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1.0 Purpose And Scope 

Determine the accumulated freezing degree days (AFDD) and maximum potential thickness of 
sheet ice (surface ice growth on water bodies) for the Comanche Peak Nuclear Power Plant 
(CPNPP) Units 3 and 4. 

2.0 Summary Of Results And Conclusions 

The average maximum AFDD for the CPNPP Units 3 and 4 is about 100°F days. The resulting 
maximum potential maximum ice th ickness is 7 inches. 

3.0 References 

1. Jones, K.F., J.E. Friddell , S.F. Daly, and C.M. Vuyovich, "Severe Winter Weather in the 
Continental U.S. and Global Climate Cycles," U.S. Army Corps of Engineers TR-04-19, 
October 2004. 

2. U.S. Army Corps of Engineers, "Engineering and Design: Ice Engineering," EM 1110-2-1612, 
September 30,2006. 

3. U.S. Army Corps of Engineers, "Ice Engineering, Method to Estimate River Ice Thickness 
Based on Meteorological Data," TN-04-3, June 2004. 

4. U.S. Geological Survey, Geospatial Data Gateway Website, 
http://datagateway.nrcs.usda.gov/gatewayhome.html, accessed December 27, 2007. 

4.0 Assumptions 

None 

5.0 Design Inputs 

The CPNPP Units 3 and 4 locations from the USGS Hill City, TX Quadrangle NAD83 (Reference 4) 
are as fol lows: 
32° 18'10"N 
9r 47' 30" W 

6.0 Methodology 

The ice thickness can be estimated using following simplified equation: 

h = a * (U)1 /2 (Reference 2, Equation 2-10, Page 2-12) 

where h = ice thickness 

a = coefficient (given by table 2-2 of EM 1110-2-1612 - see below) 

U = accumulated freezing degree days (AFDD) 
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1.0 Purpose And Scope 

Determine the accumulated freezing degree days (AFDD) and maximum potential thickness of 
sheet ice (surface ice growth on water bodies) for the Comanche Peak Nuclear Power Plant 
(CPNPP) Units 3 and 4. 

2.0 Summary Of Results And Conclusions 

The average maximum AFDD for the CPNPP Units 3 and 4 is about 100°F days . The resulting 
maximum potential maximum ice th ickness is 7 inches. 

3.0 References 

1. Jones, K.F., J.E. Friddell , S.F. Daly, and C.M. Vuyovich, "Severe Winter Weather in the 
Continental U.S. and Global Climate Cycles," U.S. Army Corps of Engineers TR-04-19, 
October 2004. 

2. U.S. Army Corps of Engineers, "Engineering and Design : Ice Engineering," EM 1110-2-1612, 
September 30,2006. 

3. U.S. Army Corps of Engineers, "Ice Engineering, Method to Estimate River Ice Thickness 
Based on Meteorological Data," TN-04-3, June 2004. 

4. U.S. Geological Survey, Geospatial Data Gateway Website, 
http://datagateway.nrcs.usda.gov/gatewayhome.html, accessed December 27,2007. 

4.0 Assumptions 

None 

5.0 Design Inputs 

The CPNPP Units 3 and 4 locations from the USGS Hill City, TX Quadrangle NAD83 (Reference 4) 
are as fol lows: 
32° 18'10" N 
9r 47' 30" W 

6.0 Methodology 

The ice thickness can be estimated using following simplified equation : 

h = a * (U) 1/2 (Reference 2, Equation 2-10, Page 2-12) 

where h = ice thickness 

a = coefficient (given by table 2-2 of EM 1110-2-1612 - see below) 

U = accumulated freezing degree days (AFDD) 
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Table 6-1. Typical values of coefficient a 

T~lble 2-2 
Typical "alues of a (after l\IiclleI1971) 

Ice Con ,,. Co/,dirion (1. * 

\Vinc1y la..l;:e wino snow 2.7 

Average lake i\'ith SllO .. " 1.7-2.4 

Ayerage ri"\'er with snow 1.4-" .7 

She tereel ,>mall river 0.7- . ..J. 

'" AFDD calculated usi1l2 de2rees Celsim. The ice thickness is in centimeters. 
~ AFDD calculated ming degrees Fahrenheir. The ice "hickne!. '> is in inches. 

