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1.PURPOSE

The purpose of this calculation is to determine the acceptance criteria for the Essential
Chiller Performance test for 300 ton and 150 ton essential chillers in both STP Units 1

and 2. It also establishes the #he-margin for plugging the condenser tubes.
A1
.‘lqﬂ\«b
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2. SCOPE

This calculation covers both 150 ton and 300 ton machines. The essential chiller
performance test should be performed with the hot gas bypass valve closed. This will
provide better calculational heat balance between the condenser heat load and
evaporator load and compressor power input.
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3. SUMMARY OF RESULTS

The calculated U values for the 300 ton and 150 Ton should be greater than 40 Btu/hr

#2 °F. These values are absolute minimum values and are at the design conditions
with the condenser and evaporator tubes fouled up to the design values of 0.002 and

0.0005 hr #2 °F/Btu. Normally, the calculated values will be greater than 93 and 73

Btu/hr #2 °F for 300 ton and 150 ton respectively, demonstrating a clean condenser
and evaporator. As discussed in the caiculation the fouling of evaporator is not
expected to cause any problems due to controlled water chemistry. The overall heat
transfer lower than the normal range should be evaluated for the chiller performance.
The lower values may show either a fouled condenser or presence of
noncondensables in the condenser.

These values do provide trending for the performance of the chiller condenser. The
plugging of condenser tubes is assumed to be 3% and this number can be increased
in the future by reducing the water side design fouling factor of the condenser and
maintaining the condenser tubes in clean condition.
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5. ASSUMPTIONS

1. in evaluating the performance of the chiller condensers, the effect of desuperheating
of refrigerant vapor and subcooling of the refrigerant liquid is not considered. The
justification for this is as follows:

a As per Reference 1 (Chapter 4 Page 4.9) When the superheated vapor is
condensed, the heat transfer coefficient depends upon the surface temperature. If the
surface temperature is below saturation temperature, little error is made if the value of
h for condensation of saturation vaper is used with the difference between the
saturation temperature and the surface temperature.

b. The amount of condensate subcooling provided by the condensing surface in a
shell and tube condenser is small, generally in the ran~e of 2 °F. The York chillers do
not have any additional submerged tubes to provide subcocling. Any subcooling is
obtained by the normal gravity drainage of the condensed refrigerant. The condensed
refrigerant drains to a float chamber which controls the flow of refrigerant to the
system.
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6. METHODOLOGY

This section provides general discussion and methodology for evaluating the
performance of the chiller:

DISCUSSION

A field test of the essential chillers at STP is more difficult than might be expected
because the chillers are designed to operate at higher ECW temperatures than
normal, and because the actual heat load in the essential chiiled water system is
significantly less than the 300 ton chiller capacity. Demonstrating the capability to meet
the design basis conditions requires the test criteria be independent of the load and
inlet water conditions, or the results be adjustable 1o design basis conditions.

The 3 major components of each essential chiller are:

1. Compressor
2. Condenser
3. Evaporator

The chiller performance could be affected by degradation of any of these components.
Degradation of either of the heat exchangers would be caused by fouling of the heat
exchangers either inside of the tubes or the outside of the tubes.

The fouling of the evaporator is not considered a credible occurrence because the
chilled water inside the tubes is treated demineralized water, and because small
amounts of oil would not significantly change the boiling heat transfer coefficients.

Fouling inside the condenser tubes is possible because ECW water is relatively high
in dissolved solids and the water is heated as it passes through the condenser, which
decreases the solubility of caicium carbonate. Chemical dispersants are added to the
Essential Cooling Pond to minimize the amount of scale buildup. This has been
eftective to date, but scale buildup over a long time period is still considered possible.
In addition a small amount of oil contamination of the tube outside surface would have
a disproportional affect on the condensing heat transfer surface by affecting the
surface tension of the R-11 1o tube surface. Lastly the presence of a small amount of
non-condensable gas can significantly decrease the condensing heat transfer
coefficient in the condenser.

For the above reasons, the most likely cause of performance degradation of an
essential chiller is decreased heat transfer in the condensing section of the chiller.

High condenser pressure could limit chiller capacity through several possible
avenues. First and most immediately, condenser pressures above a ncminal 30 psig
{or 26 psig considering instrument tolerance) will trip the chiller. Secondly, higher
condenser pressure could cause reduced compressor flow. This would reduce the
capacity of the chiller and result in an increase in leaving water temperature
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The chillers are complex machines that have purge systems 1o vent the
noncondensables from the condenser. The purge systems should be functioning
properly. Any malfunctioning of the purge unit should be detected during the plant
system walkdown. Hence it is concluded that the high pressure developed in the
chiller condenser will be due 10 high ECP temperature.

As per Reference 14 (Section 4.0) the chiller condensers are designed for tube side
(ECP water side) fouling factor of 0.002 and for the evaporator side fouling factor of
0.0005.

The fouling factor is a thermal resistance referenced to the waterside area of the heat-
transfer surface. Thus, the temperature penalty imposed on the condenser surface is
equal to the heat flux at the waterside area, multiplied by the fouling factor. Increased
fouling increases the overall heat transfer resistance. Fouling increases the
temperature difference required to obtain the same capacity- with a corresponding
increase in condenser pressure and system power- or lowers system capacity. As the
system is designed for high fouling factor of 0.002, the condenser has additional very
large surface area available to meet the design conditions. During normal plant
operations and at lower condenser water (ECP Temperature) the condenser will
operate at lower condensing temperature and corresponding saturation pressure. As
per Reference 10 (page 15.3) under the worst case scenario the surface area required
doubles with a fouling factor of 0.00049 as compared with that with no fouling case
allowance. Under normal circumstances a fouling factor of 0.00072 doubles the
required surface area compared with that with no fouling aliowance. Water velocities
above 3 fps are recommended 1o minimize the fouling. (Reference 10 page 15.4)

CALCULATION OF OVERALL HEAT TRANSFER FROM TEST

The performance of the chiller can be monitored by determining the overall heat
transfer coefficient of the condenser. The overall heat transfer coefficient can be
determined by measuring the condenser pressure, 2ntering condenser water
temperature, leaving condenser water temperature and condenser cooling water flow.
The equations for determining the overall heat transfer coefficient are provided below
(Reference 6, page 563):

Q =ECmin (TsT1)

Q = Condenser heat Load, Btu/Hr

E = Thermal effectiveness, dimensionless

Cmin = Product of mass and specific heat lesser of the two fluids

With condensation this will always be the water flow of ECW side
Btu/ hr °F
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Cmin can be calculated from the ECW condenser water flow. The specific heat of the
water for the temperature range is 1.0. The condenser water mass flow rate in lbs/hr
can be calculated from the known or measured flow in GPM multiplied by conversion
factor of 500.

Cmin = Condenser water flow rate (GPM) x 500 x 1.0, Btu/hr °F
The thermal effectiveness is given by

E = (T2-T1)/(Ts-T1)

Ts = Saturation temperature of R-11, °F

T1 = ECW Inlet Temperature, °F

T2 = ECW leaving Temperature, °F

The thermal effectiveness for condensing of refrigerant vapor ‘s defined as:
E=1- G'NTU

Where NTU is defined as number of heat transfer units and defined as

NTU = UA/ Cmin
where

U = Overall heat transfer coefficient, Btu/hr #2 °F

A = Condenser heat transfer surface area, #2
The condenser heat transfer surface area is known for the condenser and is
determined by the condenser tube geometry and available from the vendor drawings.

