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Obiective 

This document provides the design calculations for the DST Annulus Emergency 
Pumping Project. This document also contains essential information relative to DST 
annulus emergency pumping that may not be found in other documents. This information 
consists of the following: 

Index drawing for annulus pumping 
References to the Acceptance Test Report, DST Emergency Pumping Guide, Time 
Deployment study, etc. 
Statements of work 
Reference CEIS and RMIS numbers 

A Vendor Information document, VI-50121, is not included in this document, but a copy 
can be obtained by contacting Document Control Services. This document contains 
various information regarding the Hydrostar pumps, such as the air motor, cylinder size, 
pump installation and operation manual. It also contains information regarding the Flygt 
BS2060 submersible pump, such as parts list, pump handling, preventative maintenance, 
overhaul and repair. In addition, this document also has information on 3-way PM ball 
valves, electrical skid components and the alternate Gurman-Rupp stainless steel 
submersible pump. 

Information in this document is organized into appendices, with a short discussion 
appearing below relative to each appendix. This document serves as a summarization of 
information. 

APPENDIX A DST ANNULUS PUMPING PROCEDURE LIST 

Provides listing of procedural document number and title for documents 
related to DST annulus pumping. This listing includes the Operational Test 
Procedure, OTP-001-001, which discusses the mandatory impeller rotation of 
the pump to prevent the seals from sticking if the pump is stored for more than 
a 6 month period. 

APPENDIX B K Y G T  BS-2060 PUMP PERFORMANCE CURVE & ELECTRICAL 
DIAGRAM 

Manufacturers pump performance data for the BS-2060 pump and electrical 
diagram. 

APPENDIX C FJAMMABLE GAS ISSUES 

Flammable gas Report, FGEAB-00-002 Revision 1, approved Hydrostar and 
Flygt pumps. The electrical cable feed to the junction chamber was required, 
by the report, to be evaluated to meet Ignition Source Control Set 1 (ISCl) 
requirements (NEC Class 1, Division 1, Group B). Several cc-mails address 
this issue. 
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The Hydrostar pump was determined to provide equivalent safety to Ignition 
Source Control Set 1. 

The Gorman-Rupp was also presented to the Flammable Gas Equipment 
Advisory Board (FGEAB), but was unacceptable because it did not have 
sufficient barriers to the electrical components. In general for pumps, the 
Flammable Gas Equipment Advisory Board required a double mechanical 
sealing barrier between potential flammable gas region and electrical 
components. A single metal housing provided an adequate barrier, but seals 
on shafts needed double isolation. All electrical components are required to 
be normally non-sparking or a modification to non-incendive or intrinsically 
safe. 

APPENDIX D PROCUREMENT DOCUMENTATION 

Statement of work, #39121, Statement of Work for Annulus Pumping Time 
Deployment Study 
Statement ofwork, #39142, Statement of Work for Annulus Pumping 
Statement ofwork, #3915 1, Statement of Work for Annulus Pumping 

Interoffice memo 74100-00-029, upgraded the existing spare Flygt pumps 
from Quality Level 0 to 3. The catch tank pumps are spared under #6111- 
5514-5670 catalog ID# 552920. Bill of material (BOW 

Procurement Specification, 4975-5991 Rev. 0, Annulus Submersible 
Transfer Pump, provides the minimum requirements for a submersible 
transfer pump and any special handling equipment required for pump 
shipping and installation. 

Procurement Specification 4975-59-P2 Rev. 0, Annulus Heel Pump, provides 
the minimum requirements for an air driven heel pump and any special 
handling equipment required for pump shipping and installation. 

A significant number of pumps (>20) were investigated. Twelve vendors 
were checked more thoroughly. Refer to the listing for reasons why each 
was eliminated from consideration. 

The Flygt BS-2060 has been used on-site since the early 1980's for catch tank 
pumping (i.e.241-A-302A 241-ER-311, etc.). The "B" in the model number 
stands for Multi-vane, open or semi-shrouded impellers for dirty water 
containing abrasive particles. The "S" stands for Slim Design. 

2 
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APPENDIX E DRAWINGS 

Drawings included are: 

2A0004, Air Motor Assembly 
2A0020, Well Completion Assembly 

H-14-104118, Drawing List for Annulus Pumping 
2A0001, HS-8001-1 Series Hydrostar Sampling Pump 

2A0025, Rod Assembly 

APPENDIX F SPARE PARTS 

Itemized listing of parts needed to support central pump pit jumper 
fabrication for annulus pumping. The remaining loose parts stored in the 
trailer for the pump assembly and annulus jumper have parts lists on the 
appropriate drawing. Seven Flygt BS-2060 pumps are stored in spare parts 
under Stock Number 61 11-5514-5670 and a modified spare pump in 
convenient storage under 9900-4865-8002. 

APPENDIX G JUh4PERS 

To expedite the deployment, pre-fabricated jumpers were considered. The 
best case assumed a flex could be incorporated into the design near the 
connector to overcome minor as-built dimensional differences in similar pits. 
Jumper and pump assemblies are similar for AY and AZ tank farms and AN, 
AP, AW and SY tank farms. 

APPENDIX H CALCULATIONS 

Calculation, DSTAP-P-001 Rev 0, DST Annulus Pump Line Losses provided by 
Fluor Federal Services Inc. 

The objective of this calculation was to determine the line losses of a piping 
route that transfers waste from the annulus in tank AN-I06 to tank AP-104, 
via existing lines. The line losses are used to select an annulus pump that 
will satisfy the pressure requirements of the route. 

Design Criteria*/Input: 

Flow rate 40 gpm minimum 
Dynamic Viscosity 30 cp maximum 
Specific Gravity 1.47 maximum 
Temperature 140 OF maximum 
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Safety Class General Service 

* Found in Appendix I: Annulus Pump Criteria Letters, 74100-00-005): 

It was concluded that the total line loss, at a fluid discharge of 40 gpm, was 
175 ft. A pump should be selected that will satisfy this operating condition. 
Multiple pumps operating in tandem are acceptable, if necessary, to achieve 
the appropriate discharge head required based on the transfer route distance. 

The Fly@ pump was the only pump that met the size, flow, and flammable 
gas criteria 

Calculation, DSTAP-P-002 Rev 0, DST Annulus Jumper Orifice Design provided 
by Fluor Federal Services Inc. 

The purpose of the calculation is to size an orifice, which will be used to 
reduce the flow rate in the annulus pump pit transfer piping. The transfer 
line connecting the annulus pump pit to the central pump pit in the AY-101, 
AY-102 and AZ-102 tanks are direct buried pipe. A flow restriction of 50 
gpm is placed on these lines based on the following. 
Administrative Control (AC) 5.12 states, "Perform ground level radiation 
surveys of any single-walled, direct buriedhermed lines that are part of the 
WASTE transfer route.. . every 30 minutes during submersible pumping 
(maximum of SO gpm)." 

It was concluded that a centrally located orifice with a diameter of 0.9 inches 
should be used in an annulus jumper which required a 50 gpm flow 
restriction. This number assumes that only one submersible pump is used (as 
opposed to a tandem arrangement) 

Calculation, DSTAP-P-003 Rev 0, DST Annulus Pump Transfer Line Pressure 
provided by Fluor Federal Services Inc. 

The objective of this calculation was to determine if the Hydrostar air pump 
could pressurize a transfer line above its design pressure 

Calculation DSTAP-P-004 Rev 0, Annulus Jumper Piping Stress Analysis 
provided by Fluor Federal Services Inc. 

The objective of this calculation was to perform static and seismic analysis 
for jumper piping. It was determined that the piping stresses meets 
acceptance criteria Code B3 1.3a. 

Calculation DSTAP-P-005 Rev 0, DST Annulus Pump Test Piping Line Loss 
provided by Fluor Federal Services Inc. 
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Calculation Misc rev 0, DST Annulus Pump Miscellaneous Calculations provided 
by Fluor Federal Services Inc. 

This includes calculations for air compressor sizing, desiccant filler 
replacement, Test Tank modification analysis, Test Tank sizing, radiation 
resistance of the Flygt submersible pump elastomers, weep hole sizing and 
annulus pump assembly 

Calculation, DST-C-001 Rev 0, Portable DST Tank Skid provided by Fluor 
Federal Services Inc. 

The objective of this calculation was to check the portable skid structure. 

Calculation, DST-C-002 Rev 0, Fused Disconnect Skid provided by Fluor Federal 
Services Inc. 

The objective of this calculation was to check the fused disconnect skid 
structure. 

APPENDIX I ANNULUS PUMP CRITERIA LETTERS 

This appendix includes letter 74100-00-005, Annulus Pump Design Criteria which 
discusses the criteria required to support the design of a new style of Annulus Pumps for 
the DST system and CO-00-RPP-237, Contract No. 4975, release No. 59, DST Annulus 
Pumping (L-02), which discusses the design of the Hydrostar and Fly@ pumps.. 

APPENDIX J SKETCHES FOR PUMP TEST TANK 

Sketches in this appendix include: 

Jumper assembly 

Drawings of the Test Skid for the submersible pump arrangement 
Air pump in tank test arrangement 
Mock annulus riser and lower pump arrangement 
Air driven pump adapter arrangements and assembly 

APPENDIX K FABRICATION 

The following Fabrication Requests are located in this appendix. Copies of the work 
packages can be found in the Annulus Pumping Trailer. 

