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1 Introduction and Objective

The Squaw Creek Reservoir (SCR) receives effluent from the Comanche Peak Nuclear Power Station (CPNPS)
Units | & 2. The effluent is slightly radioactive and contains tritium. The SCR currently has a tritium limit of
30,000 pCy/L (Reference [4]). In order to determine whether Units 3&4 can discharge liquid effluents into the ...
SCR, the tritium concentration in the SCR must be calculated based on the current discharge from Units 1&2

and the projected discharge from Units 3&4.

The objective of this calculation is to determine the projected maximum tritium concentration in the SCR when
all four units are operating based on the projected tritium content associated with the liquid effluents, the local
meteorological conditions, other operating parameters, such as spill-over from the SCR to Squaw Creek, and
natural radioactive decay. Inputs representative of baseline conditions, which predict the highest equilibrium
concentration expected in the SCR when all 4 units are operating are to be determined, as well as inputs
representative of average conditions which predict the average equilibrium concentration expected in the SCR
when all 4 units are operating. The required diversion of liquid effluent from Units 3&4 such that the
equilibrium concentration does not exceed the 30,000 pCi/L limit shall also be calculated.

Inputs to the calculation include sources and sinks of activity to and from the SCR. Sources of activity are the
liquid effluents from Units I through 4, while sinks of activity are that carried with the flow that leaves the
SCR as well as radioactive decay. Outflows are natural evaporation, forced evaporation, plant consumption,
and spill-over. These are discussed in more detail in Section 2.

2 Inputs

2.1  Tritium Activity Inflow

Tritium produced in a light water reactor system is a function of core power level. The design basis tritium
source value (in Ci/year) is determined by multiplying the MW(thermal) of the plant by a factor of 0.4 in
accordance with the NUREG 0017 R1 method (Reference [10]). Also according to the NUREG 0017 R
method, 90% of this tritium source is in the tiquid effluent. MHI measures actual releases in the liquid effluent
and compares that to the calculated release in accordance with NUREG 0017 R1. The ratio of the actual
tritium release in the liquid effluent to the calculated tritium source value is identified as the Tritium
Distribution Factor (TDF). Comanche Peak Units 182 operating data (Reference {9]) indicates that actual
release in the liquid effluent is significantly lower than the calculated tritium source value. The current core
thermal power of Units 1&2 is 3,565 MW (thermal) per unit. Multiplying 3,565 MW(thermal) by 2 units, then... . 8
by the factor of .4 and the factor of .9, yields a calculated liquid tritium source value of 2,567 Ci/yr. The core
thermal power produced by Units 3&4 is to be 4,451 MW(thermal) per unit. Multiplying 4,451 MW(thermal)
by 2 units. then by the factor of .4 and the factor of .9, yields a design basis liquid tritium source value of 3,205
Ci/yr. As Units 3&4 are similar in design to Units [ &2, the tritium activity that is discharged in the effluent for
Units 3&4 is calculated using the TDF determined from the data of Units 1&2. Calculation of the Units 1 &2
TDF is presented in Section 5 of this calculation.

e
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2.2  SCR Volume

The SCR level is maintained at an approximately constant average elevation of 775 feet (Reference [5]) with a
depth of approximately 46 feet. The surface area of the SCR is 3,275 acres (Reference |5]), thus the volume is
a constant value of approximately 151,000 acres-ft.

Historic measurements of SCR level indicate that the elevation changes from 774.5 to 775.1 feet. As this
change i very small, this calculation assumes that the level, and hence the volume, are constant. It is also
expected that the lake is irregular in shape and the depth may not be uniform. However, natural and forced
evaporations are more surface area dependent so it is reasonable to assume that the volume of water in the
SCR, and thus the tritium concentration, can be considered constant in order to facilitate this calculation. Asa
means to compensate for this approximation, the calculated tritium concentration from Units 1&2 is used to
check against measured data and determine the sensitivity of the results. This is the basis for Case No. 5, as
presented in Section 7.4,

In order to perform this calculation, it is assumed that the distribution of tritiated water and heat rejection
(resulting forced evaporation) is evenly distributed across the reservoir (See Assumption |2]).
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2.3  SCR Inflows and Qutflows

Since the SCR volume is kept constant, the total inflows must equal the total outflows. A sketch illustrating the

inflows and outflows considered in this calculation is shown in Figure 2-1.

Figure 2-1 — Sketch Showing Inflows and Outflows

Units 1&2

Units 3&4

/'/ e sares e e
< Misc Plant Consumption !
\\: T )
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Inflows include:

¢ Make-up water from Lake Granbury
¢ Rainfall
¢ Surface water run-off

¢ Plant effluent discharge

Outflows include:

¢ Natural evaporation

¢ Forced evaporation due to heat removed from the condensers of Units | and 2
¢ Miscellaneous plant consumption

¢ Spill-over from the SCR

As will be seen in Section 5, the calculation will involve only inflow and outflow streams that contain tritium.
Discussion with Luminant indicates that currently makeup water is pumped from Lake Granbury to the plant
and then discharged into the SCR, and that Lake Granbury water does not contain any tritium. Future
operation of Units 3&4 will require makeup water from the same source, It is assumed that the rainfall does
not contain tritiated water. (See assumption [5]). Thus the only inflow that needs to be parameterized is the
liquid effluents in plant discharge, as described in Subsection 2.1.

