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1. PURPOSE 

The purpose of this design analysis and calculation is to size and select a circulating pump for the 
Change House Facility hot water system, in accordance with the Uniform Plumbing Code (Section 
4.4.1) and U.S. Department of Energy Order 6430.1A-1540 (Section 4.4.2). 

2. QUALITY ASSURANCE 

This analysis is non-Q because it is for a temporary item. The Determination of Importance 
Evaluation (Reference 5.1) of the Change House Facility has determined that no quality assurance 
(QA) controls are applicable within the context of this analysis. 

3. METHOD 

The method used for the calculations is based on Reference 5.2. The first step is to determine the 
total heat loss from the service hot water system piping to the surrounding environment. The heat 
loss is then used to define the total pumping capacity based on a temperature change in the circulating 
hot water. The total pumping capacity is used to tentatively select a pump model fiom manufacturer's 
literature. This establishes the head generation for that given capacity and particular pump model. 
The total length of all hot water supply and return piping including fittings is then estimated fiom the 
plumbing drawings which defines the pipe friction losses. Several iterations may be required before 
a pump can be selected that satisfies the head - capacity requirements. 

4. DESIGN INPUTS 

4.1 DESIGN PARAMETERS 

Water temperature at mast remote outlet = 110 degrees F (Reference 4.4) 

Ambient Temperature = 70 degrees F (Reference 4.4) 

Flow Velocity = 5 feethecond (Reference 5.4) 

Length of Pipe: 
(Attachment I) 

1/2" = 107 feet (Reference 5.7) 
3/4" = 12 1 feet (Reference 5.7) 
1 I' = 1 15 feet (Reference 5 -7) 
1-1/4" = 98 feet (Reference 5.7) 
1-1/2" = 162 feet (Reference 5.7) 
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CRITERIA 

The Plumbing Design for the Change House Facility will be designed in accordance with DOE 
Order 6430.1A (Section 4.4.2) and appropriate state and local codes (ESFDR Sections 
3.2.1Q, 3.2.1R, and 3.2,11S, Reference 5 .8 ) .  

ASSUMPTIONS 

Not used. 

CODES AND STANDARDS 

4.4.1 International Association of Plumbing and Mechanical Officers: 

UPC 1991 Uniform Plumbing Code 

U.S. Department of Energy (DOE): 

DOE Order 6430.1A-89 

4.4.2 

General Design Criteria 

5. REFERENCES 

BABBA0000-0 17 17-2200-00007 Rev 00, Determination of Importance Evaluation for ESF 
Change House Facility and Shop Building 

199 1 American Society of Heating, Refrigeration, and Air Conditioning Engineers Handbook, 
HVAC Applications I-I? Edition, Ameiican Society of Heating, Refrigerating and Air 
Conditioning Engineers, Inc. 

Michael R. Lindeburg, P.E., Mechanical Engineering Reference Manual, Eighth Edition, 
Professional Publications, Inc., 1990 

Crane Technical Paper No. 410, "Flow of Fluids," Crane Co., 1988 

American Society of Heating, Refrigeration, and Air Conditioning EngineersAlluminating 
Engineering Society of North America Standard 90.1 b, Energy EfEcient Design of New 
Buildings Except New Low-Rise Residential Buildings, 1992 

Mohinder L. Nayyar, P.E., Piping Handbook, Sixth Edition, McGraw-Hill, Inc. 

Plumbing Drawings: 

5.7.1 BABBAFOOO-0 17 17-2 100-271 50-0 1 Change House - Bldg 5008 Plumbing 
Isometrics and Details 

O:\ .... U1&Ohalyses\bnfl58.r01 I 



DI: BABBAFOOO-0 17 17-0200-001 58 REV 0 1 1 
Change House Facility ff5008 Page: 5 of6 I 
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BABBAF000-0 17 17-2 100-27 15 1-00 Change House - Bldg 5008 Plumbing and 
Piping Plan 

5.7.3 BABBAF000-01717-2100-27152-00 Change House - Bldg 5008 Plumbing 
Enlarged Plans 

5.8 Yucca Mountain Site Characterization Project Exploratory Studies Facility Design 
Requirements, YMP/CM-0019, REV. 1, ICN 3 

5.9 Grundfos Pumps Corporation Bulletin L-UP-TL-007, Dated 1/15/93 

6. USE OF COMPUTER SOFTWARE 

Not used. 

7. DESIGN ANALYSIS 

The radial heat flow out of an insulated pipe can be expressed as follows: 
2nLAT 4 "  -__I._____- 

- +  1 I.( $) + - +  1 in( a) + -  1 

'aha kPip. rbhb 'ins rchc 

Where film coefficient, h, water= 150 (British thermal unit) BTU/feet2 - F 
(Reference 5.3) 

h, = 0 (no film between pipe and insulation) 

h, , still air = 1.65 BTU/feet2 - F (Reference 5.3) 

radius r, pipe T.R. = 0.0427 feet (Reference 5.3) 

r,, pipe O.R. = 0.0468 feet (Reference 5.3) 

r, , insulation O.R.= 0.130 feet (Derived) 

thermal conductivity, khy insulation = 0.0233 BTU/feet - F (Reference 5.5) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

I 

kpiV , pipe = 200 BTU/feet - F (Reference 5.6) I 
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length of pipe, L = 600 feet of 1 inch based on weighted average 
(Attachment I) 

