 4550) - Tain= 3350} = 28.40 kW
qQp = Apxhx{(Tpa= 100.35) - Tain= 3350} = 44 99 KW
Taout = 33.50 + (qw+qp) 73.38 Y(Q*rho*Cp) 1062 = 4041 C g-rm = 62.89
Time Step3 Tain = 3583 C Taa =0.5*(Tain+Taout) = 0.5 35.83 + 45.67 )= 40.75
(1-5yr) Twout = 6542 C Twa = 0.5*(Twin+Twout) = 0.5%( 62.90 + 6542 )= 64.16
Tpout= g1.10C Tpa = 0.5°(Tpin+Tpout) = 0.5% 9172 + 91.10 )= 91.41
qw= Awxhx{(Twa= 64.16 ) - Tain= 3583} = 67.06 kW
qp= Apxhx{(Tpa= 9141) - Tain= 35.83) = 37.41 kW
Taout = 35.83 + (qw+qp) 104.47 )(Q*rho*Cp) 1062 = 4567 C g-rm= 89.52
Time Step4 Tain = 35.27 C Taa = 0.5*(Tain+Taout) 0.5%( 35.27 + 45.11 )= 40.19
(5-10 yr} Twout = 62.94 C Twa = 0.5*(Twin+Twout) = 0.5%( 65.42 + 62.84 )= 64.18
Tpout = 8661 C Tpa = 0.5*(Tpin+Tpout) = 0.5 91.10 + 86.61)= 88.86
qw= Awxhx{(Twa= 64.18) -  Tain= 3527} = 68.45 kW
qp = Apxhx{(Tpa= 8886) - Tain= 3527} = 36.07 kW
Taout = 35.27 + (qw+gp) 104.52 Y(Q*rho*Cp) 1062 = 4511 C q-rm = 89.56
Time Step 5 Tain = 3446 C Taa = 0.5*(Tain+Taout) = 0.5%( 34.46 + 4363)= 39.04
(10-15 yr) Twout = 59.94 C Twa = 0.5*(Twin+Twout) = 0.5%( 62.94 + 5§9.94 )= 61.44
Tpout = 8189 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 86.61 + 81.89 )= 84.25
qw = Awxhx{(Twa= 6144 ) - Tain= 3446} = 63.87 kW
qp = Apxhx{(Tpa= 84.25) - Tain= 3446} = 33.52 kW
Taout = 34.46 + (qw+qp) 97.38 )/(Q*rho*Cp) 1062 = 43.63 C g-m = 83.45

ANL-EBS-MD-000030 REV 00

IV-5

November 1999



SheetB Page 2

Time Step6 Tain = Taa = 0.5*(Tain+Taout) 0.5%( 3372+ 4220)= 37.96
(15-20 yr) Twout = Twa = 0.5*(Twin+Twout) = 0.5%( 59.94 + §7.34 )= 58.64

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 81.89 + 77.83 )= 79.91

qw = Awxhx{(Twa= 5864 ) - Tain= 3372} = §9.00 kw

gp= Apxhx{(Tpa= 79.81) -  Tain= 3372} = 31.09 kW

Taout = 33.72 + (qw+qp) 90.10 ){Q*rho*Cp) 1062 = 4220 C g-m= 77.20
Time Step7 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 33.02 + 4085 )= 36.93
(20-26 yr) Twout = Twa = 0.5*(Twin+Twout) = 0.5%( 57.34 + 5462 )= 55.98

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5 77.93 + 7365 )= 75.79

qw = Awxhx{(Twa= 55.98) - Tain= 33.02} = 54.36 kW

qp= Apxhx{(Tpa= 75.79) -  Tain= 33.02} = 28.79 kW

Taout= 33.02 + (qw+qp) 83.15 )/(Q*rho*Cp) 1062 = 40.85 C g-rm = 71.25
Time Step 8 Tain = Taa = 0.5*(Tain+Taout) 0.5% 3245 + 39.73)= 36.09
(26-30 yr) Twout = Twa = 0.5*(Twin+Twout) = 0.5%( 5462 + 5291 )= 53.77

Tpout= Tpa = 0.5*(Tpin+Tpout) = 0.57( 7365 + 71.07 )= 72.36

qw = Awxhx{(Twa= 5377 ) - Tain= 3245} = 50.46 kW

qp= Apxhx{(Tpa= 72.36) - Tain= 3245} = 26.87 KW

Taout = 32.45 + (qw+qp) 77.33 ¥{Q rho*Cp) 1062 = 39.73 C q-fm = 66.26
Time Step9 Tain = Taa = 0.5%(Tain+Taout) = 0.5%( 31.78 + 3844 )= 35.11
(30-40 yr) Twout = Twa = 0.5*(Twin+Twout) = 0.5%( 5291 + 4959 )= 51.25

Tpout = Tpa = 0.5%(Tpin+Tpout) = 0.5% 71.07 + 65.66 ) = 68.36

qw = Awxhx{(Twa= 51.25) - Tain= 3178} = 46.10 kW

qp = Apxhx{(Tpa= 6836 ) - Tain= 3178} = 24.63 kW

Taout = 31.78 + (qw+qp) 70.72 Y(Q*rho*Cp) 1062 = 3844 C g-m = 60.60
Time Step 10 Tain = Taa =0.5*(Tain+Taout) = 0.5( 30.94 + 36.82 )= 33.88
(40-50 yr) Twout = Twa = 0.57(Twin+Twout) = 0.5%( 4959 + 46.65 ) = 48.12

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 65.66 + 60.97 )= 63.32

qw = Awxhx{{Twa= 48.12) - Tain= 3094 ) = 40.68 kW

ap = Apxhx{{Tpa= 63.32) - Tain= 3004} = 21.80 kW

Taout = 30.84 + (qw+qp) 62.48 )/(Q*rho*Cp) 1062 = 36.82 C g-rm = 53.54
Time Step 11 Tain = Taa = 0.5%(Tain+Taout) = 0.5%( 30.24 + 3544 )= 32.84
(50-60 yr) Twout = Twa = 0.5"(Twin+Twout) = 0.5%( 46.65 + 4418 )= 45.41

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 60.97 + 56.98 )= 58.98

qw = Awxhx{(Twa= 4541 ) -  Tain= 3024} = 35.93 kW

qQp = Apxhx{(Tpa= 58.98) - Tain= 3024} = 19.34 kW

Taout = 30.24 + (qw+qp) 55.27 Y(Q*rho*Cp) 1062 = 3544 C g-rm= 47.36
Time Step 12 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 29.67 + 3431 )= 31.99
(60-70 yr) Twout = Twa = 0.5"(Twin+Twout) = 0.5°( 44.18 + 42.20)= 43.19

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 56.98 + 53.77 )= 5§5.37} -

qw = Awxhx{(Twa= 43.19) - Tain= 29673 = 32.01 kW

qp = Apxhx{(Tpa= 5537 ) - Tain= 2967 ) = 17.30 KW

Taout = 29.67 + {qw+qp) 49.31 Y(Q*rho*Cp) 1062 = 3431 C Q-m = 42.25
Time Step 13 Tain = Taa = 0.5*(Tain+Taout) = 0.5°( 29.21 + 3340 )= 31.30
(70-80 yr) Twout = Twa = 0.5*(Twin+Twout) = 0.5%( 42.20 + 40.59 )= 41.39

Tpout = Tpa = 0.5"(Tpin+Tpout) = 0.5%( 53.77 + 51.13 )= 5245

qw = Awxhx{(Twa= 41.39) - Tain= 2921} = 28.85 kW

qp = Apxhx{(Tpa= 5245) - Tain= 2921} = 15.65 kW

Taout = 29.21 + (qw+qp) 44.49 )/(Q*rho*Cp) 1062 = 3340 C q-rm = 38.13
Time Step 14 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 2883 + 3265)= 30.74
(80-90 yr) Twout = Twa = 0.5*(Twin+Twout) = 0.5%( 40.59 + 39.26 )= 39.92|-

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.57( 51.13 + 4893 )= 50.03

qw = Awxhx{(Twa= 39.92) - Tain= 2883} = 26.26 kw

gp= Apxhx{(Tpa= 50.03) -  Tain= 28.83) = 14,27 kW

Taout = 28.83 + (qw+qp) 40.53 )/(Q*rho"Cp) 1062 = 3265 C g-m= 3473
Time Step 15 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 28.52 + 32.02 )= 30.27
(90-100yr) Twout= Twa = 0.5"(Twin+Twout) = 0.5%( 39.26 + 38.15) = 38.70

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 48.93 + 47.09 )= 48.01

qw= Awxhx{(Twa= 3870) - Tain= 2852} = 24.12 kW

gp= Apxhx{(Tpa= 48.01 ) - Tain= 2852} = 13.12 kW

Taout = 28.52 + (qw+qp) 37.24 Y(Q°rho"Cp) 1062 = 3202 C q-rm = 31.91
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Time Step 16 Tain = 28,16 C Taa = 0.5*(Tain+Taout) = 0.5%( 28.16 + 31.32)= 29.74
{100-125yr) Twout= 3655 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 )= 4575
qw= Awxhx{{(Twa= 37.35) - Tain= 2816} = 21.77 kW
qp= Apxhx{(Tpa= 4575) -  Tain= 28.16 } = 11.84 kW
Taout = 28.16 + (qw+gp) 33.61 )/(Q*rho*Cp) 1062 = 31.32C q-rm = 28.80
Time Step17 Tain = 2773 C Taa = 0.5%(Tain+Taout) = 0.5 27.73 + 3048 )= 29.10
(125-150yr) Twout= 3493 C Twa = 0.5"(Twin+Twout) = 0.5%( 36.55 + 3493 )= 3574
Tpout= 4162 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 4440 + 4162 ) 43.01
qw= Awxhx{(Twa= 3574 ) - Tain= 2773 } = 18.98 kW
gp= Apxhx{(Tpa= 43.01 ) - Tain= 27.73 } = 10.29 kw
Taout= 27.73 +{gw+gp) 29.27 YW(Q'rho*Cp) 10.62 = 3048 C g-rm=  25.08
Time Step18 Tain = 2731 C Taa = 0.5%(Tain+Taout) = 057 27.31 + 2965 )= 28.48
(150-200yr) Twout= 3334 C Twa = 0.5*(Twin+Twout) = 0.5"( 34.93 + 33.34 )= 34.14
Tpout= 3887 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 41.62 + 38.97 ) 40.29
gw= Awxhx{(Twa= 3414 ) - Tain= 27.31 } = 16.17 kW
gp= Apxhx{(Tpa= 4029 )} - Tain= 2731} = 874 KW
Taout= 27.31 +{gw+gp) 24.91 ){Q*rho"Cp) 10.62 = 2965 C g-rm=_ 21.35
Time Step18 Tain = 2698 C Taa = 0.5*(Tain+Taout) = 0.5°( 26.98 + 2899 )= 27.98
{200-250yr) Twout= 3231 C Twa = 0.5*(Twin+Twout) = 0.5°( 33.34 + 3231 )= 32.82
Tpout= 3728 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 3897 + 3729 )= 38.13
gw= Awxhx{(Twa= 3282 ) - Tain= 26.98 } = 13.84 kW
ap= Apxhx{(Tpa= 3813 ) - Tain= 26.98 } = 751 kW
Taout= 26.98 +(gw+qp) 21.35 }(Q'rho*Cp) 10.62 = 2889 C g-rm = 18.30
Time Step20 Tain = 2676 C Taa = 0.5*(Tain+Taout) = 0.5*( 26.76 + 2855 )= 27.66
(250-300yr) Twout= 3159 C Twa = 0.5*(Twin+Twout) = 0.5% 32.31 + 3158 )= 31.95
Tpout= 36.12 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 37.29 + 3612 )= 36.71
qw= Awxhx{(Twa= 3195 ) - Tain= 26.76 }= 1227 kW
gp= Apxhx{(Tpa= 3671 ) - Tain= 2676 )} = 6.69 kW
Taout= 2676 + (qw+qp) 18.97 Y(Qrho*Cp) 10.62 = 2855 C q-m= 16.25
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DRIFT SEGMENT #3  (200-300m)

Air Quantity, Q = 10 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 Afteq Ave. Drift] Air Temp
Invert | Springline| Crown Empim't, Yiwall 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 1.00 67.81 46.03
5.00 72.68 75.61 7265 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 58.53 46,84
40.00 55.12 56.85 55.09 40.00 55.68 44.97
50.00 51.60 63.12 51.57 50.00 5§2.10 42.64
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 44.18 80.00 44,57 37.56
80.00 42.58 43.58 42.56 90.00 42.91 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 34.49
150,00 { 37.39 38.06 37.37 150.00 | 37.61 33.26
200.00 | 3545 36.01 35.43 200.00 | 35.63 32.03
250.00 | 34.13 34.63 34.12 250.00 | 34.2¢ 31.03
300.00 | 33.22 33.67 33.20 300.00 | 33.36 30.36
Air temperature and Heat Removai Calculations
Tin= 25¢C DS= 81t m WP Dia. = 1.564 Ap= 4.91345 m*2
‘DriftL = 600 m P.G. = 0.1im Drift Dia. = 55 Aw= 17.2788 m*2
Delta L= 100 m TL = 60 MTU/ac Air Dens. = 1.0561 kg/m*3
Cv. Coeff. h= 1.37 Wm*2K LL. = 1.55 kWim AirCp= 1.0057 kJ/kg K
Time Step 1 Tain = 25C Taa = 0.5*(Tain+Taout) 0.5*( 25 + 294328 )= 27.2164
(0-1e4yr) Twout=  28.1037 C Twa = 0.5*(Twin+Twout) = 0.5*( 25 + 28.1037 )= 26.5518
Tpout = 108.972 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 70 + 108972 ) = 89.486
qw = Awxhx{(Twa= 26.551833) - Tain= 25} = 3.67348 kW
gp= Apxhx{(Tpa= 89.486 ) - Tain= 25} = 43.4083 kW
Taout = 25 + (qw+qp) 47.081769 )/(Q*rho*Cp) 10.6211977 = 29.4328 C g-m = 40.3432
Time Step 2 Tain = 40413 C Taa = 0.5*(Tain+Taout) 0.5%( 40413 + 46.0294 ) = 43.2212
(le4-tyr) 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=  47.958617 ) - Tain= 404128644} = 17.862 kW
qp = Apxhx{(Tpa= 102.49615) -  Tain= 404129644 } = 41.7908 kW
Taout = 40413 + (qw+qp) 59.652841 )/(Q'rho*Cp) 10.6211977 = 46.0294 C q-m = 51.115
Time Step 3 Tain = 456659 C Taa = 0.5"(Tain+Taout) = 0.5%( 45.6659 + 54.6137 )= 50.0898
{(1-5yr} Twout= 736461 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%( $6.0203 + 98,2409 ) = 97.1306
qw = Awxhx{(Twa= 70.72985) - Tain= 456659221} = 59.3311 kW
qQp= Apxhx{(Tpa= 97.1308 ) - Tain= 456659221} = 34.6431 kW
Taout = 45,6659 + (qw+qp) 93.974157 J(Q*rho*Cp)  10.6211877 = 54.5137 C q-rm = 80.524
Time Step4 Tain = 45.1067 C Taa = 0.5*(Tain+Taout) 0.5%( 451067 + 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= 45106728} = 34.3747 KW
Taout= 451067 + (qw+gp) 99.393647 }/(Q'rho*Cp) 10.6211977 = 54.4648 C qQ-fm = 85.1679
Time Step5 Tain = 436271 C Taa = 0.5*(Tain+Taout) = 0.5%( 43.6271 + 52.4947 )= 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 + 89.0471 ) = 91.5758
qw = Awxhx{(Twa= 69.779683 ) - Tain= 43.6271006 } = 61.9081 kW
qp = Apxhx{(Tpa= 91.57575) - Tain= 436271006 } = 32.2763 kW
Taout = 43.6271 + (qw+qp) 94.184421 }(Q'rho*Cp) 10.6211977 = 52.4947 C g-m = 80.7042
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Time Step6 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 = 84.6638 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

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

Taout = 42,1989 + (qw+qp) 87.578348 )/(Q*rho*Cp) 10.6211977 = 504445 C q-m = 75.0438
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+Tpout) = 0.5%( 84.6638 + 79.9753 ) = 82.3196

qw = Awxhx{(Twa= 63310983 ) - Tain= 40.8483967 } = 53.1732 kW

qQp= Apxhx{(Tpa= 82.31955) - Tain= 40.8483967 ) = 27.916 KW

Taout = 40.8484 + (qw+qgp) 81.089219 )/(Q*rho*Cp) 10.6211977 = 48.4831 C q-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 = 59.5339 C Twa = 0.5*(Twin+Twout) = 0.5"( 61.6866 + 59.6339 )= 60.6103

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

qw = Awxhx{(Twa= 60.61025 ) - Tain= 38.7308063 } = 49,4256 kW

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

Taout= 39.7308 + (qw+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=  55.6848 C Twa = 0.5*(Twin+Twout) = 0.5%( 59.5339 + 556848 )= 57.6093

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

qw = Awx hx {(Twa = 57.609317 ) - Tain= 38.4375451} = 45,3832 kW

qp = Apxhx{(Tpa= 741091 ) - Tain= - 38.4375451 } = 24,012 kW

Taout = 38.4375 + (qw+qp) 69.395277 Y(Qrho*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 )= 39.7275
(40-50 yr) Twout = 52,0985 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

gp = Apxhx{(Tpa= 68.58455) -  Tain= 36.8184743 } = 21.3831 kW

Taout = 36.8185 + (qw+qp) 61.794374 Y(Q*rho*Cp) 10.6211577 = 42,6365 C g-rm = 52.95
Time Step 11 Tain = 354419 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 = 61478 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= 35.4419423 } = 19.0377 kW

Taout = 35.4419 + (qw+gp) 54.839727 )(Q'rho*Cp) 10.6211977 = 40,6052 C qg-m= 46.9308
Time Step 12 Tain = 34309 C Taa = 0.5%(Tain+Taout) = 0.5%( 34.309 + 38.9236 ) = 36.6163
(60-70yr)  Twout= 465723 C Twa = 0.5*(Twin+Twout) = 0.5( 49.0374 + 46,5723 )= 47.8049

Tpout = 57.844 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 61.478 + 57.844 )= 59.661

qw= Awxhx{(Twa= 47.804883) - Tain= 34.3090212} = 31.9473 kW

Qp= Apxhx{(Tpa= §9.661) - Tain= 34.3090212} = 17.0655 kW

Taout = 34.309 + (qw+qp) 49.012772 ){(Q*rho*Cp) 10.6211977 = 38.9236 C q-rm = 41.9978
Time Step 13 Tain = 333957 C Taa = 0.5*(Tain+Taout) = 0.5%( 33.3957 + 37.5637 )= 354797
(70-80 yr) Twout=  44.5663 C Twa = 0.5"(Twin+Twout) = 0.5%( 46,5723 + 44,5663 )= 45.5693

Tpout = 54.8584 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 57.844 + 54.8584 ) = 56.3512

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

gp= Apxhx{(Tpa= §6.3512) - Tain= 333956727} = 154523 kW

Taout = 33.3957 + (qw+gp) 44.269637 }/(Q'rho*Cp) 10.6211977 = 37.5637 C g-m= 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 + 42.9074 )= 43.7369

Tpout=  52.3651 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 54.8584 + 52.3651 ) = 536118

qw = Awxhx{(Twa= 43.73685) - Tain= 32.6452935)} = 26.2558 kW

qp = Apxhx{(Tpa= 53.61175) - Tain= 32.6452935} = 14,1134 kW

Taout = 32.6453 +{qw+gp) 40.369241 )/(Q°rho*Cp) 10.6211877 = 36.4461 C q-m = 34.5914
Time Step 15 Tain = 32.0217 C Taa = 0.5"(Tain+Taout) = 0.5%( 32.0217 + 35.5156 )= 33.7688
(90-100 yr} Twout= 415142 C Twa = 0.5*(Twin+Twout) = 0.57( 42.9074 + 41.5142 ) = 422108