2.3.1  Natural Evaporation

CPNPS resides in Region 510 of Texas. According to Reference |7}, natural evaporation for Region 510 is
approximately 80 inches annually. Local evaporation data recorded for Lake Granbury is lower than this, and
in the range of 55 to 72 inches annually (Attachment E), with the average value of 62 inches. For calculation
purpose the average value of natural evaporation is used. Evaporation is a source of tritium removal from the
SCR, and evaporation rate increases with greater convective air currents near the surface of a body of water

due to both air-and water motion. The 62 inches of evaporation annually is equivalent to approximately 16,900 =

acre-feet of evaporation in volume annually.

2.3.2  Forced Evaporation

Forced evaporation is calculated to be 1 acre-ft per 1000 MWe-hour (Reference {3]). The average value of the
calculated forced evaporation for Units 1&2 (1150 MWe each) is approximately 17,900 acres-feet for the
operational years 1995 through 2006. Only Units [ &2 will release heat to the SCR causing forced evaporation,
Units 3&4 will utilize cooling towers for heat removal. Forced evaporation will be a tritium outflow only
while Units 1&2 are operating.

E |




Sheet No. 7ol 34
o Tt 28831-LWM-25-05-
gg’}i‘ﬁgg“ 500-001 (Rev D)
Washington Division Calculation Sheet Project No. | 28931 |
1
Project Title: MHI US-APWR Luminant Conceptual Calc By: Sara Amitrani Date February 19. 2009 W
Engineering SPi 2/ /o Lo
Subject/Feature: | Determination of the Tritium Concentration in the | Checked Trupti Narielwala Date February 19, 2009
Squaw Creck Reservoir By: TR a4

2.3.3  Plant Consumption

Miscellaneous plant consumption for two units during construction and startup is approximately 600 acres-ft
per year based on plant data (Reference [3]). There is sporadic miscellaneous plant consumption thereafter, of
amounts less than 600 acres-feet, ranging from zero to 570 acres-feet. The average of zero and 570 acres feet is
close to 300 acres-feet for two units, thus for all four units operating it will be assumed that miscellaneous plant
consumption is twice this, that is 600 acres-feet.

2.3.4  Spill-Over

Spill-over varies with plant and environmental need, as its purpose is to reduce thermal pollution and dissolved
solids in the SCR. Spill-over involves opening up the dam between the SCR and Squaw Creek, releasing
tritiated water into Squaw Creek. The average representative spill-over was determined to be approximately
32,900 acres-feet for the operational years 1990 through 2006 for Units &2 (data from Reference [3]). From
various discussions with Luminant, 30,000 acres-feet of spill-over is the maximum agreed upon with the local
water authorities unless there is heavy rainfall. The basis of this requirement is that spill-over from the SCR to
Squaw Creek requires make-up from Lake Granbury; the local water authorities are fundamentally concerned
about the volume of water diverted from Lake Granbury. Luminant intends to request a higher spill-over limit
of up to 45,000 acres-feet in the future. For purpose of conservatism, a spill-over volume based on the 1996
through 2006 data is used in the calculations, that is 32,900 acres-feet.

2.4  Summary of Specific Design Parameters

4 Activity Inflow 1,213-3,136 Ci/yr (Reference [6])
(See Table 5-1) , (Reference [9])

¢ SCR Volume 151,000 acres-ft (Reference [51)
¢ Natural Evaporation Rate 16,900 acres-ft (Reference [3])
¢ Forced Evaporation Rate 17,900 acres-ft (Reference [3])
¢ Miscellaneous Plant 600 acres-ft {Reference |3])

Consumption (4 Units)
¢ Spill-over 32,900 acres-ft (Reference [31])

I
!
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3 Assumptions

3.1  Technically Justified Assumptions

[1] It is assumed that the volume of the SCR remains constant at 151,000 acres-ft through the makeup and
spillover process (Reference [2]).

[2] It is assumed that the SCR is a homogeneously mixed body of water.

[3] All units are assumed to operate at full power with a constant tritiated water generation rate. The

assumption results in the most conservative approach to the calculation and is thus technically justified.

(4] It is assumed that Units 1&2 started commercial full-power operation in 1990 and are operate for forty
years followed by 20 years of life extension services. lt is also assumed that Units 3&4 start
commercial full-power operation in 2020 and are operated for a total of sixty years. As the maximum
tritium concentration is expected to occur when all four units are in operation, the commercial
operation start date is not expected to change the maximum concentration but may shift the
concentration curve earlier or later. This assumption is justified and therefore does not need

verification.

[5] It is assumed that rainfalf and runoff into the SCR does not contain any tritiated water,

3.2  Assumptions that Require Verification

There are no assumptions that require verification.