Substituting the above NTU equation in the thermal effectiveness equation and
rearranging for U, following equation is obtained:

U=-Cmin In(1-E)/A
Hence from the known condenser pressure and its corresponding saturation

temperature, measured inlet and outlet condenser water temperature, and condenser
water flow, the value of U, overalil heat trersfer coefficient, can be calculated.
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Heat Balance

The condenser heat load is determined from the ECW water flow rate and ECW inlet
and outlet temperature through the condenser. The condenser heat load based on the
flow and temperature is:

Q = Condenser water flow rate (GPM) x 500 x (T2-T1)
The evaporator load can be determined from the known chilled water flow through the
chiller evaporator and entering and leaving chilled water temperature. The evaporator
load is calculated as:

Qevp = Chilled water flow rate (GPM) x 500 x (TEm-Tng)
Where

TEnt = Entering Chilled Water Temperature, °F

TLvg = Leaving Chilled Water Temperature, °F
The electrical energy input t0 the compressor can be measured. For open motor chiller
machine (300 Ton Chilier) the electrical energy to the compressor will require motor
efficiency correction to account for the motor losses to the ambient air. For hermatic
motors (150 Ton Chiller), no efficiency correction is required as all the heat goes into
refrigerant. The motor efficiency for 300 ton chilier can be obtained from Reference 7.
The motor efficiency for hermatic machine is 1.0.
The heat balance check is calculated as follows:

Heat balance check = ( 1 - { Qevp + kw (Input) x Motor Efficiency )/Q) x 100
The above equation assumes that the hot gas bypass valve is closed.

As per Reference 21, the heat balance should be within +/- 3%.

CALCULATION OF OVERALL HEAT TRANSFER COEFFICIENT

The overall heat transfer coefficient equation is given as ( Reference 15 Page 103):
(1/Ug) = 1/(hg Ef ) + ro/Ef + rw + ri (AQ/Ai) + (1/hi) (AQ/Al)
Up = Overall heat transfer coefficient , based on the external surface and the

mean temperature difference between the external and internal fluids,
Btu/hr #2 °F
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ho = Outside or refrigerant side coefficient, Btu/hr #2 °F

(Ap/Aj)= Ratio of external to internal surface area of tube, dimensionless
hi = Internal or water-side film coefficient, Btu/hr #2 °F

i = fouling resistance water side, #t2 hr °F/ Biu

Ef = Weighted fin efficiency, dimensionless

ro = fouling resistance refrigerant side, #2 hr °F/ Btu

rw = finned wall metal thermal resistance, t2 hr °F/ Btu

The outside heat transfer coefficient for condensing refrigerant is given as (Reference
1 page 4.8):

ho = 0.689 F1 ( hig/ dt Dg) 0-25

where
F1 = Condensing coefficient factor for R-11
hig = latent heat of condensation, Btu/lb
ot = temperature difference, °F

De = equivalent diameter, ft

The equivalent diameter is determined from the following relationship:(Reference 1
page 4.8)

1/(Dg)0-25 = 1.30 (Ag Ef)/(Aef (Lmf )0-25 ) + Ap/ (Aef (D)0-25)

where
Aef = Agp + Ap
Lmf = af/ Do
Where
As = Finned area #2

Ef = Fin efficiency, dimensionless
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Ap = Unfinned area or prime area, #t2
Lmf = Mean fin height, inches
ai = Area of one fin, in2
Do = Outside diameter of the tube, inches
D = Root diameter of the tube, inches
The inside heat transfer coefficient for water &1 ordinary temperatures, 40 °F 10 200 °F

is given by ( Reference 1, Table 6 Page 3.14):

hi = 150 (140.011 twm) v 0.8/g 0.2

twm = mean water temperature, °F

Vv = water velocity, feet per second

d = tube inside diameter, inches
The fin efficiency is caiculated from Figure 12 of Reference 1 page 3.16.
The metal thermal resistance is given by (Reference 15 page 104)

rw= (V{12K)) ( (d + 2 N w (d+w))/(d-1))
Where

t = thickness of tube wall, ft

>

= Thermal conductivity of tube material, Btu/hr ft °F
d = outside tube diameter or root diameter, inches
N = number of fins per inch

w = fin height, inches
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Following steps are used in determining the overall heat transfer coefficient , and
establishing the instrumentation calibration and condenser tube plugging
requirements:

1. Determine the worst case overall heat transfer coefficient from the maximum
condenser pressure and corresponding saturation temperature with the
maximum ECW entering water temperature and design basis load with the
consideration of the design fouling factors. Calculate the design basis load from
the known chilier capacity( evaporator cooiing load) and compressor heat input

2. From the factory performance test results of the chiller, caiculate the overall
heat transfer coefficient . The test results already account for the effect of fouling
by increasing the inlet ECW temperature from the normal design temperature.

3. Calculate the overall heat transfer coefficient from the known theoretical
equations. This is determined by calculating the refrigerant side heat transfer
coefficient and water side heat transfer coefficient.

4. Evaluate the impact of condensing refrigerant coefficient due to part load and
inside heat transfer coefficient due to change in water temperature on the
overall heat transfer coefficient

5. Establish the instrumentation calibration requirements.

6. Establish the piugging of the condenser tubes.
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Z. Input Data, Caiculations and Resulls

1. Calcy'ation of Overall Heat Transfer Coefficient, Factory Test
Evaiuation, and Theoretical Overall Heat Transfer Coefficient Calculation
for 300 Ton Chiller

P ies Of 300 Ton chiller Cond
Condenser Tubes (References 4, and 7 Attachment 21, 22, 23, 24)

Total Number of Tubes = 800
Wolverine Model 70-325035
Average outside surface area = 0.503 #2 ft
Surface area ratio (outside/inside) =314
Internal cross sectional area = 0.294 in2
outside diameter =0.75in
wall thickness =0.035in
Root diameter =0675in
Minimum wall thickness =0.031in
Material Titanium
Number of fins 32

Inside diameter =0612in
Fin width = 0.C10 inch
Fin height = 0.030 inch
Overall outside heat transfer area = 5546.4 #t2

(The overall outside heat transfer surface area is caiculated as 800 tubes x 0.503 x
13.78 feet tube length. The condenser tube length is 171.375 inch(Reference 19). The
heat transfer (2ngth is assumed to be same as 150 ton chiller to account for the tube

supports.)
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The minimum overall heat transfer coefficient required to operate the chiller at design
basis conditions is determined from the known design conditions. The overall heat
transter coefficient as calculated as follows:

U=Q/(Adtm)

Where
U = Overall heat transfer coefficient, Btu/hr #2 °F

Q = Total heat load, Btu/hr
A = Condenser surface area, ft 2
dim = Log mean temperature difference, °F

As per reference 3, the maximum ECW temperature is 105.2 to 105.7 °F based on the
spent fue! assemblies stored. For the calculation purposes a value of 106 °F is used.
This is conservative for the analysis. In reality the peak ECW temperature would be
reached several days after the accident initiation while the peak chiller load would
occur In first few hours of the accident.

As per reference 7 ( Section 5, Table 1, Page 186 or page 21, Form 160.44-01), the
condenser high pressure cutout is set at 30 psig and high compressor discharge
temperature is 220 °F.

As per References 13, 16, and 17 the required compressor trip setpoint on high
condenser pressure is 30 psig and reset point is 24 psig. The tolerance for this trip and
reset points is +/- 2 .012 psig. For the calculation purposes the maximum reset value of
26 psig is used. The saturation temperature at 26 psig or 40.7 psia is 132.7 °F ( From
Ref 1, Chapter 17.3 Refrigerant Tables For R - 11).