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

qw = Awxhx{{Twa= 42.210833 ) - Tain= 32.0217152} = 24.1196 kW

qp = Apxhx{(Tpa= 51.31805) - Tain= 320217152} = 12.9892 kW

Taout = 32.0217 + (qw+qp) 37.108768 )/(Q'rho*Cp) 106211977 = 35.5156 C g-rm = 31.7975
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Time Step 16 Tain = 313209 C Taa = 0.5*(Tain+Taout) = 0.5%( 31.3209 + 344862 )= 32.9036
(100-125yr) Twout=  39.5995 C Twa = 0.5*(Twin+Twout) = 0.5%( 41.5142 + 39.5995 )= 40.5569
Tpout= 4729998 C Tpa = 0.5*(Tpin+Tpout) =  0.5%( 50.271 + 47.2999 )= 48.7855
qw = Awxhx{(Twa= 40556867 ) - Tain= 31.3209462} = 21.8632 kW
gp= Apxhx{(Tpa= 48.78545 ) - Tain= 31.3209462} = 11,7561 kwW
Taout=  31.3209 +(qw+qp) 33.619284 }{Q'rho*Cp) 10.6211977 = 3449 C g-rm= 28.8075
Time Step 17 Tain = 3048 C Taa = 0.5*(Tain+Taout) = 0.5%( 3048 + 3326 )= 31.87
(125-150yr) Twout= 3761 C Twa = 0.5"(Twin+Twout) = 0.5%( 39.60 + 3761 )= 38.60
Tpout= 4418 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 47.30 + 4418 )= 45.74
qw= Awxhx{(Twa= 3860 )- Tain= 30.48 }= 18.23 kW
qp= Apxhx{(Tpa= - 4574 ) - Tain= 30.48 }= 10.27 kW
Taout=_ 3048 +(gw+qp)  29.50  )/(Q*rho*Cp) 10.62 = 3326 C g-rm=_ 2528
TimeStep18 Tain = 2965 C Taa = 0.5"(Tain+Taout) = 0.5%( 29.65 + 3203 )= 30.84
{150-200yr) Twout= 3563 C Twa = 0.5"(Twin+Twout) = 0.5*( 37.61 + 3563 )= 36.62
Tpout= 4118 C Tpa = 0.5*(Tpin+Tpout) = 0.5°( 44.18 + 4118 )= 4268
gw= Awxhx{(Twa= 3662 )- Tain= 29.65 } = 1650 kw
qp= Apxhx{(Tpa= 4268 )- Tan= 2965 } = 877 kW
Taout= 2965 +(qw+gp) 2527 )/(Q'rho*Cp) 10.62 = 3203 C qg-Mm=  21.65
Time Step19 Tain = 2899 C Taa = 0.5"(Tain+Taout) = 0.5%( 28.98 + 3103 )= 30.01
(200-250yr) Twout= 3429 C Twa = 0.5*(Twin+Twout) = 0.5% 3563 + 3429 )= 34.96
Tpout= 3921 C Tpa = 0.5°(Tpin+Tpout) = 0.5*( 41.18 + 3921 )= 4020
qw= Awxhx{{Twa= 3496 ) - Tain= 2899 } = 1415 kW
qgp= Apxhx{(Tpa= - 4020 ) -  Tain= 2899 1} = 7.55 kW
Taout= 2899 +(qw+qp) 21.69 M(Q'rho*Cp) 10.62 = 3103 C grm= 18.59
Time Step20 Tain = 2855 C Taa = 0.5*(Tain+Taout) = 0.5 28.55 + 3036 )= 29.45
(250-300yr) Twout= 3336 C Twa = 0.5*(Twin+Twout) = 0.5 34.29 + 3336 )= 3383
Tpout= 3784 C Tpa = 0.5%(Tpin+Tpout) = 0.5 38.21 + 3784 )= 38.53
qw= Awxhx{(Twa= 3383 )- Tain= 28.55 }= 1250 kW
gp= Apxhx{(Tpa= 3853 ) - Tain= 28.56 } = 6.72 kw
Taout= 2855 +(qw+qp) 19.21 Y(Q*rho*Cp) 10.62 = 3038 C g-m=  16.46
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DRIFT SEGMENT #4 (300-400m) Air Quantity, Q = 10 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 Atte] 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 1.00 71.81 50.59
5.00 80.05 82.80 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 5§5.92
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 5§3.40 60.00 53.86 45.72
70.00 50.52 51.71 50.49 70.00 50.91 43.51
80.00 48.15 49.24 48.13 80.00 48.51 41.71
$0.00 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 42.65 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 32.18
Air Temperature and Heat Calculations
Tin= 2500 C Ds= 81.00 m WP Dia. = 1.56 Ap = 491 mh2
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= 1.37 Wim*2K L.L.= 1.55 kW/m AirCp= 1.01 kitkg K
Time Step{1 Tain = 2500 C Taa = 0.5*(Tain+Taout) 0.5 25.00 + 2943 )= 27.22
(0-1e-4yr)  Twout= 28.10 C Twa = 0.5"(Twin+Twout) = 0.5%( 25.00 + 28.10 )= 26.55
Tpout = 10887 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 70.00 + 108.97 )= 89.49
qw.= Awxhx{(Twa= 2655) - Tain= 2500} = 3.67 kW
ap= Apxhx{(Tpa= 8949) - Tain= 2500} = 43.41 KW
Taout = 25.00 + (gqw+qp) 47.08 )/(Q*rho*Cp) 1062 = 2943 C q-rm = 40.34
Time Step2 Tain = 46.03 C Taa = 0.5%(Tain+Taout) 0.5 46.03 + 50.59 )= 48.31
(le4-1yr)  Twout= 7181 C Twa = 0.5*(Twin+Twout) = 0.5( 28.10 + 71.81 )= 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 = 5451 C Taa = 0.5*(Tain+Taout) = 0.5%( 54.51 + 6241 )= 58.46
(1-5yn) Twout = 80.99 C Twa = 0.5*(Twin+Twout) = 0.5%( 71.81 + 80.99 )= 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
ap = Apxhx{(Tpa= 10211) -  Tain= 5481} = 32.04 kW
Taout = 54.51 + (qw+qp) 83.85 )(Q*rho*Cp) 1062 = 6241 C q-rm= 71.85
Time Step 4 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
qp = Apxhx{{Tpa= 10296) - Tain= 5446} = 32.65 kW
Taout = 54.46 + (qw+gp) 93.79 Y(Q*rho*Cp) 1062 = 63.30 C g-m = 80.37
Time Step § Tain = 5249 C Taa = 0.5"(Tain+Taout) = 0.5% 52.49 + 61.04 )= 56.77
(10-15 yr) Twout = 7587 C Twa = 0.5"(Twin+Twout) = 0.5%( 79.60 + 75.87 )= 7774
Tpout = 9599 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 101.24 + 95.99 )= 98.61
qws= Awxhx{(Twa= 77.74) -  Tain= 5249} = §9.76 kKW
qp= Apxhx{(Tpa= 98.61) - Tain= 5249} = 31.04 KW
Taout = 52.43 + (qw+qp) 90.80 }(Q*rho"Cp) 1062 = 61.04 C g-rm = 77.80
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Time Step 6 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 = §1.23C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 9599 + 9123 )= 93.61

qw = Awxhx{(Twa= 74.08) - Tain= 5044 } = 55,95 kw

qp = Apxhx{(Tpa= 93.61) - Tain= 5044} = 29.06 kW

Taout = 50.44 + (gw+qp) 85.01 )/(Q*rho*Cp) 1062 = 58.45 C g-rm = 72.84
Time Step 7 Tain = 4848 C Taa = 0.5"(Tain+Taout) = 0.5%( 4848 + 5592 )= 52.20
{20-26 yr) Twout = 68.55 C Twa = 0.5*(Twin+Twout) = 0.5%( 7228 + 68.55 )= 70.42

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

qw = Awxhx{{(Twa= 70.42) - Tain= 48481} = 51.93 kW

qp= Apxhx{(Tpa= 88.69) - Tain= 48481} = 27.07 kW

Taout = 4848 + (qw+qp) 78.00 ){Q rho*Cp) 1062 = 55.92 C Q-m = 67.69
Time Step 8 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 + 82.84 )= 84.50

qw = Awxhx{(Twa= 67.27 ) - Tain= 46.84 } = 48.36 kw

qQp= Apxhx{(Tpa= 8450 ) - Tain= 4684} = 25.35 kW

Taout = 46.84 + (qw+ap) 73.71 Y(Q rho"Cp) 1062 = 53.78 C g-m = 63.16
Time Step 8 Tain = 4497 C Taa = 0.5"(Tain+Taout) = 0.5%( 44.97 + 51.37 )= 48.17
(30-40 yr) Twout = 6164 C Twa = 0.5"(Twin+Twout) = 0.5%( 65.98 + 6164 )= 63.81

Tpout = 7665 C Tpa =0.5*(Tpin+Tpout) = 0.5%( 82.84 + 76.65)= 79.74

qw = Awxhx{(Twa= 6381) - Tain= 4497} = 44.60 kW

qp = Apxhx{{Tpa= 78.74 ) - Tain= 4497} = 23.41 kW

Taout = 44,97 + (qw+gp) 68.01 )/(Q*rho*Cp) 1062 = 5137 C g-rm = 58.28
Time Step 10 Tain = 4264 C Taa = 0.5"(Tain+Taout) = 0.5%( 4264 + 48.38 ) = 45,51
(40-50yr)  Twout= 5747 C Twa = 0.5*(Twin+Twout) = 0.5%( 61.64 + 5747 )= 59.56

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

qw = Awxhx{(Twa= 59.56) - Tain= 4264} = 40.05 kw

gp = Apxhx{{Tpa= 73.78) - Tain= 4264} = 20.97 kW

Taout = 42.64 + (qw+qp) 61.02 Y(Q rho*Cp) 1062 = 4838 C q-rm = 52.28
Time Step 11 Tain = 4061 C Taa = 0.5*(Tain+Taout) = 0.6%( 40.61 + 4572 )= 43.16
(50-60yr)  Twout= 5386 C Twa = 0.5*(Twin+Twout) = 0.5% 57.47 + 53.86 )= 55.66

Tpout = 65.85 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 70.92 + 6595 )= 68.44

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

gp = Apxhx{({Tpa= 68.44 ) - Tain= 40611} = 18.73 KW

Taout = 40.61 + (qw+qp) 54.38 )/(Q*rho"Cp) 1062 = 4572 C Q-rm = 46.59
Time Step 12 Tain = 3892 C Taa = 0.5*(Tain+Taout) = 0.5%( 3892 + 43.51 )= 41,22
(60-70 yr) Twout = 50.91 C Twa = 0.5*(Twin+Twout) = 0.5%( 53.86 + 50.91 )= 52.38

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

qw = Awxhx{(Twa= 5238) - Tain= 3892} = 31.86 KW

qQp = Apxhx{(Tpa= 63.92) - Tain= 3892} = 16.83 kW

Taout = 38.92 + (qw+qp) 48.69 )/(Qrho"Cp) 1062 = 4351 C q-m = 41.72
Time Step 13 Tain = 3756 C Taa = 0.5%(Tain+Taout) = 0.5%( 37.56 + 41.71)= 39.64
{70-80 yr) Twout = 4851 C Twa = 0.5*(Twin+Twout) = 0.5%( 50.91 + 48.51 )= 49.71

Tpout = 58.56 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 61.80 + 58.56 ) = 60.23!

qw = Awxhx{{Twa= 49.71) - Tain= 3756} = 28.75 kW

qp = Apxhx{(Tpa= 60.23) - Tain= 3756} = 15.26 kW

Taout = 37.56 + (qw+ap) 44.00 Y(Q*rho*Cp) 1062 = 4171 C q-rm = 37.71
Time Step 14 Tain = 3645 C Taa = 0.5%(Tain+Taout) = 0.5%( 36.45 + 4023 )= 38.34
(80-90 yr) Twout = 4653 C Twa = 0.5"(Twin+Twout) = 0.5%( 48.51 + 46.53 )= 47.52

Tpout = 5578 C Tpa = 0.5*(Tpin+Tpout) = 0.57( 58.56 + 55.78 ) = 57.17

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

gp= Apxhx{{Tpa= 57.17 ) - Tain= 3645} = 13.95 kW

Taout = 36.45 + (qw+ap) 40.16 Y(Q*rho*Cp) 1062 = 40.23 C q-fm = 34.41
Time Step 15 Tain = 3552 C Taa = 0.5*(Tain+Taout) = 0.5%( 3552 + 39.00 )= 37.26
{90-100yr) Twout= 4487 C Twa = 0.5"(Twin+Twout) = 0.57( 46.53 + 44.87 )= 45.70

Tpout = 5345 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 55.78 + 5345)= 54.62

qw = Awx hx{(Twa= 4570) - Tain= 3552} = 24.11 kW

qp = Apxhx{(Tpa= 5462) - Tain= 35521} = 12.86 kW

Taout = 35.52 + (qw+qp) 36.96 )/(Q rho*Cp) 1062 = 39.00 C q-m= 31.67
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Time Step 16 Tain = 3449 C Taa = 0.5%(Tain+Taout) = 0.5%( 34.49 + 3765)= 36.07
{100-125yr) Twout= 4265 C Twa = 0.5 (Twin+Twout) = 0.5%( 44.87 + 4265 )= 43.76
Tpout = 50.21 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 53.45 + 50.21)= 51.83
qw = Awxhx{{Twa= 4376 ) - Tain= 3449} = 21.95 kW
qp = Apxhx{(Tpa= 51.83) - Tain= 3449} = 11.67 kW
Taout = 34.49 + (qw+qp) 33.62 )/(Q*rho*Cp) 1062 = 37.65 C g-rm = 28.81
Time Step 17 Tain = 3326 C Taa = 0.5*(Tain+Taout) = 0.5%( 33.26 + 36.06 )= 34,66
{125-150yr) Twout= 4031 C Twa = 0.5*(Twin+Twout) = 0.5%( 42.65 + 4031 ) 41.48
. Tpout= 4677 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 5021 + 4877 )= 48.49
gw= Awxhx{(Twa= 4148 ) - Tain= 3326 } = 1945 kW
gp= Apxhx{(Tpa= 4849 ) - Tain= 33.26 } = 1025 kw
Taout= 33.26 + (qQw+gp) 29.70 )}(Q*rho*Cp) 10.62 = 3606 C g-m= 2545
Time Step18 Tain = 3203 C Taa = 0.5"(Tain+Taout) = 0.5*( 32.03 + 444 )= 33.24
(150-200yr) Twout= 3786 C Twa = 0.5"(Twin+Twout) = 0.5°( 40.31 + 3796 )= 39.13
Tpout= 4342 C Tpa = 0.5"(Tpin+Tpout) = 057 46.77 + 4342 )= 4510
gw= Awxhx{(Twa= 3913 ) - Tain= 32.03 } = 16.81 kW
qp= Apxhx{(Tpa= 4510 ) -  Tain= 32.03 } = 880 KW
Taout= 32.03 +(gw+gp) 25.61 ¥(Q*rho*Cp) 10.62 = 3444 C g-m=  21.94
Time Step19  Tain = 3103 C Taa = 0.5%(Tain+Taout) = 0.57( 31.03 + 3310 )= 32.07
(200-250yr) Twout= 3630 C Twa = 0.5 (Twin+Twout) = 0.5"( 37.86 + 3630 )= 37.13
Tpout= 4116 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 43.42 + 41,16 )= 42.29
= Awxhx{{Twa= 3743 ) - Tain= 3103 )} = 1444 KW
ap= Apxhx{(Tpa= 4229 ) - Tain= 31.03 }= 7.58 kW
Taout= 31.03 +(qw+qgp) 22.02 )(Q*rho*Cp) 10.62 = 3310 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= 3516 C Twa = 0.5*(Twin+Twout) = 0.5 36.30 + 3516 )= 35.73
Tpout= 39.58 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 41.16 + 3958 )= . 40.37
gw= Awxhx{(Twa= 3573 ) - Tain= 30.36 } = 1272 kW )
qp= Apxhx{(Tpa= 40.37 ) -  Tain= 30.36 } = 6.74 kW
Taout= 30.36 + (qw+gp) 19.46 Y(Q*rho*Cp) 10.62 = 3219 C q-m= 1667
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DRIFT SEGMENT #5

{400-500m)

Air Quantity, @ = 10 m*3/s

60 MTU/acre

Wall Temperature Results from ANSYS Modeling Drift Wall and Air Temperatures, C
Time, Yr Drift Wall Temperature, C |T1me Afted Ave. Drift} Air Temp
Invert { Springline| Crown Empim', 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 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 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 €8.59 " 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 69.49 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 52.43 45.83
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 4540 125.00 45.68 40.81
150.00 | 42.80 43.46 42.78 150.00 | 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 DSs= 81.00 m WP Dia. = 1.56 Ap= 4.91 mt2
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= 1.37 Wm*2K LL. = 1.55 kWim AirCp= 1.01 kdfkg K
Time Step1 Tain = 25.00C Taa = 0.5*(Tain+Taout) 0.5%( - 25.00 + 2843 )= 27.22
(0-1e-4 yr) Twout = 28.10C 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 + - 10897 )= 89.49
qw = Awxhx{(Twas= 26.55) - Tain= 2500} = 3.67 kW
gqp = Apxhx{(Tpa= 89.49) - Tain= 2500} = 43.41 KW
Taout = 25.00 + {(qw+qp) 47.08 )(Q*rho*Cp) 1062 = 2943 C q-m = 40.34
Time Step 2  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 + 7498 )= 51.54
Tpout = 102,56 C Tpa = 0.5*(Tpin+Tpout) = 0.5 108.97 + 102.56 )} = 105.77
qw = Awxhx{(Twa= 5154) - Tain= 5059} = 2.25 kW
qp = Apxhx{(Tpa= 10577 ) -  Tain= 5059} = 37.14 kW
Taout= 50.59 + (qw+qp) 39.39 Y(Q*rho*Cp) 1062 = 54.30 C g-rm = 33.75
Time Step 3 Tain = 62.41 C Taa = 0.5*(Tain+Taout) = 0.5%( 62.41 + 69.40)= 65.91
(1-5yr) Twout = 87.52C 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 + 11048 )= 106.52
qw = Awxhx{(Twa= 81.26) - Tain= 6241} = 4461 kW
qQp= Apxhx{(Tpa= 10652 ) - Tain= 6241} = 29.69 kW
Taout = 62.41 + (qw+qp) 74.31 Y(Q*rho*Cp) 1062 = 69.40 C g-m = 63.67
Time Step 4 Tain = 63.30 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
qp = Apxhx{(Tpa= 109.24 ) -  Tain= 6330} = 30.93 kw
Taout = 63.30 + (qw+qp) 87.91 ){(Qtho"Cp) 1062 = 7157 C g-rm = 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 + 8338 )= 85.29
Tpout = 10270 C Tpa = 0.5"(Tpin+Tpout) = 0.5% 108.00 + 102.70 ) = 105.35
qw = Awxhx{(Twa= 8529) - Tain= 61.04} = 5741 kW
qQp= Apxhx{(Tpa= 10535) - Tain= 61.04} = 29.83 kW
Taout = 61.04 + (qw+qp) 87.23 Y(Q*rho*Cp) 1062 = 69.26 C g-rm = 74.75
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Time Step 6 Tain = 5845 C Taa = 0.5*(Tain+Taout) 0.5%( 58.45 + 66.21 )= 62.33
(15-20 yr) Twout = 7941 C Twa = 0.5*(Twin+Twout) = 0.5%( 83.38 + 7941 )= 81.40

Tpout = 9764 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 102.70 + 97.64 )= 100.17

qw = Awxhx{(Twa= 81.40) - Tain= 5845} = 54.32 kW

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

Taout = 58.45 + (qw+gp) 82.41 ¥(Q rho*Cp) 1062 = 66.21 C g-rm = 70.61
Time Step 7 Tain = 5582 C Taa = 0.5*(Tain+Taout) = 0.5%( 5592 + 6316 )= 59.54
(20-26 yr) Twout = 75.23 C Twa = 0.5*(Twin+Twout) = 0.5%( 79.41 + 7523 )= 77.32

Tpout = 92.20 C Tpa = 0.5°(Tpin+Tpout) = 0.5%( 97.64 + 9220 )= 94.92

qw = Awxhx{{Twa= 77.32) - Tain= 55921} = 50.66 kW

gp= Apxhx{(Tpa= 94.92) - Tain= 55921} = 26.25 kW

Taout = 55.92 + (qw+qp) 76.91 Y(Q*rho*Cp) 10.62 = 63.16 C g-frm = 65.90
Time Step 8 Tain = 53.78 C Taa = 0.5*(Tain+Taout) 0.5%( 53.78 + 60.55 )= 57.17
(26-30 yr) Twout = 7226 C Twa = 0.5*(Twin+Twout) = 0.5%( 75.23 + 7226 )= 73.75

Tpout = 88.55 C Tpa = 0.5"(Tpin+Tpout) = 0.5 92.20 + 88.55 ) = 90.37

qw= Awxhx{(Twa= 73.75) -  Tain= 53.78} = 47.27 kW

qp = Apxhx{{(Tpa= 9037 ) - Tain= 5378} = 24.63 XW

Taout = 53.78 + (qw+qp) 71.90 Y(Q*rho*Cp) 1062 = 60.55 C g-m = 61.61
Time Step 9 Tain = 5137 C Taa = 0.5*(Tain+Taout) = 0.5%( 51.37 + 5764 )= 54.51
(30-40 yr) Twout = 6747 C Twa = 0.5*(Th wim-waut) =0.5%( 72.26 + 67.47 )= 69.87

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

qw = Awxhx{(Twa= 69.87) - Tain= 5137} = 43.78 kW

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

Taout = 51.37 + (qw+qp) 66.59 J/(Q*rho*Cp) 1062 = 57.64 C Q-rm = 57.06
Time Step 10 Tain = 4838 C Taa = 0.5*(Tain+Taout) = 0.5%( 48.38 + 54.04 y= 51.21
(40-50 yr) Twout = 6275 C Twa = 0.5%(Twin+Twout) = 0.5%( 67.47 + 6275 )= 65.11