4 Applicable Limits

4.1 Offsite Dose Calculation Manual Limit

11 The tritium concentration limit in SCR is 30,000 pCi/L (Reference [4]).
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5 Methodology

The average annual liquid tritium effluent from Comanche Peak Units 1&2 operating data for the years 1996
through 2006 is 1,213 Ci, while the maximum for these years is 1,550 Ci (see Attachment A.5). The average
liquid release correlates to a TDF of 0.47 (1,213 divided by 2,567) and the maximum liquid release correlates
to a TDF of 0.60 (1,550 divided by 2,567). Thus the expected average tritium liquid releases from Units 1&2 is
1,213 Ci, and the range of activity from Units 3&4 is 1,506 Ci (3,205 multiplied by .47) to 1,923 Ci (3,205
mutltiplied by .60).

The objective is to calculate the activity in the SCR as a function of time, with the expectation that the |
equilibrium tritium concentrations reach separate maximum values when Units | and 2 are operating, when . o o of
Units 1 through 4 are operating, and then when only Units 3 and 4 remain in operation.

By modeling the SCR as a spatially homogeneous control volume (Reference | 12]), a differential equation can
be written that describes the change in activity in the SCR. Sources and sinks of flow carrying activity that
cross the boundary of the SCR must be accounted for. Sources of activity flowing into the SCR are those which
come with the liquid effluents while sinks of activity flowing from the SCR (listed in Section 2.3) are not
returned to the SCR. There is only one internal sink of activity in the SCR, which is radioactive decay.

1A L .
SE= AR AN+ A0~ DA, ()
dr
A(t) Activity in SCR as a function of time
A, (1) Activity coming into SCR, that due to discharged liquid effluents

ZAM (1) Summation of all outflows of activity leaving SCR x
p |

Decay constant of tritium
For this calculation it is assumed that the annual incoming activity is constant when two of the four units are
operating or when all four units are operating. The values of the Units 3&4 incoming activity vary depending™™™"
upon the tritium distribution factor (TDF) applied, as listed in Table 5-1.
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Table 5-1 - Incoming Activity to the SCR
Activity added to SCR per year (Ci)
TDF as applied to
Units 3&4 Units 1 & 2 Units 1,2,3, & 4 Units 3 & 4
(2,300 MWe) (5,700 MWe) (3,400 MWe)
0.47 1,213 2,719 1,506
0.60 1213 3,136 1,923

" Incoming activity values for Units |1 & 2 are based on SCR measured activity concentration data (see
Attachment A.5). The average activity value over a ten-year period is used to provide a more realistic value of
the activity contribution from Units | & 2. The maximum TDF is applied in the calculation of the tritium " |Rev D
activity contribution from Units 3 & 4. Therefore, the total calculated for Units 1, 2, 3. & 4 is a more realistic
representation of the total tritium concentration while conservatism is maintained based on the maximum TDF
applied to the value calculated for Units 3 & 4.

Outflows carry activity with them. For any particular outflow stream:

"A(I)1 ulll

Acr

lllll

Volume flow rate of stream leaving SCR

Ha

Vier Volume of the SCR

By assuming constant annual outflow streams and a constant volume of the SCR, the differential equation isa I
first order ordinary differential equation that can be solved using: e

Z‘/’m( e /1
|2

exp
ST
As the integrating factor.
The resulting equation is:
v A (S
Alr)= &xp[ (Z e [+t ¥ I =exp| - —Z-—'i”wwl tq
N Var / ZY_" +A LY
V.,

Ay Initial activity in the SCR for a given time period, :

=

PR TR
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This equation is entered into an Excel spreadsheet and solved for the activity concentration of the SCR:

A =20

ser

6 Calculations

The equations described in Section 5 were entered into an Excel (Versions 2000 and 2003) spreadsheet and the
tritium equilibrium concentrations as a function of time determined for the time period when:

¢ Units | and 2 first start operation
¢ Units 3 and 4 are added (i.e. units 1, 2, 3 and 4 are in operation)

¢ Units | and 2 have retired and only Units 3 and 4 are operating

The parameters for the different study cases are summarized in Table 6-1. A brief description and basis for
these cases is as follows:

¢ The first case listed is the baseline case, and is the case containing the values of the variables that are
conservative for future plant operations. A TDF of .6 is applied to the Units 3&4 design basis tritium
source value.

¢ Case No. | is the case which determines the required amount of diversion of Units 3 &4 effluent such
that the concentration {imit of the SCR is maintained within a 109 safety margin when a TDF of .6 is
applied to the Units 3&4 design basis tritium source value. That is, it is the case which determines
the required amount of diversion of Units 3 &4 effluent such that the concentration limit of the SCR
is maintained at 27,000 pCi/L for the baseline case.

¢ Case No. 2 is the case which determines the required amount of diversion of Units 3 &4 effluent such.,
that the concentration limit of the SCR is maintained within a 20% safety margin when a TDF of .6 {5~

applied to the Units 3&4 design basis tritium source value. That is, it is the case which determines
the required amount of diversion of Units 3 &4 effluent such that the concentration limit of the SCR
is maintained at 24,000 pCi/L for the baseline case.