2H-0004706F 2H-0004768F 
2H-0004769F 2H-0004777F 
2H-O004824/F 
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APPENDIX A 
DST ANNULUS PUMPING PROCEDURE LIST 
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APPENDIX B 

ELECTRICAL DIAGRAM 
FLYGT BS-2060 PUMP PERFORMANCE CURVE & 
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APPENDIX C 
FLAMMAEILE GAS ISSUES 



Reberger, Dan W 

From: 
Sent: 
To: 
cc: 
Subject: 

Meniman, Raymond E 
Wednesday, March 22,2000 1250 PM 
Schlosser, Richard L; AI-Wazani, Mazen G; Huckfeldt, Rick A; Scaief, C C 111 (Chuck) 
Meniman, Raymond E; Reberger, Dan W; Rang, Bradley K 
Flygt Pump - Power Cable 

All: 

I Faxed the cable spedflcation for the Flygt Pump to all of you, except Chuck, yesterday. I made an incorrect notation on 
the bottom of the front page that the cable was "Not Class 1, Div.1, Gp B". It has been pointed out to me that the cable 
does meet the requirement of NEC 501-11 and as such it does meet the above requirements for Class I, Div. 1, Gp B. 

I have also checked out the cable spedfication with the chairperson and secretary the Hanford Electrical Contractor 
Safety Board. and they agree that the cable meets the requirements of NEC 501-1 1. 

As such, the cable is acceptable to be used in a Class 1, Div, I, Gp B situation such as the DSTs. 

Please review this information and let me know if you concur or if I have overlooked something. 

Thank You 

Ray 



Post-lt'brand fax transmittal memo 7671 1 #of  pager b 3 
To mo 

co. 
%ffL w s Reference Ch.art CO. 

SWWWC~EK 

- 
Phone I 

F*x 1( 

SUBCAB-AWG Sales Specification 

SUBCAB-A WG are those SUBCAB cables that aro designed specifcaiJy to the US. and Canadian 
standards in the sile range # I4 A. WC thmugli # I A WG. 

The power caMe dull, be designed. specifically for use with submersi,bl,e pumps and. shall be type SUBCAB 
(SIJBmcrsiblc CABle). The cable shall be rated and, applied in accordance wiih, the National EfeceF.cal. 
Cod,c (NEC), and constructed according to uhe standards of  ths Indated, Cable Engimers Associ.ari,on 
(KEA). The O U ~ M  jackel: slmll, be oil. resistant chl.oropren,e rubber, and the timed. copper conductors shall 
bc i.n,sul,ated with ethylene-propylene rubber (EPR). The filler and condu,ctor scpararor m.ateriaIs sh,sll be of 
non-wickkg vulcan,j,zed. rubber. One of the cond:u.ctors s h l l  in.cl,udc mar1cin.g on. its insulation so tlmt the 
cable m,ay be identified in the event the external. ml&g becomes unreadable. T h e  outer jacket ofthe cab1.e 
shall be marked "Water Resistant". 'The cable shall be rated for GOO volts an,d, 90° C with a. 40" C ambient 
tempcroture and shall bc approved by Fa.crory Mutual (FM) and the Mi,ning Safety an.d. Hedh 
Adrkmistration (MSHA). The cable length shall, be a,dequsr:e 1:o resdx the juncti,on box without the n o d  for 
sp1.ices". 



SUBCAB-AWG Technical Data 

. ., , . , ... ._ . .., ... ,.. ... .. ..,.. ...... .,.,.... ..," ..,.,..,., , ,,..,.,,.. . , . . . . . , , ...,, . ,,,. . . ..,,... " 
-̂.-- 

*For ampaci,y @ 70°C. muhiply 30" ampacity by 0.58 

GENERAL 
SUJ3CAB is manu.factured to ITT Flygt specificatiom an,d i,n, a.ccord.mce with the following standards: 

ln,siilated Calde Engineers Associathn, (KEA No. 5-68-5 1,G). 
Nat.ion.al Electrical Manufacturers Association (NF,MA No. WC 8). 
Canadian Standards hssoci.ntion (CSA C 22.2, No. 49). 



W N G S  

Voltage - 600 Volrs; 
Current - Determi,n,cd by size ofcondwtors; 
Tomperamre - 90° C toral, based on, a 40" C 
mbi.en,r. 

CODING 

Power con.ductors - Black, W~k, Red; 
Grou,nd, Con,ductors - GrseiiNel1,ow or 
Grecn,; 
Con,trol Con.ductors* - Blue and Orange; 
Ground clieck* - Ycllow. 

*'l-conducl:or ca.bl,cs only. 

jVATERL&$ 

Jackel - Chloroprene rubber 
Conductor insulation - Ethylene Propylene 
Rubber (EPR) 

Factory Mutual; 
Mine Safoty and Eicalth Administralion 
(MSHA); 
Cenadian Standards Association (CSA). 

CAB-Metric Technical Data 
,, .,,,. ... ........ ...... .. .. . . , , . , . ............. A.. ... ... ~ , 



Double-Shell Tank Annulus Transfer Pump 
Gorman-Rupp Model SM2E Electric Submersible Pump 

Submitted For FGEAB Evaluation 

Preparations are underway to be ready to pump the annulus of any Double-Shell Tank in 
the event of a primary tank waste leak. The method for pumping an annulus is to have a 
submersible pump staged in a mobile trailer ready to deploy when a leak is identified. 
The DST's are either a Facility Group 1 or 2 and the pump column is considered Waste 
Intruding Equipment and must meet ISC Set 1 per Table 5.10-1 of the TSR. 

The candidate pump (Gorman-Rupp Model SM2E) is an electric, submersible, centrihgal 
type pump. It will be part of a rigid supported column assembly that will be installed 
through the annulus pump pit 12" riser and extend down to a depth of approximately 50- 
feet. 

Key information regarding the Gorman-Rupp SM2E Submersible pump is summarized 
below: 

The pump is approved by the Mine Safety and Health Administration (MSHA), and has 
an explosion-proof motor. 

The pump has an air-filled motor isolated from the waste by upper and lower (2) 
mechanical shaft seals, which are, operate in oil, as shown 

Motor temperatures are monitored by two thermal switches, embedded in the end coils 
of the stator windings. The switches have normally closed contacts, activation of either 
switch will shutdown the pump motor. In order to minimize arcing they are of the snap- 
action type. The thermal switch opens at a temperature of 145OC (293°F) and closes at 
90°C (194'F). The electrical signal from the thermal switches will be modified to 
intrinsically safe or disconnected. Any thermal protection will be provided in the pump 
stadstop station located adjacent to the pit. 

The following documentation is attached: 

Gorman-Rupp SM2E two page cutsheet (includes basic specifications, figures and 
performance data) 
Figure cutaway of pump internals and sketch of a representative tandem seal 
Descriptive Pages from a Gorman-Rupp Brochure 
Pages from the Gorman-Rupp Technical Manual 
Chemical resistance data on hypalon cable 

03/14/00 
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A complete line of American-made, 
MSHA approved submersible mine pumps. 
Gorman-Rupp manufactures a complete line of 
submersible pumps designed for safe operation in 
gassy mines and tunnels. 

Twenty-two different models are available in 
four basic discharge sizes: 2-inch, 3-inch, 4-inch 
and 6-inch. They are available from 1 to 
60 horsepower, with capacities to 2175 gpm, 
heads to 380 feet. 

These pumps are specifically designed for 
efficient mine dewatering operations. From the 
comDact slimline desian. which aids in Dortabilitv 

resist corrosion and pitting and extend the 
operational life of the pump. 

In addition, stainless steel fitted pump models 
are available for corrosive applications. The suction 
head, impeller, and diffuser are constructed of 
CD4MCu. 

For severely corrosive/abrasive applications, 
pump models constructed entirely of CD4MCu and 
316 SST are available. 

'Round-the-clock . -  

and 'installation in the %ne, to the superior unattended operation. 
hydraulic design, which reduces operating costs 
by delivering more gpm at less horsepower, 
the Gorman-Rupp submersible pump is the most 
efficient, dependable mine pump you can buy. 

Gorman-Rupp submersibles are electric motor driven, 
so they operate unattended for long periods of time 
with no need for service personnel or fuel checks. 

They operate totally or partially submerged, so 

American-Made. there's no need to move the pump as thewater level 
chanaes. The DumDs are non-overloadina. so thev'll . .  

Standard parts. Easy Service. 
Gorman-Rupp submersibles are manufactured in 

the U.S. with standard parts. No waiting for days or 

run &en in the worst conditions. And thepumps &e 
designed to run dry for reasonable periods of time 
without seal damage. 

weeks for special cables or parts to arrive. 
And if service is required, it can be completed 

auicklv and easilv with common hand tools. The 
Compact, slimline design for easy 
installation and handling. 

v 

easy-to-service design permits removal of impeller 
and suction head without loss of oil in the seal cavity. 

The slimline design of Gorman-Rupp submersibles 
allows them to operate in hard-to-reach places 

MSHA Approved. 
Gorman-Rupp submersibles are approved by the 
Mine Safety and Health Administration (MSHA) for 
use in gassy mines or tunnels. The approval is 
given for complete assemblies which include pump, 
control and cable. The components that make up 
this design cannot be changed or substituted 
without obtaining a new approval. All components 
must be restored to original condition after service. 

These MSHA approved pumps should not be 
considered for use in hazardous environments other 
than mining without approval. 

Most Gorman-Rupp pump models 
are also approved by the 
Commonwealth of Pennsylvania. 

Special metal construction 
for corrosivelabrasive 
applications 

I Gorman-Rupp Submersibles are 
designed for continuous, unattended 
operation in the most hostile mine 
environments. 

The rotor shaft and all internal nuts 
and bolts coming in contact with the 
liauid are made of stainless steel to 

where other pumps can't go. And they're light in 
weight for easy portability in the mine. For instance, 
the SM2F1 2" pump will deliver up to 110 gpm, yet 
weighs only 44 Ibs. Thc? easy-carry handles make 
handling and installation simple, even on the larger 
two-man units. 