Tpout = 7581 C 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= 7890) - Tain= 4838} = 20.54 kW

Taout = 48.38 + (qw+qp) 60.15 )/(Q*rho*Cp) 1062 = 54.04 C g-rm = 51.54
Time Step 11 Tain = 4572 C Taa = 0.5*(Tain+Taout) = 0.5%( 4572 + 5079 )= 48.26
{50-60 yr) Twout = 5861 C Twa = 0.5*(Twin+Twout) = 0.5*( 62.75 + 5861 )= 60.68

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

qw = Awxhx{{Twa= 60.68 ) - Tain= 4572} = 35.40 kW

qp = Apxhx{(Tpa= 73.09) - Tain= 4572} = 18.42 kW

Taout = 4572 + (Qw+qp) 53.82 )/(Q*rho*Cp) 1082 = 50.79 C g-m = 46.12
Time Step 12 Tain = 4351 C Taa = 0.5*(Tain+Taout) = 0.5%( 43.51 + 4806 )= 4578
(60-70 yr) Twout = §5.21 C Twa = 0.5*(Twin+Twout) = 0.5%( 58.61 + §5.21 )= 56.91

Tpout = 6593 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 70.38 + 65.93 )= 68.15

qw = Awxhx{(Twa= 56.91 ) - Tain= 4351} = 31.73 kW

qp = Apxhx{(Tpa= 68.15) - Tain= 4351} = 16.59 kW

Taout = 43.51 + (qw+qp) 48.32 )/(Q*rho*Cp) 1062 = 48.06 C q-m = 41.40
Time Step 13 Tain = 4171 C Taa = 0.5*(Tain+Taout) = 0.5%( 4171 + 4583 )= 43.77
(70-80 yr) Twout = 5243 C Twa = 0.5"(Twin+Twout) = 0.5%( §5.21 + 5243)= 53.82

Tpout = 6225 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 65.93 + 62.25 )= 64.09

qw = Awxhx{{Twa= 53.82) - Tain= 4171} = 28.68 kW

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

Taout = 41.71 + (qw+qp) 43.74 )(Q"rho"Cp) 1062 = 4583 C g-rm = 37.48
Time Step 14 Tain = 4023 C Taa = 0.5*(Tain+Taout) = 0.5%( 40.23 + 43.99 )= 4211
(80-90 yr) Twout= 50.12C Twa = 0.5"(Twin+Twout) = 0.5%( 5243 + 50.12 )= 51.28

Tpout = 53.18 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 62.25 + 59.18 )= 60.72

qw = Awxhx{(Twa= 51.28) - Tain= 40231} = 26.16 kW

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

Taout = 40.23 + (qw+qp) 39.95 J{Q*rho*Cp) 1062 = 4399 C q-m = 34.23
Time Step 15 Tain = 39.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 39.00 + 4246 )= 40.73
(90-100yr} Twout= 48.20 C Twa = 0.5*(Twin+Twout) = 0.5%( 5§0.12 + 48.20 )= 49.16

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

qw = Awxhx{(Twa= 49.16) -  Tain= 38.00} = 24.06 kW

qp = Apxhx{(Tpa= 57.89) - Tain= 38.00) = 12.72 kW

Taout = 38.00 + (qw+qp) 36.79 ¥{(Q°rho"Cp) 1062 = 42.46 C g-rm= 31.52
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Time Step 16 Tain = 3765 C Taa = 0.5*(Tain+Taouty = 0.5%( 37.65 + 4081 )= 39.23
(100-125yr) Twout= 4568 C Twa = 0.5*(Twin+Twout) = 0.5%( 48.20 + 4568 )= 46.94
Tpout = 5310 C Tpa = 0.5*(Tpin+Tpout) = 0.57( 56.61 + §3.10)= 54.85
qw= Awxhx{(Twa= 46.94) - Tain= 3765} = 21.98 kW
qp= Apxhx{(Tpa= 5485) - Tain= 3765} = 11.58 kW
Taout = 37.65 + (qw+qp) 33.56 )/{Q*rho*Cp) 1062 = 40.81 C q-m = 28.76
Time Step 17 Tain = 3606 C Taa = 0.5%(Tain+Taout) = 0.5%( 36.06 + 3887 )= 37.46
(125-150yr) Twout= 4301 C Twa = 0.5*(Twin+Twout) = 0.5°( 45.68 + 43.01 )= 44.35
Tpout= 4937 C Tpa = 0.5*(Tpin+Tpout) = 0.5°( 53.10 + 4937 )= 51.24
qw= Awxhx{({Twa= 4435 ) - Tain= 36.06 1= 1963 Kkw
qp= Apxhx{(Tpa= 5124 ) - Tain= 3608 }= 10.22 kW
Taout= 36.06  +(qw+qp)  29.84  )/(Q*rho*Cp) 10.62 = 3887 C q-rm= 2557
Time Step 18 Tain = 3444 C Taa = 0.5%(Tain+Taout) = 0.5%( 3444 + 36.88 )= 35.66
(150-200yr} Twout= 4030 C Twa = 0.5*(Twin+Twout} = 0.5*( 43.01 + 4030 )= 41.66
Tpout= 4569 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 49.37 + 4569 ) 47.53
gw= Awxhx{(Twa= 4166 ) - Tain= 3444 } = 17.09 kW
qp= Apxhx{(Tpa= 4753 ) - Tain= 34.44 } = 881 kw
Taout= 3444 +(qw+qp) 25.80 W(Q*rho*Cp) 10.62 = 3688 C g-m= 22.19
Time Step18 Tain = 3310 C Taa = 0.5*(Tain+Taout) = 0.5°( 33.10 + 3520 )= 34.15
(200-250yr) Twout= 3834 C Twa = 0.5 (Twin+Twout) = 0.5°( 40.30 + 3834 )= 39.32
Tpout= 43.13 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 45.69 + 4313 )= 44.41
qw= Awxhx{{Twa= 3932 )- Tain= 33.10 }= 1472 kW
qgp= Apxhx{(Tpa= 44.41 } - Tain= 33.10 1= 761 kW
Taout= 33.10 +{qw+gp) 22.33 )/(Q*rho*Cp) 10.62 = 3520 C q-m=_ 18.14
Time Step20 Tain = 3219 C Taa = 0.5°(Tain+Taout) = 0.5°( 32.19 + 3404 )= 33.12
(250-300 yr) Twout= 3897 C Twa = 0.5*(Twin+Twout) = 0.5"( 38.34 + 3897 )= 37.65
Tpout= 4134 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 43.13 + 4134 ) 42.23
gw= Awxhx{(Twa= 3765 )- Tain= 3219 } = 12.93 kW
qgp= Apxhx{{Tpa= 4223 ) - Tain= 32.19 }= 6.76 kW
Taout= 32,19 +(qw+qp) 19.69 Y(Q*rho*Cp) 10.62 = 3404 C q-rm = 16.87
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DRIFT SEGMENT #6

{500-600m)

Air Quantity, Q = 10 m*3/s

Wall Temperature Results from ANSYS Modeling

60MTU/acre

Drift Wall and Air Temperatures

Time, Yr Drift Wall Temperature, C {Time Afted 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 1.00 77.62 57.32
5.00 92.38 95.10 92.36 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 80.57 77.11
20.00 85.61 87.69 85.56 20.00 86.28 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 7264 74.26 72.60 40.00 73.17 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 §9.09 60.25 §9.07 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 §3.36 90.00 53.70 47.73
100.00 §1.21 52.10 §1.19 100.00 51.50 45.90
125.00 48.45 49.23 4843 125.00 48.70 43.96
150.00 45.51 46.17 45.50 150.00 4573 41.68
200.00 42.50 43.05 42.48 200.00 42,67 39.34
250.00 | 40.24 40.73 40.23 250.00 | 40.40 37.34
300.00 38.65 39.09 38.64 300.00 38.79 35.92
Air Temperature and Heat Removal Calculations
Tin = 2500 C DS= 81.00 m WP Dia. = 1.56 Ap= 4.91 m*2
DritL = 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= 1.37 Wimr2K LL. = 1.55 kW/m AirCp= 1.01 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 29.43)= 27.22
{0-1e-4 yr) 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= 25.00} = 3.67 kW
qp = Apxhx{(Tpa= 8949 ) - Tain= 2500} = 43.41 kW
Taout = 25.00 + (qw+qp) 47.08 )/(Q*rho*Cp) 1062 = 2843 C g-m = 40.34
Time Step2 Tain = 5430 C Taa = 0.5°(Tain+Taout) 0.5%( 54.30 + 57.32)= 55.81
(le4-1yr)  Twout= 7762C Twa = 0.5%(Twin+Twout) = 0.5%( 28.10 + 77.62)= 52.86
Tpout = 104.88 C Tpa=0.5"(Tpin+Tpout) = 0.5%( 108.97 + 104.88 )= 106.93
qw = Awxhx{(Twa= 6286 ) - Tain= 5430} = -3.41 kW
qp = Apxhx{{(Tpa= 10683 ) - Tain= 5430} = 35.42 kW
Taout = 54.30 + (qw+qp) 32.01 )J{(Q rho*Cp) 1062 = 57.32 C q-tm = 27.43
Time Step3 Tain = 69.40 C Taa = 0.5*(Tain+Taout) = 0.5% 69.40 + 75.57 )= 7249
{(1-5yr) Twout = 9328 C Twa = 0.5*(Twin+Twout) = 0.5%( 7762 + 93.28 )= 85.45
Tpout = 11857 C Tpa = 0.5*(Tpin+Tpout) = 0.5 104.88 + 115.57 )= 110.23
qw = Awxhx{(Twa= 8545) - Tain= 69.40} = 37.98 kW
qp= Apxhx{(Tpa= 11023) - Tain= 69.40} = 27.48 kW
Taout = 69.40 + (qw+qp) 65.46 )/(Q*rho"Cp) 1062 = 75.57 C q-m = 56.09
Time Step4 Tain = 7157 C Taa = 0.5*(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% 11557 + . 114.35) = 114.96
qw= Awxhx{(Twa= 9378) - Tain= 7157} = 52.58 kW
gp = Apxhx{(Tpa= 11496 ) - Tain= 7157} = 29.20 kW
Taout = 71.57 + (qw+qp) 81.78 Y(Q*rho*Cp) 1062 = 7927 C q-m = 70.08
Time Step S Tain = 69.26 C Taa = 0.5"(Tain+Taout) = 0.5%( 69.26 + 77.11) = 73.19
(10-t5 yr) Twout = 9057 C Twa = 0.5"(Twin+Twout) = 0.5*( 94.28 + 90.57 )= T 9243
Tpout = 108.17 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 114.35 + 10817 )= 111.76
qw = Awxhx{(Twa= 9243 ) - Tain= 69.26 } = 54.85 kW
qQp = Apxhx{(Tpa= 11176 ) -  Tain= 69.26 } = 28.61 kW
Taout = 69.26 + (qw+qp) 83.46 Y(Q*rho*Cp) 1062 = 7711 C g-rm = 71.51
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Time Step & 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%( 80.57 + B86.29 )= 88.43

Tpout= 103.86 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 109.17 + 103.86 )= 106.52

qw = Awxhx{(Twa= 88.43) -  Tain= 6621} = 52.60 kW

qp = Apxhx{(Tpa= 106.52) - Tain= 66.21} = 27.13 KW

Taout = 66.21 + (qw+qp) 79.74 Y{Q*rho*Cp) 1062 = 7371 C q-rm =. 68.32
Time Step 7 Tain = 63.16 C Taa = 0.5%(Tain+Taout) = 0.5%( 63.16 + 70.20)= 66.68
(20-26 yr) Twout = 8171 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

ap= Apxhx{(Tpa= 100,98 ) - Tain= 63.16 } = 2545 kW

Taout = 63.16 + (qw+qp) 74.79 )(Q rho*Cp) 10.62 = 70.20 C q-m = 64.08
Time Step 8 Tain = 60.55 C Taa = 0.5%(Tain+Taout) 0.5%( 60.55 + 67.15)= 63.85
(26-30 yr) Twout = 78.37 C Twa = 0.5*(Twin+Twout) = 0.5%( 8171 + 78.37 )= 80.04

Tpout = 9412 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 98.09 + 84.12)= 96.11

qw = Awxhx{(Twa= 80.04) - Tain= 6055} = 46.15 kW

qp= Apxhx{(Tpa= 96.11) - Tain= 6055} = 23.93 kW

Taout = 60.55 + (qw+ap) 70.08 )/(Q*rho*Cp) 1062 = 67.15 C Q-m = 60.05
Time Step 9 Tain = 5764 C Taa = 0.5*(Tain+Taout) = 0.5%( 57.64 + 63.78 ) = 60.71
(30-40 yr) Twout = 73147 C Twa = 0.5"(Twin+Twout) = 0.5%( 78.37 + 73.17 ) = 75.77

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

qw = Awx hx{(Twa= 75.77) -  Tain= 5764) = 4291 kW

ap = Apxhx{{Tpa= 90.68) - Tain= 5764} = 22.24 kW

Taout = 57.64 + (gqw+qp) 65.15 Y(Q*rho*Cp) 1062 = 63.78 C g-m = 55.82
Time Step 10 Tain = 5404 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%( 73.17 + 67.95)= 70.56

Tpout = 80.63 C Tpa = 0.5*(Tpin+Tpout) = 0.57( 87.24 + 80.63 )= 83.94

qw= Awxhx{(Twa= 70.56) - Tain= 5404 } = 39.09 kW

gp= Apxhx{(Tpa= 83.94) - Tain= 54.04 } = 20.12 KW

Taout = 54.04 + (qw+qp) 59.21 )(Q rho*Cp) 1062 = 5962 C g-rm = 50.74
Time Step 11 Tain = 5079 C Taa = 0.5*(Tain+Taout) = 0.5%( 50.79 + 5580 )= 53.30
{50-60 yr) Twout = 6331 C Twa = 0.5"(Twin+Twout) = 0.5%( 67.95 + 63.31 )= 65.63

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

qw = Awxhx{{Twa= 6563) - Tain=s 5079} = 35.12 kW

qp = Apxhx{(Tpa= 77.70) -  Tain= 50.79} = 18.12 KW

Taout = 50.79 + (qw+qp) 53.24 Y{Q*rho*Cp) 1062 = 55.80 C g-rm = 45.62
Time Step 12 Tain = 48.06 C Taa = 0.5*(Tain+Taout) = 0.5%( 48.06 + §2.57 )= 50.31
(60-70 yr) Twout = 59.47 C Twa = 0.5%(Twin+Twout} = 0.5%( 63.31 + 5947 )= 61.39{,

Tpout= 69.93 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 74.77 + 69.93 )= 72.35

qw = Awx hx{(Twa= 61.39) - Tain= 4806 } = 31.56 kW

qQp = Apxhx{(Tpa= 7235) - Tain= 4806} = 16.35 kW

Taout = 48.06 + (qw+qp) 47.92 Y/(Q*rho*Cp) 1062 = 5257 C q-m= 41.06
Time Step 13 Tain = 4583 C Taa = 0.5°(Tain+Taout) = 0.5%( 4583 + 4992 )= 47.87
(70-80 yr) Twout = 56.31 C Twa = 0.5*(Twin+Twout) = 0.5%( 59.47 + 56.31 )= 57.89

Tpout = 6592 C Tpa = 0.5*(Tpin+Tpout} = 0.5% 69.93 + 65.92)= 67.92

qw = Awxhx{(Twa= 57.89) - Tain= 4583} = 28.56 kW

ap = Apxhx{(Tpa= 67.92) - Tain= 4583} = 14.88 kW

Taout = 45.83 + (qw+gp) 43.44 )/(Q*rho*Cp) 1062 = 49.92 C q-rm = 37.22
Time Step 14 Tain = 43.99 C Taa = 0.5*(Tain+Taout) = 0.5%( 43.99 + 47.73 )= 45,86
(80-90yr)  Twout= 5370 C Twa = 0.5"(Twin+Twout) = 0.5%( 56.31 + 53.70 )= 55.00

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

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

Taout = 43.99 +(qw+qp) 39.71 Y(Q*rhoCp) 1062 = 4773 C q-rm = 34.03
Time Step 15 Tain = 4246 C Taa = 0.5"(Tain+Taout) = 0.5%( 42.46 + 4590 )= 44,18
(80-100yr) 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= 5260) - Tain= 4246} = 24,00 kW

gp= Apxhx{(Tpa= 6t.15) -  Tain= 4246} = 12.58 kW

Taout = 42.46 + (Qw+Qqp) 36.59 )/(Q*rho*Cp) 1062 = 4590 C gq-rm = 31.35
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Time Step 16 Tain = 4081 C Taa = 0.5*(Tain+Taout) = 0.5% 40.81 + 4396 )= 42.39
(100-125yr) Twout= 4870 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 + 55.99 )= 57.87
qw = Awxhx{(Twa= 50.10) -  Tain= 4081} = 21.99 kW
qQp = Apxhx{(Tpa= 5787 ) - Tain= 4081} = 11.48 kW
Taout = 40.81 + (qw+qp) 33.48 Y(Q°rho*Cp) 1062 = 4396 C g-rm = 28.68
Time Step 17 Tain = 3887 C Taa = 0.5*(Tain+Taout) = 0.5*( 38.87 + 4168 = 40.28
(125-150yr) Twout= 4573 C Twa = 0.5*(Twin+Twout) = 0.5"( 48.70 + 4573 )= 47.21
Tpout= 5198 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 55.99 + 5188 )= 53.99
qw= Awxhx{(Twa= 4721 ) - Tain= 3887 }= 1976 kW
qp= Apxhx{(Tpa= 5389 ) - Tain= 38.87 } = 10.18 kW
Taout= 38.87 +{qw+qp) 29.84 )(Q'rho*Cp) 10.62 = 4168 C g-m=  25.66
Time Step18 Tain = 3688 C Taa = 0.5*(Tain+Taout) = 0.5%( 36.88 + 39.34 )= 38.11
{150-200yr) Twout= 4267 C Twa = 0.5*(Twin+Twout) = 0.5*( 45.73 + 4267 )= 44.20
Tpout= 4799 C Tpa = 0.5*(Tpin+Tpout) = 0.5°( 51.98 + 4799 )= 49.98
qw= Awxhx{(Twa= 4420 ) - Tain= 3688 }= 17.33 kW
gp= Apxhx{(Tpa= 4988 )} - Tain= 36.88 }= 882 kW
Taout= 36.88 + (qw+ap) 26.15  ¥(Q*rho*Cp) 10.62 = 3934 C g-m= 2241
Time Step 19 Tain = 3520 C Taa = 0.5*(Tain+Taout) = 0.5% 35.20 + 37.34 )= 36.27
(200-250 yr) Twout= 4040 C Twa = 0.5"(Twin+Twout) = 0.5%( 4267 + 4040 )= 41.54
Tpout= 4513 C Tpa = 0.5*(Tpin+Tpout) = 0.5 47.99 + 4513 )= 46.56
qw= Awxhx{(Twa= 4154 ) - Tain= 3520 }= 1499 kw
qp= Apxhx{(Tpa= 46.56 ) - Tain= 35.20 }= 764 kW
Taout= 3520 +(qw+qp) 22.63 )/(Q*rho*Cp) 10.62 = 3734 C g-m= 19.39
Time Step20 Tain = 34.04 C Taa = 0.5*(Tain+Taout) = 0.5%( 34.04 + 3592 )= 34.98
(250-300yr) Twout= 3879 C Twa = 0.5*(Twin+Twout) = 0.5%( 4040 + 3879 )= 39.60
Tpout= 4311 C Tpa = 0.5*(Tpin+Tpout) = 0.5"( 4513 + 4311 )= 44,12
qw= Awxhx{({Twa= 3960 )- Tain= 3404 } = 1314 kW
gp= Apxhx{(Tpa= 4412 ) - Tain= 34.04 } = 6.78 kW
Taout= 34.04 +(qw+gp)  19.93  )/(Q*rho*Cp) 10.62 = 3592 C qrm=  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, Yt Drift Wall Temperature, C [Time Afted Ave. drift] Air Temp
invert | Springline | Crown Emplim't, YMWall 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 28.07
1.00 47.04 50.28 47.02 1.00 438.11 31.66
5.00 46.25 48.16 46.23 5.00 47.21 32.62
10.00 44.53 47.17 44 .51 10.00 45.40 32.12
15.00 42.83 45.23 42.80 15.00 43.62 31.53
20.00 41.44 43.66 41.41 20.00 42.17 31.00
26.00 38.95 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 50.00 36.17 29.05
60.00 3443 35.69 34.41 €0.00 3484 28.56
70.00 3343 34.55 3341 70.00 33.80 28.16
80.00 3263 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 31.38 100.00 | 31.68 27.37
125.00 | 30.57 31.28 30.55 125.00 | 30.81 27.12
150.00 | 29.75 30.36 28.73 150.00 | 29.95 26.83
200.00 | 28.96 2947 28.95 200.00 | 29.12 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= 25C DS= 81 m WP Dia. = 1.564 Ap= 4.91345 m*2
DrftL= 600 m PG. = 0.1m Drift Dia. = 55 Aw = 17.2788 m*2
DeltalL = 100 m T.L. = 60 MTU/ac Air Dens. = 1.0561 kg/m*3
Cv. Coeff. h= 1.89 Wm*2K LL. = 1.55 kW/m AirCp= 1.0057 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 29.07 )= 27.03
(0-1le-d4yr) Twout= 28.09C Twa = 0.5*(Twin+Twout) = 0.5%( 25.00 + 28.09 )= 26.54
Tpout = 10878 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= 89.38) - Tain= 2500} = 59.80 kw
Taout = 25.00 + (qw+gp) 64.84 )/(Q*rho*Cp) 1593 = 29.07 C g-m = 56.31
Time Step2 Tain = 2500 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 3166 )= 28.33
(le4-1yr) Twout= 48.11 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 + 7766)= 93.22
qw = Awxhx{(Twa= 38.10) - - Tain= 2500} = 4278 kW
qp= Apxhx{{Tpa= 93.22) -  Tain= 2500} = 63.35 kW
Taout = 25.00 + (qw+ap) 106.13 }{Q*rho*Cp) 1593 = 3166 C g-rm = 92.16
Time Step3 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 3262 )= 28.81
(1-5yn 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
gp= Apxhx{{Tpa= 7586 ) - Tain= 2500} = 47.32 KW
Taout = 25.00 + (qw+qp) 121.33 }(Q*rho*Cp) 15693 = 3262 C qQ-rm = 105.36
Time Step4 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 3212 )= 28.56
(5-10yr) 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= 2500} = 69.56 kW
qp= Apxhx{(Tpa= 7228) - Tain= 2500} = 43.90 kW
Taout = 25.00 + (qw+qp) 113.49 )J/(Q*rho*Cp) 1593 = 3212 C q-m = 98.55
Time Step 5 Tain = 2500 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= 2500) = 63.72 kW
qp = Apxhx{{Tpa= 6843 ) - Tain= 2500} = 40.33 kW
Taout = 25.00 + (qw+qp) 104.05 Y(Q*rho*Cp) 1593 = 3153C 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%( 43.62 + 4217 )= 42.90