(Reference 2, Table 2-2 Page 2-13) 

(l. t 

0.80 

0.50- 0.70 

OAO- O. "0 

0.20- 0AO 
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The U.S. Army Corps of Engineers equation 2-10 is a simplified version of a more complete 
differential equation based on the following assumptions: 

o That the ice is a homogenous, horizontal layer. 
o That the ice is growing only at its horizontal interface with the water. 
o That the thermal conditions in the ice are quasi-steady. 
o That the heat flux from the water is negligible. 
o That the heat fluxes are in the vertical direction only. 
o That the heat loss rate from the ice surface to the atmosphere is a linear function of the 

temperature difference between the ice surface and the air. 

U.S. Army Corps of Engineers (USACE) EM 1110-2-1612 (Reference 2) indicates that for natural ice 
covers, the assumptions may not always hold true. However, USACE EM 1110-2-1612 (Reference 
2) also indicates that equation 2-10 still represents a good, practical model of ice growth, and that 
there has been no indication that applying more extensive data collection would provide a more 
accu rate model. 

7.0 Ca lculations 

The USACE guidance "Severe Winter Weather in the Continental U.S. and Global Climate Cycles, 
TR-04-19 (Reference 1) 

h = a * (U) 1/2 

AFDD is estimated based on the location of CPNPP Units 3 and 4 on Figure 1 (Reference 1). The 
CPNPP Units 3 and 4 is located in north central Texas as shown on Figure 1. The CPNPP Units 3 
and 4 is under the division 1-100 Average Maximum AFDD. An AFDD of 100 of Days is estimated 
to be more conservative. 
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T~lble 2-2 
TypicnI YnIues of u. (ntrer l\Iic llel 1971) 
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\Vincly la..l;:e wino snow 2.7 

Average lake with S110\'o' 1.7-2.4 

1.4-" .7 

Sheltered ')mall river 0.7- .-+ 

'" AFDD calculated usin£ de£l'ees Celsim . The ice thickne ss is in cen imeiers. 
~ AFDD calculated using degrees f ahrenheir. DIe ice -hickne s,,) is ill inches. 

(Reference 2, Table 2-2 Page 2-13) 

a. t 

0.80 

0.50- 0.70 

0.40- 0. "0 

0.20- 0AO 
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The U.S. Army Corps of Engineers equation 2-10 is a simplified version of a more complete 
differential equation based on the following assumptions: 

o That the ice is a homogenous, horizontal layer. 
o That the ice is growing only at its horizontal interface with the water. 
o That the thermal conditions in the ice are quasi-steady. 
o That the heat flux from the water is negligible. 
o That the heat fluxes are in the vertical direction only. 
o That the heat loss rate from the ice surface to the atmosphere is a linear function of the 

temperature difference between the ice surface and the air. 

U.S. Army Corps of Engineers (USACE) EM 1110-2-1612 (Reference 2) indicates that for natural ice 
covers , the assumptions may not always hold true. However, USACE EM 1110-2-1612 (Reference 
2) also indicates that equation 2-10 still represents a good, practical model of ice growth , and that 
there has been no indication that applying more extensive data collection would provide a more 
accu rate model. 

7.0 Ca lculations 

The USACE guidance "Severe Winter Weather in the Continental U.S. and Global Climate Cycles, 
TR-04-19 (Reference 1) 

h = a * (U) 1/2 

AFDD is estimated based on the location of CPNPP Units 3 and 4 on Figure 1 (Reference 1). The 
CPNPP Units 3 and 4 is located in north central Texas as shown on Figure 1. The CPNPP Units 3 
and 4 is under the division 1-100 Average Maximum AFDD. An AFDD of 100 OF Days is estimated 
to be more conservative. 



TXUT -001 -FSAR 2.4.7-
CALC-029 

F.jlENERCON CALCULA TION CONTROL SHEET 
REV. 0 

PAGE NO. B of 9 

.:!01 . {I( IO 

ff", ' : For OJ 

IE'J ! ·::.'50 . 

;'5f j . 3"10 
a. Mean (1950 to 2002) maximum . 

Figure 1. AFDD for the Continental U.S. (Reference 1, Figure 2 Page 7). 