Thndem, in-line design. 
The discharge of one pump can be connected 
through hose and couplings to the suction of 
another for in-line series operation which effectively 
doubles the head at a given flow, eliminating 

the need for a variety of different 
size pumps. The narrow slimline 
design doesn't take up space, 
so the pumps stay clear of 
machinery and conveyors. 

Reduced operating costs. 
Gorrnan-Rupp submersibles are 
designed to provide maximum 
output with minimal power 
consumption. The improved 
hydraulic design allows them 
to deliver more gpm at less 
horsepower than other 
submersible mine pumps. 



Corrosion-reisistant stainless steel 
shaft and hardware. 
Rotor shaft and all internal nuts and holts 

~ ~~ 

coming in contact with the liquid are made 
of stainless Steel lo rosist corrosion and 
pitting and extend the operational life of the 
pump. For severely corrosive applications. 
stainless steel fitted and all-stainless pump 
models are available. 

Rugged impellw 
handles tough abrasives. 
Abrasion-resistant impellers stand up to 
coal flnes, sIurric!s, and other abrasive min- 
ing materials. The fully-shrouded impeller 
back reduces seal pressure and helps 
prevent foreign rnaterials from enlering 
the seal cavitjr :;ea1 life is extended and 
operational life of the pump is increased 

Dual seals. Double protection. 
Primary Seal keeps dirty water in the pump 
end and prevents contamination of the oil 
cavity. A second "fail safe" seal provides 
extra protection against the possibility of 
damage to the motor. Positive oil lubrication 
enables the pump to run dry without seal 
damage. 

Gorman-Rupp 
explosion-proof motors 
Throe phase 460- or 575-volt explosion- 
proof motors specifically designed for 
vertical submersible pumps, and meet all 
MSHA requiremmts for use in hazardous 
mine locations (30 CFR, Part 18) 

which will underyo rigorous quality 
control checks before becoming part 
of a Gorman-Rupp explosion~proof motor. 

Pictured above are several motor stators 

Manufacturing of pumps and controls 
at Gorman-Rupp provides single source 

sewice when ne(:essary. 

Motor cavity keeps motor cool. 
When Gorman-RuPP Submersibles Start responsibility enSureS fast parts 
pumping, a flow of water is established 
between the inner and outer walls of the 
motor housing which cools the motor 
and prevents overheating. 



Model SMZE 
MSHA Approval No. 2G73015A-2 
Commonwealth of Pennsylvania No. BFE-637-77 
Discharge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-inch 
Solids Handled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5/16-inch 
Horsepower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.5 
Hertz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
RPM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3450 
Voltaae . . . . . . . . . . . . . . . . . . . . . . . . . . .  460 or 575 volt. 3 Dhase. 6.8 Kw - I 

Cable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  # 14 gauge, 50' length 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57lbs. 

LITERS PER MINUTE (X100) 

I I 0 I__ - - A - . - L l i  
0 20 40 60 80 100 120 140 160 180 200 0 

U S. GALLONS PER MINUTE 

' 0  

Model SM3B and SM3C 
MSHA Approval No. 2G-3461A-0 
Commonwealth of Pennsylvania No. BFE-637-77 
Discharge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-inch 
Solids Handled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3/8-inch 
Horsepower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Hertz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
RPM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3450 
Voltaae . . . . . . . . . . . . . . . . . . . . . . . . . .  460 or 575 volt, 3 ohase. 6.8 Kw - 
Cable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  # 10 gauge, 5 0  length 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106lbs. 

so I 
:: z 40 
=I 

? 30 I 

LITERS PER MINUTE (X100) 
0 2 4 6 8 10 12 14 16 18 20 I 7 1 ~ ~ ~ 1  I 1 . 1  T j ~ ~ 7  I-~I i ~ 1  1 I ~1 I ~: I 1  
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SM SERIES OM-03266-01 

SECTION DRAWING 
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Figure 3. Pump ModeiSM2E65-X3.6 48013 & 575/!? 
~ ~ . ~ 



SENT BY: 

SM SEr?IES OM-03266-01 
__-.. 

PARTS LIST 
Pump Model SM2E65-X3.5 460/3 & 57513 

(From S/N 915775 up) 
nyour pump serlnl numiter Is lollowad by an"", your pump Is NOT a standard production model. Contan the 
GormawRupp Cornparry to verify part numbers. 

ITEM PART MAT'L 
NO. PART NAME NUMBER CODE 

8 
g 
10 
11 
12 
13 
14 x 
15 
16 
17 
18 
19 
a *  
21 * 
P 
23 
24 
25 
28 
27 
28 
29 
3 o x  

NOT SHOWN: 

SUCTION CASING 
IMPELLER 
SEAL ASSEMBLY 
SEAL PLATE 
CASINO GASKET 
SEAL PLATE O-RINCi 
IAOTOFi ASSY (460v) 
MOTOR ASSY (575V) 
PENN DOER APPL PLT 

MSHA PlATE 
DRIVE SCREW 
NAME PLATE 
DRIVE SCREW 
FLANGE GASKET 
DISCHARGE FIANOE 
HEX NLJT 
STUD 
LOCKWASHER 
HEY. NiJl 
IMPELLER KEY 
IMPELLER NUT 
NYLOCKCAPGCREW 
FLAT WASHER 
STRAINER ASSY 
HANDLE 
BUSHINO 
H M  HD CAPSCREW 
LOCKWASHER 
FLAT WASHER 
IMP ADJ SHIM SET 

QUART SUBMERSIBLE PUMP OIL 
VOLTAGE TAG (43w) 
VOLTAGE TAG (575V) 
CONTROL BOX ( 4 w  
CONTROL BOX (575y 

DRM scam 

38222-430 

46512-069 
38272830 
36676807 
2515)-250 
471 1 14 fB 
471 11-069 

BM#W-03 
261 3-ES 
BMW-03 
2613-DD 
BM#'OW3 
10195-G 
10195 
w5 
C061t 
JO6 
im 
NOM2 1/2 
Do6 
ET0508 
21161-828 
4661 1- 
10185-A 
10184 
E C "  
J06 
KBo6 
669 

9568 
6568-BL 
6588-EM 
47631-148 
47631-147 

38674-710 

2613-FL 

1718H 
1718H 

171BH 
19370 

----- 

----- 
----- 
----- 
17040 
17090 
17040 
17080 
17040 
17090 
19370 
17070 
1 7090 
17090 
17090 
17090 
17090 
17090 
17080 

24170 
17050 
17090 
17050 
17O90 
1 m o  
17090 

___-- 

A 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
1 
4 
1 
4 
1 
1 
4 
4 
4 
4 
1 
1 
4 
1 
1 '  
1 
2 
2 
2 
2 
1 

* INDICATES PAATS RECOMMENDED FOR STOCK 

Above Serial Numbers Do Nol Apply To Pumps Made In Canada. 

CANADIAN SERIAL NO. .................................................. AND UP 
~~ 

513 
.. . ~~ 

~ ~~~~~ ~~~~~~~~ 
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SM SERIES OM-03266-01 - 
PARTS LIST 

Pump Motor 47111-068 (SM2ERGX3.5 460/3) 
and 

Pump Motor 47111-069 (SM7E65-):3.5 575/3) 

ITEM PART MAT'L 
NO, PART NAMF NUMBER CODE OPI 

1 
2 *: 
a *  
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
a *  
21 
22 
23 
24 * 
25 
26 . 
n 
28 
29 
30 
31 
32 
33 
3.: 
35 
36 

OPTIONAL: 

RETAINING RING 

MECH SEAL ASSY 
MOTOR BUSHING 
STATOR (4604 
STATOR (575V) 
ROTOR B SHAFT ASSY 
STUD 
IiM HD CAPSCEEW 
LOCKWASHER 

HOSE CLAMP 
CABLE GRIP APSY 
ALLEN HEAD SETSCREW 
TERMINAL HOUSING 
TERMINAL HOUSING O-RING 
RD HD MACH SCREW 
T-TYPE LOCKWASHER 
CONNECTOR 
SPRI! .3 WASHER 
BALL BEARING 
MOTOR HOUSING 
ALLEN HEAD SElSCREW 
PIPE PLUQ 
BALL BEARING 
INTERMEDIATE 
SEAL CAVITY FILL P U G  
CERTlFiCATlON PLATE 
DRIVE SCREW 
ALLEN HEAD SETSCREW 

LEAD SEAL 
LOCK CLIP 
NYLOCK CAPSCREW 
FIAT WASHER 
ADJUSTING SHIM SET 
SNAP RING 

II4IkRMEDIATE O-RING 

CABLE ASSY - 60 FT 

WlRE - 14 IN. 

HOT-MELT ADHESIVE (112 IN. STICK) 

24121-077 
251 52-248 
2527801 1 
31134-060 
471 13-805 
471 13-808 
471 12-802 
C W  
80501) 
JQS 
4735101 1 
26518-766 

GA0402 
38381-205 
25154-141 
x#lcull 112 
A m 1 0  
S171h 
s1554 
23;?82004 
3831 1 -W2 
GA0501 1/4 
38648-022 
23282.004 
38261-016 
Po4 
26136X 
B M W  
Q A W 1  
14004-103 
21188002 
33645008 
8'10403 
KB04 
513-A 
5669 

27111-Bl6 

18661 044 

* INDICATES PARTS RECOMMENDED FOR STOCK 

1 
1 
1 
1 
1 
1 
1 
4 
4 
4 
1 
1 
1 
1 
1 
1 
2 
2 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 

1 
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OM-03266-01 SM-SERIES 

CdPbClTANCE .25 UFO COVER INTERLOCK SWITCH 

V O L f S  PEAK 1000 NORMALLY OPEN SlYllCH 
MAX. DISCHARGE TINE HELD CLOSED B Y  COVER 
200 UILLISECONDS 

MOTOR THERM0 

PI A N D  P2 
CODE0 

L3 D 

L Z  

L1  

PUMP CABLE e 

Flgure 7. Pump Power Cable Connection Diagram (All Models) 

PUMP POWER CABLE CONNECTION INSTRUCTIONS 

1. Run the pump cable throughthe packlng gland 

washer should toward the pa&lng) at the bol- 
tom of the Conbol. 