Total load on the condenser is the sum of design basis load 300 tons plus the heat
input from the compressor. The 300 ton machine is an open machine, hence the heat
input to the condenser is the power input to the compressor multiplied by the electrical
efficiency of the compressor motor. From reference 20, the compressor power
requirement is 354 kw. The motor efficiency is 94.6%.(Reference 7, page 130)

Heat load = 300 tons x 12,000 Btu/hr/tion + 354 kw x 0.946 x 3413 Btu/hrkw
=36x106 + 1.143 x 106 Btu/hr
= 4.743 x 105 Btu/hr

Condenser surface area = 5546.4 ft 2
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K =1.13

Saturated Discharge Temperature = (460+41.72) (4.65) 0.115
= 598.7 °R
= 138.7 °F
Compressor efficiency Ratio = (598.7 - 501.72)/( 184-41.72)
= 0.68
At discharge pressure of 26 psig or 40.7 psia, the pressure ratio is (40.7/7.35) = 5.53

Calculating the discharge temperature using the suction temperature of 41.72 °F and
pressure of 7.35 psia as

Saturated temperature = 501.72 (5.53) 0.115
=610.7 °R
Ditference =610.7-501.72 =109. °F
Compressor Discharge temperature = 41.72 + (109.0/ 0.68)
= 202.0 °F

Hence the pressure trip will be reached prior to the temperature limit.

B.E ion of E Pert Test 300 Ton Chi

Reference 2 documents the performance test of the 300 ton chiller. The test accounted
for the evaporator and condenser side fouling factors by adjusting the chilled water
and condenser water temperatures in accordance with ARI standards 450 and 480-74.

The test data shows that the compressor discharge is superheated and the liguid is
subcoolied. As per page 8 of Reference 2 the compressor discharge temperature is
183.84 °F and the condenser temperature is 122.3 °F and the liquid discharge
temperature is 118.9 °F. Hence the condenser provides for desuperheating and
subcooling of the refrigerant. As explained in Section 5, Assumptions, the overall heat
transfer coefficient is calculated using the saturated conditions in the condenser. The
surface area required for desuperheating and subcooling of refrigerant is in the same
proportion to the desuperheating and subcooling load and thus would not impact the
overall heat transfer coefficient.

Condenser pressure = 19.5 psig + 14.7 = 34.2 psia
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U  =(4.715x106) / (5546.4 x 5.21)

= 163.17 Btu/hr #2 °F

The metal thermal resistance is given by (Reference 15 page 104 )

tw = ({12 k) { (d + 2 N w (d+w))/(d-1))
Where
t = thickness of tube wall, 0.035 inch
K = Thermal conductivity of tube material, Titanium 12.35Btu/hr ft °F
d = outside tube diameter or root diameter, 0.675 inches
N = 32 number of fins per inch
w = fin height, 0.030 inches
rw = (0.035/(12 x 12.35)) { (0.675 + 2 x 32x 0.030 (0.675+0.030))/(0.675-0.035))
= 0.0007486

- tae ot 1o [ fic

hi = 150 (1+0.011 twm) v 0.8/ g 0.2

twn = (106 + 114.71)/2 = 110.35 °F
d = 0.612 incnes
Water veiocity = 1100 gpm/ ( 200 tubes per pass x 7.48 x 60 x 0.294 / 144 )
= 6.0 feet per second
hi =150 (1+0.011 x 110.35) (6) 0-8/ (0.612) 0-2
= 1536.0
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Outside Heat Transfer Coefficient Caiculati
The outside heat transfer coefficient for condensing refrigerant is given as

ho = 0.689 F1 ( hig/ ( ct De)) 0-25
where

F1 = Condensing coefficient factor for R-11

= 151 ( From Reference 1 page 4.9 Table 4)

hig = latent heat of condensation, Btu/ib

dt = temperature difference, °F

De = equivalent diameter, ft

The temperature difference is determined from the following relationship based on the
resistances being proportional to total heat transfer

dt = Q/ (ho Ao Ef)

Substituting the dt from the above equation in the ho equation and rearranging,
following equation is obtained:

ho = (0.689 x F1) 4/3 ( hig Ao E¥/Q ) /3 (1/De ) 173
De =0.1839 inch = 0.0153 feet
hig = 72.69 Btu/lb
Ao =5546.4 ft2
Ef =073
Q  =4743x 108 Btu/hr
ho =779.7 Btuhr#2 °F
Overall Heat Transter Calcuylation

For clean condenser inside fouling factor 0.00025 and outside fouling factor 0.00025
(Reference 2), the overall heat transfer coefficient is calculated as:

(1/Ug) = 1/(hg Ef ) + ro/Ef + ry + ri (Ag/AI) + (1/hi) (AQ/A)
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(1/Ug) = 1/(779.7 x 0.73 )+ 0.00025/0.73+0.0007486 + 0.00025 x 3.1
+3.14/1536

=0.001756 +0.000342440.0007486+0.000785 +0.002044
= 0.005677
Uo = 176.14 Btu/hr #2 °F(For clean Condenser )

For a fouled condenser with 0.002 fouling factor the overall heat transfer coefficient is
caiculated as:

(1/Ud) =0.001756 +0.0003424+0.0007486+0.002 x 3.14 +0.00204
= 0.01117
Ud = 89.50 Bturhr #2 °F
This value is much higher than calculated from the worst case.

Fin Effic Caloulati

The fin efficiency is calculated from Figure 12 as per Reference 1 page 3.16, the vaiue
of ho is assumed as 850

xe/xp =0.75/0.675 = 1.11
w (hky) 172 = (0.030/12) ( 800/( 11.5 x (0.010/ 2 x 12)) 172
= 1.021
From the graph fin efficiency is 0.73
The calculated value of ho is 779 vs 800 assumed for fin efficiency calculation. The

calculated value is close to the assumed value, hance no iteration of efficiency and ho
calculation is performed.
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Calculation of Equivaient Di for 300 Ton Machi

The fin surface area, tube primary surface area , effective area is calculated based on
one foot length of the tube. The equivalent diameter is calculated from the following
equation (Reference 1, page 4.8):

1/(De)0-25 = 1.30 (Ag Ef)/(Aef (Lmf )0-25 ) + Ap/ (Aef (D)0-25)

where
Agt = Agp + Ap

lL.mf = af Do
Where
af = area of fin = pi (D02 - Dr2 )4
=pi (0.750° - 0.6752 )4
= 0.0839
Lmf = 0.0839/ 0.750

=0.1119 inch

Finned surface area = 0.0839 x 2 x 32 fins/inch x 12 inch/foot/144
= 0.4476 Ft° /t
Primary surface area based on one foot length
primary length per inch = 1 inch - (32 fins x 0.010 fin width)
= 0.68 inch/inch length
Area =pix 0675 x {068 )x 12 /144
= 0.1201 2/

Total effective area = finned surface + primary surface
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= 0.4476 + 0.1201
= 0.5677
Fin efficiency =0.73

1/(Dg)0-25=1.30 (0.4476 x 0.73)/( 0.5677 x (0.1119)0-25 ) 4 0.1201/ (0.5677
(0.675)0.25)

= 1.2935 + 0.2334
= 1.5270
De = 0.1839 inch
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Evaluation, and Theoretical QOverall Heat Transfer Coefficient Calculation
for 150 Ton Chiller
Banaies of $ad e cact