¢ Case No. 3 is the case containing the values of the variables that represents average (typical)
conditions for future plant operations. A TDF of .47 is applied to the Units 3&4 design basis tritium
source value.

¢ Case No. 4 is the case which determines the required amount of diversion of Units-3 &4 effluent such
that the concentration limit of the SCR is maintained within a 20% safety margin when a TDF of .47
is applied to the Units 3&4 design basis tritium source value. That is, it is the case which determines
the required amount of diversion of Units 3 &4 effluent such that the concentration limit of the SCR
is maintained at 24,000 pCi/L for Case No. 3.

i)

=
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¢ Case No. 5 tests the model using the average SCR equilibrium tritium concentrations based on
operating and environmental data from 1990 through 2006 for comparison with Units 1&2 operating

data.
Table 6-1 - Summary of Study Cases
TDF Outflows (acre*ft/yr)
Case No. applied to , Natural Forced Misc. Plant
Units 3 & 4 Spillover Evaporation Evaporation Consumption

Baseline 0.60 32,900 16,900 17,900 600

pleted 0.60 32,900 16,900 17,900 600

2 (moted) 0.60 32,900 16,900 17,900 600

3 0.47 32,900 16,900 17,900 600

gnoed 0.47 32,900 16,900 17,900 600

gmoed) s 32,900 16,900 17,900 300 Rev:

Note 1: This case determines the portion of Units 3&4 effluent required to be diverted to an evaporation pond
such that the tritium limit is not exceeded with a safety margin of 10%.

Note 2: This case determines the portion of Units 3&4 effluent required to be diverted to an evaporation pond
such that the tritium limit is not exceeded with a safety margin of 20%.

Note 3: This case compares Units 1&2 operating data to the analytical model developed in this calculation.
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7 Summary of Results

P —

7.1  Baseline Case

For the baseline case, with the TDF of 0.60, the spill-over to Squaw Creek of 32,900 acres-ft, the natural
evaporation of 16,900 acres-ft, the forced evaporation of 17,900 acres-ft, and the plant consumption of 600 v !
acres-ft, the tritium equilibrium concentration is 12,800 pCi/L with Units | and 2 operating, 33,100 pCi/L with

Units 1, 2, 3 and 4 operating, and 26,500 pCi/L with Units 3 and 4 operating. The graph is shown in Figure 7-1.

Baseline Case

¢ TDF 0.60

¢ Spillover 32,900 acres*ft
¢ Natural Evaporation 16,900 acres*ft
¢ Forced Evaporation 17,900 acres*ft

Plant Consumption 600 acres*ft

¢
¢ Equilibrium Concentration, all 4 units operating 33,100 pCi/L.

Figure 7-1 - Baseline Case Equilibrium Concentrations

Baseline Case

36000 -,
34000 |t
32000
30000
28000
26000 |}
24000 |-
22000
20000 | :
18000 {-:
16000 | ¢
14000 { ¢~ -
12000 § -

10000
8000
6000
4000
2000

Activity Concentration, pCi/L.

o] 10 20 30 40 50 60 70 80 90 100

Operating Time, years

s




Sheet No. 14 0f 34
e F9RI1-LWA-25-05-
Caleulaion | 300 ey
Washington Division CaICUIation Sheet Project No. | 28831
Project Tirle: MHEUS-APWR Luminant Conceptual Cale By: Sara Amitrani Date February 19, 20049
Engineering ShA 2/ vl o
Subject/Feature: | Determination of the Tritium Concentration in the | Cheeked Teupti Navielwala Dater February 19, 2004
Squaw Creck Resérvoir By: TEW 21 fog

7.2

Cases No. 1 and 2: Required Fractions of Units 3&4 Effluent Diverted to the
Evaporation Pond Considering a 10% and 20% Safety Margin

As evaporation and spill-over fluctuate seasonally, it is desirable to maintain the tritium concentration well
below the 30,000 pCi/L limit,

¢

¢

Thirty-one percent of the Units 3 &4 effluent must be diverted to an evaporation pond in order to
maintain a SCR tritium equilibrium concentration of 27,000 pCi/L (10% safety margin).

Forty-five percent of the Units 3 &4 effluent must be diverted to an evaporation pond in order to
maintain a SCR tritium equilibrium concentration of 24,000 pCi/L (20% safety margin).

These cases utilize:

¢
4
¢
¢
¢

TDF 0.60

Spillover 32,900 acres*ft
Natural Evaporation 16,900 acres*ft
Forced Evaporation 17,900 acres*ft
Plant Consumption 600 acres™ft

The results for the cases are summarized in Table 7-1.

7.3

Case Nos. 3 and 4: Cases Utilizing a TDF of .47 for the Units 3&4 effluent

As evaporation and spill-over fluctuate seasonally, it is desirable to maintain the tritium concentration well
below the 30,000 pCi/L. limit.

¢

L

Zero percent (i.e., none) of the Units 3&4 effluent must be diverted to an evaporation pond in order
to maintain a SCR tritium equilibrium concentration below 30,000 pCi/L. (0% safety margin). The
equilibrium concentration is 28,700 pCi/L.