Tpout = 63.52 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 66.56 + 63.52 )= 65.04

qw = Awx hx{(Twa= 42980) -  Tain= 2500} = 58.44 kW

qp= Apxhx{({Tpa= 65.04 ) - Tain= 2500} = 37.18 kW

Taout = 25.00 + (qw+ap) 95.63 }(Q*rho*Cp) 1593 = 31.00 C g-rm = 83.04
Time Step 7 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 30.51 )= 27.75
{20-26 yr) Twout = 40.61 C Twa = 0.5 (Twin+Twout) = 0.5%( 4217 + 40.61 )= 41.39

Tpout = 60.23 C Tpa=0.5"(Tpin+Tpout) = 0.5%( €3.52 + 60.23 )= 61.88

qw = Awxhx{(Twa= 41.39) - Tain= 2500} = 53.53 kW

qp = Apxhx{(Tpa= 61.88) - Tain= 25.00} = 34.24 kW

Taout = 25.00 + (qw+qp) 87.77 Y(Q*rho*Cp) 1593 = 30.51 C q-m= 76.22
Time Step8 Tain = 2500 C Taa = 0.5*(Tain+Taout) 0.5%( 25.00 + 30.11) = 27.55
(26-30 yr) Twout = 3972C 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= 26.00} = 49.53 kW

qp= Apxhx{(Tpa= 59.29 ) - Tain= 2500} = 31.84 kW

Taout = 25.00 + (qw+qp) 81.37 ¥(Q*rho*Cp) 1593 = 3011 C g-rm = 70.66
Time Step 9 Tain = 2500 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 2964 )= 27.32
(30-40yr)  Twout= 3776 C Twa = 0.5*(Twin+Twout) = 0.5%( 39.72 + 37.76 )= 38.74

Tpout = 5400 C Tpa = 0.5"(Tpin+Tpout) = 0.5% 58.34 + 54.09 )= 56.22

qw = Awxhx{(Twa= 38.74) - Tain= 2500} = 44.87 kW

qp = Apxhx{(Tpa= 56.22) - Tain= 2500} = 28.99 kW

Taout = 25.00 + (qw+qp) 73.85 Y{Q*rho*Cp) 1593 = 2964 C Q-rm = 64.13
Time Step 10 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 29.05 )= 27.02
(40-50yr)  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 = Awxhx{(Twa= 3696 ) - Tain= 2500} = 39.06 kw

qp = Apxhx{(Tpa= 52.34) - Tain= 2500} = 25.39 kW

Taout = 25.00 + (qw+qp) 64.45 )/(Q*rho*Cp) 1693 = T 29.05C g-rm = 55.97
Time Step 11 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 28.56 )= 26.78
{50-60 yr) Twout = 34.84 C Twa = 0.5*(Twin+Twout) = 0.5%( 36.17 + 34.84 )= 35.50

Tpout = 4765 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 50.60 + 4765)= 49.13

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

qp = Apxhx{(Tpa= 49.13) - Tain= 25.00} = 22.41 KW

Taout = 25.00 + (qw+qp) §6.71 Y{Q*rho*Cp) 1593 = 28.56 C g-rm = 49.25
Time Step 12 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.57( 25.00 + 28.16 )= 26.58
(60-70yr)  Twout= 3380 C Twa = 0.5*(Twin+Twout) = 0.5% 3484 + 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+qp) 50.39 )/(Q*rho*Cp) 1693 = 28.16 C g-m = 43.75
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 = 4339 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 4531 + 43.39 )= 4435

qw= Awxhx{(Twa= 3338) - Tain= 2500} = 27.36 KW .

gp= Apxhx{(Tpa= 4435) -  Tain= 2500} = 17.97 kW

Taout = 25.00 + (qw+ap) 45.32 }(Q*rtho*Cp) 1593 = 2784 C Q-rm = 39.36
Time Step 14 Tain = 2500 C Taa = 0.5"(Tain+Taout) = 0.5%( 25.00 + 27.58 )= 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 4339 + 4179)= 42.59

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

qQp= Apxhx{(Tpa= 4259 ) - Tain= 2500} = 16.33 kW

Taout= 25.00 + {qw+qp) 41.18 ){Q*rho*Cp) 1593 = 27.58 C g-rm = 35.76
Time Step 15 Tain = .25.00C Taa =0.5"(Tain+Taout) = 0.5%( 2500 + 27.37 )= 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 + 40.46 )= 41.13

qw = Awxhx{(Twa= 3197 ) - Tain= 2500} = 2276 kW

qp= Apxhx{(Tpa= 4113 ) - Tain= 2500} = 14.98 kW

Taout = 25.00 + (qw+qp) 37.74 ){Q*rho"Cp) 1593 = 2737 C q-m = 3277
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Time Step 16 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 2712) = 26.06
(100-125yr) Twout = 3081 C Twa = 0.5"(Twin+Twout) = 0.5%( 3168 + 30.81)= 31.24
Tpout = 3847 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 40.46 + 3847 )= 39.47
qw = Awxhx{(Twa= 3124) - Tain= 2500} = 20.39 kW
ap= Apxhx{(Tpa= 3847 ) - Tain= 2500} = 13.44 KW
Taout = 25.00 + (qw+qp) 33.83 (Q*rho"Cp) 1593 = 2712 C g-m = 29.37
TimeStep17 Tain= 2500 C Taa = 0.5*(Tain+Taout) = 0.5%( 25.00 + 2683 )= 25.91
(125-150yr) Twout= 2995 C Twa = 0.5°(Twin+Twout) = 0.5°( 30.81 + 2395 )= 30.38
Tpout= 3645 C Tpa = 0.5"(Tpin+Tpout) = 0.57( 3847 + 3645 )= 37.45
gw= Awxhx{{(Twa= 3038 ) - Tain= 25.00 }= 17.56 KW
qgp= Apxhx{(Tpa= 3746 ) - Tain= 25.00 }= 11.57 kw
Taout= 2500 +(qw+gp) 29,13 WQ*tho*Cp) 15.93 = 26.83 C g-m= 25.30
Time Step 18 Tain = 2500 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 2654 )= 2577
{150-200yr) Twout= 29.12 C Twa = 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
qp= Apxhx{(Tpa= 3551 )- Tain= 25.00 } = 976 kW
Taout= 2500 + {qw+qp) 24.57 )Y(Q*rho*Cp) 15.93 = 2654 C q-m= 2134
Time Step18 Tain = 2500 C Taa = 0.5"(Tain+Taout) = 0.5°( 25.00 + 2632 )= 25.66
(200-250yr) Twout= 2863 C Twa = 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
gw= Awxhx{(Twa= 2888 )- Tain= 25.00 }= 12.66 KW
gp= Apxhx{(Tpa= 3400 )- Tain= 25.00 } = 8.36 kW
Taout= 25.00 + (qw+qp) 21.02  Y(Q*rho*Cp) 15.93 = 2832 C g-rm=  18.25
Time Step20 Tain = 2500 C Taa = 0.5"(Tain+Taout) = 0.5%( 25.00 + 2618 )= 25.59
(250-300yr) Twout= 2828 C Twa = 0.5"(Twin+Twout) = 0.57( 28.63 + 2828 )= 28.45
Tpout= 3264 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 33.44 + 3264 )= 33.04
qw= Awxhx{{Twa= 2845 ) - Tain= 25.00 Y= 11.28 kw
gp= Apxhx{(Tpa= 33.04 ) - Tain= 25.00 } = 746 kw
Taout= 2500 + (gqw+qp) 18.75  Y(Q*rho*Cp) 15.93 = 26.18 C g-m=  16.28
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DRIFT SEGMENT #2 (100-200m)

Air Quality, Q = 15 m*3/s

S0MTU/acre

Drift Temperature Results fron ANSYS Modeling Drift Wall and Air Temperatures, C
Time, Yr Drift Wall Temperature, C |T|me Afteq Ave. Drift] Air Temp
Invert | Springline | Crown Empim't, YWali Tem | at 200 m
0.00 25.00 25,00 25.00 0.00 25.00 25.00
0.00 27.93 2843 27.90 0.00 28.09 29.07
1.00 52.23 55.44 52.21 1.00 53.29 37.23
5.00 53.06 55.91 53.03 5.00 54.00 39.76
10.00 51.06 5§3.65 51.03 10.00 51.91 39.07
15.00 48.88 51.24 48.85 15.60 49.65 37.95
20.00 47.04 49.21 47.01 20.00 4775 36.91
26.00 45.11 47.09 45.08 26.00 45.76 35.95
30.00 43.91 45.78 43.88 30.00 44.53 35.15
40.00 41.60 43.22 41.58 40.00 42.13 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 32.12
70.00 36.49 37.59 36.46 70.00 36.85 31.33
80.00 35.38 36.38 35.36 80.00 35.71 30.69
90.00 34.48 35.38 34.46 20.00 34.77 30.17
100.00 | 33.73 34.56 33.71 100.00 | 34.00 29.74
125.00 { 3265 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 29.84 27.66
300.00 | 29.33 29.73 29.32 300.00 | 28.46 27.37
Air Temperature and Heat Removal Caiculations
Tin= 25C DS= 8tm WP Dia. = 1.564 Ap = 4.91345 m*2
Drift L = 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 Wm*2K LL = 1.55 kW/m AirCp = 1.0057 kJikg K
Time Step1 Tain = 2500 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 29.07 )= 27.03
(0-te-4 yr) 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= 25,00} = 5.04 kW
gp = Apxhx{({Tpa= 89.39) -  Tain= 2500} = 59.80 kW
Taout = 25.00 + (qw+gp) 64.84 Y{Q*rho*Cp) 15693 = 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
(led-1yr) Twout= 5329 C Twa = 0.5*(Twin+Twout) = 0.5%( 28.09 + 5329 )= 40.69
Tpout = 82.20 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 108.79 + 82.20 )= 95.50
qw = Awxhx{(Twa= 4069 ) - Tain= 3166} = 29.48 kW
qp = Apxhx{(Tpa= 95.50) - Tain= 3166} = 59.28 kKW
Taout = 31.66 + (qw+ap) 88.76 Y{Q*rho*Cp) 1593 = 3723 C qg-frm = 77.08
Time Step3 Tain = 3262 C Taa = 0.5*(Tain+Taout) = 0.5%( 3262 + 39.76 )= 36.19
(1-5yr) Twout = 54.00 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= 5365) - Tain= 3262} = 68.68 kw
gp = Apxhx{(Tpa= 81.16) -  Tain= 3262} = 45.08 kW
Taout = 32.62 + (qw+qp) 113.76 Y{Q*rho*Cp) 1593 = 39.76 C q-rm = 98.79
Time Stepd4 Tain = 3212 C Taa = 0.5*(Tain+Taout) 0.5%( 3212 + 39.07 )= 35.60
(5-10 yr) Twout = 5181 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
gp= - Apxhx{(Tpa= 7804) -  Tain= 3212} = 42.64 kW
Taout = 32.12 + (qw+qp) 110.68 Y{Q*rho*Cp) 1593 = 38.07 C q-rm = 96.11
Time Step 5 Tain = 3153 C Taa = 0.5%(Tain+Taout) = 0.5%( 31.53 + 37.95)= 34.74
(10-15 yr) Twout = 4965 C Twa = 0.5*(Twin+Twout) = 0.5%( 5191 + 4865 )= 50.78
Tpout = 7186 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 75.96 + 71.86 )= 73.91
qw = Awxhx{(Twa= 50.78 ) -  Tain= 3153} = 62.88 kW
qp= Apxhx{(Tpa= 73.91) - Tain= 31563} = 39.36 kW
Taout = 31.53 + (qw+gp) 102.23 Y(Q*rho*Cp) 1593 = 37.95 C g-rm= 88.78
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Time Step 6 Tain = Taa = 0.5"*(Tain+Taout) 0.5%( 31.00 + 36.91 )= 33.86
{15-20 yr) Twout = Twa = 0.5"(Twin+Twout) = 0.5%( 49.65 + 4775 )= 48.70

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 71.86 + 68.46 )= 70.16

qw = Awxhx{(Twa= 48.70) -  Tain= 3100} = 57.81 kW

qp= Apxhx{(Tpa= 70.16 ) -  Tain= 3100} = 36.36 kW

Taout = 31.00 + (qw+gp) 94.17 }(Qrho*Cp) 1593 = 36.91 C g-m = 81.78
Time Step 7 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 30.51 + 3595)= 33.23
{20-26 yr) Twout = Twa = 0.5*(Twin+Twout) = 0.5%( 47.75 + 4576 )= 46.76

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 68.46 + 64.83 )= 66.65

qw= Awxhx{(Twa= 4676 ) - Tain= 3051} = §3.07 kW

qp= Apxhx{(Tpa= 66.65) - Tain= 3051} = 33.56 kW

Taout = 30.51 + (qw+qp) 86.63 ){Q*rho*Cp) 1693 = 35.95 C g-m = 75.22
Time Step 8 Tain = Taa = 0.5%(Tain+Taout) 0.5%( 30.11 + 3515 )= 32.63
(26-30 yr) Twout = Twa = 0.5%(Twin+Twout) = 0.5%( 45.76 + 4453 )= 45.15

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5% 64.83 + 62.66 )= 63.75

qw = Awxhx{(Twa= 4515) -  Tain= 3011} = 49,11 KW

gp= Apxhx{(Tpa= 63.75) - Tain= 3011} = 31.24 kW

Taout = 30.11 + (qw+qp) 80.35 )/(Q"rho*Cp) 1593 = 35.15 C g-rm = 69.77
Time Step9 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 29.64 + 3423 )= 31.93
(30-40 yr) Twout = Twa = 0.5"(Twin+Twout) = 0.5%( 44.53 + 4213 )= 43.33

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5% 62.66 + 58.07 )= 60.37

qw = Awxhx{(Twa= 4333) - Tain= 2964} = 44.72 kW

qp = Apxhx{(Tpa= 60.37) - Tain= 2964} = 28.54 kW

Taout = 29.64 + (qw+gp) 73.26 }(Q*rho*Cp) 1593 = 34.23 C g-rm = 63.62
Time Step 10 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 29.05 + 33.09 )= 31.07
(40-50 yr) Twout = Twa = 0.5*(Twin+Twout) = 0.5%( 4213 + 40.02 )= 41.08

Tpout = Tpa = 0.5"(Tpin+Tpout) = 0.5%( 58.07 + 5415 )= 56.11

qw = Awxhx{{Twa= 4108) - Tain= 2905} = 39.28 kW

qp = Apxhx{(Tpa= 56.11) - Tain= 2905} = 25.13 kW

Taout = 29.05 + (qw+qp) 64.43 ¥(Q"rho*Cp) 1593 = 33.08 C Q-rm = 55.95
Time Step 11 Tain = Taa = 0.5%(Tain+Taout) = 0.5%( 28.56 + 32.12)= 30.34
(50-60 yr} Twout = Twa = 0.5"(Twin+Twout) = 0.5%( 40.02 + 3826 )= 39.14

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 5415 + 5082)= 52.48

qw = Awxhx{(Twa= 39.14) - Tain= 28.56 } = 34.55 kW

qQp = Apxhx{(Tpa= 5248 ) - Tain= 2856} = 2222 kW

Taout = 28.56 + (qw+qp) 56.77 ){Q*rho*Cp) 1593 = 3212 C g-rm = 49,29
Time Step 12 Tain = Taa = 0.5%(Tain+Taout) = 0.5%( 28.16 + 31.33 )= 29.75
(60-70yr)  Twout= Twa = 0.5*(Twin+Twout) = 0.5%( 38.26 + 36.85)= 37.55

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5% 50.82 + 48.15 ) = 4949

qw = Awxhx{(Twa= 37.55) - Tain= 2816} = 30.66 kW

gp= Apxhx{(Tpa= 4949 ) - Tain= 2816} = 19.80 kW

Taout = 28.16 + (qw+qp) 50.46 )/{Q*rho*Cp) 1583 = 31.33C g-m 43.82
Time Step 13 Tain = Taa = 0.5"(Tain+Taout) = 0.5%( 27.84 + 3069 )= 28.27
(70-80 yr) Twout = Twa = 0.5"(Twin+Twout) = 0.5%( 36.85 + 3571 )= 36.28

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 48.15 + 4597 )= 47.06

qw = Awxhx{{Twa= 36.28) -  Tain= 2784} = 27.54 kW

qp = Apxhx{(Tpa= 4706 ) - Tain= 2784} = 17.85 kW

Taout = 27.84 + (qw+ap) 45.39 Y(Q*rho*Cp) 1593 = 3069 C g-m = 39.41
Time Step 14 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 27.58 + 30.17 )= 28.88
{80-90 yr) Twout = Twa = 0.5*(Twin+Twout) = 0.5%( 3571 + 3477 )= 35.24

Tpout = Tpa = 0.5 (Tpin+Tpout) = 0.5% 4597 + 4417 )= 45.07

qw = Awxhx{(Twa= 35.24) - Tain= 2758} = 25,00 kW

ap = Apxhx{(Tpa= 4507 ) - Tain= 2758} = 16.24 kKW

Taout = 27.58 + (qw+qp) 41.24 )(Q*rho*Cp) 1593 = 30.17 C g-m = 35.81
Time Step 15 Tain = Taa = 0.5*(Tain+Taout) = 0.5%( 27.37 + 29.74 )= . 2856
(90-100yr} Twout= Twa = 0.5 (Twin+Twout) = 0.5%( 3477 + 34.00 )= 34.38