Condenser Tubes ( Reference 5, and 18 )

Total Number of Tubes = 347
Wolverine Model 65-265049
Average outside surface area = 0.640 #2 At
Surface area ratio (outside/inside) =461
Internal cross sect ional area = 0.221 in2
outside diameter =0.75in
wall thickness =0.049 in
root diameter = 0.625 in
Minimum wall thickness = 0.044 in
Materia! 90-10 Cu-Ni
Number of fins 26

Inside diameter =0.53in

Fin width = 0.012 inch
Fin height (minimum) = 0.056 inch
Overall total outside surface area = 3061 #t2
(Reference 18 Page 16)

A Minimum Overall Heat Transfer Coefficient for 150 Ton Maching

As per Reference 8 (Drawing 076- 12921 D), the condenser high pressure cutout is set
at 30 psig and high compressor discharge temperature is 220 °F.
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As per References 9, 11, and 12 the required compressor trip setpeoint on high
condenser pressure is 30 psig and reset point is 24 psig. The tolerance for this trip and
reset points is +/- 2 .012 psig. For the caiculation purposes the maximum reset value of
26 psig is used. The saturation temperature at 26 psig or 40.7 psia is 132.7 °F ( From
Ref 1 Chapter 17.3 Refrigerant Tables ForR - 11).

Total load on the condenser i< the sum of design basis load 150 tons plus the heat
input from the compressor. The 150 ton machine is a hermatic machine, hence the
heat input 1o the condenser is the power input to the compressor. From reference 20,
the compressor power requirements is 186 kw. The maximum power input
requirement is 215 kw. Hence for conservatism, the maximum power input value is
used in the analysis.

Heat load = 150 tons x 12,000 Btu/hriton + 215 kw x 3413 Btu/hr/kw
=1.8x 106 4+ 0.734 x 106 Btu/hr
= 2.534 x 106 Btu/hr

Condenser surface area = 3061 ft 2
Mass flow of ECW water = 600 GPM x (80 min/hr) ( 1/0.01619) (1/7.48 )
= 297272 b/hr

ECW temperature rise = Q/ ( mass x specific heat)

2.534 x 106 / (297272 x 0.999)
8.53 °F

Leaving water temperature = 106 + 8.53 = 114.53 °F
Lmtd =(T2-T1)/(in (Ts-T1)/(Ts-T2))
Lmtd = (8.53)/( In ((132.7-106)/(132.7-114.53))
= 22.16°F
U  =(2534x 106 )/ 3061 x 22.16)
U  =37.35 Btu/hr ft2 °F
This is the minimum vaiue of the overall heat transfer coefficient at the design

conditions. If the U is greater than or equal to the above calculated value the chiller is
capable of performing its design function.
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B, Evaluation of F Per Test 150 Ton Chil

There is no actual in shop test data available for these chillers and hence are not
evaluated.

c. Calculati { the C L Heat T fer Cosflici o E .
Metal Thermal Resistance
The metal thermal resistance is given by (Reference 15 page 104)

rw = (/{12 k)) ( {d + 2 N w (d+w))/(d-1))

Where
t = thickness of tube wall, 0.049 inches
K = Thermal conductivity of tube material 90-10 Cu Nickel, 30.0 Btu/hr ft °F
d = outside tube diameter or root diameter, 0.625 inches
N = 26 number of fins per inch

w = fin height, 0.056 inches

rw = (0.049/12 x 30.0) ( (0.625 + 2 x26x 0.056 (0.625+0.056))/(0.625-0.049))
= 0.000616
e i e
hi = 150 (140.011 twm) v 0.8/ g 0.2

twm = mean water temperature, °F
Vv = water velocity, feet per second
d = tube inside diameter, inches
twm = (106 + 114.53)/2 = 110.26 °F
d = 0.53 inches

Water velocity = 600 gpm/ ( (347/4) tubes per pass x 7.48 x 60 x 0.221 /144 )
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= 10.0 feet per second

hi =150 (1+0.011 x 110.26) (10.0) 0-8/ (0.53) 0.2
= 2370.3

ho = (0.689 x F1) 43 (hig Ao E#/Q )} 1/3 (1/De ) 173

De = 0.2839inch = 0.0237 feet

hig = 72.69 Btu/ib

Ao = 3061 fte

B =071

Q  =2534 X106 Btuhr

ho =675.7 Bluhr #2 °F

Qverall Heat Transfer Caicyiation

For clean condenser inside fouling factor 0.00025 and outside fouling factor 0.00025
(Reference 2), the overall heat transfer coefficient is calculated as:

(1/Ug) = 1/(hp Ef ) + ro/Ef + rw + i (AQ/Aj) + (1/hi) (AQ/A))
(1/Up) = 1/(675.7 x 0.71 )+ 0.00025/0.71+0.000616 + 0.00025 x 4.61 +4.61/2370.3
=0.002084 +0.0003521+0.000616+0.001152 +0.001944
= 0.006149
Uo = 162.6 Btu/hr #2 °F(For clean Condenser )

For a fouled condenser with 0.002 fouling factor the overall heat transfer coefficient is
calculated as:

(1/Ud) =0.002084 +0.0003521+0.000616+0.002 x 461 +0.001944
= 0.01421

Ud = 70.33 Btuhr #12 °F
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This value is much higher than caiculated from the worst case.

Fin Effic Calculat

The fin efficiency is caiculated from Figure 12 as per Reference 1, page 3.16.

xe/xp = 0.75/0.625 = 1.20

w (hky) 172 = (0.056/12) ( 700/( 26 x (0 012/2.0 x 12)) '/2

= 1.083

From the graph fin efficiency is 0.71. The calculated value of ho is very ciose to the

assumed value for the fin efficiency calculation.
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Calculation of Equivalent Di tor 150 fon Machi

The fin surface area, tube primary surface area , effective area is caicu'ated based on
one foot length of the tube

1/(De)0-25 = 1.30 (Ag O)/(Aef (Lmt )0-25 ) + Ap/ (Aef (D)0-29)
where

Aef = Aso + Ap
Lmf =af/ Do

Where
at  =areanf fin = pi (D02 - Dr2 y4
= pi (0.7502 - 0.6252 )4
= 0.134g in?
Lmf =0.1349/0.750

= 0.1799 inch

Finned surface area = 2 x 0.1349 x 26 fins/inch x 12 inch/foot/144
= 0.5849 Ft2 /t

Primary surface area based on one foot length

primary length perinch =1 inch - (26 fins x 0.012 fin width)

= 0.688 inch/inch length

Area =pix 0625 x (0.688 ) x 12 /144
= 0.1125 #e/t
Total effective area = finned surface + primary surface

=0.5849 + 0.1125
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= 0.6974
Fin efficiency =0.71

1/(De)0-25=1.30 (0.5849 x 0.71)/( 0.6974 x (0.1799 )0-25 ) 4+ 0.1125/ (0.6974
(0.625)0-25)

= 1.1883 + 0.1815
= 1.3698
De =0.2839 inch



& POWER
PUTATION SHEET

¥

3. Evaluation of impact of Part Load Chiller Operation and Lower Than
Design Condenser Cooling Water Temperature

1
-

e e i il




SOUTH TEXAS PROJECT
ELECTRIC GENERATING STATION RER TE

HOUSTON LIGHTING & POWER o %& 7/ /71
GENERAL COMPUTATION SHEET
SUBJECT _Essential Chiller Pedormance Test UNIT/S_1 42

=0.011590

Ud = 86.27 Biu/hr 12 °F vs 89.50 Btu/hr #2 °F
Hence higher value should be used for acceptance critena.