Twenty-nine percent of the Units 3 &4 effluent must be diverted to an evaporation pond in order to
maintain a SCR tritium equilibrium concentration of 24,000 pCi/L (20% safety margin).

These cases utilize:

¢
L 4
¢
¢

L4

TDF 0.47

Spillover 32,900 acres*ft

Natural Evaporation 16,900 acres*ft S
Forced Evaporation 17,900 acres*ft o

Plant Consumption 600 acres*ft
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7.4

This test case uses the averages of operating data from References [3] and |9], yielding the average SCR
tritium equilibrium concentrations for Units 1&2 predicted by the analytical model. This calculated )
equilibrium concentration is compared to the operating data to determine the model accuracy. As can be seen '
in Figure 7-2, the average equilibrium concentration calculated by the model is 12,800 pCi/L. This result
approximately matches the averaged 12-year measured data of 11,700 pCi/L, within approximately 9%. The
model can be adjusted to more closely match the measured data through the adjustment of the parameters such
as spill-over, however, such adjustment is expected to result in higher uncertainties and thus is not
recommended. This case utilizes a TDF of 0.47, spill-over to Squaw Creek of 32,900 acres-ft, natural
evaporation of 16,900 acres-ft, forced evaporation of {7,900 acres-ft, and plant consumption of 300 acres-ft.

Case No. 5: Calculated Tritium Equilibrium Concentration for Units 1&2

Figure 7-2 - Tritium Equilibrium Concentration Model Compared to Data
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Table 7-1 — Summary of Results

Case Tritium Equilibrium Concentration
No. Units 1 and 2 operating Units 1, 2, 3 and 4 operating Units 3 and 4 operating
Baseline 12,800 33,100 26,500
1 12,800 27,000 18,300
2 12,800 24,000 14,600
3 12,800 28,700 20,800
4 12,800 24,000 14,600
5 (2,800 e e
8 Conclusions
{11 Based on the site-specific meteorological data and the tritium distribution factor of 0.47 for Units | &2

and 0.60 for Units 3&4, the projected maximum tritium concentration is 33,100 pCi/L, which exceeds
the CPNPP administrative limit of 30,000 pCi/L for the Squaw Creek Reservoir when the four CPNPS
units are operating.
[2] To stay within the 30,000 pCi/L limit, with a 10% safety margin, 31% of the Units 3&4 effluent will
need to be diverted to an evaporation pond.
[3] To stay within the 30,000 pCi/L limit, with a 20% safety margin, 45% of the Units 3&4 effluent will
need to be diverted to an evaporation pond.

[4] It has been demonstrated that the methodology used in this calculation agrees well with actual plant
data from Units 1&2 thereby validating the approach.
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Attachment A — Excel Graphs and Data
A.1 Case No. 1
Case No. | - 31% of Units 3&4 effluent diverted to evaporation pond
TDF 0.60
Spillover 32,900 acres*ft
Natural Evaporation 16,900 acres*ft
Forced Evaporation 17,900 acres*ft 1
Plant Consumption 600 acres*ft B
Equilibrium Concentration, all 4 units operating 27,000 pCi/L.
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A.2 Case No. 2
Case No. 2 - 45% of Units 3&4 effluent diverted to evaporation pond
TDF 0.60
Spillover 32,900 acres*ft
Natural Evaporation 16,900 acres*ft
Forced Evaporation 17,900 acres*ft
Plant Consumption 600 acres*ft
Equilibrium Concentration, all 4 units operating 24,000 pCi/L
Case No. 2
24000 -
22000 - - -
= 20000 Lo - . . .
(&)
2 18000 |- - - - - o e S
_E 16000 |- wrmiie = o o - v - S - - i
=)
E 14000 b - com o o - o :
&
© 12000 . - - - -
8 10000 } f - e e o o R , B
-y -
g 8000 *
8 6000 - - - - - i
: 4000
0 : : :
0 10 20 30 40 50 70 80 90 100

Operating Time, years




MHI US-APWR Luminant Conceptual Caleulation 2883 1. LWM.25-05-500-001 | Sheet | A 4

Project Title: . .
! Engineering No. No.

Subject/Feature Determination of the Tritium Concentration in the Squaw Creek Reservoir Rev D

A.3 Case No. 3

Case No. 3

TDF 0.47
Spillover 32,900 acres*ft
Natural Evaporation 16,900 acres*ft |
Forced Evaporation 17,900 acres*ft a4
Plant Consumption 600 acres*ft :
Equilibrium Concentration, all 4 units operating 28,700 pCi/L

30000 - e e - e LTI

28000 | - o e e e T !
§ 20000 | = -rvvr = oo e Z - ‘ 1
T 18000 | - oo m e e e - - »}
£ 16000 T
£ 14000 . ) | i
O 12000 - i )
£ 10000 - . - - -

0 ;

0 10 20 30 40 50 60 70 80 90 100

Operating Time, years




Pr()ject Title: MH] -US-APWR Lum]nant COI’ICCptual galculation 2883 1-LWM-25-05-500-001 ihcet A-5
Engineering No. 0.
SubjecVFeattxre Determination of the Tritium Concentration in the Squaw Creek Reservoir Rev D