6. Conned the orange mntrol lead to termlnal 
nuts and washers (the concave side of tho ’PT. 

7. lnstallthepacklng inrhe glandwhhthewashers 
on eadl side, and tlgMQn the packlng gland - _  
nut. With the nMs tlght and the packlng fully 
compressed, there must be a minlmurn space 
o! 1/8 Inm between Me bonom of the nul and 

2. Conned the whlte, black, and rea power leads 
IO termlnals ‘T1”+ ‘T2’. and “R’, respecllvely. 

me enclosure. 
3. Connect the gresn ground lead lo  terminal 

“GRD’. 8. USE the seal wlire (P/N 3 1 3 1 1 m )  and lead 
seal (P/N 21188-002) to secure the packlng 
gland nut to the enclowe, Use the hole in the 
hex nut and the hole at me top la of the e n c b  
surB to prevent IoosenlnQ of the nut. SeeTerml- 

4. Connearheyellowgroundcheck leod loterml- 
ne1 YKY. - 

rial Houslng And Power Cr4blQ ReassombW 
5. Connectthobluecontrol Ieadtotemlnol’Pl”. And lnstollauon In Secllon E f o r  detalls. 



Record of Tele~hone Conversation 

To: Bruce Hieffer of Gorman-Rupp 
From: Paul Dorsh 
Date: March 07, 2000 
Subject: Stainless Steel Submersible Pump Model SM2E65-X3.5 

The following bits of information were discussed: 

1. The upper and lower single groove ball bearings used in the pump are both SKF Model 6303-2Rs. 
The maximum operating temperature of the seal (taken at the seal housing) is 220" F. 

The material used for the cable jacket on the MSHA approved pump is Hypalon. T lk  is very similar 
to Neoprene, wliicli is used on the slandard (non-MSHA approved) pump. 

3. The air filled motor is not completely surrounded by the pumped fluid. As seen in the Specification 
Data sheet, only half of the motor is surrounded and cooled by the pumped fluid. 

2. 



DuPont Product Database Search Results Page 1 of2 

.. ::p:*:>e::<*.>> .................... 
::..>*..x.x..~ ..... ......... ................*y. 

DuPont Products Database Search Results 

Description: 
Chlorosulfonated polyethylene, in white chips, used for a wide range of 
industrial and consumer products that require high performance characteristics.. 

Uses: 
o Jacketing and insulation for wire 

o Automotive components 
and cablc 

including: 
- High-temperature timing belts 
- Power steering pressure hose 
- Gaskets 
- Spark plug boots 
- Hose 

o Coated fabrics 
o Sheet roofing 
o Liners and covers for: 

o Variety of protective and 

o Industrial products such as: 

- Waste-containment ponds 

decorative coatings 

- Hose 

- Seals 
- Gaskets 
-Diaphragms 
- Linings for chemical processing 
equipment 

- Rolls 

.ndustries: 
o Adhesives 
o Aerospace and Aircraft 
o Apparel and Footwear 
o Appliances 
o Architecture and Design 
o Automotive 
o Coatings and Sealants 
o Communications 
o Computers and Electronics 
o Construction 
o Consumer Goods 
o Containment 
o Control Systems 
o Fluids Management 
o Industrial Machinery 
o Marine 
o Military 
o Mining 
o Oil and Gas Extraction 
o Petroleum Refining and Distribution 
o Rail Transportation 
o Sporting Goods 
o Textiles 
o Toys and Leisure Products 
o Waste Disposal 

http://www,dupont-dow.com/ 

Business: DuPont Dow Elastomers 
Product Contacts 

httel/www.dupont.condcgi-bidcorplproddbx,cgi 2s 
- . .  ~ .~ 

3/7/00 

http://www,dupont-dow.com
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Double-Shell Tank Annulus Auxiliary Transfer Pump 
Hydrostar Air Driven Piston Pump 
Submitted For FGEAB Evaluation 

Preparations are underway to be ready to pump the annulus of any Double-Shell Tank in 
the event of a primary tank waste leak. The method for pumping an annulus is to have a 
submersible pump staged in a mobile trailer ready to deploy when a leak is identified. 
The DST’s are either a Facility Group 1 or 2 and the pump column is considered Waste 
Intruding Equipment and must meet ISC Set 1 per Table 5.10-1 ofthe TSR. 

The candidate pump (Hydrostar “Ground Water Sampling Pump”) is an air driven, 
double-check valve, positive displacement piston pump. It will be part of a rigidly 
supported column assembly, alongside an electric submersible pump, that will be 
installed through the annulus pump pit 12” riser and extend down to a depth of 
approximately 50 feet. The Hydrostar pump is adept at removing fluid down to the 
minimum possible level. It’s purpose is to augment the centrifugal type, electric ’ 

submersible pump which will lose its suction at a level above what the Hydrostar pump 
can pump down to. 

Key information regarding the Hydrostar pump is summarized below: 

The pump has no electrical components. The pump is driven by an air motor cylinder 
using minimal CFM of compressed air. Air exhaust will be in the annulus pump pit; no 
air is forced “downhole”. 

The pump is less than 2” in diameter. Flow rates are between 3 and 5 gpm. Manual 
operation through the use of a portable manual handle is possible to a depth of 100’ (ie. 
the force to lift and lower the piston is not great). 

The piston assembly has a teflon seal on each end which seals against the stainless steel 
pump housing (see attached vendor sheets). This seal provides the vacuum which sucks 
fluid into the pump during the upstroke cycle. On the downstroke, a spring assembly 
pulls the piston back towards the stationary lower ball check assembly and fluid exits the 
pumping chambe: The process fluid provides lubrication between the seal and the pump 
housing. . 

The following documentation is attached: 

- Hydrostar vendor data sheets (IO),  from Instrumentation Northwest Inc. 
- Detailed description of Hydrostar pump components and principle of operation 

02/29/00 
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GROUND WATER SAMPLING PUMP 

