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1. PURPOSE

The purpose of this design analysis and calculation is to size a circulating pump for the service hot
water system in the Shop Building 5006, 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. A Determination of Importance Evaluation
(Reference 5.1) of the Shop Building has determined that no quality assurance (QA) controls are
applicable within the context of this analysis.

3. METHOD

The method used for the calculation is based on Reference 5.2. This consists of determining the total
heat transfer from the service hot water system piping to the surrounding environment. The heat
transfer is then used to define the total pumping capacity based on a given temperature change in the
circulating hot water as it flows through the closed loop piping system. The total pumping capacity
is used to select a pump model from manufacturer's literature. This established the head generation
for that 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 that must fit within the available pump head. 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 A (Reference 4.4)
Velocity of flow = 5 feet/second (Reference 5.4)
Length of Pipe: 1" = 126 feet (Reference 5.8)
(Attachment I) 3/4" = 80 feet (Reference 5.8)

1" = 45 feet (Reference 5.8)

mé&olanalyses\bad144.r01
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4.2 CRITERIA
The Plumbing Design for the Shop Building 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 3.2.18, Reference 5.7).

4.3 ASSUMPTIONS
Not used.

4.4 CODES AND STANDARDS
4.4.1  International Association of Plumbing and Materials Officials:

UPC 1991 Uniform Plumbing Code (UPC)
4.4.2  U.S. Department of Energy (DOE):
DOE Order 6430.1A-89 General Design Criteria
5. REFERENCES

51 BABBA0000-01717-2200-00007 Rev. 00 Determination of Importance Evaluation for ESF
Change House Facility and Shop Building.

5.2 1991 American Society of Heating, Refrigeration, and Air Conditioning Engmeers Handbook,
HVAC Applications I-P Edition.

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

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

5.5 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.

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

5.7 Yucca Mountain Site Characterization Project Exploratory Studies Facility Design

Requirements, YMP/CM-0019, REV. 1, ICN 3
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5.8 Drawings:

5.8.1 BABBADO000-01717-2100-27400-00 Shop - Bldg 5006 Plumbing and Piping First
' Floor Plan :

5.8.2 BABBAD000-01717-2100-27401-00 Shop - Bldg 5006 Plumbing and Piping
Second Floor Plan

5.8.3 BABBADO000-01717-2100-27402-00 Shop - Bldg 5006 Isometrics and Details

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

6. USE OF COMPUTER SOFTWARE

Not used.

7. DESIGN ANALYSIS

Th~ radial heat flow out of an insulated pipe can be expressed as follows:

_ 2nLAT
q =
n | 2 In | = | (Eq. 1)
n|— nj-— .
+ + + +
raha kpipe I bhb kins L chc ‘

where film coefficient, h, water = 150 (British thermal unit) BTUH/feet? - F
(Reference 5.3)

h, still air = 1.65 BTUH/feet* - F (Reference 5.3)

radius, r, pipe LR. = 0.0327 feet ‘ (Reference 5.'3)
1, pipe O.R. = 0.0364 feet (Reference 5.3)
I,, insulation O.R. = 0.1197 feet (Derived)
thermal conductivity, k,,,, insulation = 0.0233 BTUH/feet-F (Reference 5.5)
Kyipe» pipe = 200 BTUH/feet - F | (Reference 5.6)

mé&o\analyses\bad144.r01
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length of pipe, L = 251 feet of 3/4 inch based on weighted average ' (Aﬁacﬁment )

Substituting the appropriate design parameters in Equation (1) and solving for the heat loss through
the insulated pipe, q = 1,119 BTUH.

The water flow rate in gal/min to remove the heat q is defined as:
Q = q/500 AT (Eq. 2)

where AT 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 at AT in the hot water, return is
limited to 1 degree which is reasonable for an insulated small diameter pipe line for service hot water.
This results in a flow rate of 2.2 gallons per minute (gpm). From the UPC shown as Page 3 in
Attachment I, the velocity of flow is 3 feet/second and the friction loss is 4.5 psi/100 feet pipe length
if ¥ inch diameter copper tubing is the minimum size used in the hot water return. However, as
shown in Attachment I, the use of some Y% 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 7 gpm at a system head
of 5 feet. A Grundfos closed system pump Model UPS 15-42F (SFD 2) was selected as the design
basis for the hot water return in the Shop Building. The pump shown in Attachment II is rated at

1/25 horsepower at 230 V.