A4 Case No. 4

Case No. 4 - 29% of Units 3&4 effluent diverted to evaporation pond
TDF 0.47
Spillover 32,900 acres*ft
Natural Evaporation 16,900 acres*ft
Forced Evaporation 17,900 acres*ft
Plant Consumption 600 acres*ft
Equilibrium Concentration, all 4 units operating 24,000 pCi/L,

Activity Concentration, pCi/L
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A.5 Units 1&2 Effluent Activities and SCR Measured Activity Concentrations

The following is measured liquid effluent and SCR activity concentration data from Reference [9]:

Year Activity Into SCR, Measured Activity
Curies Concentration in the
SCR (pCi/L)
1996 986 10,375
1997 1,455 11,600
1998 669 11,000
1999 1,550 13,250
2000 1,223 11,000
2001 931 11,650
2002 1,391 11,400
2003 1,430 11,475
2004 1,080 11,094
2005 1,480 13,300
2006 1,520 12,600

The average of the activity into the SCR data is 1,213 Curies. The average of the measured activity
concentration data is 11,700 pCi/L.
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Subject/Feature

Attachment D - Squaw Creek Reservoir Web Page

Squaw Creek Reservorr - Wikipedia, the free encyclopedia

Squaw Creek Reservoir £l
Coonhnates 323032, .97 7892

From Wikipedia, the free encyclopedia

. . . Squaw Creek Reservoir
Squaw Creek Reserveir 1z an 3,275 acre (12 3 km?) impoundment located 4

hitprfen wikipedia orgiwki/Squaw Ureek Reservor

tetween Glen Rose, Texas and Granbury, Tezas. The primary purpose is Location %’:“m"’“’ elf County,
- Ny - A - . ]

cooling for Comanche Peak Muclear Generating Station During tull operation . “a

Coordinaws  Ed33019 3703,
9747 1820w

Lake type Reservoir
Primary Sguaw Creek
sources
Primary Squaw Creek
outflows
Basin United States
countries
Surface area 3,275 acree (13 25 knd)

Average depth 44 (14 m)
Max depth 125 (38 | m)

‘Water volwne 151 412 acee fest
(187,000,000 n)

Surface 775 f(236 m)
elevation
P
- Mo -
i .
5, . ‘
Ny A
Y
™ ”
“

of both units of Jomanche Peak 2 2 mullion gallons of water are pumped threugh the plant's main condensers from

Squaw Treek Beservor th

The water 15 ralatively clear and provides gnod bags fishing The shoreline 12 rocky

Contents

B 1 History
a 2 Fish papulatiens
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® 3 Recreational use

® 4 [.ocalion and access

= 5 Controversy over public aceess
8 6 References

History

The reservoir was built by TXU for cooling for Comanche Peak in the 1970s, It was impounded in 1979 and took 2

vears to All.
Fish populations
In various years the lake has been stocked with channel catfish, largemouth bass. smallmouth bass, shad and wallcyc.‘:

Recreational use

Fishing is the primary recreational activity at the reservoir. There are camping and lshing facilities at the 475 acre (1.9
km?) Squaw Creck Park across from the nuclear plant.

Location and access

Squaw Creek Reservoir is located at EEFT’I()’W”I\L 9T 4T05"W (32.32132, -97.7852) 7R near Glen Rose. Tt is
aceussed off State Highway 144 {Texas).

The rescrvoir is managed by TXU and has been closed to the public since the attacks on September 11, 2001, Access to
the reservoir was proviously allowed via Squaw Creck Park.

Controversy over public access

There have been several attempts in recent vears to get the lake re-opened to the public by anglers as well as
recreational boaters. 1) 1]

On February 26, 2007 TXU agreed to an estimated 45 billion dollar buyout by a group of private equity firms led by
Kohlberg Kravis Roberts and Company and Texas Pacific Group. This buyout has rekindled hopes the reservoir will one

day be re-opened Lo the public.

References

[~ TN article about Comanche Peak (hltp www txucorp.com-power plants comanche_peak aspx) i
~ Stocking History Lor Squaw Creek Reservoir by Tesas Parks & Wildhife :
{http: www tpwd state.ts.us ishboar fish-actionsstock. bywater php! Wi code~i3600)

A Open squaw creek website (hip - www opensquawereek.com:)

4.~ Ophine petition to re-open sguaw orcek fhitp - www petitiononiine.com sguaw petition htoil;

2

jov)

® Squaw Creck Reservoir is at coordinates EE;: 32132, -UT7882

ot} 122002007 944 AM
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Retrieved from "hitpr-enawikipedia.org/wiki:Squaw Creek Reservoir”

Categories: Lakes of Tesas ! Reservoirs in the United States | Somervell County. Texas

' ‘This page was last modilied 08:53, 4 August 2007.