Pump body 

Teflon piston 
~ s e i l l  

Stainless steel 
 ball 

--Teflon bsll seal 

~~~ Tsflonpiston 
seal 

Spring 
assembly . .  

Viton O-ring 

Bonom ball 
checkassembly 

HYDROSTAR PUMP 
COMPONENTS 

DEPTH PERFORMANCE UNMATCHED 
BY ANY OTHER SAMPLING DEVICE 
The HydroStar is a uni(jue ground water monitoring 
device f(:jidcdicati>d applications. It is unsiirpzissed III 

its ability to deliver higtr-quality ground water sarnplcs 

frorn cx t r cn i i  depths it1 2" or larger wells. Cornmanly 
i ised ground watcr sntnli l ing pumps, stich as tiladder 
p imps and sni;ill~tIiar~ietereleclric submersible riurnps 
are liniited to deptlis of 300 feet. Tire HydroSt;3r can 
punlp froin depths of 500 feet! This performance IS 

acliieved without electricity t i r i d  wilkiout thc iise of 
compressed ziir inside the well. 

The Hydros ta r  is jus1 1 .G2 inches 0 . U .  It can be  installed in 7-incir and larger 
riioriiloring ~.vcIls. I1 can  achieve ii range of  flow r.NCs I r o i i i  3 to !> GPhl forpirrge 
pttrnkiirig, arid adliusts easily 10 produce low flow ratt's siiitdbl:, for mi ip l ing.  

__._ _____ - 
ONE PUMP, TWO JOBS 
Variable flow rates n i c x i t i  the HydroStar can c!ii(:icntly pcriorm t v ; ~  required 

operations fo r  (]round water rnoriitorin;l - purge piiriiIiiri<] anti sniiiplin(l. 7 eflon'", 
300-serie:; stnirilcss stec.1 zinc viton compontrrlts etiistire sanil)li! clita!ity. The 
dedii:;itcd syskin design virtu;iliy eliniiirzitrs tho oosiib!lity of c ios~~cor i lamina~ 
tiori. Sarnplc qirality 1i;rs bceri analyzixl anti fourid to tic stalistically indislin- 

gLiish,ibli! ironl Ilia1 0bt;iinoti viitti bladder pitnlps'. 

PROVEN PERFORMANCE WHERE IT MA-TTERS - 
.. 

: .  ~. . . .  
IN THE FIELD , 

I liindreds of HydroStar systems have beeri ins,lalled 

since 1986. AI niiclt iar facilities. landfills, n i i i ing 
o p c r a k ~ n s  arid other sevcrc erivirorimeiits, HydroS tar 

systerns lrave pettornled where no other sanplirig 
device cotild do the jot]. 

Instrumentation Northwest,  Inc. 
(800) PRO-WELL U 



APPLICATION NOTE: 
Hydrostar System Air Motors 

May 5, 1992 

Introduction 

When sizing an air-driven system one must consider the air motor cylinder size being used, the stroke rate desired to 
produce a cerlain production rate (GPM) and the air 
consumption of the air motor. 

Air Cylinder Size 

Without going through the formulas, outlined below is a general guideline table for selecting the proper size air motor 
depending on the insollation depth of the HydroStar. For each motor size a range of values is given: the Maximum Full 
Sneed Denth CMFSD) and the Maximum Recommended Denth (MRDI. The Maximum Full Sneed Denth is [hainstallation 
depth where some loss in air motor performance will begin to occur. The Maximum Recommended Denth is the deepest 
inslallation depth we would recommend using this size air motor. 

Depth Chart (In Feet) 

Cylinder size (in1 - 1.5 2-0 25 3.25 4 
MFSD (ft) 16 146 240 392 617 
MRD (ft) 106 205 337 549 865 

Production Due to Stroke Rate 

Thc HS-8000 and HS-8001 pumps are 1.5" diameter pump cylinders with a stroke rate of 12 inches. If we assume that the 
pumps operate at 90% efficiency the production factor of the pumps is ,082 gallons per stroke. Note: Actual field studies 
rate the efficiency of the HydroStar pumps better than 90% at  their rated operating depth capacity (see pump curves). 

€\ample: If your pump is operating at 40 strokes per minute your production rate would be 40 * ,082 = 3.29 gallons per 
minute. 

Air Consumption (at 80 PSI operation) 

Air consumption is a factor of the cylinder size you use and the stroke rate of the cylinder. T h i  HydroStar system can 
. operate up to 6Qsuokei per minute down to less thau 1 stroke per minute so naturally the air consumption will vary ,; . " '  

. .  . .  
: .d~pendinyon ' th~dde; l red  operating speed. . .  

Bdow is a table of Factors one can use to determine the air consumption of your system in Standard Cubic Feet (SCF). 
(These Fxtors are just guidelines since a number of additional variables can effect air consumption). 

Cvlindcr Size (in) - 1.5 - 2.0 - 2.5 3.2i 4 
Air consumption (SCFper  stroke) .IO . IS .30 .4 9 .I6 

Esample: A HydroStar system opcming at 40 strokes per minute using a 1.5 inch cylinder would need . I  * 40 = 4 SCFM 
of air. 

(coni.) 

Page 1 of 2 

34 



Instrumentation Northwest, Inc. 
Application Note: Hydrostar System Air Motors 
July21.1992 

(cont.) 

Freeze-up Considerations 

The air cylinders used by INW employ a 4-way valve to switch cylinder direction. Under moist, cold conditions the 4 way valve 
can be frozen due to air expanding through the valve. The freeze up is due to moisture in the air lines. 

The best way to minimize or eliminate freeze up problems i s  to use dry air. However, air dryers are expensive and not always 
practical. 

What we have found to be the most practical solution is to insla11 a pre-filter, a secondary oil/waterremoval filter and a lubricator. 
When installing, they should be pur as close to the air cylinder as possible. The lubricator should then be filled with an anti-freeze 
lubricant such as Kil Frost. However, for sampling applications no lubricant should be used because of potential exhaust contami- 
nation. 

Comments: 
Instrumentation Northwest appreciates any comments you may have regarding this application note. Please call or write to: 

Instrumentation Northwest, Inc. 
Attn: Engineering Dept. - HYDROSTAR Sys tem 

14972 N E  31st Circle 
Redmond, WA 98052 

(800) 776-9355 

. .  . 
. .  

Page 2 of 2 
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R e p  -Lyrs' L e g .  

THE HYDROSTAR'" SOLUTION: 

TOP PERFORMANCE LOW COST, 
UNCOMPROMISING ~ESULTS 

Ground wxer monitoring is a high-stakes induitri.. 
Whether sampling ground water at industrial sites, 
lanciiilli, or Superfund sites, you deinmd equipment 
thJt  will produce a highly accurate sample. Any 
cornproniise could cost you tliousands- or niillions- 
ot dollarr- in re,geat testing or re-evaluation. 

There are a variety o i  ground water monitoring 
8:stenis available, and many obtain acciirate samples. 
But  iioiv there's a sampling system that nieets the high 
st,indLirdc without the high costs. Instrunleiitation 
~, , i ; ,~ , \ \cs ,  liic. h s  developed a systeni that gives you 
iiiore t i x  a c c u r q  

l\\'.''s HyclroSta:'" GroLrnti \';ater hmi j l i r ig  
System produces consistently reliable saii iplei, iaster 
and more economically t h m  convention,il nni~thocls. 
You can purge a monitoring well at the high rate of 3 to 
5 gallons per minute, then reduce the flow to obtain 
your sample- with a sifigle derlicated pump and a 
portable motor. 

Because it is  a dedicated systeni, and i: is 
constructed o i  the most chemically inert m,iteri,ils 
wailal:le. the HydroStd" ensures vir:u'?ll\ iio risk of. 
rross-CDntaminritio!i or saniplc alteration. Yoii c ~ i i  
olxar: m a i i i i r d e  niple t i le iir,: tinie, e\,ery time. 

t<ir'' i q  \ersati/e. It can be used in 
2-incl: or larger monitoring ivells, ranging in del~th i r r m  
5 ieet to 500 ieet. It i m  he operated by either niiinuid 
or automatic motors a l l o \ \ i i i ~  voti IO t,iilor the 
HyclroStdr'" to your s9eciiic monitoi~ing needs. 

\Lh.it's more. ti le HvdroE.t,a'" i\ e+ to init,ill a n d  
siiiiplr to operate. Both tr,iiiiin< 'iiiil iielii tinie <ire IOLV. 
m i  f l i t  l ian ie  ior operati)r incoii>ictriic\ is iirlir zero. 

SPEED. ACCURACY. RELIABILITY. INTEGRITY. 
.The HytlroStar'" oiier, t t iF  moit cost-ciiectivc 

solutioii in ground \ \ m r  iniimitnriiig ioclli\. t i  you \\'riiit 
to i n i e :  tiic nisii ~ [ ~ i i c L i r c l \  \\ithoii! t h i ~ ,  I 
to the HviIr~15t~ir'" io: boiir ne\t nioiiito 

THE MAJOR BENEFITS 
ENJOYEO BY HYDROSTAR'" 
USERS. 



FEATURES THAT ENSURE TOP PERFORMANCE 

t 
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OPERATING ASSEMBLY 

OPERATING AT 60 STROKES PER MINUTE 
5.0 AIR MOTOR 

J zz 5 4.5 
c & s  

PRESSOR INLET i ~ 4.0 c; cz 
c - 3.5 ESSOR L/ 

- SPEEDCOSTROLS <' 
t: . - 

TURNBUChLF ASSY 

ACTUATISG ROD t s 5 y  - DISCHARGE PORT 

WATER LEVEL ACCESS HOI 

SUPPORT ASSY 

I \ ' , i L L  L,>>,,\L 

r .  

UI5CHARCE PIPE ASSY 

HYDROSTAR SAhl l ' l  

0 1 on ?Oil 300 400 -500 
INSTALLATION DEPTH (FT) 

= 3.U 

HYDROSTAR 
SAMPLING MOTORS 

~ I S C  PUhlt' 



WELL COMPLETION ASSEMBLIES 
C.A>I\G STAIN L E55 

SIZE STEEL 
r k  

4 
6 '  

DISCHARGE COLUMN (WITH ROD1 
hlAXlhlUM 

DEPIH 
I 5 0  
son 

HYDROSTAR PUMPS 
hiAXlklUh.1 

DEPTH 
1 5 0  
SOP 

OPERATING MOTORS 
hlr\YI\lUhl 

DEPTH 
2.5" Air hlotor 
3.25" Air \lotor 
hl.iriiid! H~ndlc  

300 
500 
100 

I I  I, 
I I " 6 '  
I ! " 6" 

C?LLOUS 
PER SIROKE O.D. LEtiCTH P,?RI NI!LlBER 