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

- of 1 inch insulation for added energy conservation while maintaining a hot water return temperature

of 109 degrees F.
9. ATTACHMENTS
ATTACHMENT  TITLE
I Calculations
11 -Grundfos Pump Data
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GRUNDFOS PUMP DATA |
(REFERENCE 5.9) |

AL ﬁi il

Wef4rbt6r;'ih;lzr§é, single
- stage, maintenance free,.
cxrcuiator pumps

JOB ar CUSTOMER:
ENGINEZR:
CONTRACTQOR:
SUBMITTED 8Y:
APPROVED 8Y:
QADER NO.:

SPECIFICATION REF..
- MOREL NO.. .

N HEOUIRED INLET PRESSURE
190°F (86-C) | 165°F(74°C) | 1ea*F(60°C) | | | >
SR.(1.5m) | &5 (Lam) |~ 3telem - | 1]
2208 o |l 19pst: cop

UOTOR:Z F'q(e. Smgle F'ha.se
N: FLUID TEMP.: SO°F (10°C

MAX rLUiD:TEMP -CL.OSED SYSTEM d
AMBIENT AIR TEMP. | 104°F(4Q°C) | 120*F(49°C) | 140°€(80°C) |180°S(71°C) - | 17S'F({79°C)} .}
MAX.WATEHTEMP ZSO'F(HO'C} zza-F(xca-C) Z10°F(39°C1 | 190°F(88°C) *|175"F(79C) | | .

n

Dlmenswns and- Wetghts

All CLOSED System Models " UP'15 188U, UPISAISU UM15-1085 487, UP15-1 555 & 87,

UFZS 9§8F, UP26-998F

5-428
4 UP25-348F

& UP41-733F + % UP25-34SU . UP13.4285 &87
: . . SR I . . o Shipping
CLOSED System Mode(s ’ A 8 c | D TE " "Connection Type and Size wWt. (Lbs.)

P15t 2F IR BRUTE) & UBS 5 aE 8. Al T | oA sl t Je | a0 /e o] 33 Y~ | FLANGE £/(2) Yz} dial DOR BOlSS SR ViR /Al
&

Up26- odF'&UF’?S S6F S e R e e e | FLANGE —(2) 4 dlia. Dolthales 11 s

PR S P T T T TS S A ) S VAT A TS 3 VA T E L ANGE =(2) YA TdE oI OIS SSTLERT 2 T
Utirer A AR TR S FEANGE 2 (2) - dis dottnales 134 B

OPEN System Mcodels
UM 510855 N AT an i)
UM13T1087

'SWEAT”'H@W ECERA
SWEAT =% — 6
UP15718SU & UP{SH2SU ST TIET| = TUNION SIS Nps.»_q%s:t:w TISTO
‘UP15.18SF & UP15t2SF X3 “FUANGEZ{2) % dia. bok holes 3
.ueas EBS&UFHS—QBS—""'*?"“]‘;S‘;{ TeAViET .E@E 37/ FE AR SW€AT“&E.‘E:._E_~.Q 0 Bt L)

‘UPTS-1887 & UP154287 5% 3We | 37 | — smom'v INPSMITSTTS

“UP25:84SU S TSI e wsr/. B 2T e .rm/ R o] B T [T sted & PRI P,
UP25-54SF 2 R e i Ve | VA | AV FLANG.:T(zm’ma ot hor—““es -
UP26-96BF TEaT T T | 16 ] T e M TS e A A A R A ‘FLANGE"(2)",€{ dia:bolt hales =
UP26-998F Sl BV | 5V iV | 3% | 3% | FLANGE=(2)"" dia golthales - |
UP43-TSBE TRy I 8 A 7] 8 AT TS YT | T AT BT T3 Vi n | FEANGE =(2) Y i bolt ho!es re e
MOTES: All ctimaendinnx ar e

inmReg M *C" pirmancinn i (he Aanne it manterine ' f--m-n.a- IS LR G A N
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GRUNDFOS PUMP DATA (Continued)

Performance o ' T me e R R T
CLOSED System Models ] . T it OPEN  System Models HaiBrad i;‘-ﬁ? Rt R
Cast iron caeastruciian - llange mount } © 7T Stainless steel o branzse canstrucdon=flange, union, or sweatmount
. [ BN . Y e R g (e T AT S '
) 2 3 s s 1 r 1 9 . S 2"’“:3“7@3 P S L W
3 — ; o > : rom—t = Be= T - o
@ uP 2499 7 > D — e 4‘83:3;3:§§
= = [ORVERLEL R = 30 e = 1@ yp 26-38 8F -
@ .uP 2896 £ . E v . ar e Q@iup 25-34 SU &
Q up 822 X 1. e S S @ uP 154287
- @ UPS 19425 (S0, 314 BAUTE = = BST - @ UP-132 88
7 } @ UPS (942 F (S0, 2 ’ T RN B up 15418 37
< @ UPS 1342 F (SPO, 1) - B e s g SOt = @ UP.1342 SU &'SF ;
2 } T St e tivireaes 1oy 3 | | QT[S 0 SErT— @ UP 1518 88 i T B
g DN ot ey e = 3 v} — —| @ UP 1548 SUAL SF i
3 —1" 3 3 b 1 @ UM 1510 85 & 37 o
= e =
2 2