Similarly for 150 ton chiller higher value should be used for the acceptance criteria.
4. Instrymentation Calibration

The test is performed by measuring the condenser water flow , condenser inlet and
outlet temperature and condenser pressure. Accuracy of the test instrumentation is
critical in determining the overall heat transfer coefficient. It is recommended that the
following accuracy of instruments be used:

Temperature = +/-0.2 °F
Pressure = +/-0.1 psi
Flow = +/2 %

These factors should be considered in evaluating the test results in the test procedure.

5. Establish Condenser Tube Plugging Margin

As stated earlier, the chiller condenser has large surface area to account for high
fouling factors and if required, some condenser tubes can be plugged without having
any significant impact on the chiller performance. To account for plugging, a 3%
plugging margin is considered and can be included in the overall heat transfer
acceptance criteria.

300 Ton Chiller = 89.50 x 1.03 = 92.2 Btu/hr #2 °F say 93 Btu/hr #2 °F

150 Ton Chiller = 70.33 x 1.03 = 72.44 Btu/hr #2 °F say 73 Btu/hr #2 °F
Minimum overall heat transfer with tube plugging

300 Ton Chiller = 38.77 x 1.03 = 39.93 Btu/hr #12 °F say 40 Btu/hr #2 °F

150 Ton Chiller = 37.35 x 1.03 = 38.47 Btu/hr #2 °F say 40 Btu/hr #2 °F
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REFERENCE S

TYPE S/T TRUFIN® COPPER & COPPER
» ALLOY FINNED TUBE - 26 & 40 FPI

Type S/T Trufin is manufactured from copper, and
cepper alloys produced by Wolverine, in
accordance with ASTM standard B-359 or ASME
standard SB-358.

All Trufin which meets the reguirements of
Paragraph UG-8 (b), ASME Boiler and Pressure
Vessel Code, Section Vil is made to an average
wall in the fin area. When a minimum wall is
required, the next heavier wall size should be
ordered.

Range of sizes - See tables 1and 31or 26 Finand 40
Fin Trufin.

The standard maximum iength for shipment by
truck is 44 feet (13.4 meters). For shipment of
longer lengths, contact the Wolverine Marketing
Department. Aol sy -

Packaging - Unless otherwise specified, type S/T
Trufin is packaged in wooden boxes.

Temper - Copper and copper alloy Trufin are
supphied in either the "as-finned"” or annealed
condition.

Alloys - Applicable plain tube specifications and
mechanical properties - see tabie 5.

Engineering Data - See tables 2 and 4 for 26 Fin
and 40 Fin Trufin.

Tolerances - Applicable tolerances for diameter
and wall thickness are shown in Tables 1 and 3.
Other tolerances are per the governing ASTM or
ASME standard.

. ‘) Plain Section Requirements - Plain end lengths 1°

(254 millimeters) and over are supplied as

Wolverine tubemanship’

CALc Mc 6406 Rfo

ATTACH. REF. &
SHT. \ oF 4

stangard. If plan ends less than 1" (254
millimeters) are required, contact the Wolverine
Marketing Department.

Land lengths 1" (25.4 millimeters) and over are
supplied as standard. If land lengths down 1o 5/8"
(15.8 millimeters) minimum are required, contact
the Wolverine Marketing Department.

Distances of 18" (457.2 millimeters) and over
between lands are suppilied as standard. If
distances down to 8” (203.2 millimeters) minimum
are required, contact the Wolverine Marketing
Department,

Stripped ends are availabie in length up to 4
inches {101.6 millimeters) maximum. The shortest
over-all tube length that can be stripped is 12
inches (304 8 millimeters).

Testing - All Trufin is eddy current and air tested, at
250 psi, atter finning per ASME standards.

Type S/T U-Bends -~ U-Bends of type S/T Trufin
can be made with either full finned or plain surface
in the bend area. U-Bends are air tested, at 1000
psi, after bending. All brass Trufin is relief
annealed inthe bend area after bending and before
air testing. Bends normally show some
discoloration because of the relief annealing
operation.

Duplex type S/T Trufin -~ This is available in a
variety of combinations (copper finned tube overa
steel liner, admiralty finned tube Jver 2 copper-
nickel iiner, etc.). Tubes in this catagory can be
turnished with ferrules of the liner material up to
and including 2 inches (50.8 millimeters) in length,
applied to one or both ends




CALC MC64os R/p

s STANDARD SIZES - TYPE §/T TRUFIN ATT. REF. S
r—__i 26 Fins per Inch (254 millimeters) snl 2 OF q, Tabie 1
J‘-L‘ ok St $ Piain Section Dimensions and Tolerances in ion Dimensions |
g id) Cutside Diameter | (Xp) wall Thickness |, 0 o ol e o 1 o aiisble \
[_ (%) Root Wall Alloys
3 | Outside Wall Catalog nominal | Tolerances| Nominal | Tolerances | Diameter | Thickness See
B Diameter | Thickness Number Size | Size {dr) Table &
- in_{mmj in. fmm) in. (mm) in. (mm) in. fmm} in. {mm) in. {mm) in_{mm}
01.02,26
5/8 (15.8) | 049 {1.24) £5-264088 £25 (15.9) | 003 (.076) | 089 (1.75) | 004D ( 10} | 500 (13.0) | Das (1.12) 53,85
;. 3/6 (19.1)| 0281( .71) 65-265028 750 (18 1) | 003 (076) | 048 (1.25) | 0135 {.0BS) | 625 (15.9) | 025 ( .64) o1, 02 ,
| 035 ( 8% 65-265035 055 (1.38) | 0035 (.089) o3 79 { ﬂ' 55
! 042 $1.97) 65-265042 D82 {1.57) | 0040 { 30) 037 ( 94) m:ons
4 645 (1.25) £5-265048 069 (1.75) | 0040 ( 10} 044 {1.12) {’s:,ss
: 058 (1.47) 65-265058 07% (2.00) | 0040 { 10} 048 (1.25) A
- D65 (165) | 65265088 086 (2.18) | 0050 { 13} osan_mf {°"ﬂ o
I» or2(163) | 65265072 092 (2.33) | 0050 ( 13) oes (168 1|
| 1 (254)| 028(.7V) €5-267028 1.000 (2543 003 {076) | 050 (1.27) | 0035 (088 | BTS (22.2) | 025 { B4)
gaz { 81 §5-267032 052 (1 323 | OD3S {.089) 028 ( .T1)
, 042 11.07) 65-267042 082 (1.57) | ON40 { .10) 037 ( 94) 01.02
[ 089 (1.25) | ©5-267048 1069 (1.75) | 0040 ( .10) Dse (1.12) 325,51
| 058 {1.47) 65-267058 078 {2.00) | 0040 { .10) 048 (1.25) | 18355
085 (1.65) 65-267065 086 {2 18) | D080 { .13) 058 (1.47)
072 (183) 65-267072 092 (2.33) | 0080 ( .13 085 (1.65)
Tolerances are plus Of Menus.
] STANDARD SIZES - TYPE S/T TRUFIN
1 &0 fins per inch (25.4 millimeters) ' Table 3
Stancard Sizes - Plain Section Dimensions and Tolerances MM
(%g) Root wall Fin
Dutside wall Catzlog Nominal | Tolerances | Nominal |Tolerances | Diameter | Thickness | Height
Diameter | Truckness feumber Sie Size (dr)
i in (mm) | in () in {mm) | in tmm) | in gmm) | in dmm) | in ¢mm} 1 in (mm} | in {mm) |
" 34 (18.1)1 Q28| .71) 70-4050128 750 {19.1) | .003 (O786) | 043 (1.08) | 003 (O7€) | 675 (17.1) | 025 ( 64) |.034 { .B6)
035 ( BY) | 70-4050135 052 (1,32) | 003 (076) o3 § 18)
D42 (107) | 70-4050142 058 [1.47) | D04 {102) 037 ( 84)
049 (125) | 70-4050149 085 (1.65) | 004 (.102) 044 (112)
085 (165} | 70-4050165 ORI {2.17) | .00S (,127) 058 (1 47y
378 (19.1)] 028 ( 71) | 70-4050228 750 (18.1) | 003 (1076} | 052 (1.32) | 003 (076} | 625 (15.8) | 025 ( .54) | 056 {1.42)
{ L35 ( 89) | T70-a050235 055 (1.40) | 004 { 102} 031 ( .19)
| 042 (1.07) | 70-2050242 082 (1.57) | 004 {.102) 037 { 148)
) 028 (1.28) | 70-4050249 085 (1.65) | 004 (.102) 044 (1.1 2)
! DS (1.65) 70-4050265 083 (2.11) | 005 (127) 058 (1.47)
: Availabie Alloys - 01 and £3_aiso in 51 1or 035 inch wall and heavier - See Table 5. ' ')
: Tolerances ate ph & O minus, J
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ENGINEERING DATA - TYPE S/T TRUFIN

