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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 from 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 from 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 most remote outlet = 110 degrees F (Reference 4.4)

Ambient Temperature = 70 degrees F (Reference 4.4)

Flow Velocity = 5 feet/second (Reference 5.4)

107 feet (Reference 5.7)
121 feet (Reference 5.7)
1" 115 feet (Reference 5.7)
1-1/4" 98 feet (Reference 5.7)
1-1/2" = 162 feet (Reference 5.7)

Length of Pipe: 12"
(Attachment I) 3/4"
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4.2

4.3

4.4

5.1

5.2

5.3

5.4

5.5

5.6

5.7

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 3.2.1S, Reference 5.8).

ASSUMPTIONS

Not used.

CODES AND STANDARDS

4.4.1 Interﬁat_ional Association of Plumbing and Mechanical Officers:
UPC 1991 - Uniform Plumbing Code

4.4.2  U.S. Department of Energy (DOE):

DOE Order 6430.1A-89 General Design Criteria

5. REFERENCES

BABBA0000-01717-2200-00007 Rev 00, Deteﬁrﬁnation of Importance Evaluation for ESF
Change House Facility and Shop Building

1991 American Society of Heating, Refrigeration, and Air Conditioning Engineers Handbook,
HVAC Applications I-P Edition, American Society of Heating, Refrigerating and A1r
Conditioning Engmeers Inc.

Michael R. Lindeburg, P.E., Mechanical Engmeermg 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 Engineers/Illuminating
Engineering Society of North America Standard 90.1b, Energy Efficient 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 BABBAF000-01717-2100-27150-01 Change House - Bldg 5008. Plumbing
Isometrics and Details
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5.8

5.9

5.7.2

5.7.3

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

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

Not used.

The radial heat flow out of an msulated pipe can be expressed as follows:

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

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

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

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

BABBAF000-01717-2100-27151-00 Change House - Bldg 5008 Plumbing and
Piping Plan

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

6. USE OF COMPUTER SOFTWARE

7. DESIGN ANALYSIS

2nLAT
r R
In| =2 In| —< (Eq. 1)
1 I 1 Iy, 1
+ + + +
raha kpipe rbhb kms I.chc

radius r,, pipe LR. = 0.0427 feet (Reference 5.3)
r,, pipe O.R. = 0.0468 feet (Reference 5.3)

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

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

Solving Equation (1) for the heat loss through the insulated pipe, q = 3,097 BTU.
The water flow rate in gal/min to remove the heat q is defined as

Q= q/500 AT (Eq. 2)

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
inch/100 feet of pipe length if ¥z inch copper tubing is the minimum size used in the hot water return
as shown in Figure 1, Page I-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 3/4 inch which resulted in the
selection of a circulating pump closely matching the required performance.

8. CONCLUSIONS

The hot water circulating pump performance requirements are approximately 3.1 gpm at a system
head of 11.44 feet. A Grundfos closed system pump Model UPS 15-42F shown in Attachment II was
selected as the design basis for the hot water return in the Change House. The pump is rated at 1/25
horsepower at 115 V.

‘The minimum pipe size is 3/4 inch Type L copper water tubing. The pipe is designed for a minimum

of 1 inch thick insulation for added energy conservation while mamtammg a hof water return
temperature of 108 degrees F. -

9. ATTACHMENTS k

ATTACHMENT TITLE
I Calculations
II Grundfos Pump Data Sheet
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CALCULATIONS
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CALCULATIONS (Continued)
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' CALCULATIONS (Continued)
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CALCULATIONS (Contmued)

(REFERENCE 5.4)
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 CALCULATIONS (Continued) - l.
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CALCULATIONS (Continued)
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GRUNDFOS PUMP DATA SHEET
(REFERENCE 5.9)