1.625 ,h' 01~1 L V O O i  
l.6L5 ?h' Q,\- 10-voo 1 

STROKE LVEICHI PART NULlBEII AIF 

7 



_ ,  

COMPARE THE COSTS 

\Vth Lister set-up, purging, a id  urnpiing times, 
the HydroStar'" can cut your smipling costs by as 
much a5 90%. 

l'lie iollowing table con ipms  clcjuipnimt ,ind 
oper,iting cmiti  d the iour leacling type5 of miiplin:: 
systrms: a Bder  03; '1 GI,idcler f'tinip iHl'1: Rl,icltier 
Pump mith a Submersiblt. Purge Pt t i i i p  (BP SPJ  r l i i c l  t l ie 
HytlroStx'" pizlon pump IHSJ. 

WELL CHARACTERISTICS 
Five nionitorins wells, each 150 feet deep \i.ith 3- 

i i ict i  Sclietlule 30 casing. Casing volume for each  ell 
is  25 gAons, which requires the purging o i  
approximitely 375 gallons for .dl 5 wells. 

OPERATING COSTS FOR QUARTERLY MONITORING 

. .  
0 6 . '  8 .  io .' 12 16 ., 18 EO 

SAi\\PLlSC PERIODS 
BLADDFR r L i , w  BLADDER LVISL1B PUMP 

5 

. 
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02/25/00 t i t 1  10:48 t.1.X 509 573 5712 

TO: Greg Leshikar 
FROM: Paul Dorsh 
DATE: 2/25/00 
SUBJECT: Hydrostar pump assembly and operation 

Comoonents of PumD Assembly 
There are 5 main components of the pump operating assembly: The Pump, Discharge 
Pipe, Actuating Rod, Well SeaVCompletion Assembly, and Air Motor. 

Pump - (Figure 1) The pump housing is made of stainless steel, has an outsids 
diameter of 1 518" and a length of 28'. The top of the housing contains a %" NPT female 
fitting used for fluid discharge. A piston, which separates the lower and upper chambers 

in the pump, mitains upper and tower Teflon seals and a passage running through it 
holding a stainless steel ball check. The opening of the ball check allows fluid in the 
lower area to enter the upper area through the passage in the piston. The top of the 
piston is mounted to the actuating rod for manipulation. A spring is attached to the 

bottom of the piston and is anchored at the bottom ball check assembly. m e  spring 
provides force for the downstroke of the piston. The bottom ball check assembly is held 
in a fixed position, vla 2 alkn head screws located near the bottom of the pump. The 

bottom ball check is sealad to the pump with a Viton O-ring. The bottom ball check 

assembly is opened on an upstroke of the piston and allows fluid to enter the lower 

chamber through the bottom of the pump. 

Discharge Plpe - (Figure 2 & 4) W staintess steel sch-40 pipe is used. The pipe is 

connected to the pump via the %" NPT female fitting located on the top of the pump 
housing. The plplng generally comes in IO-f t  sections (can be vaned) and is coupled 

together to achieve the customers desired length. The top of the discharge piping is 
attached to the Well SeallCompletion Assembly (Figure 3). 

kctuating Rod - (Figuie 2 & 4) %" stainless steel rod is used. The actuating rod is 
located inside the discharge pipe. The rod runs down through the pump's %" NPT 
female discharge fitting and is attached to the top of the pump's pistm (Figure 1). The 

standard length of the manufacturer's actuating rod is 10 ft. 1 0 4  rod sections can be 

coupled together by use of a Coupling Nut to achieve our specified length. On top, the 
actuating rod runs through the well seal / completlon assembly (Figure 3). A turnbuckle 

. I ,  

. . .  . .  : _  ' 

' . : .. 

. 

' 
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assembly Is attached to the top of the rod and is used by an air motor or manual handle 

for actuation. 

Well Seal I Completlon Assembly - (Figure 3) The well sell / completion assembly is 
the point of separation for the discharge piping and the actuating rod. The discharge 
pipe is connected to a discharge tee, which diverts the flow away from the actuating rod. 
The actuating rod continues up through the discharge tee and through a rod seal 

assembly, which seals the flow. A turnbuckle is attached to the top of the actuating rod, 

which will be used as an attachment point for the air motor. The well seal is typically a 
2" diameter PVC of stainless steel cap that fits over the top of well casings. It serves the 
purpose of holding the pump assembly In place. This piece can be modified or removed 

depending on the design. 

Alr Motor - (Figure 2) The air motor sits on e platform, which is attached to the well 
seal, and manipulates the actuating rod. More detail on the motor is coming. 

Pump Actuatlon 
The air motor Is attached to the %" actuating rod via the turnbuckle. The actuating rod, 

running down the discharge pipe, is attached to the piston. As air pressure is applied to 
the motor, the rod and piston are forced to cycle up and down. 

Pump ODeratian 

The pump operation consists of an upstroke cycle and a downstroke cycle (Figure 1) 

Upstroke -When the control rod Is pulled up, the upper ball check assembly restrlcts 

liquid flow and positively dlrplaced the fluid in the upper pump chamber. The liquid is 
then lifted up the discharge pipe, while at the same time, the lower ball check assembly 

opens, allowing more fluid to enter the lowar pump chamber. 

Downstroke -The downstroke cycle is prompted by the spring attached between the 

upper and lower ball check assembly. Because the lower ball check assembly is 
stationafy, the spring is in tension. The spring then pulls down on the upper ball check 
assembly. The upper ball check assembly opens and the lower ball check assembly 

. .  . . .  . .. 
. .  . .  . , . . . .  

Page 2 of 3 



closes, causing fluid to be forced into the upper pump chamber. The pump cycle is now 

complete and the pumping cyde begins again with the next stroke. 

According to the manufacturer, the bottom of the pump needs to sit I" to 2" above the 
bottom of the tank to allow for proper fluid suction. . 

I hope this clears some things up for you. If you have anymore questions please give 
me e call (372-0289) and 1'11 try and help. The demo Hydrostar pump was shipped last 
night and should be here on Monday. 

Page 3 of 3 
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From: 
Sent: 
To: 
cc: 
Subject 

Meniman, Raymond E 
Monday, February 28,2000 839 AM 
Reberger, Dan W 
Rang, Bradley K; Meniman. Raymond E 
DST Annulus Pump - Motor Over Temperature Protection 

Dan: 

The Flygt Model 82060 submersible pump technical manual describes over temperature protection for the motor as 
follows: 

Internal Protection Devices-Temperature; Motor temperatures are monitored by two thermal switches, embedded in the 
end coils of the stator windings. The switches have normally dosed contads and are wired in series. In order to 
minimize arcing they are of the snapaction type. The thermal switch opens at a temperature of 125°C + 6% (257°F + 
11%) and closes at 95'C +15% (203'F +27%). 

These snapadion switches are similar to the type in most home resistance electric house heaters, they are a very cheap 
bimetallic operated switch and they do arc if high enough voltage is impressed on them. 

We could either not use the thermal switches or look into getting a signal from them at the intrensically safe level. 

Give me a call if this does not answer your questions. 



Board Memben: 
M G. AI-Wozani 
R. D. Gustavson 
R. A. Huckfeldt 

C. C. Scaief III 
R L. Schlosser 
D. E. Smet 

Report No. 
FGEAB40-002 Rev. 1 
Date: 
3/20/00 



FLAMMABLE GAS EQUIPMENT ADVISORY BOARD 
INTERPRETATlONlRECOMMENDATlON REPORT 

late: March20,2OOO 
:QEAB int.rpntstion/R.uwnmndstlon: 

jinx tlac FSAR, HNF-SD-WM-SAR467, dom not addrrss flammable gas conditions for a primary tank leak, the annulus of the 
XTs is considered a noninhusive region. However, under the design conditions following a postulated primary to annulus leak, the 
mulus is comparable to the primary tank from a flammable gas perspective. The condition has not been analyzed to determine gas 
eation and release behavior under this condition, M o r e ,  the approach taken is to establish flammable gas regions and ignition 
ource control qui remts  directly comparahle to the Authorization Basis controls established for the primary tanks: 

Report No: FGEAB-00-002, Rev. 1 

- Leakage collected in the bottom of the annulus is considered waste and the region classified as Waste Intrusive, 
Equipmat extending into the waste is considered Waste Intruding Equipment. 

The vapor space in the annulus is considered comparable to the vapor space of the primary tank and the region classified 
as Dome Inhusive. 

Fits that drainto the annulus are considered comparable to pits drainingto the primarytank and the region classified as 

- 

- 
&-Tank Intrusive. 

- 
- 

Areas around open risers to the lesser of 18 Openins diameters or I5 feet are considered &-Tank Intrusive. 

Annulus ventilation systems are considered Dome Intrusive to the first mixing point. The ventilation system 