| CALC MC 406

ATTACH. REF S

B« SRR

26 Fins per inch (25.4 millimeters) w Table 2
Average Surtace 1D Cross Approx. Weight
Catalog Outside Area Ratio Sectional
Number Lres {Dutside Area - Average {Copper)
to insige) e
biidAL) cm?em in? cm? Ibs/ft kgs'm |
65-264044 545 1673 .16 128 832 407 605
65-265028 640 18.50 .27 257 1657 374 557
€5-265035 640 19.50 438 245 1580 AN 812
65265042 540 18.50 4.48 232 1488 458 682
65-265048 640 18.50 461 221 1425 503 7és
65-265058 &40 1850 477 206 1328 560 833
65-285065 6540 18.50 481 185 1258 803 287
65-265072 540 18.50 505 185 1.183 6ab 861
65-267028 893 2722 406 534 3.445 507 754
65-267032 B33 2122 409 827 3.400 587 B4
65-267042 883 2722 431 491 35.168 bas 958
65-267048 883 2r22 420 474 3.058 a1 1.058
65-267058 882 27.22 £ 48 452 29186 788 1.183
63-267065 883 2T.22 457 436 2813 860 1.280
65-287072 883 2r.22 468 420 27 958 1421
Fins Per Inch - 26 « 1, -0
Fin Wigth = 012 in. Avg.
Fin Hewght - 056 in. Min,, 057 in. Avg.
" ENGINEERING DATA - TYPE S/T TRUFIN :
40 Fins per Inch (25.4 millimeters) ! Teble 4
Averape Surtace 1.D. Cross Approx. Wi,
Cataiog Qutsige Area Rato Sectiona! :
Number Ares - (Outsice Area - Average {Copper)
to Inside)
Liadds) cmi/em i em? s/t kgs/m
70-4050128 645 19.66 397 a02 1949 352 524
70-4050135% £45 19.66 406 288 1.858 A2 £26
70-4050142 645 15.66 417 275 1.774 472 702
T0-4050148 645 1866 427 262 5.650 522 J77
T0-4050165 B4S 19.66 4,52 233 1.503 530 837
T0-4050228 a4 28.16 607 266 1716 8 582
70-4050235 s24 26.16 6.:2 253 18632 482 684
7D-4050242 Y24 28.1% 6.37 241 1585 507 754
TO-4050248 924 28186 €.54 229 1478 552 B
70-4050265 824 2816 6.71 %2 1.23%9 569 095

Fins Perinch-4C~ 1, 0
Fin Width

= 008 in. Avg.

W
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ALLOYS - APPLICABLE PLAIN TUBE SPECIFICATION ATTACA. REF.g
AND MECHANICAL PROPERTIES SHT. 4 oF 4 Tabie §
Wolverine UNE PASTIM Tensiie Strength Yielo Strength
Alioy Number Spec. Minimum Minimum Temper
Number Number
KSI i MPe { KS5! MFg
o C12200 B359 30 ] 208 g &2 Anneaieg
| 36 | 250 30 208 Lt. Drawn
]
! !
02 C14200 B35 ! a0 208 g 62 Anneaied
|
36 ! 250 ! 30 205 Lt Drawn
28 ‘ C44300 B359 &5 l 310 15 105 Anneales
28 | €23000 Base | 40 ! s 12 85 Annealed
}
30 i‘ C6B700 | B359 50 ‘ 365 18 128 Annealed
| ‘
51 ‘ Crispo | B359 | 52 { 360 18 125 Annealed
| | {
53 | C70600 { 8359 ; a0 ,‘ 275 15 105 Annealsd
1 ; 1 13 ; a0 I 35 { 245 Lt Drawn
! ! | | | ‘
ss | cieo | sase i ® | oas | 12 ’ 85 Annealed
{ 1
| I 40 275 J 30 i 205 Lt. Drawn
A } | i

“For eguivalent ASME specification, mechanical propeny oats is identical

DIMENSIONAL NOMENCLATURE USED FOR TYPE §/T TRUFIN

¢ - outsioe diameter of plan end

a Ug - Ciamerer over ling
o Sa—— . ————— o — oottty
gy - 100t Ciameter of finned section
| l | 0. - insi0e ciameter o' inned seclion
L. BB P B | = i 3y~ wall Inickness of piain sechon
‘ &1 - wali thickness of inined section
e K - X
p t

Wolverine

one of The Signal Companies @

N EET——— e B e o



wolverine -« R

007-07508-000 ) _

PO Bx 2207 e Dy ¥,

a7 M o () 007-07508A
’ -'fnlh e m' Tie -
~ DECATUR PLANT . 7168 ,207001t 570322 7/11/84
O e YRS
T1-2- WELDED FINNED 70-305035-14 171 3/8" W/2" P.E. & 4 LANDS NUCLEAR SEC 111 CL 3 '
e {XIRCUS JATUTS ' e L 5 —IRC
wa  YORK DIV PURCH DEPY YoR p1720/80 | (1927 o CENTRIFUGAL SYSTEMS PLANT .
p.0, BOX 1592 '::"‘“m ‘-wf)“ 10 MANCHESTER ST., BLDG 36 STORAGE
YoRk, PA. 17405 ' i YORK, PA. 17401
CHEMICAL ANALYSIS (PER CENT) S MECHANICAL PROPERTIES
-4 6 T5 TS WALL | URUER
1 kst | ¥st | P.E. | FIN
’ Job L 3b
HEAT #3403861 ' 8 70.0 | 57.4 | 058 | .037 !
UoH Jb
HEAT #3403887 6 73.7 | 60.7 | .058 | .036
. : R LU08 R
HEAT #R204077 _ 40 69.4 | 57.0 | 059 | .037
o
_— m
1/
m
5
2
&
o
TEST RESULTS Reverse Flatteni :
— e — o 2w (. o v PLAT I | RRS A - ey e xxmm ] !L.'.ﬂ»g'—- ; 3 g
O e 0K oK* K+ —_ = >
;:&m:, FINNING  * * AFTER FINNING  * " * AFTER FINAL ANNEAL | L TIENERY CEATIFY THIS MATERIAL CONFORMS TO SPECIFICATION M ;
WATERIAL WAS MARUFACTURED (PRODUCED) IN ACCORDANCE WITH : B 336 = * L
WOLVERINE-A SIGNAL C0'S. QUALITY ASSURANCE PROGRAM DATED . O ™
MAY 15, 1981, WHICH HAS BEEN SURYEYED, QUALIFIED, AND 1S e ) A
BEING AUDITED BY BORG WARNER AIR CONDITIONING, INC, o~ N
P i e ' ok ide 20 ZLrrf~ o~
- c07- o7svop-000 o
¢ S0 — P8-9/6529 ' >N+ 0%”& !
1927 pe s, 4