Wet-rotor, in-line, single

GRUNDFOS | stage, maintenance free,

circulator pumps

Submittal Data 60 Cycle |

408 or CUSTOMER:
ENGINEZR:
CONTRACTCR:
SUBMITTED 8Y: DATE:
APPROVED 8Y: ] DATE:
QRQER NQ.: OATE:
SPECIFICATION REF.:
QUANTITY TAG NQ. MODEL NQ. GPM FEZT | VOLT | PHASE COMMENTS
Technical Data (For open and closad system applilcations) Mounting Positions
FLOW RANGE: 9 (0 45 U.S. GPM MAX, WOAKING PRESSURE: 145 PSI T
HEAD RANGE: 0 10 30 Feat MIN, REQUIRED INLET PRESSURE:
MQOTQOR: 2 Pale, Single Phase 190°F (84°C) | 165°F (74°C) | 140°F (60°C)
MIN. FLUIO TEMP.: S0°F (10°C) Sr(1.5m | «.Ssa(t.dm | Ir({sm)
MAX, FLUID TEMP, —~ OPEN SYSTEMS: 22ps 1.9 osi 1.Jgsl
{40°F (80°C) _
MAX, FLUID TEMP, - CLOSED SYSTEMS: ° oo waT
[AMSIENT AIRTEMP. | T04F (40°C) | 120°F(43°C) | 140°F (60-C) | 160-F{71C] | VTS F (19Tl | Lo Moer Sk
| MAXNATERTEMP. | 230°F (110°C) | 220°F (1040) | 21G°F (39°C) | 190°F (88°C) | LTS'F(79CY | ONLY

Dimensions and Weights

; T I'-T %7
[ 11 ] it A L
T T ‘-;%*- AT ‘
A [z iy hm ,
rﬂ_—ng—[ 3 ‘ 'l [ T r——,_C ] -E :
e~ e S SZTL L g |
) 18 857 I |
Al CLOSED Syztam Madels UP26-9688, UP25-3988 UP1S-14SF, UP1S-425F urﬂ-lxsu UP1S4250 UM13-1089 & 57, UP13-1385 & 87, '
4 UP43.758F & UP24-845F & UPS-845U UP13-4288 & 87
E Shipping | -
CLOSED System Models 5 Fo Connecton Type and Size Wt (Lbs.}{ !
UP | 5-12F [P (BAULE) & WP S 1 S2Fs] - ¢ T3 T [ FLANGE =(2) V2 d1a boR holes i F3 07. / ae
ldggs o-‘F&UIg UD R et FANGE=(2 %'gra_;;-ugoles 2:}_1 %
L : i S ELANGE =(2! oW e =l an 2 A
UP4g: TSF “FLANGE =(2 -"/‘:' dii?do(lng(—ss 13 % .
QPEN System Models
UM15-1085 “7a o
‘UM1s-t087"

UP15-18SU &'UPI 525U T
UP15:185F & UP15-425F
LUP1S18858UP 154285 T
UP15-ISBT& UP1s- 4287

| IUNION =17 TEEARAAIH
;UNGE-(Z) hdia, bclthol‘e‘s" k

W ] T T

LSWEAEAT"";{MQM x

UP25i845U =7 T v S TUNION T4 NR SKETITovToTs
UP25-=4$F —— FUANGE = (2} v4”dia. balt olas
UP26°988F TS o 3 FCANGE=(2) 74" dla,batt holed
UP26-998F °f “FLANGE =(2) "4 "dia, bait hai
UP43-788F T T *FUANGE =(2} Y47 did: Jolt hales

MOTES: All direncicne 3/o 1n inrRea M *€° simenaina 4 the Aannae PAIF Aeaterice fA ~enterdica
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GRUNDFOS PUMP DATA SHEET (Continued)

Performance
CLOSED System Madels OPEN System Models .
Cast iran canstruction - flange meount Slainless steel ar Bronza canstrucian —flange, union, or sweat maunt
()
3 1 r ] [l " 4 q 5 [}
= i
Q up 28-99 8K et
Qurss - £
(D 35' Q.73 £ 1 8 '$ ;::;: :: i 1
L Q) up 2996 X O urseisuese
O up 242 ¥ D UP 13-42 97 Q
- } D UPS13-42F(3PO. 1) 4 BAUTE = @ uP 1542 85 ?

& = (D UPS 1342 £ (SAQ, 2 = 3 @ QP 13.18 87 o
; g E f?:':“ BDEEE . ‘;- @ uP 13- su 4 5o ..I, -
X : - 14 ey - UP 13.18 84
§ === r\—.L XY ey e e e t‘ s 3 g @ uP 1518 SU & 5% ﬂ_x 3
; l - Tt 1113 @ umisiassansr T 3
PSS < 2 : NSl = e