Tpout = Tpa = 0.5*(Tpin+Tpout) = 0.5%( 4417 + 4266 )= 43.41

qw = Awxhx{(Twa= 3438) - Tain= 2737) = 22.91 kW

qp = Apxhx{(Tpa= 4341 - Tain= 2737) = 14.90 kKW

Taout = 27.37 + (qw+qgp) 37.81 Y{Q*rho*Cp) 1593 = 29.74 C g-rm = 32.83
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Time Step 16 Tain = 2712 C Taa = 0.5*(Tain+Taout) = 0.5%( 2712 + 29.26 )= 28.19
(100-125yr) Twout= 3288 C Twa = 0.5"(Twin+Twout) = 0.5%( 34.00 + 3288 )= 33.44
Tpout = 40.46 C Tpa = 0.5%(Tpin+Tpout) = 0.5% 42.66 + 40.46 )= 41.56
qw = Awx hx{{Twa= 3344 ) - Tain= 2712} = 20.63 kW
qQp= Apxhx{(Tpa= 4156 ) - Tain= 2712} = 13.41 kW
Taout = 27.12 + (qw+qp) 34.03 )(Q*rho”Cp) 1593 = 29.26 C g-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 Twa = 0.5*(Twin+Twout) = 0.5%( 32.88 + 3175 )= 32.32
Tpout= 3819 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 40.46 + 3819 )= 39.32
" gw= Awxhx{({Twa= 3232 )- Tain= 26.83 }= 17.93 kW
qp= Apxhx{(Tpa= 3932 )- Tain= 26.83 }= 11.60 kW
Taout=_ 2683  +(qw+qp)  29.53  )/Q'rho*Cp) 15.93 = 28.68 C g-m= 2564
Time Step18 Tain = 2654 C Taa = 0.5%(Tain+Taout) = 0.5"( 2654 + 2811 )= 27.33
(150-200yr) Twout= 3065 C Twa = 0.5*(Twin+Twout) = 0.5 31.75 + 3065 )= 31.20
Tpout= 3605 C Tpa = 0.5*(Tpin+Tpout) = 0.57( 38.19 + 36.05 )= 37.12
qw= Awxhx{(Twa= 31.20 ) - Tain= 26.54 } = 16.22 kW
qp= Apxhx{(Tpa= 3712 ) - Tain= 26.54 }= 9.82 kW
Taout= 2654 +(qw+gp) 25.03 Y(Q*rho*Cp) 15.93 = 2811 C g-m= 2174
TimeStep19 Tain = 2632 C Taa = 0.5*(Tain+Taout) = 0.5%( 26.32 + 2766 )= 26.99
(200-250yr) Twout= 2994 C Twa = 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
qw= Awxhx{(Twa= 3030 ) - Tain= 26.32 } = 1299 Kw
gp= Apxhx{(Tpa= 3538 )- Tain= 2632 } = B41 kW
Taout=  26.32  +(qw+qp) 2140  ){Qrho*Cp) 15.93 = 2766 C g-rm=_ 18.59
Time Step20 Tain = 2618 C Taa = 0.5*(Tain+Taout) = 0.5%( 26.18 + 2737 )= 26.77
(250-300yr) Twout= 2946 C Twa = 0.5*(Twin+Twout) = 0.57( 29.94 + 2946 )= 29.70
Tpout= 3378 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 3471 + 33.78 )= 34.25
qw= Awxhx{(Twa= 2970 ) - Tain= 2618 } = 1151 kw
gp= Apxhx{(Tpa= 3425 ) - Tain= 26.18 } = 749 kW
Taout= 2618 + (qw+gp) 19.01 Y(Q*rho*Cp) 15.93 = 2737 C q-rm= 1650

ANL-EBS-MD-000030 REV 00 Iv-25

November 1999



Sheet! Page1
DRIFT SEGMENT #3

-(200-300m)

Air Quantity, Q = 15 m*3/s

Drift Wall Temperature Results from ANSYS Modeling

60 MTU/acre

Drift Wall and Air Temperatures, C

Time, Yr Drift Wall Temperature, C . [Time Afted Ave. Drift] Air Temp
invedt | Springline| Crown Empim't, YjwWall 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 28.09 29.07
1.00 56.57 §9.75 56.85 1.00 57.62 41.89
5.00 59.40 62.19 59.38 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 4273
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 37.28 3277
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 31.41
150.00 | 33.38 33.98 33.36 150.00 | 33.57 30.56
200.00 | 32.04 ‘32.54 32.03 200.00 | 32.20 29.71
250.00 | 31.14 31.57 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 mh2
DriftL = 600.00 m PG. = 0.10m Drift Dia. = 5.50 Aw = 17.28 m*2
DeltalL= 100.00 m TL = 60.00 MTWac Air Dens. = 1.06 kg/m"3
Cv. Coeff. h= 1.89 Wm*2K LL = 1.55 kWim AirCp= 1.01 kd’kg K
Time Step1 Tain = 2500 C Taa = 0.5*(Tain+Taout) 0.5% 25.00 + 29.07 )= 27.03
{0-1e4yr) 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= 2654 ) - Tain= 2500} = 5.04 KW
qp= Apxhx{(Tpa= 89.39) - Tain= 2500} = 59.80 kw
Taout = 25.00 + (qw+qp) 64.84 Y{Q*rho"Cp) 1593 = 2807 C q-rm = 56.31
Time Step2 Tain = 3’23 C Taa = 0.5"(Tain+Taout) 0.5%( 37.23 + 4189)= 39.56
(te-4-1yr)  Twout= 5762 C Twa = 0.5%(Twin+Twout) = 0.5%( 28.09 + 5762 )= 42.85
Tpout = 86.01 C Tpa = 0.5"(Tpin+Tpout) = 0.57( 108.79 + 86.01 )= 97.40
qw = Awxhx{(Twa= 4285) - Tain= 3723} = 18.36 kW
qp= Apxhx{(Tpa= 97.40) - Tain= 3723} = 55.87 kW
Taout = 37.23 + (qw+qp) 74.23 Y{(Q rho*Cp) 1593 = 41.89 C q-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%( 57.62 + 60.32 )= 58.97
Tpout = 8563 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 86.01 + 85.63)= 85.82
qw = Awxhx{(Twa= 58.97) - Tain= 3976} = 62.76 kW
qp = Apxhx{(Tpa= 85.82) - Tain= 3976} = 42.78 KW
Taout = 39.76 + (qw+qp) 105.53 }(Q*rho*Cp) 1593 = 46.38 C q-rm = 91.64
Time Step4 Tain = 39.07 C Taa = 0.5*(Tain+Taout) 0.5%( 39.07 + 4581 )= 42.44
{5-10 yr) Twout = 58.26 C Twa = 0.5*(Twin+Twout) = 0.5( 60.32 + 58.26 )= §9.29
Tpout = 8150 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 8563 + 81.50 )= 83.57
qw = Awxhx{{Twa= §9.29) - Tain= 39.07} = 66.03 KW
ap= Apxhx{(Tpa= 83.57) - Tain= 39.07 3} = 41.32 kW
Taout = 39.07 + (qw+qgp) 107.35 )/(Q"rho"Cp) 1593 = 4581 C g-m = 93.22
Time Step 5 Tain = 3795 C Taa = 0.5*(Tain+Taout) = 0.5% 37.95 + 44,25 )= 41.10
(10-15yr) Twout = 5557 C Twa = 0.5"(Twin+Twout) = 0.5%( 58.26 + 5557 )= 56.92
Tpout = 77.08 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 81.50 + 77.08)= 79.29
qw = Awxhx{(Twa= 6692) - Tain= 3795} = 61.94 kW
qp= Apxhx{(Tpa= 79.29) -  Tain= 3795} = 38.39 kW
Taout = 37.95 + (qw+qp) 100.34 )/(Q°rho*Cp) 1593 = 4425 C g-rm = 87.13
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Time Step6 Tain = 36.91 C Taa = 0.5%(Tain+Taout) 0.5%( 36.91 + 4273)= 39.82
{15-20 yr) Twout = §3.24 C Twa = 0.5*(Twin+Twout) = 0.5%( 55.57 + 5324 )= 54.41

Tpout = 73.34 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 77.08 + 7334)= 75.21

qw = Awxhx{(Twa= 54.41) - Tain= 3691} = 57.13 kW

qp= Apxhx{(Tpa= 75.21) -  Tain= 3691} = 35.57 kW

Taout = 36.91 + (qw+gp) 92.70 ){Q*rho*Cp) 1593 = 4273 C g-m = 80.50
Time Step 7 Tain = 3595 C Taa = 0.5*(Tain+Taout) = 0.57( 3595 + 4131)= 3863
{2026 yr)  Twout= 50.84 C Twa = 0.57(Twin+Twout) = 0.5% 53.24 + 50.84 )= 52.04

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

qw = Awxhx{(Twa= 5204) - Tain= 3585} = 52.56 kW

gp= Apxhx{({Tpa= 7137 ) -  Tain= 3595} = 32.89 kW

Taout = 35.95 + (qw+qp) 85.46 )J/(Q*rho*Cp) 1593 = 4131 C q-m = 74.21
Time Step 8 Tain = 3515 C Taa = 0.5*(Tain+Taouf) 0.5%( 35.15 + 4013 )= 37.64
(26-30 yr) Twout = 49.26 C Twa = 0.5"(Twin+Twout) = 0.5"( 50.84 + 49.26 )= 50.05

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

qw= Awxhx{(Twa= 50.05) - Tain= 3515} = 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 q-m = 68.87
Time Step 8 Tain = 3423 C Taa = 0.5*(Tain+Taout) = 0.5%( 34.23 + 38.79)= 36.51
(3040yr)  Twout= 46.46 C Twa = 0.5*(Twin+ Twout) = 0.5%( 49,26 + 46.46 ) =- 47.86

Tpout = 6203 C Tpa = 0.5*(Tpin+Tpout) = 0.57( 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+gp) 72.58 )/(Q*rho*Cp) 1593 = 38.79 C g-rm = 63.03
Time Step 10 Tain = 33.08C Taz = 0.5*(Tain+Taout) = 0.5%( 33.09 + 37.12)= 35.11
(40-50 yr) Twout = 4386 C Twa = 0.5 (Twin+Twout) = 0.5%( 46.46 + 43.86 )= 45.16

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

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

gp= Apxhx{(Tpa= 5986 ) - Tain= 3308} = 24.86 kW

Taout = 33.09 + (qw+qp) 64.28 ¥{Q*rho*Cp) 1593 = 37.12C g-m = 55.82
Time Step 11 Tain = 3212 C Taa = 0.5"(Tain+Taout) = 0.5%( 3212 + 3560 ) = 33.90
(50-60yr)  Twout= 4166 C Twa = 0.5*(Twin+Twout) = 0.5%( 4386 + 4166 )= 4276

Tpout = 53.99 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 57.69 + 53.98 )= 55.84

qw = Awxhx{(Twa= 4276 ) - Tain= 3212} = 34.74 KW

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

Taout = 32.12 + (qw+gp) 56.77 )(Q*rho*Cp) 1593 = 35.69 C g-m = 49.29
Time Step 12 Tain = 3133 C Taa = 0.5*(Tain+Taout) = 0.5%( 31.33 + 34.50 )= 32.92
(60-70 yr) Twout = 39.90 C Twa = 0.5"(Twin+Twout) = 0.57( 41.66 + 39.90)= 40.78

Tpout = 51.01 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 53.99 + 51.01)= 52.50

qw= Awxhx{{Twa= 4078) - Tain= 3133} = 30.86 kW

qp= Apxhx{{Tpa= §250) - Tain= 3133} = 19.66 kW

Taout = 31.33 + (qw+qp) 50.52 )/(Q*rho"Cp) 15.93 = 34.50 C Q-rm = 43.87
Time Step 13 Tain = 3069 C Taa = 0.5"(Tain+Taout) = 0.5%( 30.69 + 33.55)= 32.12
{(70-80 yr) Twout = 3847 C Twa = 0.5*(Twin+Twout) = 0.5%( 39.90 + 3847 )= 39.18

Tpout = 4857 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 51.01 + 48.57 )= 49.79

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

qp= Apxhx{(Tpa= 4979 ) -  Tain= 3069} = 17.73 KW .

Taout = 30.69 + (qw+qp) 45.46 )/(Q*rho*Cp) 1593 = 3355 C Q-rm = 3947
Time Step 14 Tain = 30.17 C Taa = 0.5"(Tain+Taout) = 0.5%( 30.17 + 3277 )= 31.47
(80-90 yr) Twout = 37.29 C Twa = 0.5"(Twin+Twout) = 0.5%( 38.47 + 37.29 )= 37.88

Tpout = 4655 C 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+ap) 41.31 J{Q"rho"Cp) 1593 = 3277 C g-rm = 35.87
Time Step 15 Tain = 2974 C Taa = 0.5*(Tain+Taout) = 0.5%( 2974 + 3212)= 30.83
(90-100yr) Twout= 36.31 C Twa = 0.5*(Twin+Twout) = 0.5%( 37.29 + 36.31 )= 36.80

Tpout = 4486 C Tpa = 0.5*(Tpin+Tpout) = 0.57( 46.55 + 44.86 )= 4570

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 Y(Q*rho*Cp) 1583 = 3212 C qQ-rm = 32.89
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Time Step 16 Tain = 2926 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= 29.26 } = 20.85 kW
o= Apxhx{(Tpa= 4366 ) - Tain= 2926} = 13.37 kW
Taout = 29.26 + (qw+qp) 34.22 Y(Q*rho*Cp) 1593 = 3141 C q-m = 29.71
Time Step 17 Tain = 2868 C Taa = 0.5*(Tain+Taout) = 0.5°( 2868 + 3056 )= 29.62
{125-150yr) Twout= 3357 C Twa = 0.5*(Twin+Twout) = 0.5"( 34.97 + 3357 )= 34.27
Tpout= 3994 C Tpa = 0.5*(Tpin+Tpout) = 0.57( 4246 - 3984 )= 41.20
gw= Awxhx{(Twa= 3427 ) - ° Tain= 28.68 }= 1826 kw
qp= Apxhx{{Tpa= 4120 ) - Tain= 28.68 }= 1162 kw
Taout= 2868 +(qw+qp) 29.89 )/{Q'rho"Cp) 15.93 = 3056 C g-m=_ 25.95
Time Step18 Tain = 2811 C Taa = 0.5*(Tain+Taout) = 0.5% 28.11 + 2971 )= 28.91
(150-200yr) Twout= 3220 C Twa = 0.5*(Twin+Twout) = 0.5*( 3357 + 3220 )= 32.89
Tpout= 3755 C Tpa = 0.5"(Tpin+Tpout) = 0.5 39.94 + 3785 )= 38.74
qw= Awxhx{(Twa= 3289 )- Tain= 28.11 }= 1558 kw
gp= Apxhx{(Tpa= 3874 )- Tain= 28.11 } = 987 kw
Taout= 28.11 + (qw+qp) 2547 Y{(Q'rho*Cp) 15.93 = 2971 C g-m= 2211
Time Step19 Tain = 2766 C Taa = 0.5*(Tain+Taout) = 0.5"( 27.66 + 2903 )= 28.35
(200-250yr) Twout= 3128 C Twa = 0.5*(Twin+Twout) = 0.5*( 32.20 + 31.28 )= 31.74
Tpout= 36.00 C Tpa = 0.5*(Tpin+Tpout) = 0.5°( 37.55 + 3600 )= 36.78
gw= Awxhx{(Twa= 3174 ) - Tain= 27.66 1= 13.32 kW
gp= Apxhx{(Tpa= 3678 ) - Tain= 2766 }= 8.46 kW
Taout= 27.66 +{(gw+gp) 21.78 Y(Q'rho*Cp) 15,93 = 29.03 C g-rm=_ 18.91
Time Step20 Tain = 2737 C Taa = 0.5*(Tain+Taout) = 0.5 27.37 + 2858 )= 27.97
{250-300yr) Twout= 3065 C Twa = 0.5*(Twin+Twout) = 0.5°( 31.28 + 3065 )= 30.86
Tpout= 3484 C Tpa = 0.5%(Tpin+Tpout) = 0.5*( 36.00 + 3494 )= 35.47
gw= Awxhx{(Twa= 3086 ) - Tain= 2737} = 11.73 kW
gp= Apxhx{(Tpa= 35.47 ) - Tain= 27.37 } = 7.52 Kkw
Taout= 27.37 +(qw+qp) 19.26 )XQ'rho*Cp) 15.93 = 2858 C g-m=  16.72
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DRIFT SEGMENT #4

{300-400m) Air Quantity, Q

Drift Wall Temperature Results from ANSIS Modeling

=15 m3/s

Drift Wall and Air Tem,

60 MTU/acre

peratures, C

Time Drift Wall Temperatures, C {Time Afted Ave. Drift] Air Temp
Invert | Springline| Crown Empim't, Y\Vall Tem | at 400 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.93 2843 27.90 0.00 28.09 29.07
1.00 60.20 63.35 60.18 1.00 61.24 45.79
5.00 65.25 67.99 65.23 5.00 66.16 52.47
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 §7.13 §5.18 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
5§0.00 47.23 48.62 47.20 50.00 47.68 41.15
60.00 44.67 45.89 44.65 60.00 45.07 39.25
70.00 42.59 43.68 42.57 70.00 4295 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 | 3542 32.45
200.00 | 33.62 34.12 33.61 200.00 | 33.78 31.34
250.00 32.50 3293 32.48 250.00 32.64 30.42
300.00 31.73 32.12 31.71 300.00 31.85 29.80
Air Temperature and Heat Removal Calculations
Tin= 2500 C DS= 81.00 m WP Dia. = 1.56 Ap = 4.91 mh2
DriftL = 600.00 m P.G. = 0.10m 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= 1.89 Wim*2 K L.L.= 1.55 KWim AirCp= 1.01 kJ/kg K
Time Step 1 Tain = 2500 C Taa = 0.5"(Tain+Taout) = 0.5%( 25.00 + 29.07 )= 27.03
(0-te4yr) Twout= 2809 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
gw= Awxhx{{Twa= 26.54 ) - Tain= 25.00 }= 5.04 kw
qp= Apxhx{(Tpa= 89.39 ) - Tain= 2500 } = 59.80 kW
Taout= 25.00 +{qw+qp) 64.84 )Y(Q'rho*Cp) 15.93 = 2007 C g-m= 5631
Time Step2 Tain = 4183 C Taa = 0.5(Tain+Taout) = 0.5"( 41.89 + 4579 )= 43.84
(le4-1yr) Twout= 6124 C Twa = 0.5"(Twin+Twout) = 0.5°( 2809 + 61.24 )= 44.66
Tpout= 89.21 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 108.79 + 89.21 )= 99.00
qw= Awxhx{(Twa= 4466 ) - Tain= 4189 } = 9.05 kW
qp= 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-m=  53.91
TimeStep3 Tain= 4638 C Taa = 0.5"(Tain+Taout) = 0.5% 4638 + 5247 )= 49.43
(1-5yn) Twout= 66.16 C Twa = 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
qw= Awxhx{(Twa= 63.70 ) - Tain= 46.38 } = 56.56 kwW
qgp= Apxhx{(Tpa= 89.97 )- Tain= 46.38 } = 4048 kW
Taout= 46.38 +(gqw+gp) 97.04 Y(Q'rho"Cp) 15.93 = 5247 C g-m= 84,27
Time Step4 Tain = 4581 C Taa = 0.5*(Tain+Taout) = 0.5%( 45.81 + 5230 )= 49.06
(5-10yr)  Twout= 6437 C Twa = 0.5*(Twin+Twout) = 0.5*( 66.16 + 64.37 )= 65.26
Tpout= 8683 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 90.74 + 86.89 )= 88.82
qw= Awxhx{(Twa= 6526 )- Tain= 4581 } = 6353 KW
qp= Apxhx{(Tpa= 8882 ). Tain= 45.81 } = 39.94 kW
Taout=_ 4581 +(gw+gp) 10347 )(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 Twa = 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= 4425 )= 6082 kw
gp= Apxhx{(Tpa= 8456 ).  Tain= 44.25 } = 37.44 kW
Taout= 4425 +(gw+gp) 98.25 )/(Q*rho*Cp) 15.93 = 5041 C g-rm= 8532
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Time Step& Tain = 4273 C Taa = 0.5*(Tain+Taout) = 0.5%( 4273 + 4845 )= 4559
(15-20yr) Twout= 5863 C Twa = 0,5*(Twin+Twout) = 0.5%( 61.36 + 5863 )= 60.00
Tpout= 7816 C Tpa = 0.5*(Tpin+Tpout) = 0.5°( 8223 + 78.16 )= 80.19

gqw= Awxhx{(Twa= 60.00 ) - Tain= 4273 } = 56.39 kW

qp= Apxhx{(Tpa= 80.19 ) - Tain= 42.73 } = 3479 kw
Taout= 4273 +(qw+qp) 91.18  }(Q'rho*Cp) 15.93 = 4845 C g-rm= 79.18
Time Step7 Tain = 4131 C Taa = 0.5*(Tain+Taout) = 0.5 41.31 + 4660 )= 43.95
(20-26 yr} Twout= 5584 C Twa = 0.5*(Twin+Twout) = 0.5°( 58.63 + 55.84 ) 57.24
Tpout= 7389 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 78.16 + 7389 )= 76.03

qw= Awxhx{{Twa= 5724 ) - Tain= 41.31 } = 5201 kW

aqp= Apxhx{(Tpa= 76.03 ) - Tain= 41.31 1= 3224 kW
Taout= 41.31 + (qw+qp) 84.25 Y(Q*rho*Cp) 15.93 = 4660 C g-m= 73.16
Time Step8 Tain = 4013 C Taa = 0.5*(Tain+Taout) = 0.5*( 4013 + 4504 )= 42,59
(26-30yr) Twout= 5393 C Twa = 0.5*(Twin+Twout) = 0.5% 5584 + 5393 )= 54.88
Tpout= 7115 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 73.89 + 7115 )= 72.52

qw= Awxhx{(Twa= 5488 ) - Tain= 40.13 } = 4818 kw

qp= Apxhx{(Tpa= 7252 ) - Tain= 40.13 }= 30.08 kW
Taout= 4013 +(qw+gp) 7826 ){Q'rho*Cp) 15.93 = 4504 C g-rm=  67.96
Time Step9 Tain = 3879 C Taa = 0.5"(Tain+Taout) = 0.5*( 38.79 + 4330 )= 41.05
(30-40yr} Twout= 5075 C Twa = 0.5"(Twin+Twout) = 0.5*( 53.93 + 5075 )= 52.34
Tpout= 6596 C Tpa = 0.5*(Tpin+Tpout) = 0.5* 71.15 + 65.96 )= 68.55