CPNPP Units 3 and 4 are located on a peninsula near the Squaw Creek Reservoir (SCR). Based 
on Table 2-2 of EM 1110-2-1612 (provided in Section 6.0 above) , the location would be most 
appropriately classified as an "average lake with snow". The alpha coefficient ranges from 0.5 to 0.7 
for the category "average lake with snow". According to TN-04-3 (Reference 3, page 3), the 
coefficient usually ranges between 0.3 and 0.6 when using of . Assuming the worst case scenario, a 
= 0.7. This value is the maximum of identified range and is judged to be a conservative coefficient. 

h = 0.7 * (100)1/2 = 7 inches 

The AFDD and ice thickness are recalculated using metric units to verify the estimates obtained 
using English units. 

As discussed in TN-04-03 (equation 1 page 2) a freezing degree day (FDD) in Fahrenheit is defined 
as: 

FDDOF = (32 - Ta) 
where Ta = average daily air temperature in of 

Therefore, in Celsius the freezing degree day equation becomes: 

FDDoC = (0 - Ta) 
where Ta= average daily air temperature in °C 
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Figure 1. AFDD for the Continental U.S. (Reference 1, Figure 2 Page 7). 

CPNPP Units 3 and 4 are located on a peninsula near the Squaw Creek Reservoir (SCR). Based 
on Table 2-2 of EM 1110-2-1612 (provided in Section 6.0 above) , the location would be most 
appropriately classified as an "average lake with snow". The alpha coefficient ranges from 0.5 to 0.7 
for the category "average lake with snow". According to TN-04-3 (Reference 3, page 3), the 
coefficient usually ranges between 0.3 and 0.6 when using OF. Assuming the worst case scenario, a 
= 0.7. This value is the maximum of identified range and is judged to be a conservative coefficient. 

h = 0.7 * (100)1/2 = 7 inches 

The AFDD and ice thickness are recalculated using metric units to verify the estimates obtained 
using English units. 

As discussed in TN-04-03 (equation 1 page 2) a freezing degree day (FDD) in Fahrenheit is defined 
as: 

FDDOF = (32 - Ta) 
where Ta = average daily air temperature in OF 

Therefore, in Celsius the freezing degree day equation becomes: 

FDDoC = (0 - Ta) 
where Ta= average daily air temperature in °C 
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However, if T is in of, then the equation becomes: 

FDDoC = (0 - (T, -32) . %) 
where T a = average daily air temperature of 

The AFDD in degree Fahrenheit can be estimated using equation shown below as discussed in TR-
04-19 (Reference 1) 

n 

UOF = I (Tm - IJ for (~ll - TJ > 0 (Reference 1, Equation 1, Page 3) 
i=O 

n n 

UOF = I (32- TJ = 32e (n+1) - ITi = IFDDoF 
i=O i=O 

Therefore, the accumu lated freezing degree days in Celsius equation is defined as: 
n 5 n 5 

UOC= I FDDoC = I(O-(~ -32) e -) = O e (n+1)-(I~ -32e (n+1)) e -
i=O 9 i=O 9 

5 n 

= - e (32 e (n +1) -I~r 
9 i=O 

Substituting the UOF solution into the UOC equation, the equation becomes: 

UOC = ~ _ UOF 
9 

Therefore given that UOF = 100°F Days from above: 
5 

UOC = - _100°F = 55.6°C Days 
9 

The metric alpha coefficient is selected from Table 2-2 EM 1110-2-1612 (provided in Section 6.0 
above) . The selected English coefficient, a = 0.7, is the maximum of the "average lake with snow" 
category range of 0.5 to 0.7. Therefore, using the metric "average lake with snow" category, the 
coefficient range is from 1.7 to 2.4. The maximum metric coefficient is a = 2.4. This value is the 
maximum of identified range and is judged to be a conservative coefficient. 

Solving for thickness using metric units: 
h = a * (U)1/2 = 2.4 * (55 .6)1/2 = 17.9 cm 

Checking the result by conversion to English units: 
Thickness = 17.9 cm * 1 in 12.54 cm = 7 inches 
This result is equivalent to the English units calculation above. 

8.0 Append ices 

N/A 
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