a e - S ——— R g
R o NS " T 1 ST — 3
= = e - L o
Ay O X a re 2 s T sapr s 3 3
! 3 = — == . g
= Wvad vl ¥ D e Ay ST 1 L3¢ PSS T 1
= ey A A bl vy O . 18
a= =
3 0 » D E] u £ £l s ] B 1 - “ »
CAPACITY {GPM) TY {GAM)
Electricai Data
CLOSED System Madels OPEN System Models
MOQEL | VOLTS | AMPS | WATTS | HP CAPACITOR MOQEL YQLTS | AMPS | WATTS | HP CAPACITOR
UP15.42F/FR l s I q4 as 'As 1QuF/18QV UM13-108% & 37 11§ 40 38 ‘A3 14UFI10QY
{BAUTE) 230 ) ss Vs WFIA00Y | (7181880, SF, 115, T4 85 hs | 1QUF180V
UF‘S'(S-"-IL'ZF Sgd, 1 | 1S R 35 hy 1QuFf18QY & 35 10 .40 39 A 2uFI400V
115Y)  Sed. 2| v1s 57 85 ‘hs 1QuF/18QV 5 1 T 35 ‘s 1QpFr18ov
Sgd. 1| 11$ .20 LS ‘hs 1 10uF/180V AR 2—_‘3 io 96 ks zz:‘m)ov
UPS15-42F Sod, 1| 230 ENEL] ‘s 2uFI4Q0V P15425U. SF 1S 71| &8s Ay | 1OuFI1BOV
{2300) §¢d. f 210 49 | 40 | A 2uFI4AQ0V 2 “s S 270 o as tAs 25F/4.oov
.
LI < T O B LS e T T8 | i 45 ] A« | 10uFiiaav
UP26-44F 115 .70 185 | 8uFi18av 220 &1 q5 Yo 2uFf40QV
29 L 20 5 | e | 250PRA0Y ) IpRseasu e 5F 1S | 1.70 | 180 | Yz |  4uENsov
UF25-36F 11§ | 170 | 205 | %Az | 1OuFA80v 210 80 | 175 | Ax | 23uemaov
220 A0 | 208 | v} 25uFR8av
8 1 1.70 205 A 1QuFneov
UP6-39F 15 | 205 | 245 | | iagrniagy | | UT20-9eeF B0 =8| 2 || o) ZEat
K =
_ 230 1.07 | 24S e z.s:;::naav UF26-398F 118 215 245 ' 1QuFi18QY
Upd3-T8¢ 13 215 218 a 1CuF/ 180V F.ulo} 1.07 245 % 2.5uFRR/OV
- 2_30 U7 || ePL B 2 SUEE0Y) UP43-73BF s | 215 | 215 A 10uFi 1oV
NOTE: AIGP macals are single spesd excaotior ine J-1peaa UPS15.40F, ° 230 107 220 - Ve Lu=i380v
118 ang 230 wait,
Materials of Construction .
CLOSED System Models OPEN System Models
STAINLESS STEEL: Intat cane, gearing piate and bearing STAINLESS STEEL: lnlet cane, heacdng plate and bearing
cetainers, ratar can, rotcr cladcing, shaft retainae, and impeller tetainars, ratar can, tor cladaing, shaft catainer, impeller
(UP26 & UP<T) (UP2S, 26. & 43), and gumg housing (valuta) an UP15-18 SUISF,
ALUMINUM: Stator housing. UP15-42 SUISF, ang UP25-84 SUISF madels.
ALUMINUM OXIOE CERAMIC: Shakt and upger and lower ALUMINUM: Valuta reainer(SU & SF macels) and statar nousing. | |
racial Ceadngs. ALUMINUM OXIOE CEAAMIC: Shalt and upger and lower !
METAL IMPREGNATED CARSON: Thrust Searing. racial bearings. )
CAST IRON: Pump nousing {vclula). METAL IMPREGNATED CARBON: Thrust Saadng.
£P (Elhylene Propylana Aubber): O-fing and gaskats, EF (Ethylene Propylenas Audber): O-ing and gaskats,
PSS COMPQSITE, 10% Gt Filled: BAONZE: Pumo hausing (volute) lar UM 151085 4 87, UP15-1985
S, S e L & 87, UP1$-4235 & 87, UP26-9837, UP26-398F, ana UP43-753F.
Naryk: Terminal tox, PES COMPQOSITE, 30% Glass Filled: Impatiar (UM10 & UP1S).
Noryl?: Terminal Bax.

Naryt® is a registarea tracemark at Genaral Zlecine Cemaany,

GRUNDFOS’

GAUNQFOS Pumps Corp. - 2533 Ciavis Ave, » Clavis, CA 93612
Suppant Cantars: Allertawn, PA « Adanta, GA

L-UPTL~07 1111593
FNTED 1M USA
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