downstream of the first mixing point is considered NonineusiVe when active ventilation is on and Ex-Tank Intrusive 
when active ventilation is oft 

rhe application of ignition source. controls to the various regions is based on the potential for waste slUage to be included in the 
naterial leaked to the aunulus. Since the sludge may potentially retain generated flammable gases, the material in the annulus is 
m e d  comparable to wastes currently considered to be in Facility Group 1,2, or 3 tanks. Therefore, applicable ignition controls are 
onsidered to be governed by the controls established in HNF-SD-WM-TSR-006, Administrative Control 5.10, Table 5.10.1 for the 
ank regions The Facility Group for each annulus is taken to be the Facility Group for the primary tank in HNF-SD-WM-TSR-006, 
4dministrative Control 5.9, Table 5.9.1. 

Equipment, Location 
Materials. 8 Work 

2060Elecaic Waste Intrusive 
3ubmersible F'um ---?--- Ground Water Waste Inhusive 

HydroStaP FG 1,2,3 

Ignition IC set Met FGEAB Safety Equivalence Approved 
Control Set Ruling Exception 

ISCl NO Yes' 

ISCl No YE3 

I I I I I 
The electric cable must be qualified for Clasa 1, Division 1, Group B d c e  The thermal switeb must be qualified for Clasa 
, Diviaion 1, Group B or thermal switch must be de-energized. Motor &uta and thermal overload must be located in a noninhusive 
egion. 

ienera~ppilutlon of finding. if any: 

legion definitions and Ignition Control Stt applications are applicable to any Double-Shell Tank Annulus if a primary to secondary 
eakalroccurs. 

FQEAB Repmwntatlve: Date: I 
RL Schlosser 

(signature on file) 
FQEAB Rwlew~:  Date: 

1 

(signature on file) 



From: Merriman, Raymond E 
Sent: 
To: 
cc: 
Subject: RE: PUMPSKABLE 

Monday, March 20,2000 10:27 AM 
AI-Wazani. Mazen G; Reberger, Dan W 
Schlosser, Richard L; Huckfeldt, Rick A; Merriman, Raymond E 

Mazen and All: 

The NEC. Article 501-1 1, allows for the use of Flexible Cords, in Class I, Div. 1 areas. So this means Flexible cords 
meet the NEC or equivalent safety requirement below "no single point failure of energized equipment's can result in an 
arc, spark, or gas bum propagation to the environment external to the source enclosure."? 

If this statement is true then we can look for a suitable cable. if it is not true then there is no use looking any further. 

Dan tells me Mazen may have a source for a suitable cable, at this time I do not. Mazen can you pass any information on 
finding a suitable cable on to me when appropriate. 

Thanks 
Ray 

---omid Maugc 
From: ACWazanl, Muon G 
Sent: 
TO: 
ce: 
SUbjEXt: PUMPS/CABLE 

Mand.y. March ;Eo, 2wo 833 AM 
M.nim, Raymond E; R . k r p r ,  Dan W 
ACWazanl, Muon 0; Schkuw. Rkhard L 

Ray, 

All electrical equipment's shall meet IC set ti, this mean electrical equipment's shall be design to meet NFPA 70, Class 
I, Division 1, group B criteria or provide equivalent safety. As a minimum, this shall be interpreted to mean that no single 
point failure of energized equipment's can result in an arc, spark, or gas bum propagation to the environment external to 
the source enclosure. 

Thanks, 

Mazen 



Reberger, Dan W 

From: 
Sent: 
To: 
cc: 

Subject: 

Schlosser, Richard L 
Thunday. March 23,2000 2:59 PM 
Meniman, Raymond E 

SCAIEF, CHARLES; SCHLOSSER. RICHARD; SMET, DAVID 
Acceptability of FlyQt 52060 Submersible Pump Electrical Cable 

Reberger, Dan W; AL-WAZANI, W E N ;  GUSTAVSON. ROBERT; HUCKFELDT, RICK 

Importance: High 

Ray: 
For the FGEAB to accept the Code compliant electrical cable at the pump interface, you need to provide a 
Professional Engineer evaluation of each of the conditions of NEC Article 501-1 1 as allowed by the NEC. This will 
provide a basis for acceptance at the interface with the pump. Since the pump is acceptable to the FGEAB but not a 
Class I, Division 1, Group B design, you need to focus your evaluation on equivalence of the design to the cable 
requirements of the NEC since the FGEAB only addresses equivalence to requirements, not compliance with the 
requirements. 

Thank you, 
Rich S 

1 



Double-Shell Tank Annulus Transfer Pump 
Flygt Model BS-2060 Electric Submersible Pump 

Submitted For FGEAB Evaluation 

Preparations are underway to be ready to pump the annulus of any Double-Shell Tank in 
the event of a primary tank waste leak. The method for pumping an annulus is to have a 
submersible pump staged in a mobile trailer ready to deploy when a leak is identified, 
The DST’s are either a Facility Group 1 or 2 and the pump column is considered Waste 
Intruding Equipment and must meet ISC Set 1 per Table 5.10-1 of the TSR. ? 

The candidate pump (Flygt Model BS-2060) is an electric, submersible, centrifugal tyge-. ,, 
pump. It will b’e part of a rigid supported column assembly that will be installed throligb . . 
the annulus pump pit 12” riser and extend down to a depth of approximately 50-feet. 

Key information regarding the Flygt BS-2060.i~ summarized below: 

The pump has an air-filled motor isolated from the waste by upper and lower (2) 
mechanical shaft seals which are immersed in an oil bath, as sho\+n in Figure 1. The 
rotating and stationary seal faces (of each seal) form a barrier to waste entry. The other 
barriers are achieved by O-ring of rotating seal assembly to pump shaft, and O-ring of 
stationary seal assembly to oil housing. (See attached sketch of tandem seal) 

Motor temperatures are monitored by two thermal switches, embedded in the end coils 
of the stator windings. The switches have normally closed contacts and are wired in 
series. In order to minimize arcing they are of the snap-action type. The thermal switch 
opens at a temperature of 125°C + 6% (257’F + 11%) and closes at 95°C +15% (203°F 
+27%). The electrical signal from the thermal switches will be modified to intrinsically 
safe or disconnected. Any thermal protection will be provided in the pump stadstop 
station located adjacent to the pit. 

The following documentation is attached: 

- Flygt BS-2060.390 two page cutsheet (includes basic specifications, 3x3 figures, 

- Figure 8 1/2 x 11, cutaway ofpump internals 
- Pages 1 thni 6 of Flygt Technical Manual 
- Sketch of a representative tandem seal 
- Telecon from SKF regarding bearing temperature 

? .’ - . 

, . .  . 

, .  

performance data, dimensions) , .  

02/29/00 



BS-2060,390 
Small Dewatering Pump - Stainless Steel 

Capacity up to 260 GPM, lieads up to 85 ft. 

Submersible Pump 

I 

Applications: 
BS.2060 is ideal for pumping water contalnlng 
corrosive maierials in conceniration 3-1 4 pH. 

Specificatlons 

A Cable. Standard 50 h. of AWG 1217 SubCab cable. Other ienprhs 
wailable upon requcsi. 

R JunctionCh~mber.Cablosnylncorporarcsasrrainrl?lielsndgrornmer 
conirnllclj compression seeling. fleiween the JuncUon Do% and staror 
linusing nrubsergland provldes additional seal proacfianoflhr: rnoior. 

C PumpHousing.SeinlesssteelNSIIASTM316.SuUl:seals~t~le~Rfiroof 
Nirrile rubber 0 rings In prcclsion machlnfd groovcs. wivl convolied 
campresslon. 

.. . . .  : .: , 

. , 

D Shall. S~slniessxeel AIS1 329. 

E Molor.l\irRlled, NEMAdeSlgn B V l l t h C ~ J S s F I 1 5 5 ' C ~ l n ~ l ~ l i O ~ :  Zpnle. 
3400rpm. Shrink.Oi lo tho motor housing. Anom a1 lea51 10 sum per 
hour. Ruilr.in lhermjl sen5ors lor oddldonal moiorovsrlo3d protecrion. 

I; Bearings. Upper end Iwer :  -,Ingle raw ball bearlng 

G ShaltSeais.Independenidouble~raceSealsrunnlnginenvlranrncnoliy 
Mendly. FDA approved (Standard el72.87fiJ lubricant. Upper Mal: 
carbonl cwmnic. Lower seel: lungsm carbiddcerarnic. 
Oil spcs: .9 pints 10.5 I). 

Ii Irnpeiler. Mullivane. open type. Marerlai; sLlinics5 Sccl -AIS1 329. 

i Wear Plate. Proieccted by Nirrile Rubber Ilncr. Adjilstable lo mainfsln 
pump's hydraiiilc paflorrnsnce. 

J Slralncr. Siainlesi steel AIS1 316. 156 hole? Ut' dia. 

Fasteners. Stoiniess sicel AlSl 304. 

Approval: 
CSAapprovzd I O  UL Smdard #77R. @ 

""iL 5 

Controls (nor shown). 
Manu31 controls. providing Shcn circuil and overload prctenion. h o h X  
in NEMA 4X Ivtniedqht.  corrosion rcsiswnr) plaslic mclosur%. Level 
~ ~ n l i o l  Mdel  8 408lJX svadahle far surnrnalic. un8Oended operatic,? 

Accessories. 
Tandm conneciton. 

Flygf is a member of the following Associations: 
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Applications: 
BS-2060 is ideal for pumping water containing 
corrosive materials in concentration 3-1 4 pH. 

Neoprene Cable - 

impeller 



2060-1 A ,  GENERAL INFORMATION 

ISTRODUCTIOS 

8 T h i s  Nanual r e f e r s  t o  F l y g t ' s  E l e c t r i c  Submers ib le  S t a i n l e S s  S t e e l  C o n t r a c t i n g  and 
Nin ing  Pump. The B2060 i s  a p o r t a b l e  c e n t r i f u g a l  pump designed f o r  u s e  i n  a c o r r o s i v e  