= Awxhx{{Twa= 5234 )- Tain= 38.78 }= 44.24 kW

qp= Apxhx{(Tpa= 68.55 ) - Tain= 38.79 } = 2764 kw
Taout= 3879 + (qw+qp) 71.88 Y(Q'ho*Cp) 15.93 = 4330 C g-rm= 6242
Time Step10 Tain = 3712 C Taa = 0.5 (Tain+Taout) = 0.5%( 37.12 + 4115 )= 39.13
{40-50 yr) Twout= 47.68 C Twa = 0.5*(Twin+Twout) = 0.5%( 50.75 + 4768 ) 49,22
- Tpout= 6122 C Tpa = 0.5*(Tpin+Tpout) = 0.5°( 65.96 + 6122 )= 63.59

qw= Awxhx{(Twa= 4922 ) - Tain= 3712 }= 39.49 KW

qp= Apxhx{{Tpa= 6359 ) - Tain= 37.12 }y = 2458 kW
Taout= 37.12 +(qw+gp) 64.07 Y(Q rho*Cp) 15.93 = 4115 C g-m=  §5.63
Time Step11  Tain = 3569 C Taa = 0.5*(Tain+Taout) = 0.5*( 35.69 + 39.25 )= 37.47
(50-60yr) Twout= 4507 C Twa = 0.5*(Twin+Twout) = 0.5%( 47.68 + 45.07 )= 46.38
Tpout= 5716 C Tpa = 0.5"(Tpin+Tpout) = 0.5°( 61.22 + 57.16 )= 59.19

= Awxhx{(Twa= 4638 ) - Tain= 35.69 } = 3492 kW

gp= Apxhx{(Tpa= 59.19 ) - Tain= 35.69 } = 21.83 kw
Taout= 3568 +(qw+gp) 56.75 Y(Q'rho*Cp) 15.93 = 3025 C g-rm= 49.28
Time Step12 Tain = 3450 C Taa = 0.5*(Tain+Taout) = 057 34.50 + 3767 )= 36.09
(60-70yr) Twout= 4295 C Twa = 0.5~ (Twin+Twout) = 0.5°( 45.07 + 4295 )= 44.01
Tpout= 5387 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 57.16 + 53.87 )= 55.52

qw= Awxhx{(Twa= 4401 ) - Tain= 34.50 }= 31.05 kW

qp= Apxhx{(Tpa= 5552 ) - Tain= 34,50 1= 19.52 kW
Taout= 3450 + (qw+qp) 50.57 WQ°rho*Cp) 15.93 = 3767 C g-m=  43.91
Time Step13 Tain = 3355 C Taa = 0.5(Tain+Taout) = 0.5%( 33.55 + 3640 )= 34.98
(70-80yr) Twout= 4123 C Twa = 0.5*(Twin+Twout) = 0.5%( 4295 + 4123 )= 42.08
Tpout= 5118 C Tpa = 0.5"(Tpin+Tpout) = 0.5*( 53.87 + 51.18 )= 52.52

gw= Awxhx{(Twa= 4209 )- Tain= 33.55 }= 27.89 kw

gp= Apxhx{(Tpa= 5252 ) - Tain= 33.55 } = 17.62 kW
Taout= 3355 +(qw+gp) 45.51  )(Q*rho*Cp) 15.93 = 3640 C g-m= 39,52
Time Step44 Tain = 3277 C Taa = 0.5*(Tain+Taout) = 05%( 3277 + 3536 )= 34.06
(80-90yr) Twout= 3881 C Twa = 0.5*(Twin+Twout) = 0.5% 41.23 + 39.81 ) 40.52
Tpout= 48984 C Tpa = 0.5%(Tpin+Tpout) = 0.5°( 51.18 + 4894 )= 50.06

qw= Awxhx{(Twa= 4052 ) - Tain= 3277 }= 2533 kW

gp= Apxhx{{Tpa= 5006 )- Tain= 3277 )= 16.06 kW
Taout= 3277 +(gw+gp) 41.39  )(Q'rho*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 Twa = 0.5*(Twin+Twout) = 0.5°( 39.81 + 3863 ) 39.22
Tpout= 47.08 C Tpa = 0.5°(Tpin+Tpout) = 0.5%( 4894 + 47.06 )= 48,00

qgw= Awxhx{(Twa= 39.22 ) - Tain= 3212 1= 2320 kw

qp= Apxhx{{(Tpa= 4800 ) - Tain= 3212 } = 1475 kW
Taout= 3212  +(qw+qp) 37.985 Y(Q*rho"Cp) 15.93 = 3450 C grm=  32.95
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Time Step 16 Tain = 3141 C Taa = 0.5*(Tain+Taout) = 0.5 31.41 + 3357 )= 32.49
(100-125yr) Twout= 3707 C Twa = 0.5*(Twin+Twout) = 0.5°( 3863 + 37.07 ) 37.85
Tpout= 4446 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 47.06 + 4446 )= 45.76

gw= Awxhx{(Twa= 3785 ) - Tain= 3141 } = 21.05 kw

gp= Apxhx{(Tpa= 4576 ) - Tain= 31.41 } = 13.33 kW
Taout= 3141 +(gw+gp) 34.38  )/(Q*rho Cp) 15.93 = 3357 C grm=  29.86
Time Step17 Tain = 305 C Taa = 0.5*(Tain+Taout) = 0.5* 3056 + 3245 )= 31.51
(125-150yr) Twout= 3542 C Twa = 0.5*(Twin+Twout) = 0.5°( 37.07 + 3542 )= 36.25
Tpout= 4172 C Tpa = 0.5*(Tpin+Tpout) = 0.5 4446 + 4172 )= 43.09

gw= Awxhx{(Twa= 3625 )- Tain= 30.56 } = 1858 kw

qp= Apxhx{(Tpa= 4308 ) - Tain= 30.56 } = 11.64 kW
Taout= 30.56 + (qw+qp) 30.22 Y{Q*rho*Cp) 15.93 = 3245 C qrm= 26.24
Time Step18 Tain = 2971 C Taa = 0.5*(Tain+Taout) = 0.5%( 29.71 + 3138 )= 30.52
(150-200yr) Twout= 3378 C Twa = 0.5*(Twin+Twout) = 0.5*( 3542 + 3378 )= 34.60
Tpout= 3908 C Tpa = 0.5*(Tpin+Tpout) = 0.5 41.72 + 39.08 )= 40.40

gw= Awxhx{{Twa= 3460 ) - Tain= 209.71 } = 1597 kw

qp= Apxhx{(Tpa= 4040 ) - Tain= 29.71 } = 9.92 kw
Taout= 29.71 + (qw+qgp) 25.89 Y(Q*rho*Cp) 15.93 = 3134 C q-m= 2248
Time Step19 Tain = 2903 C Taa = 0.5*(Tain+Taout) = 0.5 ( 29.03 + 3042 )= 29.73
(200-250yr) Twout= 3264 C Twa = 0.5*(Twin+Twout) = 0.5°( 33.78 + 3264 ) 3k
Tpout= 3732 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 39.08 + 3732 )= 38.20

gw= Awxhx{(Twa= 33.21 )y - Tain= 29.03 } = 13.65 kw

ap= Apxhx{(Tpa= 3820 )- Tain= 29.03 } = 8.52 kw
Taout= 29.03 + (qw+qp) 2217  {Q*rho*Cp) 15.93 = 3042 C g-m=  18.25
Time Step20 Tain = 2858 C Taa = 0.5"(Tain+Taout) = 0.5 28.58 + 2980 )= 29.19
(250-300yr) Twout= 3185 C Twa = 0.5*(Twin+Twout) = 0.5% 3264 + 3185 )= 32.25
Tpout= 3611 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 37.32 + 36.11 )= 36.72

aw= Awxhx{(Twa= 3225 ). Tain= 2858 } = 11.88 kW

gp= Apxhx{(Tpa= 3672 )- Tain= 2858 )} = 7.56 kW
Taout= 2858 + (qw+gp) 19.54  Y{(Qtho*Cp) 15.93 = 2980 C grm=  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 Afted Ave. Driftf Air Temp
invert | Springline{ Crown Emplm't, YjWall Tem | at 500 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.83 28.43 27.90 0.00 28.09 29.07
1.00 63.23 66.36 63.22 1.00 64.27 49,05
5.00 70.61 73.31 70.58 5.00 71.50 58.03
10.00 69.43 71.87 £9.40 10.00 70.24 58.53
15.00 66.28 68.51 66.25 15.00 67.01 §6.43
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 59.73 57.90 30.00 58.52 49.89
40.00 54 48 56.03 54.44 40.00 54.98 47.77
5§0.00 51.05 52.42 51.02 50.00 51.50 4515
60.00 48.07 49.28 48,05 ) 60.00 48.47 42.81
70.00 4564 46,72 45.61 70.00 45.99 40.85
80.00 43.66 44.64 43.64 - 80.00 43.98 39.26
90.00 42.04 42,93 42.02 80.00 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 3573
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

Air Temperature and Heat Removal Calculations

Tin= 25.00 C DS= 81.00 m WP Dia. = 1.56 Ap = 491 m*2
DriftL = 600.00 m PG. = 0.10 m Drift Dia. = 5.50 Aw = 17.28 m*2
Deltat = ©100.00m 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 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5*(Tain+Taouty 0.5%( 25.00 + 2907 )= 27.03
(0-1e-4 yr) Twout = 28.09 C Twa = 0.5*(Twin+Twout) = 0.5%( 25.00 + 2809 )= 26.54
Tpout = 10879 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 70.00 + 10879 ) = 89.39
qw = Awxhx{(Twa= . 2654 ) - Tain= 2500} = 5.04 kW
qp = Apxhx{(Tpa= 89.39) - Tain= 2500} = 59.80 kW
Taout = 25.00 + (qw+qp) 64.84 Y(Q*rho"Cp) 1593 = 29.07C ° q-rm = 56.31
Time Step2 Tain = 4578 C Taa = 0.5*(Tain+Taout) 0.5 4579 + 49.05 )= 47 42
(1e-4-1 yr) 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
qp = Apxhx{(Tpa= 100.34 ) -  Tain= 45791} = 50.65 kW
Taout = 45.79 + (qw+ap) 51.93 )/(Q rho"Cp) 1593 = 49.05 C Q-rm = 45.09
Time Step 3 Tain = 5247 C Taa = 0.5*(Tain+Taout) = 0.5%( 52.47 + 58.03 ) = 6525
{(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 + 9543 )= 93.66
qw = Awxhx{(Twa= 67.89) - Tain= 5247 } = 50.34 kW
qp= Apxhx{(Tpa= 9366 ) - Tain= 5247 } = 38.25 kW
Taout = 52.47 + (qw+qp) 88.58 ¥(Q*rho*Cp) . 1593 = 58.03 C Q-m = 76.92
Time Step4 Tain = 5230 C Taa = 0.5"(Tain+Taout) 0.5%( 52.30 + 58.53 )= 55.41
(5-10 yr) Twout = 7024 C Twa = 0.5*(Twin+Twout) = 0.5%( 71.50 + 7024 )= 70.87
Tpout = 9208 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) 1583 = 58.53 C q-m = 86.07
Time Step 5 Tain = 5041 C Taa = 0.5*(Tain+Taout) = 0.5%( 50.41 + 5643 )= 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
qp = Apxhx{(Tpa= 89.68 ) - Tain= 5041} = 36.46 kW
Taout = 50.41 + (qw+qp) 95.93 )/(Q*rho*Cp) 1593 = 56.43 C qg-rm = 83.30
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Time Step 6 Tain = 4845 C Taa = 0.5%(Tain+Taout) 0.5%( 48.45 + 54.08 )= 51.27
(15-20 yr) Twout = 63.91 C Twa = 0.5*(Twin+Twout) = 0.5%( 67.01 + 63.81 )= 65.46

Tpout = 8292 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 87.26 + 8292)= 85.09

qw = Awxhx{({Twa= 6546 ) - Tain= 48451} = 55.54 kW

qp = Apxhx{{Tpa= 8509) - Tain= 4845} = 34.02 kW

Taout = 48.45 + (qw+qp) 89.56 )/(Qrho*Cp) 1593 = 54,08 C g-rm = 7777
Time Step7 Tain = 4660 C Taa = 0.5*(Tain+Taout) = 0.5*( 46.60 + 51.81)= 49.20
(20-26 yr)  Twout= 60.76 C Twa = 0.5*(Twin+Twout) = 0.5% 63.91 + 60.76 ) = 62.34

Tpout = 7834 C Tpa = 0.5°(Tpin+Tpout) = 0.5%( 82,92 + 7834 )= 80.63

qw = Awx hx{(Twa= 62.34 ) - Tain= 4660} = 51.40 kW

qp = Apxhx{{Tpa= 8063 ) - Tain= 4660} = 31.60 kW

Taout = 46.60 + (qw+qp) 83.00 )/(Q*rho*Cp) 1593 = 51.81 C q-rm = 72.07
Time Step 8 Tain = 4504 C Taa = 0.5*(Tain+Taout) 0.5%( 45,04 + 4989 )= 47.46
(26-30yr)  Twout= §8.52 C Twa = 0.5"(Twin+Twout) = 0.5%( 60.76 + 58.52 )= 59.64

Tpout = 7532 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 7834 + 7532 )= 76.83

qw = Awxhx{(Twa= 59.64) - Tain= 4504} = 47.68 kW

ap= Apxhx{(Tpa= 7683) -  Tain= 4504} = 29.52 kW

Taout = 4504 + (qw+qp) 77.20 )/(Q*rho*Cp) 1593 = 4989 C q-m = 67.04
Time Step 9 Tain = 4330 C Taa = 0.5*(Tain+Taout) = 0.5%( 43.30 + 47.77.) = 45.53
(30-40 yr) Twout = 54.98 C Twa = 0.5 (Twin+Twout) = 0.5%( 58.52 + 5498 )= 56.75

Tpout = 69.85 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 7532 + 69.85 )= 72.58

qw = Awxhx{(Twa= 56.75) - Tain= 4330} = 43.93 kW

agp = Apxhx{{(Tpa= 72.58) - Tain= 4330} = 27.19 kW

Taout = . 43.30 + (qw+gp) 71.12 )/(Q*rho*Cp) 1593 = 4777 C g-m = 61.76
Time Step 10 Tain = 4115 C Taa = 0.5*(Tain+Taout) = 0.5%( 41,15 + 4515 )= 43.15
(40-50 yr)  Twout= 5150 C Twa = 0.5"(Twin+Twout) = 0.5%( 54.98 + 51.50 )= 53.24

Tpout= 6476 C Tpa = 0.5*(Tpin+Tpout) = 0.5( 69.85 + 64.76 ) = 67.30

qw = Awxhx{(Twa= £3.24) - Tain= 4115} = 39.50 kwW

qp = Apxhx{(Tpa= 67.30) - Tain= 4115} = 24.29 kW

Taout = 41.15 + (qw+qp) 63.80 )/(Q*rho*Cp) 1593 = 4515 C g-rm = 55.40
Time Step 11 Tain = 39.25 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 + 6034 )= 62.55

qw = Awxhx{(Twa= 49.98) -  Tain= 3925} = 35.06 kW

qp = Apxhx{{Tpa= 62.55) - Tain= 3925} = 21.64 kW

Taout = 39.25 + (qw+gp) 56.69 }(Q rho*Cp) 1593 = 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 + 5673 ) = 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+qp) 50.57 Y(Q*rho*Cp) 1583 = 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
(70-80yr)  Twout= 4398 C Twa = 0.5*(Twin+Twout) = 0.5%( 45.99 + 43.98)= 44.98

Tpout = 5377 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 56.73 + 53.77 )= 55.25

qw = Awxhx{(Twa= 4498 ) - Tain= 3640} = 28.02 kW

qp = Apxhx{(Tpa= 56.26) - Tain= 3640} = "17.50 kW

Taout = 36.40 + (qw+qp) 45.53 Y(Q*rho*Cp) 1583 = 38.26 C q-rm = 39.53
Time Step 14 Tain = 3536 C Taa = 0.5*(Tain+Taout) = 0.5%( 35.36 + 37.86 )= 36.66
{80-90 yr) Twout = 4233 C Twa = 0.5*(Twin+Twout) = 0.5%( 43.98 + 42.33)= 43.15

Tpout = 5132C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 53.77 + 51.32)= 52.55

qw = Awxhx{(Twa= 43.15) - Tain= 3536} = 25.44 kW

qp= Apxhx{{Tpa= 52.55) - Tain= 3536} = 15.96 kKW

Taout = 35.36 + (qw+qp) 41.40 )/(Q*rho*Cp) 1593 = 37.96 C g-rm = 35.95
Time Step 15 Tain = 3450 C Taa = 0.5"(Tain+Taout) = 0.5%( 3450 + 36.88 )= 35.69
(90-100yr) Twout= 4095 C Twa = 0.5*(Twin+Twout) = 0.5%( 4233 + 40.85)= 41.64

Tpout = 49.27 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 51.32 + 4927 )= 50.29