a All text is available under the terms of the GNU Free Documentation License. (See Capyrights for details,)
Wikipedia® is a registered trademark of the Wikimedia Foundation. Inc.. a U5, registored 301(c)(3)
tax-deductible nonprofit charity.
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Attachment E: Evaporation Data for Lake Granbury™” 57
Mean Monthly Evaporation Data for Lake Granbury
Year Jan | Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec | Total
1993 185 | 226 | 356 | 470 | 556 | 6.83 [ 11.67 | 1051 ] 7.99 | 499 | 270 | 2.54 | 65.16
1994 204 | 1.96 | 3.37 | 491 475 | 7.88 | 9.35 | 945 | 590 | 470 | 3.05 1.77 | 59.11
1995 124 1 094 | 241 4.51 5.22 | 7.02 | 8.91 745 | 619 | 6.32 | 3.96 | 1.99 | 56.16
1996 119 | 1.27 | 359 | 6.04 | 840 | 794 | 914 | 7.12 | 535 | 475 | 2.81 140 | 59.01
1997 119 | 0.94 | 244 | 3.88 | 5.00 | 6.77 | 9.61 8.68 | 8.31 5.61 2.91 2.56 | 57.89
1998 244 | 197 | 397 | 552 | 713 | 931 [ 1156 | 937 | 7.34 | 495 | 2.63 | 1.84 | 68.03
1999 119 | 0.94 | 3.10 | 86.91 586 | 656 | 1018 1176 | 847 | 6.18 | 415 | 3.08 | 68.39
2000 119 | 0.97 | 1.89 | 4.81 6.97 | 578 | 10.63 | 11.77 | 8.99 | 4.01 1.68 1.13 | 59.83
2001 148 | 200 | 263 | 3.87 | 6.11 7.85 | 10561 890 | 598 | 543 | 3.08 | 2.71 | 60.62
2002 249 | 237 | 319 | 4.01 6.12 | 7.09 | 752 | 952 | 717 | 3.80 | 3.64 | 2.33 | 59.24
2003 226 | 1.59 | 344 | 536 | 539 | 695 | 967 | 8.07 | 582 | 506 | 3.85 | 3.62 | 61.87
2004 209 | 1.97 | 352 | 360 | 5.84 | 5.51 7.99 { 765 | 634 | 449 | 3.27 | 2.54 | 54.81
2005 240 | 223 | 335 | 492 | 509 | 756 | 835 | 7.33 | 7.94 | 544 | 471 2.98 | 62.31
2006 3.83 | 287 | 428 | 548 | 713 | 8.64 | 957 1035 | 7.54 | 531 417 | 277 | 71.84
Average | 1.92 1.73 | 3.20 | 489 | 6.04 | 7.26 | 962 | 9.21 7.10 | 5.07 | 3.31 2.38 | 61 '.74‘

(1) See Reference {8].
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Attachment F — Alternate Calculation

An alternate calculation was performed to check the methodology. This alternate calculation used different
methodology than outlined in this calculation, and did not solve any differential equations. Instead the activity
added into the SCR was determined on a daily basis and the loss due to SCR losses and radioactive decay were
deducted. This was repeated for every day out to 90 years. The results were identical. This can be seen by
comparing the base case activity graphs shown below. This validates that the approach is acceptable.
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A | B C D F G

1 {Annual Ci input from Units 1 and 2 1213 TOF Without TOF
2 {Annual Cr Inpu from Units 3 and 4 =D2*C2*(1-83) 6.8 3205
3 Units 3 and 4 Diversion 0.45
4 ITOTAL Input from Units 1, 2, 3and 4 =SUM(B1:B2)}
5
6 |SCR Volume 181000 acres-t =B6*43560 =D6%28.31684659 liters .
7 | Triium Half Life =122 366 days g
8 _|Tritium Decay Constant =LIN(2)/B7 1idays
9
10 | Spillover 32500 acres-ft =B10*43560 f°
11 |Natural Evaporation 15900 acres-ft =B11*43560 f°
12 [Forced Evaporation 178060 acres-ft =B12*43560
13 |Plant Consumption 800 acres-ft =B13*43560 #°
14 |TOTAL without Forced Evaporation =SUM(B10:811,300) acres-ft =B14*43560 &°
15 {TOTAL =SUM{B10:B13) acres-ft =B15*43660 ft’
18
17 |SCR Loss decay constant =B15/B8 1lyears
18 =B17/365 1/days