C(\’?‘ /((v./ & 27v /'ZZ-'(



e DRDER 8D PROD WO

r 45-064-002-000
t WOLVERINE UNIT OF SIGNAL CO aTt ENTEALD Datl ACEm Cars1 OADLE WO
s 2100 MARKET STREET N.E. AV23
o LD{C,ATUR. AL 35602 AL L DOLD DL T DA TE OROERLD P
B Y0 BT A5 BORD 1O UNLESS SesOmwns BLL O
3 DROLA PELY TR PEA T DRDL® Wi s
iy cALC MC 6406 RJo
3 - A—[TA(H. REF {C{ GAADH
CPTIGZ
. . SHT 2 oF¢ TP
ob wall LEmGT B G 0n SPLIwL ODAD YO SMLCAL LENGTH T
750° 53
MOt 5 VSO Foar Foaki FLanii Ny B wD LRI an et
XX b § 4 XX X X XX
BT WL CieT comis
ASTY B338 BASIE SA 33B(NUCLEAR) YES-BOTH(3)

SLC J17, DIV 7 ND Y5B3 ED WINTER 1583 ADDENDUM
CERTIFICATE OF TEST
Corrected Tertificate.

ALS Netals Company March 14, 1985

P.O.BOX 210
PITTSBURGH, PA 15230

"m September 26, 1984 |*=< 220026 owat™ 1511 Pieces
; pepTges ~ T I Fe o Pe m v wo Zr &n ~ T
c 3403887 |.OY 0 0002 |.04 1
al GEXX L0V .0 .04 13
1
e| 3403857 |L.O L0 _1.001. _LO04 L1
al CHECK 1. .01 .0 .04 o
'l
s mD ~D Y Tiws &S "D B » LLlmel Tews w0 | YLD w - L DG
.
g | 2403887 70.5 56.0 | 36 70.5 |55.5 {37
t
a| 3403867 67.0 £3.5 | 38 70.0 |56.0 |36
: 7.0 56.0 | 38 : 71.5 |57.6 |36
'
3
‘ ) -
: 1. | T200x] TZ20K |20 Completed | Cufleted | Thapleted [ °
- 4 0ther tdst reguirsmen pr cocpleted
The Ultra Sonic test completed per ASME SB338.
Authorization; Telex 11-2-84 S.L. Patton, Wolverine to 7. Scholl ALS Metals.
Finish tube H. content 3403887 .00D6 3403867 .0016
Material was manufactured “produced” in accordance with Tubular Products Division QA program

::ua 8/19/85, which has been Surveyed, Qualified and eudited by Wolverine, one of the Signal

Lausun

—

FPo.os530-© 206

1
TS0 -co0 | %’7& : “Oard
. 007-0 $, Y
Harch 14, 1585 gg, gg;’:’z{]bsz‘zr 7;‘ . e ‘TJ].MU')’.
fnl 1927 PS5 T
s B A L™




- ~45-064-002-001 Mol
E' WOLVCRINE WNIT OF SIGNAL CO etk ENTEMD DaTL ACem TUST DADER N
b 2100 MARKET STREET K.E. A2123
o1 DECATUR, AL 35602 nnw LDGED DELE AT BT TROERLD WCh
S 10 SAME AS BOLD YO UNLESS SmOmm BELOw
2 oLvERINE CALC MC 66k Rfo [ — e
* It
: ATTACH . K{F. X i~
. SHT. 3 oF &
e ALl LENL T~ S Cond GauGE TOL $PEL DD AD T L2 SR CAA TR N
750° 55
i 5 TSl et Foami FmmGl ey BEwD LR ' an e -rpes ] ot Comh
XX y 4 ! X XX XX XX
SPLOTICATON MWD AT ComLs b
AST!S B330 SASIE SA 33B(NUCLEAR) YES-BOTH(3)

TIT, DIV T RU TYES ED RINTER TSE3 ADDLRUUR
CERTIFICATE OF TEST
Corrected Certificate.

ALS Metals Company  vercn 14, 588

P.O. BOX 410
PITTSBURGH, PA 15230

Pret v f R ITY
s Wovem_er 7, 1984 220038 &11 Pieces
N =ew w c = Fe [5) P e v "o 2 sn ~ T
f3s03887 L1 | .00 [.0002 [0& (M)
| GHEXX L0 .0 - .04 L33
.| 340388T L.O) .0 00y (.04 .13
-JCHEXX L0V R4 06 112
1| 44D4A0TT {004 0 L0001 LLO& L2 SNSRI It (S
| CHECK 1004 | .00Z 08 N
AT =D -l el s =S LD es Y 18- Tiws €3 | VLD w3 | S ELOWG
1 3e0388T 73.0 | 57.0 | 36 72.5 |57.0 |36
<
x| 3403867 70.5 56.0 | 37 71.0 |58.5 |37
3 .
e| 4502077 70.0 | 54.0 | 35 70.5 |54.0 |34
! 72.0 54.0 | 35 71.5 |56.0 |34
'
i Piat FLARL | WEw FLAT e TERT £ PB ELOY Caming o ™ romD TLS £ P
4-0x | 4-px | &-0x | Cocpleted | Completed)  Completed

Other test requirements passed and/or completed,

The Ultra Sonfc test corpleted per ASME SB338. 3

Authorization; Telex 11-2-84 S.L. Patton, Molverine to T. Scholl ALS Metals.

Finish tube K. cortent 3403887 .006 3403867 .0016 4404077 .00IS

“ter{al was manufactured *produced” in accordance with Tubular Products Division QR program

Jted B/15/35, which has been Surveyed, Qualified and audited by Wolverine, one of the Signal
oot s .