Page: 6 o f 6  
I 

I 
I 
I 
I Solving Equation (1) for the heat loss through the insulated pipe, q = 3,097 BTU. 
I 

I 
I 

I The water flow rate in gaVmin to remove the heat q is defined as 

Q =  q/5OO A T  

where A T is the difference in temperature of the water leaving and returning to the water heater. The 
water flow limitation in piping systems is related to the velocity of flow and/or pressure drop which 
affects pumping costs. To minimize the effects of high velocities, the AT in the hot water return is 
limited to 2 degrees, which is reasonable for an insulated small diameter pipe for service hot water. 
By substituting the heat loss and AT into Eq. 2, a flow rate of 3.1 gallons per minute (gpm) results. 
The velocity of flow is approximately 5 feet/second.and the friction loss is 8 pound per square 
incWl00 feet of pipe length if% inch copper tubing is the minimum size used in the hot water return 
as shown in Figure 1, Page 1-3, Attachment I, which is extracted from the UPC (Reference 4.4.2). 
However, as shown in Attachment I the use of some % inch tubing in the return results in a relatively 
high pressure drop. The minimum size tubing was increased to 314 inch which resulted in the 
selection of a circulating pump closely matching the required performance. 

I 8. CONCLUSIONS 

1 The hot water circulating pump performance requirements are approximately 3.1 gpm at a system 
1 head of 1 1.44 feet. A Grundfos closed system purnp Model UPS 15-42F shown in Attachment I1 was 
I selected as the design basis for the hot water return in the Change House. The pump is rated at 1/25 
I horsepower at 115 V. 

I 

I 
I The &urn pipe size is 314 inch Type L copper water tubing. The pipe is designed for a minimum 
I of 1 inch thick insulation for added energy conservation while maintaining a hot water return 
I temperature of 108 degrees F. 
I 

ATTACHMENT 

I 
I1 

9. ATTACHMENTS 

TITLE 

Calculations 
Grundfos Pump Data Sheet 
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CALCULATIONS (Con timed) 
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CALCULATIONS (Continued) I 
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CALCULATIONS (Continued) 
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GRUNDFOS PUMP DATA SHEET 
(REFERENCE 5.9) 

Submittal Data 60 Cycle 
08 or CUSTOMER: 

~~ _ _  
Technical Data (For open and dosed system applications) 

FLOW RANGE: 0 IO 45 US. GPfd 
HE40 FMNGE: 0 Io 30 Feel 
MOTOR: 2 Pale. Sinqle ?hasa 
MIN. fLUlO TEMP.: 5ffF (16%) stt.(r.Srn) 1 r.stt.(i.m) I att.(.gm) 

MAX. WORKING PRESSURE: 145 PSI 
MIN. REQUIRE0 INLET PRESSURE: 

IwF(as'C1 1 165-F(i'J'Cl 1 IUTF(6GXl 

MAX. RUlO TEMP. -OPEN SYSTEMS: Z2gd I I . 9 O d  1 I.3Psl 
ImF (€UT1 

C 

Dimensions and Weiahts 

, - Mounting Positions L FOR INDOOR USE ONLY' 
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CRUNDFBS ]PUMP DATA SHEET (Continued) 

I 
- 

..A. 

E l e c t r i c a l  D a t a  

M a t e r i a l s  of Construction ". 
- OPEN System Models - CLOSED System Models 

STAINLESS STEEL: Inlcl cane. bearing plare anC bearing 
retainers. mlor can. mror cladding. shah Mainer. impeller 
(UP?§. 26.L431. andpump hou~ing(valuIe)onUPlS-I~SWSr'. 
UP15d2 SUISF. and UP25-64 S W S P  models. 

STAINLESS STEEL: lnler cone. bearing plate and bearing 
rerainers. mtor can. mroc cladcinq. shah felatner. and impcllef 
(UP26 6 U P q  
ALUMINUM: Slator housing. 
ALUMINUM OXIOE CERAMIC: Sharr ana upper and lower 
racial beanngr. 
M E A L  IMPREGNATE0 CARBON: ThruSl3eannq. 
CAST IRON: Pump noustns (vcluta). 
EP (ELhylena Propylene Rubber): 0-mq and 6arkers. 
P I S  COMPOSITE. IO','. Glass filled: 
imosllef (UPIS). 
NOW':  Terminal tox .  

nLUMINUM:Volurafcla~ner(SULSimadelrl and sralarhuuainq 
ALUMINUM OXlOE CERAMIC: Shah and upper and lower 
radial Oearinss. 
,M€TAL IMPREGNATED CARSON: Thntsl3earing. 
EP (Ethylene Propylene Rubber): O.rinq and Saakats. 
BRONZ5:Pumonausin~ [volure) tor UM 1S.tOSS L 67. UP15-198S 

PBS COMPOSITE. 30% Glass Filled: Impeller (UM10 L UPIS 
Noryl J: Terminal box. 

z. 87. uPi~.dzgs si. UP26-96ai. U P Z ~ . S ~ F .  am up43.1sai 

I d'I 
G RU NDFOS W 
GRUNOFOS Pumps Carp. .2S3j Ciovis Ave. * Ciovis. CA 93612 

Suppon Canrars: Allentown. PA Atlanra. GA 
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