SCR Loss decay constant (No forced) =B14/B6 1lyears

=B20/365 1rdays

" Alternate Ca

lculation

P

19
20
21
73
55 ] 26,000 - - T
24 24,000
75
55 | 22,000
| 27 | 20,000
78
56 ] 18.000
| 30 | = 16,000
37 5
5] 214000
33 ] £ 12.000
34 k=)
35 < 10,000
| 36 | 8,000
37
5] 6,000
| 99 | 4,000
40
Py 2,000
| 42 ] 0
| 43 |
|44 |
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Al B ] C | E ] F
1] Starting Activily 0 Ci
2]
| 3 {Pays Years Starting Activity (Ci)  Activity Added (Ci) TOTAL Activity (Ci) Loss Due to Decay (Ci)
4 1 =A4/365 =E1 =0One_Two/365 =Cd+D4 =E4*InputsISBS8
| 5 12 =A5/365 =4 =0ne_Twol365 =C5+05 =ES*nptisISBSE
EaE =AB3BS =I5 =0ne_Two/365 =CE+DB =E6*InputsSBS8
| 7 14 =A7T1365 <=6 =One_Two/365 =C7+D7 =ET*nputsiS B8
REE =A8/65 =7 =0ne_Two/365 =C8+D8 =E8*nputsiSB3%8
9 16 =AB/365 =18 =One_Two/365 =Co+09 =E9nputsISBSS
19 |7 =A10/365 =19 =One_Two/365 =C10+D10 =E10*nputs!$B8
1118 =A11/365 =10 =One_Two/365 =C11+D11 =E11*InputsI SR8
G209 =A12/365 =11 =One_Twol365 =C12+D12 =E12*InputsI$B38
13110 =A13/365 =12 =0One_Two/365 =C13+D13 =E13*Inputs!$B38
14111 =A14/365 =113 =0ne_Two/365 =C14+D14 =E14*nputsi$Rs8
15112 =A15/365 =114 =One_Twor365 =C15+D15 =E15* npute!$BS8
| 16113 =A16/365 =115 =One_Two/365 =C16+D16 =E 16" nputsiSBss
117 114 =A17/366 =116 =0One_Two/365 =CAT+D17 =EAT*Inputs!$B$8
_‘!_i 15 =A18/365 =117 =One_Twof365 =C18+018 =E18*Inputs!$B38
19116 =A19/365 =118 =One_Twoi365 =C19+D19 =E19%Inpuis!$B38
1 20 117 =A20/365 =19 =0ne_Twol365 =CR0+020 =E20*InputsI3BS8
21|18 =A21/365 =120 =One_Two/365 =C21+D21 =E21*Inputs!$BS8
122119 =A22/365 =21 =One_Two/365 =C22+022 =E22%Inputs!3BS8
23120 =A23/365 =122 =One_Twol365 =C23+0D23 =E£23*npultsi$B8%8
G H | J K
L1
|2
3 | LossDueto SCR Losses {CI)  TOTAL Losses (Ci}  FINAL Activity (CI)  Activity {CHiter) Activity (pCilliter)
A |=E4MnputsiSBes 18 =SUM(F4 G4) =E4-H4 SAfnputsISFS6 =J441 000000000000
5 |=E5*nputsl$B$18 =SUM(F5 G5) =E5-H5 =I5/lnputsISFS6  =J5*1000000000000
| 6 |=E6nputsi3R518 =SUM(F6 GB) =E6-HB =IB/noutsISFE6  =J6*100000000G000
|7 |=E74nputsi$BS18 =SUM(F7 GT) =ET7-H7 =7finputsIBFS6  =J71000000000000
3 |=E8*nputs!$BE18 =SUM(F8 G8) =E8-HE =HE/NPUSISFSE  =J8 1000000000000
0 | =E9InputsIBBS18 =SUM(F9.G9) =EQ-HY =9/INpUtsISFSE  =J9*1000000000000
(70 [=E10"thputsiSBS 18 =SUM(F10-G10) =E10-H10 =110Mnputsi$FSE  =J1G*1000600000000
171 |=E11*InputsiSBS 18 =SUM{F11 G11) =E11-H11 =1 AnputsiSFE6  =4111000000000000
|12 j=E12*InputsiSB318 =SUM(F12 G12) =E12-H1D =HM2AnputsI$FSE  =J12+1000000000000
(13 |=E13"Inputs13B518 =SUM(F13 G13) =E13-H13 =MnputsiSFEE  =J131000000000000
14 |=E 144 nputsiS B3 18 =SUM(F14 G14) =E14-H14 =i14finputsi3FSE  =J14*1000000000000
[ 15 | =E15InputsisB318 =SUM(F15.G15) =E15-H15 =HSANPpUSISFSS  =J1641G00000003000
16 | =E16"Inputs1SB318 =SUM(F16'G16) =E16-H16 =GAnputsiSFSE  =J16*1000000000000
17 |=E17*Inputs!SBS18 =SUM(F17 B17) =EA7HAT =H7AnpUsIEFSE  =J17*1000000000000
18 | =E 13t inputs!$8518 =SUM(F18-(G18) =E18-H18 =(8ARpUtsISFSE  =.18*100000000G000
(18 | =E19*Inputsi3BS18 =SUM{F19 G19) =E19-H1G =119/inputsi$FS6  =J1971000000000000
20 |=E20 nputs1SBS 18 =SUM{F20 G20) =E20-4+420 =0MPpUSISFSE  =J20*1000000000000
37 | =E21 " InputsiSBS18 =SUM(F21 G21) SE21-H21 =2UINPUSISFSE  =J21+*1000000006000
(22 | =22 Inputs1SBS 18 =SUM(F22 G22) =E22-H22 =124nputst$F36  =J2241000000000000
23 |=E23" InputslS 8318 =SUM(F23 G23) =E23-H23 SI23AnputsISFS6  =J33%100000000000)
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