qw = Awx hx{(Twa= 4164 ) - Tain= 3450} = 23.31 kW

qp = Apxhx{(Tpa= 50.29) - Tain= 3450} = 14.66 kW

Taout = 34.50 + (qw+qp) 37.97 Y{Q tho*Cp) 1593 = 36.88 C q-rm = 32.97
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Time Step 16 Tain = 3357 C Taa =0.5*(Tain+Taout) = 0.5%( 33.57 + 3573)= 34.65
(100-125yr) Twout= 3918 C Twa = 0.5"(Twin+Twout) = 0.5%( 40.95 + 39.18 )= 40.06
Tpout = 4848 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 4927 + 46.48 ) = 47.87
qw = Awxhx{(Twa= 40.06 ) - Tain= 3357} = 21.22 kW
qQp= Apxhx{(Tpa= 4787} - Tain= 3357} = 13.29 kW
Taout = 33.57 + (qw+qp) 34.51 J(Q"rho*Cp) 1593 = 3573 C q-rm = 29.97
Time Step16 Tain = 3357 C Taa = 0.5*(Tain+Taout) = 0.5°( 3357 + 3573 )= 34.65
(100-125yr) Twout= 3918 C Twa = 0.5*(Twin+Twout) = 0.5°( 40.95 + 39.18 )= 40.06
Tpout= 4648 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 49.27 + 4648 )= 47.87
qw= Awxhx{(Twa= 4006 ) - Tain= 33.57 }= 21.22 KW
gp= Apxhx{(Tpa= 4787 )- Tain= 3357 } = 1320 kw
Taout= 3357 +(qw+qp) 3451  )(Q°rho*Cp) 15.93 = 3573 C q-m=_ 29.97
Time Step 17 Tain = 3245 C Taa = 0.5*(Tain+Taout) = 0.5%( 3245 + 34.37 )= 33.41
{125-150yr) Twout= 3728 C Twa = 0.5"(Twin+Twout) = 057 39.18 + 37.28 )= 38.23
‘ Tpout= 4350 C Tpa = 0.5%(Tpin+Tpout) = 0.5°( 46.48 + 4350 )= 44.99
qw= Awxhx{(Twa= 3823 )- Tain= 3245 } = 18.85 KW
qp= Apxhx{(Tpa= 4499 ) - Tain= 3245 } = 1164 kw
Taout= 3245 +{qw+qgp) 30.50 )Y{Q'tho*Cp) 15.93 = 3437 C g-m= 2648
Time Step18 Tain = 3134 C Taa = 0.5*(Tain+Taout) = 0.5°( 31.34 + 3299 )= 32.16
(150-200yr) Twout= 3538 C Twa = 0.5*(Twin+Twout) = 0.5°( 37.28 + 3538 )= 36.33
Tpout= 4063 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 43.50 + 4063 )= 4207
= Awxhx{(Twa= 3633 )- Tain= 3134 } = 16.31 kW
gp= Apxhx{(Tpas= 4207 ) - Tain= 31.34 } = 996 kW
Taout= 31.34 +{(qw+qp) 26.28 ¥{Q"rho*Cp) 15.93 = 3288 C q-m= 2282
Time Step 18 Tain = 3042 C Taa = 0,5*(Tain+Taout) = 0.57( 3042 + 3184 )= 31.13
{200-250yr) Twout= 3402 C Twa = 0.5*(Twin+Twout) = 0.5°( 3539 + 3402 )= 34,70
Tpout= 3866 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 40.63 + 3866 )= 39.65
qw= Awxhx{(Twa= 3470 ) - Tain= 30.42 } = 13.98 kw
qp= Apxhx{(Tpa= 3965 )- Tain= 30.42 } = 8.57 kw
Taout= 3042 +(qw+qgp) 22.55  ){Q*rho*Cp) 15.93 = 3184 C g-rm=  19.58
Time Step20 Tain = 2980 C Taa = 0.5*(Tain+Taout) = 0.5%( 29.80 + 31.05 )= 30.43
(250-300yr) Twout= 3307 C Twa = 0.5*(Twin+Twout) = 0.5%( 34.02 + 33.07 ) 33.54
Tpout= 3729 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 3866 + 3729 )= 37.98
= Awxhx{{Twa= 3354 ). Tain= 2980 3} = 1221 kW
qp= Apxhx{(Tpa= 3798 )- Tain= 29.80 } = 7.58 kW
Taout= 29.80 +(qw+gp) 19.80 )(Q*rho*Cp) 15.93 = 3105 C grm=_ 17.19
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DRIFT SEGMENT #6 (500-600m) Air Quantity, Q = 15 m*3/s 60 MTU/acre
Drift WallTemperature Resuits from ANSYS Modeling Drift Wall and Air Temperatures, C
Time Dritt Wall Temperature, C {Time Afted Ave.Drift | Air Temp
Invert | Springline] Crown Emplm'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 65.75 1.00 66.80 51.77
5.00 75.48 78.13 75.46 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 52.18
50.00 54.84 56.19 54.81 50.00 55.28 49.13
60.00 51.47 52.66 51.44 60.00 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 42,12
90.00 44.56 45.44 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 37.90
150.00 3897 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 35.72 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 DS= 81.00 m WP Dia. = 1.56 Ap= 4.91 m~2
Drift L= 600.00 m P.G.= 0.10m 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 kWim AirCp = 1.01 kd/lkg K
Time Step 1 Tain = 2500 C Taa = 0.5™(Tain+Taout) 0.5%( 25.00 + 29.07 )= 27.03
(0-te4yr) Twout= 25.09 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'tho*Cp) | 1593 = 29.07 C g-rm = 56.31
Time Step2 Tain = 49305 C Taa = 0.5*(Tain+Taout) 0.5%( 49.05 + 5177 )= 50.41
(1e-4-1yr) 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= 4905} = -5.24 kW
qp = Apxhx{(Tpa= 10146 ) - Tain= 49.05} = 48.67 kW
Taout = 49.05 + (qw+qp) 43.42 y{Q rho*Cp) 15.93 = 5177 C q-rm = 37.71
Time Step 3 Tain = 5803 C Taa = 0.5"(Tain+Taout) = 0.5%( 58.03 + 63.08 )= 60.55
(1-5yr) Twout = 7636 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
qQp= Apxhx{{Tpa= 96.93 ) - Tain= §8.03) = 36.12 KW
Taout= 58.03 + {qw+qp) 80.36 M(Q*rho*Cp} 1583 = 63.08 C g-rm = 69.78
Time Step4 Tain = §8.53 C Taa = 0.5*(Tain+Taout) 0.5%( 58.53 + 64.45)= 61.49
(5-10 yr) Twout = 7584 C Twa = 0.5"(Twin+Twout) = 0.5%( 76.36 + 75.84 )= 76.10
Tpout=  * 97.09 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 99.73 + 97.09 )= 98 .41
qw = Awxhx{(Twa= 76.10) -  Tain= 5853} = 57.39 kW
qQp= Apxhx{(Tpa= 9841) - Tain= 5853} = 37.04 kW
Taout = 58.53 + (qw+qp) 94.43 )/(Q*rtho*Cp) 1593 = 64.45 C g-rm = 82.00
Time Step 5 Tain = 5643 C Taa = 0.5%(Tain+Taout) = 0.5%( £6.43 + 62.30 )= 59.37
(10-15yr) Twout = 7251 C Twa = 0.5*(Twin+Twout) = 0.5%( 75.84 + 7251 )= 7418
Tpout = 9220 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 97.09 + 92.20)= 94.64
qw = Awxhx{(Twa= 7418 ) -  Tain= 5643 ) = 57.95 kW
qp = Apxhx{{Tpa= 9464 ) - Tain= 5643} = 35.48 kW
Taout = 56.43 + (qw+gp) 93.43 ){Q"tho*Cp) 1593 = 62.30 C g-rm = 81.13
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Time Step6 Tain = 54.08 C Taa = 0.5*(Tain+Taout) 0.5%( 54.08 + 5§9.59 ) = 56.84
(15-20 yr) Twout = 69.11C Twa = 0.5*(Twin+Twout) = 0.5%( 7251 + 69.11 )= 70.81
Tpout = 8760 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 92.20 + - 8760)= 89.90

qw= Awxhx{(Twa= 70.81) - Tain= 5408} = 54.65 kW

qp = Apxhx{(Tpa= 89.90) - Tain= 54.08} = 33.27 kW
Taout = 54.08 + (qw+qp) 87.82 )(Q*rho*Cp) 1593 = 59.59 C q-rm = 76.34
Time Step 7 Tain = 51.81 C Taa = 0.5*(Tain+Taout) = 0.5%( 51.81 + 56.94 )= 54,37
(20-26 yr) Twout = 65.60 C Twa = 0.5%(Twin+Twout) = 0.5%( 69.11 + 6560 )= 67.35
Tpout= 8273 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 87.60 + 82.73)= 85.17

qw = Awxhx{{Twa= 6§7.35) - Tain= 5181} = §0.77 kW

qp= Apxhx{(Tpa= 85.17 ) - Tain= 5181} = 30.98 kW
Taout = 51.81 + (qw+qp) 81.74 ¥(Q'rho*Cp) 1693 = 56.94 C g-m = 70.98
Time Step 8 Tain = 49.89 C Taa = 0.5*(Tain+Taout) 0.5%( 49.89 + 54.67 )= 52.28
(26-30 yr) Twout = 63.06 C Twa = 0.5*(Twin+Twout) = 0.5%( 65.60 + 63.06 )= 64.33
Tpout = 7945 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 82.73 + 79.45)= 81.09

qw = Awxhx{{(Twa= 64.33) - Tain= 4989} = 47.16 kW

qp= Apxhx{(Tpa= 81.09) - Tain= 48.89 ) = 28.98 kW
Taout = 49.89 + (qw+gp) 76.14 )/(Q*rho*Cp) 15.93 = 5467 C q-rm = 66.11
Time Step9 Tain = 4777 C Taa = 0.5%(Tain+Taout) = 0.5%( 4777 + 5218 )= 49.97
(30-40 yr) Twout = 59.18 C Twa = 0.5*(Twin+Twout} = 0.5"( 63.06 + 59.18 ) =. 61.12
Tpout = 7371 C 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+gp) 70.35 }(Q*rho*Cp) 1583 = 52.18 C g-m = 61.09
Time Step 10 Tain = 4515 C Taa = 0.5*(Tain+Taout) = 0.5%( 45.15 + 4913 )= 47.14
(40-50 yr} Twout = 5528 C Twa = 0.5*(Twin+Twout) = 0.5%( 59.18 + 5528 )= §7.23
Tpout = 6827 C Tpa = 0.5*(Tpin+Tpout) = 0.5% 73.71 + 68.27 )= 70.99

qw = Awxhx{(Twa= 57.23) - Tain= 4515} = 38.45 kW

ap= Apxhx{(Tpa= 7089 ) - Tain= 4515} = 24.00 kw
Taout = 45.15 + (qw+qp) 63.44 )/(Q rho*Cp) 1593 = 49.13 C g-m= 55.09
Time Step 11 Tain = 4281 C Taa = 0.5*(Tain+Taout) = 0.5%( 4281 + 4636 )= 44.58
(50-60 yr) Twout = 5186 C Twa = 0.5*(Twin+Twout) = 0.5%( 55.28 + 51.86 )= 53.57
Tpout = 63.51 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 68.27 + 63.51 )= 65.89

qw= Awxhx{(Twa= §357) - Tain= 4281} = 35.15 kW

qp= Apxhx{(Tpa= 65.89 ) - Tain= 4281} = 21.44 kW
Taout = 42.81 + (qw+gp) £6.58 J/(Qrho"Cp) 1593 = 46.36 C S g-m= 49.13
Time Step 12 Tain = 4085 C Taa = 0.5*(Tain+Taout) = 0.5%( 40.85 + 44.02 )= 42.44
(60-70 yr) Twout = 49.04 C Twa = 0.5*(Twin+Twout) = 0.5%( '51.86 + 49.04 )= §0.45
Tpout = 59.60 C Tpa = 0.5*(Tpin+Tpout) = 0.5%( 63.51 + 59.60 )= 61.55

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

gp= Apxhx{(Tpas= 61.55) - Tain= 4085} = 19.23 kW
Taout = 40.85 + (qw+qp) 50.57 Y(Q*rho*Cp) 1583 = 4402 C q-m= 43.91
Time Step 13 Tain = 39.26 C Taa = 0.5*(Tain+Taout) = 0.5%( 39.26 + 42.12)= 40.69
(70-80 yr} Twout = 4674 C Twa = 0.5*(Twin+Twout) = 0.5%( 49.04 + 4674 )= 47.89
Tpout= 56.38 C Tpa = 0.5°(Tpin+Tpout) = 0.5%( 59.60 + 56.38 )= 57.99

qw = Awxhx{(Twa= 47.89) -  Tain= 3926} = 28.17 kW

qQp = Apxhx{(Tpa= 5799) - Tain= 39.26) = 17.39 kW
Taout = 39.26 + (qw+qp) 45.56 )/(Q*rho"Cp) 1593 = 4212 C g-rm = 39.56
Time Step 14 Tain = 37.96 C Taa = 0.5*(Tain+Taout) = 0.5%( 37.96 + 40.56 )= 39.26
(80-90 yr) Twout = 4484 C Twa = 0.5"(Twin+Twout) = 0.5%( 46.74 + 4484 )= 4579
) Tpout = 5371 C Tpa = 0.5*(Tpin+Tpout) =  0.5*( 56.38 + 5371 )= 55.04

qw = Awxhx{(Twa= 4579) - Tain= 3786} = 25.57 kW

qp= Apxhx{{Tpa= 5504 ) - Tain= 3796} = 15.86 kW
Taout = 37.96 +(qw+qp) 41.43 Y{Q*rho"Cp) 1593 = 40.56 C q-m = 35.98
Time Step 15 Tain = 3688 C Taa = 0.5%Tain+Taout) = 0.5%( 36.88 + 39.27 )= 38.08
(90-100yr) Twout= 4326 C Twa = 0.5*(Twin+Twout) = 0.5%( 44.84 + 4326 )= 44.05
Tpout = 5147 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 5371 + 5147 )= 52.59

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

qp = Apxhx{(Tpa= 5§259) - Tain= 3688} = 14.58 kW
Taout = 36.88 + (qw+qp) 38.00 )/(Q*rho"Cp) 1593 = 3827 C q-rm = 33.00
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Time Step 16 Tain = 3573 C Taa =0.5°(Tain+Taout) = 0.5 3573 + 37.90 )= 36.82
(100-125yr} Twout = 4128 C Twa = 0.57(Twin+Twout} = 0.5%( 43.26 + 41.28 )= 42.27
Tpout = 48.50 C Tpa = 0.5(Tpin+Tpout) = 0.5% 51.47 + 48.50 )= 49.98
qw = Awxhx{{Twa= 42.27 ) - Tain= 35731} = 21.37 kW
ap= Apxhx{(Tpa= 4998 ) - Tain= 3573} = 13.24 kW
Taout = 35.73 + (qw+gp) 34.60 )/(Q rho*Cp) 1593 = 3780 C q-rm = 30.05
Time Step 16 Tain = 3573 C Taa = 0.5(Tain+Taout) = 0.5%( 35.73 + 3790 )= 36.82
{100-125yr) Twout= 4128 C Twa = 0.5*(Twin+Twout) = 0.5°( 43.26 + 4128 )= 42.27
Tpout= 4850 C Tpa = 0.5*(Tpin+Tpout) = 0.57( 51.47 + 4850 )= 49.98
gw= Awxhx{(Twa= 4227 ) - Tain= 35.73 } = 21.37 kW
gp= Apxhx{(Tpa= 4998 ) - Tain= 35.73 }= 13.24 kW
Taout= 3573 +(gw+gp) 3460 )/(Q'rho*Cp) 15.93 = 3780 C g-rm=_ 30.05
Time Step17 Tain = 3437 C Taa = 0.5*(Tain+Taout) = 0.5"( 34.37 + 3630 )= 35.33
{125-150yr) Twout= 39.16 C Twa = 0.5"(Twin+Twout) = 0.57( 41.28 + 3%.16 )= 40.22
Tpout= 4531 C Tpa = 0.5*(Tpin+Tpout) = 0.57( 48.50 + 4531 )= 46.91
qw= Awxhx{(Twa= 4022 )y - Tain= 3437 } = 1911 kW
ap= Apxhx{(Tpa= 46.91 } - Tain= 34.37 1= 1164 kW
Taout= 34.37 + (qw+aqp) 30.75 ) (Q*rho*Cp) 15.93 = 3630 C g-m=  26.70
Time Step 18 Tain = 3299 C Taa = 0.5*(Tain+Taout) = 0.5%( 3299 + 3466 )= 33.82
{150-200yr) Twout= 3701 C Twa = 0.5*(Twin+Twout) = 0.57( 39.16 + 37.01 )= 38.09
Tpout= 4221 C Tpa = 0.5*(Tpin+Tpout) = 0.5°( 45.31 + 4221 )= 43.76
gw= Awxhx{(Twa= 3808 )- Tain= 32.99 } = 16.65 kW
gp= Apxhx{(Tpa= 4376 ) - Tain= 32.99 1= 10.00 kW
Taout= 3299 +(qw+qp) 26.65 Y(Qrho*Cp) 15.93 = 3466 C g-rm=  23.14
Time Step 19 Tain = 3184 C Taa = 0.5*(Tain+Taout) = 0.57( 31.84 + 33.28 )= 32.56
(200-250yr) Twout= 3542 C Twa = 0.5%(Twin+Twout) = 0.5%( 37.01 + 3542 )= 36.22
Tpout= 40.03 C Tpa = 0.5*(Tpin+Tpout) = 0.5 42.21 + 40.03 )= 41.12
gw= Awxhx{(Twa= 3622 ) - Tain= 31.84 } = 1431 kw
ap= Apxhx{{Tpa= 41.12 ) - Tain= 31.84 } = 8682 kW
Taout= 3184 +{(qw+gp) 2293 ){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 Twa = 0.5*(Twin+Twout) = 0.5 3542 + 3431 ) 34.87
Tpout= 3850 C Tpa = 0.5"(Tpin+Tpout) = 0.5%( 4003 + 3850 )= 39.27
qw= Awxhx{{Twa= 34.87 ) - Tain= 31.08 } = 12.48 KW
gp= Apxhx{(Tpa= 39.27 ) - Tain= 31.05 }= 763 kW
Taout= 3105 +(gqw+qp) 20.11  )Y(Q'rho*Cp) 15.93 = 3231 C g-m= 17.46
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/BATCH, LIST

;#####################################8#########################################ﬁ

14 .

X

X3

15 Filename:
14

153 Input File:

3
3

# Output File:

t$#

t# Description:

£33
t§
tH
t#
4
133
33

v Code Version:

t#
t§

ANSYS INPUT
amr

amr.dat
th_data.input

amr.out

2D ANSYS Model for Analysis and Modeling Report for
SR/LA ({amr)
Emplacement mode:
Drift diameter:
Drift spacing: 81 meters

WP diameter: 1.564 meters
Units modeled: All

Center-in-drift
5.5 meters

ANSYS Revision §.2

LHERBARRERHERH AR BUARB RS RH B HAHNBH AR R A HRRHU BB UBHH B BARHBUBRI R U AR BB U BRBEHRUBR SR RS

'

/COM, ANSYS MEDIA REV. 5.2

t
/FILNAM, amx

'
/TITLE,2D Model (DS:81m;DD:5.5m)

/UNITS, SI
/ SHOW

/NOPR

+ABB, SAVE_DB , SAVE
*ABB, RESUM_DB, RESUME
,Fnc_/EXIT
,/SHOW,FILE,,,8
, /SHOW,FILE, ,1
. /SHOW,X11C,,,8
, /SHOW,X11, ,1

. /REPLOT

. /BNUM,KP, 1

, /PNUM, KP, 0

*ABB, QUIT
+ABB, SHFR
*ABR, SHFV
*ABB, X11C
*ABB, X11
*ABB, REPLOT
*ABEB, K1
*ABB, KO

Jobname to use for all subsequent files

*ABB, POWRGRPH, Fnc_/GRAPHICS
*ABB, ANSYSWER, 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
1

/PREP7

1

t Define element types
1

ET, 1, PLANESS
ET, 2,LINK32
R,1,1.0

ET, 3,MATRIXS50
KEYOPT, 3,1,1
KEYOPT, 3,6,0

/INPUT, th_data, input, ,1,0

4-node, 2-D thermal solid element
2-D conduction bar

Superelement for radiation
Superelement behavior: radiation substructure

! Read material properties

' Parameters for model generation

]
ORIG=0.0
X1=5.5
X2=40.5
¥1=5.5
R1=2.7%
RW=0.782

RECTNG, ORIG, X1, ORIG, Y1,

PCIRC,R1, ,0,90,
ASBA, 1,2
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MAT, 4,
ESYS, 0,
ESIZE,10.0,0,
AMESH, 68, 92,24
)

TYPE, 1,

MAT, 3,

ESYS, 0,
ESIZE,10.0,0,
BMESH, 69, 93,24
1

TYPE, 1,

MAT, 2,

ESYS, 0,
ESIZE,10.0,0,
AMESH, 70, 94, 24
1

TYPE, 2,

MAT, 1,

ESYS, 0,
ESIZE,10.0,0,
AMESH, 71, 95,24
]

TYPE, 1,

MAT, 17,
ESYS, 0,
ESIZE,S.0,0,
AMESH, 72, 96,24
1

TYPE, 1,

MAT, 18,
ESYS, 0,
ESIZE,5.0,0,
BMESH, 73, 97,24
1

TYPE, 1,

MAT, 19,
ESYS, 0,
ESIZE,5.0,0,
AMESH, 74, 98,24
1

TYPE, 1,

MAT, 20,
ESYS, 0,
ESIZE,7.5,0,
AMESH, 75, 99, 24
1

TYPE, 1,

MAT, 21,
ESYS, 0,
ESIZE,7.5,0,
BMESE, 76,100, 24
1

TYPE, 1,

MAT, 22,

ESYS, 0,
ESIZE,10.0,0,
AMESH,77,101,24
]

TYPE, 2,

ESYS, 0,

LSEL, S,LINE, , 11
LSEL, A, LINE, , 209
LSEL, A,LINE,, 10
LSEL,A,LINE,, 308
NSLL, S, 1
ESURF,ALL

PLOT

t

JAUX12
EMIS,16,0.9,
EMIS,23,0.87,
STEF,1.7878,
GEOM, 1,0,

SPACE, ,
ESEL,S,TYPE, ,2,2
NSLE, S

VTYPE, 0, ,
MPRINT, 0

WRITE, amr

FINISH

ANL-EBS-MD-000030 REV 00

Mesh

Mesh

Mesh

Mesh

Mesh

Mesh

Mesh

Mesh

Mesh

Define link elements for radiation surface

WP

Tocovi

Tpcpv2

Tpecpv3

Tptpln

Tptpv3

Tptpv2

Tptpvl

unit

unit

unit

unit

unit

unit

Tpbtl unit

the Tac unit

Drift wall

Generate superelement for thermal
radiation calculation

Save radiation matrices

November 1999



/PREP?
TYPZ, 3,
REAL, 1,
ESYS, 0,
SE,amr

t
ESEL, S, TYPE, ,2,2
EDELE, ALL
ALLSEL
SAVE

]

FINISH
/EXIT

ANL-EBS-MD-000030 REV 00
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/BATCH, LIST
1

B r o L L T e S T E T P IR TP T TPy S T 11
H B s s b e e R R R e S e et R R e R R R T A R R L a2

Filename:

Input File:

Output File:

ANSYS INPUT

amr-101

amr-101.dat
th_data.input

amr-101.out

LTI IR R TR R T T R L R R LR

Description: 2D ANSYS Model for Analysis and Modeling Report for

SR/LA (amr)
Linear heat load: 1.55 kW/m
Emplacement mode: Center-in-drifc
Drift diametex: $.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

14 Segment No: 1 (1)

14 Units modeled: all

'h

£ Code Version: ANSYS Revision 5.2

[

'H

THBSHRGAHBRA AT HE R BRAANERH NI RARERAHRIHEFRGERHURLBHHHBRR LB RAGRRRERR MR RAR BN R R RS

/COM, ANSYS MEDIA REV. 5.2

'

/FILNAM, amr-101 '
RESUME, amr, db, ,

/TITLE, 2D Model (LL:1.55kW/m;DS:81m;DD:5.5m;VT:300yr;FR:10m"/s;SN:1)
/UNITS, SI

/SHOW

)

/NOPR

+*ABB, SAVE DB , SAVE

*AEB, RESUM_DB, RESUME

Jobname to use for all subsequent files

*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,ANSYSWERE, 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

Solution phase

Transient analysis

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
! parameters

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

1

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

NSEL, S,L0OC, Y, Tac !
D,ALL,TEMP, 32 .40

ALLSEL

SAVE

1

! Load step number 1
TIMINT,OFF !