March 14, 1985 | | 534@ &L-uwcv ‘fg/mm&jov) £




CALL MC €406 Rfo

_ ATTACH . REF. 19
Wolverine Dwson SRT. 4 ofF ¢
PO Box 2207 « Decalsr Alabama 35602
Teiephone 205 3531310
EDDY CURRENT TEST REPORT
. DATE 77~/ 7
i SHIFT /
CUSTOMZR Pl PO, OIIZ0 2
TUBE S1ZE 2afc N5 Ay ¢
0.0. WALL
TeeT speCIFicaTIoN S B -33 8 NOTCH DEPTH
TEST PROCEDURE &G —-13590-12 F;'/Af-/bv.s DRILL S128f ©3/
LEVEL 1 DPERATOR BADGE Lo )
LEVEL 117 APPROVAL
J 7
TIvE NUMEER WDTCHES NUMBER OF
CHECKED OR HOLES DETECTED PLS. ACCEPTED
A ] ¢/ /SO
9-20 ——{ 4 z275
/020 4 30<
/20 o S75
/230 4 720
1320 od 327
y gl7pcr var/ O re jocks
y A
- 0§30~ 02 YflM ~ a0 7~ 075 0K 040
So- 83 -S/LSZF| 1927 reb.
Lot 220 122 €T

U0 7-uP3T %%

* U0P-24-1609

/ég X reds | %,

rno

8



CaLe MCEEot (2/0

| ATTacH, REF, 14
Wolvering Dmson SHT. 6 OF §
PO Bos 2202  Decalvr Alabama 25602
Teteprone 2053531310

EDOY CURRENT TEST REPORT
LATE 1/-1&
) ;
- SHIFT /
CUSTOMER /ORI P.0. __ 011202
!
TUBE S1ZE 205 035 Aoy /¢
0.0. WALL :
1est seeciricamion. . SB- 33 8 NOTCH DEPTH
-es7 proceouRe (3 =13 80 BF//Z-/DVJ DRILL SIZE
LEVEL 1 OPERATOR ]4 MZ»}A’".V * BADGE L7
LEVEL 111 APPROVAL 4 /| M
d
TINE NUMETE NOTCHES NUMBER OF ]
CHECKED OR HOLES DETECTED PCS. ACCEPTED
2.0 4 1 30
8,15 2 2 80 )
1020 - 285
f120 4 560
/12 30 < _ L%5

é?é'm; - pon 0¢ s

| ~ # . i '
—LIOP - 1 op.-28-2608 » T e



3 CALC. MC 6406 Rfv

TIACH. REF |
Wolvering Dwson s A » A
:O Baa??z%?s-at;c‘a;&w.am . SHT. € OF (p
EDDY CURRENT TEST REPORT
DATE /=17
. - SHIFT 2
CUSTOMER 7\/08/( P.0. _O/1202
TuBE S12E 305 __©35 ALY /Y
0.0, WALL :
yesT speciFIcaTION S8 - 338 NOTCH DEPTH
TEST PROCEDURE G -139¢0C BF/IV&H/.B DRILL SIZE o3/
LEVEL 1 OPERATOR 10 % o BADGE /DN 7
LEVEL 111 APPROVAL q&m aal £ LD&WQ
J ('J
I NOMSTR NOTCHES NUMBER OF
CHECKED OR HOLES DETECTED PCS. ACCEPTED
S4.20 o 100 y
530 4 | 75 12z pt)
.30 4 325
7.30 4 Sy
994 pes festen / re ject-
WW t
f >
‘,2 A
pop A= o X 2~ QQ%
e oP-28-1609 I—-rf-f’( ‘0’¢ 29

i s mo i v el e SR
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ATTACHMENT “A"

STP EAB SAFETY CLASS 150 TON WATER SZ?IL'EELS > O
1€ TOME L 18109
.L“AM...‘.\.-E_ ig_;_xh_li_ui._‘_’ g
?"N‘ S 0 e 35 7 ‘S) ch_‘.l:»if\(}i.}
Fredicted compressor motor KW Input, minimum ECWT and co Tesponding
concCenser pressures allowed at various load conditions at = design =
~ - - . . . . - - Aaly Pt ~11 ’
moanser water filow rate cof 600 GPM follow .
LOAD CONDITION ¥ MINIMUM ~
EVAPORAT = LOAD INPUT ECWT, 'F
. . - - ] '
‘..“_' - . - b . ,'8 3.“
gy - s 3 4 -~ - ~
113 5 = 52.1 6.02
e (X2 A1 €N 9 A %7 S
- A - =4 - . o -
R C 9 LR € r
o] & J f‘) "b,.) !.5
15 1C 51 &7.4 11.82
.t
Predicre CPTessor motor AW nput and minioum condenser water
flow rates at various load conditions snd head pressure valve cou- < §
troller settings f LW
-/
y — - P—— - -
AL it L L d W CONDENSER
VAPORATOR 7 : INE ' WATER FLOW K GPM
7 - - ~ - K
: - 3 e .«'tb
IS™ 3.41 69 ¢
. 3 ‘ 8.52 96 3
! “ . . :j &1 “'j
- - n > o
! - ik D4 NV B
4 .
] _
1 st : I £ Lied water
42 F Len g Chilled Water Temperature
At a - tel ring 3 gust . L984 meeting

B kit r 4 vt s g




" - L "
ATTACHMEST “'B

ecowrrAY CAFETY CLASS 30
FSSENTIAL SAFETY CLASS 3

b4

10/8310

529(H)

SaaliiSh. Sumy

b &
'
3 50 ad™ P, :
L } € ’;9 A
&~ ot
- Y - T
» s A b S ~ 4
{ - e Py P Iy Temw min
reci & oTress r DO% | B S & 4y

T AT PRFE 11¥%
- HELAD YR V3
1 «*m ™F 1 F5
£ il Ew NiIRDLL 2
s =, - LTI POV i
TAL p - INPU S s va
y AL i . N
, . J
A ALY, .
- [ 4 TsAr ‘, S |
) &
y ~ " w
£ o L 4
€ |
& y I 4

-

DR FORN 0o -

! condanser valel
) ol .o O 3 : DressuTe

ALVE

WATER CHILLERS

Ll DO

e .
valve contlro

.
. i~
. &

>

"~ Ln -
&0V
168 -
-
3 C’c,
AT -
109
AN & e
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N
Arracungar " c”
chALC MC 6406 R0
User w~ame HOUSTOM LICHTING & POWEB CO.__ ATTAGH. REF, 2o

AG 22, 1934, G147 AN

4 5 of -
LOCATION__WADSWORTH, TEXAS ______ sp. 5 ofF 7
77-780619 /616(H) A . A.R. SHARKO, JR.
SOUTH TEXAS PROJECT

SAFETY CLASS WATER CHILLERS

POWER INPUT 186 KW MAX IMUM

FLA -
3
LRA DELTA_1209 ;
LRA STAR__ == {
- ’
STARTER Type ACROSS-THE-LINE ~ a :
o oD '
FALL LoRD UEsien FekFormAnce DATR For H -
TURBOPAK MODEL NO KTHAB1-BBCS,R-Ily UNIT DUTY 150 TR
J1
CONDENSER COOLER
FLULID TYPE WATER WATER
GPM 600, 319. s
TEMP ON -~ F 107.9 53.3 e
TEMP OFF - F 116.1 42.0
FOULING FARCTOR . 00200 . 000%0 2
PASSES 4 &
TUBE VEL - FPS 10.17 &.17 o
PRESS I'ROP ~ FT 46,60 22.28
TUBE TYFE STANDARD FIN STANDARD FIN
TUBE MATL & NG, 0710 CU NI - 247 COVPER - 3048
EXT SURF - =20 F7Y 3061. ( 246 FPI) 2681, ( 26 FP1)
DWP - WATER SIDE 150 PSIG 1%0 PSIG
COMPR MODE i SPEED CQDE LP REFR 11
NOTE
KEVISED PERFORMANCE PARAMETER: SPECIFIED 1IN ADDENDUM 1 TO
SPECIFICATION 3V249VS0024 REV. O DATED S-29-84.




o : T PREDICTEDFULE-AND PART-LOAD

- LS s P :xu..-*n:. & LoD l\--v 1 e ——
——n .

~ -t - - e b e LSS

( == e YORK - HODEEHTIG 31 BBCS N1 E-TUIBOPANS :
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