-Electrical Data -
. CLOSED System Madels [
MOOEL - = - | VOLTS | AMPS | WATTS | HP | CAPACITOR |-
UP15-42F/FR &~ .| 115 T4 | 85, | YAs |- S1QpFI1BOV|.
(BRUTE) -~ 230 | .« 35 - | ‘as |7 2uFraOvi- | Myprs-18SU, SF,
UPsS15-42F Sad. 1} 115 T4 a5 .| ‘&s| .1QuF/i8QV.-| | &8§ "¢ o o
(115v)  Sed.2| 115 |..57 | &5 Vas | 10uFNEOV " | MGp15-1887 .-
. fsod. 1] 115 |- a0 |7 45| kel tOuFr18OVETH L

¢3.CAPACTTO
| 14uF/100V
S10uF8V -
{ 2uFfa00V
;TOpFMEOV |-
2uFr40QV |6

UPASA2F Spd. 3| 230 | ..43-| 95- | Vas | a7 2uFI400V = 5o TS 100FMEov |-
(830v) Spd.2| 230 a8 [ ag | vasl| T opFreQov 22‘55 256, ot 20.” 1 1-2szi4cov g
© . 3pd 1] 230 a4 | - 300 | s | BP0V ] e - oeraov |
UP26-64F .- 115 | 1701 . 185 | "2 | BUFABOV. | | Cosien 3 2uEIQ0N
230 ' | .80 | 175 | "Ae |  2.54F/180V-
- G4SU & SF 3|~ 115 BuF/180V.
UPZ5-967 115 | 1.70 | - 205/-|Aa | -1OuFF180V- urstisus 230" e -2_5’;;'/33.3\/
230 30 | 205" | ‘ha| 2.5pFR80V | e TR T e | 10HEIIBOV
UP26-99F. . 115 .| 2.15 | 245. | Y | .10pF/18QV. 230 £208 : Y2.suFrBav:. | <.
230 | 1.077] 2457 | % | “2suFragov - ; ‘ - - o
T398F . e, | 115 2455, Y | C10pFEOV t] Tt
{um-ws s [ 25 | zs | W[ topFndovo| | TR | el nRS il S eEmaov |
. ' B .
20 | 107 | 20 | 4 | 23uFR80V: | et e [ 215 T 1GUFI1E0V

2.5uF380V

NOTE: AllUP models are single speed axcentfor the 3-spead UPSTS-42F,
115 and 230 vekt. - A

Materials of Construction”.

CLOSED System Models : OPEN System Madels ‘ !
STAINLESS STEEL: Inlat cone, tearing plate and bearing STAINLESS STEEL: Intet cone, bearing plate and bearng - !
cetairers, (Otar can, rator cladding, shaft cetainer, and impetler retainers, rator €an, (otor cladding, shaft retainer, impeller - N
(UP28 & UP43) . . et i (UP25, 26, & 43). and purip housing (volute) on UP15-18 SUISF,

) UP15-42 SU/SF, and UP25-84 SUISF madels. * - .
ALUMINUM OXIOE CERAMIC: Shatt and upper and lower ALUMINUM: Volute cetainer(SU & SF madels) and statar hausing.
radial bearings. ' : ALUMINUM OXIDE CERAMIC: Shaft andt upper and lower

METAL IMPREGNATED CARBON: Thrust hearing, - . radial beacings. :
CAST {RON: Sumo nousing (vailute). METAL !MPREGNATEO CARBON: Thrust bearing.

EP (Ethytene Propyiens Rutber): C-dng and gaskets. EP (Ethylene Propylene Rubbe.;): QO~ing and gaska(s;
P MPOSITE, 30% . 8RONZE; Pump hausing (valuta) or UM 15-1085 & 87,UP135-1885
e g = 0% Glass Filled & 87, UP15-4285 & 87, UP25-368F, UP26-398F, and UP43-T53F.

Imaetler (UP1S), :
Naryl®: Terminai tax. PES COMPQOSITE, 30% Glass Filled: Impgller (UM10 & UP1S5). |
Naeyl®: Teeminal ox. :

ALUMINUM: Stator hausing. T

Noryt? is a registaced racemark ot General Eleciic Company.

GRUNDFOS' =

GAUNOFOS Pumas Carp. - 2555 Clavis Ava, - Clovis, CA 93612 - .
Suppont Cantars: Allentown, PA - Atlanta, GA

R, - .
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