[P

Initial temperature at all nodes
Select all nodes on top surface

Select all nodes on bottom surface

Turn off transient effects at the

ANL-EBS-MD-000030 REV 00 V-9

ETIE T TR LI - R R T A P T L L R T R R I L
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/BATCH, LIST

1

LHREBERAHBRG AR HBBURABRUERANRBHHS B RRUARRRB SRR R A RARGHUNRER AR UNSS L RANUERRRRB RSB Y
5] . ' :
13 ANSYS INPUT

14

14 Filename: amr-102

14

X Input File: amr-102

14 th_data.input

1%

13 Qutput File: amr-102.out

1%

[£3 Description: 2D ANSYS Model for Analysis and Modeling Report for #
1 SR/LA (amr)

14 Linear heat load:1.55 kW/m #
14 Emplacement mode: Center-in-drift

t Drifc diameter: 5.5 meters

# . Drift spacing: 81 meters

tH WP diameter: 1.564 meters

14 WP length: 5.305 meters

14 : Air Flow Rate: 10 m*3/s (10)

X ] Intake Air Temp.: 25 degree C

LE ] Segment No: 2 (2)

# Units modeled: all

LR

14 Code Version: ANSYS Revision 5.2

1§

t§

! ###################################ﬂ#########################################ﬂ##

/COM, ANSYS MEDIA REV. 5.2

!

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

/TITLE,2D Model (LL:1.55kW/m;DS:81m;DD:5.5m;VT:300yr;FR:10m"~/s;SN:2)
/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, Fnc_HomePage
/60

t

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

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

M

IC,ALL,TEMP,2S,
NSEL, S,LOC, Y, Tpcpv3
D,ALL,TEMP,18.7

Initial temperature at all nodes
Select all nodes on top surface

NSEL, §,LOC, Y, Tac ! Select all nodes on bottom surface
D.ALL,TEMP, 32.40

ALLSEL

SAVE

!

! Load step number 1

TIMINT,OFF t Turn off transient effects at the
ANL-EBS-MD-000030 REV 00 V-14

3t 3t 3t At I W I I W

£ 3

ELRE R B R R
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/BATCH,LIST

Filename: amx-103

Input File:

Output File:

Description:

Code Version:

R R R LI TR LI T LR TR R TR T A R L L L

COM, ANSYS MEDIA REV. 5.2

-t

/FILNAM, amr-103 !
RESUME, amr,db, ,
/TITLE, 2D Model
/UNITS, S1

/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, X1l ,/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

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273
TINTP, 0.005, ,
1

OUTPR, NSOL, LAST, H
OUTRES, NSOL, LAST, H
t

1C,ALL,TEMP, 25,

NSEL, §,LOC, Y, Tpcpvi
D,ALL,TEMP,18B.7

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

ALLSEL

SAVE
1

t Load step number
TIMINT,OFF

,0.5,0.5,0.2

ANL-EBS-MD-000030 REV 00

Ix
I
1k
k3
ki3
Eid
i
3
£ 3
It
It
k14
4k
1k
3k
ar
b
£l
IF
kL3
It
3t
ax
at
pe
at
ax
ag
at
3t
pe
3t
k13
ae
L
I
Ik
It
k3
1
3t
Eid
3t
ax
E:
P
1t
ki
Eid
ki
ak
Ik
It
ps
LS
Eld
Pt
ak
an
at
1%
1
g3
Eid
kl3
I
It
an
3t
1
1®
H
It
Eis
ki
3
1t
1t
i

ANSYS INPUT

amr-103.dat
th_data.input

amr-103.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: 3 (3}
Units modeled:

1.55 kW/m
Center-in-drift
5.5 meters

81 meters

1.564 meters
S.305 meters

10 m"“3/s (10)
25 degree C

all

ANSYS Revision 5.2

HRESEBHHHH SRR B HEH R R H R A RS R RS E AR AR RHR SRS B ERRRRRBRRR R AR A BRI RN R R RS,

Jobname to use for all subsequent files

(LL:1.55kW/m;DS:81m;DD:5.5m; VT:300yr; FR:10m"/s;SN:3)

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
t Select all nodes on top surface

Select all nodes on bottom surface

1

Turn off transient effects at the

V-19

TR L LR LR I L DR Tl T T T R T Tt T T o L L S L S L L [

November 1999
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/BATCH, LIST

THEBHES LSS RH SR SU RS HBEBRHHE S S HRH R R BH AR RR AR ABE SRR AR AR RARINRRHRR RSN AR

tH

14 ANSYS INPUT

tH

1 Filename: amr-104

1% :

14 Input File: amr-104 .dat

14 th_data.input

£

L Output File: amr-104 .out

t§

t§ Descriptiocn: 2D ANSYS Model for Analysis and Modeling Report for
tH SR/LA (amr)

1§ Linear heat load: 1.55 kW/m

t§ Emplacement mode: Centexr-in-drift
t# Drift diameter: 5.5 meters

t# Drift spacing: 81 meters

4 WP diameter: 1.564 meters

14 WP length: $.305 meterxs

14 Air Flow Rate: 10 m*3/s (10)
t§ Intake Air Temp.: 25 degree C

14 . Segment No: 4 (4)

t§ Units modeled: All

13

4 Code Version: ANSYS Revision 5.2

t

1%

THERH B BB R AR HHHHRHRRURU S S BB RRRHU VRSB BBEFHAAH UL BB R RRUHH UV B R GHBBU B ABRUB R H R USRS
1

/COM, ANSYS MEDIA REV. 5.2

!

/FILNAM, amr-104 !
RESUME, amy, db, ,

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

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

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

H

/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,0.00%, , ,0.5,0.5,0.2
]

OUTPR, NSOL, LAST,

OUTRES, NSOL, LAST,

H

IC,ALL, TEMP, 25,

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

NSEL, §,L0C, Y, Tac t
D,ALL,TEMP, 32.40

ALLSEL

SAVE

! Load step number

TIMINT, OFF

ANL-EBS-MD-000030 REV 00

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

Turn off transient effects at the

V-24

$E 3% 3t $E HE 2E t 3k 4R 30 3 3IE 3 3T 36 36 A I0 IR I IE AE I e
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/BATCH, LIST
1

I
1
e
ar
I*
I
4t
pr
I
ax
ar
3t
3r
1t
3t
1t
Ik
3*
I
ar
1t
3%
Bt
3
£
1
ar
It
3
I
It
ax
1
3
prs
1
It
ax
It
at
1t
Bt
I
1t
I
b
E?
1
n
It
1
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I
3
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at
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ar
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it
1t
1€
I
1
ar
T
4k
1t

ANSYS INPUT
Filename: amr-105

amr~105.dat
th_data.input

Input File:

Cutput File: amr-10S.out

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

WP length:

Description:

1.55 kW/m
Center-in-drift
5.5 meters

81 meters

1.564 meters
5.305 meters

Air Flow Rate: 10 m"3/s (10)
Intake Air Temp.: 25 degree C
Segment No: s (5)

Units modeled: All

Code Version: ANSYS Revision $.2

I3k e 3 I 3 I W 1 I IE I A AE I I AR 2k 3k 2k 4 I I 2 3 oot e 3k

HRHRHBRHHBAR RS HHARBHERRHUI U R ARG U B RBUHR RS R U AR SR HH B EH A SR NS R B HA U B S H S R A SRR

/COM, ANSYS MEDIA REV. 5.2
T

/FILNAM, amr-105 t
RESUME, amr, db, ,
/TITLE,2D Model
/UNITS,SI

/SHOW

1

/NOPR

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

Jobname to use for all subsequent files

{LL:1.55kW/m;DS:81m;DD:5.5m;VT:300yr;FR:10m" /s;SN:5)

*ABEB, 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

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273
TINTP,0.005, ,

Solution phase

Transient analysis

Programchosen Newton-Raphson option
Specify the temperature offset: 273 K
,0.5,0.5,0.2 Use defaults of transient integration
! parameters

OUTPR,NSOL, LAST, ! Scolution printout at last substep
OUTRES, NSOL, LAST, ! Seolution data written to cdatabase

1

IC,ALL,TEMP,25, !
NSEL, $,LOC, Y, Tpcpv3
D,ALL,TEMP,18.7

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

ALLSEL

SAVE

1

' Load step number 1
TIMINT, OFF !

Initial temperature at all nodes
Select all nodes on top surface

Select all nodes on bottom surface

Turn off transient effects at the
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/BATCH,LIST
1

FITEEETET PR PP e ORI AR AT SR R S I AR AR R SRR s aa ki
14

1H ANSYS INPUT

£

1% Filename: amr-106

1§

4 Input File: amr-106 .dat

t# th_data.input

13

1# Output File: amr-106.out

£

t§ Description: 2D ANSYS Model for Analysis and Meodeling Report for
4 SR/LA (amr)

14 Linear heat load: 1.55 kW/m

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

tH# Drift spacing: 81 meters

t# WP diameter: 1.564 meters
¥ WP length: 5.305 meters
1 Air Flow Rate: 10 m~3/s (10)
# Intake Air Temp.: 25 degree C
14 Segment No: 6 (6)

14 Units modeled: all

1#

1§ Code Version: ANSYS Revision 5.2

4

t#

IHESSHEH SR ERBHBRHB SRR B RHHEB R SR B HHRH R SRS HGH B SR BHUBRE SR H R BRB B RUBRBREHBR BRI BN

/COM, ANSYS MEDIA REV. 5.2

'

/FILNAM, amr-106 H Jobname to use for all subsequent files
RESUME, amx, db, , :
/TITLE, 2D Model (LL:1.55kW/m;DS:81m;DD:5.5m;VT:300yr;FR:10m"/s;8N: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,KL . ,/PNUM,KP,1
*ABB, KO , /PNUM, KP, 0

*ABB, POWRGRPH, Fnc_/GRAPHICS
*ABB, ANSYSWEB, Fnc_HomePage
/G0

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 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
! parameters
OUTPR, NSOL, LAST, ! ! Solution printout at last substep
OUTRES, NSOL, LAST, H Solution data written to database
)
IC,ALL, TEMP, 25, H Initial temperature at all nodes

]

NSEL, S, LOC, Y, Tpepv3
D,ALL,TEMP,18.7

Select all nodes on top surface

NSEL, §,L0C, 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

ANL-EBS-MD-000030 REV 00 V-34
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/BATCH, LIST

Input File:

tput File:

Description:

Code Version:

ANSYS INPUT

amr-151

amr-151.dat
th_data.input

amr-151.out

- 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

/COM, ANSYS MEDIA REV. 5.2
13

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

2D ANSYS Model for Analysis and Modeling Report for

1.55 kW/m
Center-in-drift
5.5 meters

81 meters

1.564 meters
5.305 meters

15 m™3/s (15)
25 degree C

1 (1)

All

HERHBRRRANUBRAAHR R R BN BB UHHH BN HRU R RRGHAN S LML R R RHERRARMH AR BB RRRU BB R BB ARER

! 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)

JUNITS, SI
/SHOW

[

/NOPR

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

*ABB, QUIT ,Fné_/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

H

/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,

QUTRES, NSOL, LAST,

IC,ALL,TEMP, 25,

NSEL, S, LOC, Y, Tpcpv3

D,ALL,TEMP,18.7
NSEL, §,LCC, Y, Tac
D,ALL, TEMP,32.40
ALLSEL

SAVE

!

t

TIMINT, OFF

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
1

ANL-EBS-MD-000030 REV 00

Turn off transient effects at the

V-39
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/BATCE,LIST

I
Eid

Filename:

Input File:

Output File:

Description:

Code Version:

PR R R R KRR E R R R I U R

e b b e b 1= g am b b sm bes dm b A 4w Ve G tm dm be te em e fm dm e de g 4w

/COM, ANSYS MEDIA REV. 5.2
4

/FILNAM, amr-152
RESUME, amx, db, ,

BEHEUBASR SNBSS SRR N R BRI SRR AR SRR R SRR RS AR RUBARIRA R SRR B R BB R AR

ANSYS INPUT
amr-152

amr-152.dat
th_data.input

amr-152.out

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

WP diameter:

WP length:

1.55 kW/m
Center-in-drift
S.5 meters

81 meters

1.564 meters
5.305 metexs
Air Flow Rate: 15 m™3/s (15)
Intake Air Temp.: 25 degree C
Segment No: 2 (2)

Units modeled: ) All

ANSYS Revision 5.2

HERRHERHHBEAS S S BHSBB LU BRH RS HHB R SRR R R R S B S S R B R BB RS SRR S RE RN BR RN SRR B

t 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:2)

/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, 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
1

/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

]

OUTPR, NSCL, LAST,
OUTRES, NSOL, LAST,
1

IC,ALL,TEMP, 25,
NSEL, §,LOC, Y, Tpcpv3
D,ALL,TEMP,18.7
NSEL, S,LOC, Y, Tac
D,ALL,TEMP, 32 .40
ALLSEL

SAVE

parameters
t Sclution 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-44
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/BATCH,LIST

e e S R R I R R R it s i B aE A i A R R R AR A R S A e H i S A g

t§

tH ANSYS INPUT

1R

tH Filename: amr-153

#

H Input File: amr-153.dat

5] th_data.input

1§

1# output File: «amr-153.out

18

¥ Description: 2D ANSYS Model for Analysis and Modeling Report fox
iE: SR/LA {amr)

1§ Linear heat load: 1.55 k®W/m

L5 Emplacement mode: Center-in-drift
# Drift diameter: 5.5 meters

1% Drift spacing: 81 meters

14 WP diameter: 1.564 meters
' WP length: 5.305 meters
t# Air Flow Rate: 15 m*3/s (15)
1§ Intake Air Temp.: 25 degree C
1§ Segment No: 3 (3)

t# Units modeled: All

j£:3

14 Code Version: ANSYS Revision 5.2

#

LX)

THEEE PSS S HRH BN RS E HHRH RS SHER B S SR AR RS B BB U BN SHBNRHBRBREBR BHRNBAS B HRI RN RH RGN AR

/COM, ANSYS MEDIA REV. 5.2

1

/FILNAM, amr-153 ! 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: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, X1 . /PNUM,KP, 1
*ABB, K¢ , /PNUM,KP, 0

*ABB, POWRGRPH, Fnc_/GRAPHICS
*2ABB, 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 4 Specify the temperature offset: 273 K
TINTP,0.005, , ,0.5,0.5,0.2 H Use defaults of transient integration

' parameters
OUTPR, NSOL, LAST, Scolution printout at last substep
OUTRES, NSOL, LAST, Solution data written to database

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

13
¢ Load step number 1
TIMINT,OFF 1 Turn off transient effects at the

ANL-EBS-MD-000030 REV 00 V-49
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/BATCH, LIST

T LTI PRI T L LR R R LR T LE LR T L EEE L 2 T a2 E st e s T AR R R e EE S L

s

18 ANSYS INPUT

LR

5 Filename: amr-154

1§

'y Input File: amr-154.dat

t# th_data.input

X3

L Oucput File: amr-154.out

tH

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

th Linear heat load: 1.55 KW/m

14 Emplacement mode: Center-in-drifc
LE ] Drift diameter: 5.5 meters

14 Drift spacing: 81 meters

1§ WP diameter: 1.564 metexs
14 WP length: 5.305 meters
(¥ Air Flow Rate: 15 m™3/s (15)
t# Intake Air Temp.: 25 degree C
t§ Segment No: 4 (4)

tH# Units modeled: A1l

tH#

h Code Version: ANSYS Revision 5.2

tH

14

THHSBREHAHHBERERB BNV B SRS RH BB B U R HUH AR EH B U AR H U S HE B R BU AR ARURURU BB BRNARU G RN

!

/COM, ANSYS MEDIA REV. 5.2

1

/FILNAM, amx -154 ! Jobname to use for all subsequent files
RESUME, amr, db, ,

/TITLE, 2D Model (LL:1.SSkW/m;DS:81m;DD:5.5m;VT:300yr;FR:15m"/5;SN:4)
/UNITS, SI

/SHOW

H

/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
/60

i

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

/80LU

! Solution phase
ANTYPE, TRANS 1 Transient analysis
NROPT, AUTO H Programchosen Newton-Raphson option
TOFFST, 273 1 Specify the temperature offset: 273 K
TINTP,0.005, , ,0.5,0.5,0.2 ! Use defaults of transient integration
H parameters
OUTPR, NSOL, LAST, ! Solution printout at last substep
OUTRES, NSOL, LAST, ! Solution data written to database

IC,ALL, TEMP, 25, t Initial temperature at all nodes
NSEL, S,LOC, Y, Tpcpv3 1 Select all nodes on top surface

D,ALL,TEMP,18.7

NSEL, 8,LCC, Y, Tac ! Select all nodes on bottom surface
D,ALL, TEMP, 32.40

ALLSEL

SAVE

]

' Load step number 1
TIMINT, OFF H Turn off transient effects at the

ANL-EBS-MD-000030 REV 00 V-54
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/BATCH, LIST

e e T L T e e T e T e e L s T E e e

s ANSYS INPUT

tH

th Filename: amr-155

tH

t# Input File: amr-155.dat

t# th_data.input

tH

¥ Output File: amr-155.out

t

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

5] Linear heat load: 1.55 xW/m

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

14 Drift spacing: 81 meters

' WP diameter: 1.564 meters

ih WP length: 5.305 meters

t# Air Flow Rate: 1S m"3/s (15)
tH Intake Air Temp.: 25 degree C

14 Segment No: 5 (5)

] Units modeled: All

13

£ Code Version: ANSYS Revision 5.2

14

1§

THHHREHHHABHRGUREB L EHHBHARUHBEH BB E S HHHBHBH BB BB RRUHH B AR UL BB SRR B UU R BB R AUH BRSNS
1

/COM, ANSYS MEDIA REV. 5.2

!

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

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

/SHOW

1

/NOPR

+ABB, SAVE_DB , SAVE

*ABB, RESUM_DB,RESUME

Jobname to use for all subsequent files

*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 , /BNUM, KP, 0

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

]

/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 1 Programchosen Newton-Raphson option
TOFFST, 273 t Specify the temperature offset: 273 K
t

TINTP,0.005, , ,0.5,0.5,0.2 Use defaults of transient integration
! parameters

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

1

IC,ALL,TEMP, 2S5,

NSEL, §,L0C, Y, Tpcpv3
D,ALL,TEMP, 18.7

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

ALLSEL

SAVE

1

! Load step number 1
TIMINT, OFF !

Initial temperature at all nodes
Select all nodes on top surface

Select all nodes on bottom surface

Turn off transient effects at the

ANL-EBS-MD-000030 REV 00 V-59
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/BATCH,LIST

T T bt Tt LI EE TR PP PR SR PSR RS L 22 2 2 SE A e e s e RS E 22 22

t# #
'§ ANSYS INPUT #
133 #
1§ Filename: amr-156 #
tH ' #
tH Input File: amr-156.dat &
1% th _data.input ¥
% #
14 Output File: amr-156.out #
14 #
x4 Description: 2D ANSYS Model for Analysis and Modeling Report for #
1§ SR/LA (amr}) #
H Linear heat  load: 1.55 kW/m . &
t# Emplacement mode: Center-in-drift 4
t# Drift diameter: 5.5 meters #
t# Drift spacing: 81 meters #
t§# WP diameter: 1.564 meters #
14 WP length: 5.305 meters #
LK Air Flow Rate: 15 m*3/s (15) 4
18 Intake Air Temp.: 25 degree C #
14 Segment No: 6 (6) #
! Units modeled: All #
14 #
%] Code Version: ANSYS Revisioen 5.2 #
t# 3
14 #

VHE S HRE R RS ER SRR SRR SR BB BB BB SRR R SRR S BB R B H R R RS R R R R R

[

/COM, ANSYS MEDIA REV. 5.2

1

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

! Jobname to use for all subsequent files

/TITLE, 2D Model (LL:l.Sskw/m;DS:Blm;DD:S.Sm;VT:BODyr;FR:15m‘/s;SN:6)

JUNITS,SI
/ SHOW

1

/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, X131, ,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

H Solution phase
ANTYPE, TRANS ! Transient analysis
NROPT, AUTO ! Programchosen Newton-Raphson option
TOFFST, 273 ! Specify the temperature offset: 273 K
TINTP,0.00S%, , ,0.5,0.5,0.2 ] Use defaults of transient integration
! parameters
OUTPR, NSOL, LAST, ! Solution printout at last substep
OUTRES, NSOL, LAST, ! Solution data written to database
1
IC,ALL,TEMP, 25, H Initial temperature at all nodes
NSEL, §,LOC, Y, Tpcpv3 ! Select all nodes on top surface

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

SAVE

!

!

TIMINT, OFF

! Select all nodes on bottom surface

Load step number 1
! Turn off transient effects at the
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