l i q u i d  envi ronment .  
c a p a b l e  o f  h a n d l i n g  c o r r o s i v e  l i q u i d s  a s  o u t l i n e d  on page 3 under  "Chemically 
A c c e p t a b l e  Pumped Media". h'here b o r d e r l i n e  c h e n i c a l  c o n c e n t r a t i o n s  a r e  encountered,  
o r  i f  i n  d o u b t ,  CONTACT FLYGT CORPOR.4TIOS BEFORE USING. 

The pump i s  c o n s t r u c t e d  of a c i d  proof  SI5 2343 S t a i n l e s s  S t e e l  

Nominal S i z e :  3" , 6 T P I  NPSY Threaded Hose Connect ion 

I 

ITEM NC 

,. 4 0 s . .  
.. 49 . 

5 1 
- 5 2  ' 

5 3  
54  
60 
63  
7 2  
61 
84 
69 



OPERkTIONAL LIbIITATIOSS 2060-2 

~ ~ ~ ~ ~ ~ l :  your  pump i s  d e s i g n e d  t o  p r o v i d e  long and dependable  s e rv i ce  u n d e r  normal and 
a d v e r s e  c o n d i t i o n s .  
formance r e d u c e  m a i n t e n a n c e  c o s t s  and ex tend  u s e f u l  se rv ice  l i f e .  
i n f o n a t i o n  c o n s u l t  " P r e v e n t i v e  Naintenance Schedule", Page 11. ' 

Environmenta l  Tempera tu re  L i m i t s :  
e r a l  s u r r o u n d i n g s  o f  t h e  pump i s  46°C (115'F). 
iiritteri appro t ' a l  by  F l y g t  i s  n o t  coi ,ered by Karran ty  

v o l a t i l i t y :  V o l a t i l e  l i q u i d s  v a p o r i z e  r e a d i l y  even a t  normal ( a n b i e n t )  t e m p e r a t u r e s  and 
p r e s s u r e s ,  c a u s i n g  t h e  impe l l e r  t o  become "vapor bound". TO p r e v e n t  v a p o r i z i n g  ( f l a s h i n g )  
2t t h e  s u c t i o n  i n l e t ,  e i t h e r  t h e  i n l e t  pressure h a s  t o  be i n c r e a s e d  o r  t h e  t empera tu re  
r educed .  Always check  v a p o r  p r e s s u r e  and both  Requi red  and A v a i l a b l e  NPSH. Punping 
o f  v o l a t i l e  l i q u i d s  which a r e  c o r r o s i v e  o r  hazardous  i s  n o t  reconunended n o r  covered by 
I ; a r r an ty  . 

C o r r o s i o n :  
p r o x i n a t e  ptl r a n g e  o f  3 t o  11. 
sone i n d i c a t i o n  of t h e  n a t u r e  and e x t e n t  o f  c o r r o s i v e  e f f e c t s ,  a l o n e  i t  i s  no t  con- 
c l u s i v e .  E x c e s s i v e  a e r a t i o n  or l a r g e  underwater  s t e e l  s t r u c t u r e s  n e a r b y  can  c r e a t e  
g a l v a n i c  a c t i o n  which  w i l l  a cce l e ra t e  c o r r o s i o n .  

Speci'fic G r a v i t y :  The power r e q u i r e m e n t  (kw i n p u t )  o f  a c e n t r i f u g a l  pump i n c r e a s e s  
p l - o p o r t i o n a l l y  i i i t h  t h e  S p e c i f i c  G r a v i t y  ( S . G . )  o f  t h e  l i q u i d .  ( S e e  S o l i d s  Content  
o f  t h e  L i q u i d ) .  

S o l i d s  C o n t e n t  of t h e  L i q u i d :  
i n  \ ~ a r i o u s  q u a n t i t i e s ,  becomes a " s l u r r y " .  
pumping o f  s l u r - r i e s ,  some c o m b i n a t i o n s  a re  t o o  s t i f f  o r  v i s c o u s  t o  b e  pumped a t  re l -  
a t i v e l y  low c o n c e n t r a t i o n s  ( c l a y ; b e n t o n i t e ,  & p a p e r  s t o c k )  x h i l e  o t h e r s  can  be pumped 
% i t h  c o n s i d e r a h l e  easc a t  nuch  h i g h e r  c o n c e n t r a t i o n s  ( c o a l ,  s i l t ,  s a n d ,  & d u s t s ) .  
I n  S c n e r a l ,  a lways  check  t h e  S . G .  and m a i n t a i n  a m i n i m u  flo74 v e l o c i t y  n e c e s s a r y  t o  
keep t h e  s o l i d s  i n  s u s p e n s i o n  ( s u g g e s t e d  approx.  rninimun = 5 F . P . S . ) .  

Abras ion:  
\,:ear p l a t c  G i m p e l l e r )  f r c q u e n t i y .  Loii c a p a c i t i e s  (flo;. v e i o t i t i e s )  nay r e s u l t  i n  
s e d i m n t a t i o n  and accu rnu la t ion  o f  p a r t i c l e s  i n  t h e  pump, c a u s i n g  abnormal  wear or 
ever. c l o g g i n g .  
t i o n  !<ear .  

L iouid  Flo;.:: 
( I ihz2  4 i l o d  o u t p i i t )  r\,i11 b e  a d v e r s e l y , n f f e c t e d .  * I f '  poar  per>ormance i s  encosn te red  

O b s e r v a t i o n  of c e r t a i n  r u l e s  ana l i n i t a t i o n s  w i l l  improve p e r -  
For more d e t a i l e d  e .  ' 1  

The upper  l i m i t  f o r  b o t h  t h e  pumped l i q u i d  and t h e  gen- 
Opera t ion  a t  h i g h e r  t e n p e r a t u r e s  wi thou t  

. . . .  . . -  . . .. . .  
. ... 

The 6 2 0 6 0 ' ~ ~ p r o v i d ~ s  r e a s o n a b l e  s e r v i c e  i n  c o r r o s i v e  l i q u i d s  Li i th in  an ap- 
Although t h e  pH v a l u e  w i l l  i n  most  c a s e s  p r o v i d e  

A l i q u i d  (usually wate r )  when c o n t a i n i n g  suspended s o l i d s  
There are  no d e f i n i t e  r u l e s  govern ing  t h e  

Khen pumping l i q u i d s  c o n t a i n i n g  a b r a s i v e  p a r t i c l e s ,  i n s p e c t  t h e  p w p  ( s e a l s ,  

On t h e  o t h e r  hand t h e  h i g h e r  t h e  f low c a p a c i t y ,  t h e  h i g h e r  t h e  f r i c -  

I f  t h e  v i s c o s i t y - d f  t h e  l i q i i i d  i s  h i g h e r  t h a n  t h a t  of w a t e r ,  t h e  performance . 
' 

i. , 
' (I?,;; Gl'N a i d ' o r  Low tiead) have  t h e . . v i < c o s i t y  checked by a competent a n a l y s t . .  . _ .  . .  .. .. . .  . .. 

. I  ' I . .? 
. I  I 

. .  
S < h e r g e , n c e :  The. 62060 b:il.l bpera t ' e . : r i i th  a ' r , i n i n u z . o f  submergence . ( f l o o d e d  i m p e l l e r ) .  . . .  

LJec;"r s::S:::e:.:c:ice will ir.!pm5;c extern21 coo l ing  and reduce aera: ion.  D q t h ' l i c i -  
t n t i o n  i s  65  f e e t .  Avoid d e p t h s  r r i t b ,  o v e r c o n c e n t r a t i o n  o f  suspended s o l i d s :  Check . ' .  
W S t !  t o  a v o i d  c a v i t a t i o n .  . .  

Yol t2ge  L i m i t a t i o n s :  V o l t a g e s  a t  t h e  p m p  t e n i n a l  board  m u s t  b e  w i t h i n  t h e  f o l l o x i n g  
-.,,, ...8Lbcs: 233Y :.ifitor, 19S\' t o  2 5 3 ' ;  460Y blotor, j9GV t o  506V; 575Y Motor ,  495 t o  6 5 3 ' .  
Katch. f o r  c i t d e r s i i e d  x i r i n g  s y s t e m s  o r  over long  c a b l e s  whicb, nay  c a u s e  e x c e s s i v e  
v o l t a g e  d r o p s .  b l easu renen t  a t  t h e  c o n t r o l  box under  f u l l  load i s  s a t i s f a c t o r y  if 
vol:?.ge d r o p  i n  t h e  pump c a b l e  i s  t r k e n  i n t o  c o n s i d e r a t i o n .  

Vol tage  Balance  (Three  Phase) :  Prope; b a l a n c e  among t h e  t h r e e  s u p p l y - v o l t a g e  phases  
a p p l i e d  t o  t h e  pu"p moto r  i s  v i t a l .  
w i l l  r e s u l t  i n  f rom 6 t o  10% anpe rage  i n b a l a n c e .  Tt-.is can  r e s u l t  i n  c i r c u l a t i n g  
c u r r e n t s  i n t e r n a l l y  i n  t h e  s t a t o r ,  which nay R o t  appea r  as l i n e - c u r r e n t  d i f f e r e n c e s  
b u t  w i l l  c a u s e  e x c e s s i v e  s t a t o r  t e m u e r a t u r e  r i s e ,  s u b s t a n t i a l l y  s h o r t e n i n g  c o t o r  
l i f e ,  o r  c a u s e  a d r y  s t a t o r  b u m - o u t .  These k igh  t empera tu res  can  a f f e c t  r o t o r ,  
L - - - : - . " -  -",I r h 7 f r - e r a l T  2 1  

9 
A v o l t a g e  i n b a l a n c e  o f  o n l y  1% between two phases  

5 6  J L  . 
UL. h'.eea lii .ba 1 ance b e  1 o,d.~-l> . ~~ ~~~~ 



I n t e r n a l  P r o t e c t i o n  Devices-Temperature:  Notor t e m p e r a t u r e s  a r e  monitored by two t h e m a 1  
s w i t c h e s ,  embedded i n  t h e  end c o i l s  Of t h e  S t a t o r  w ind ings .  The switches have normally 

TEVPERkTJRE CONCENTRATIOS 

c l o s e d  c o n t a c t s  and are wired i n  series. 
s n a p - a c t i o n  t y p e .  The the rma l  s w i t c h  opens a t  a t e m p e r a t u r e  o f  125OC + 6% 
(257'F + 11%) and c l o s e s  a t  95°C + 15% (203'F + 2 7 % ) .  

I n  o r d e r  t o  minimize a r c i n g  t h e y  a r e  o f  t h e  ' 

t9 

h o n i u n  Hydroxide 

Ammonium Carbona te  

B o r i c  Acid 

Calcium Hydroxide 

Po ta s s ium Carbona te  

Sodium C a r b o n a t e  

S u l f u r i c  Acid 

h'H40H 

(NH4) 2COj 'H20 

Ca (OH) 
H3B03 

K2C03'2H20 

h'a2C03. 1 UH20 

H P 4  

20 

20 

40  

20 

20 

20 

20 

I A l l %  

A l l %  

A l l %  

A l l %  

50% 

30% 
. ...~.. .. 

. .  
.. . lo% 

I Pumu u s e  l i m i t e d  t o  f o l l o w i n g  chemica l  c o n c e n t r a t i o n s  because  
of i i m i t e d  d u r a b i l i t y  o f  pumps' r u b b e r  components. 

A c e t i c  Acid 

C a u s t i c  Soda 

H y d r o f l u o r i c  Acid 

O x a l i c  Acid 

Phosphor i c  Acid 

Po ta s s ium Hydroxide 

S t e a r i c  Acid 

Tann ic  Acid 

T a r t a r i c  Acid 

Tab le  

40 

20 

20 

20 

50 

20 

4 0  

4 0  

20 
I 

CHEbIICALLY ACCEPTABLE FUNPED N E D I A  

2 
15% 

78% 

20% 
10% I 

@i 
I 50% 

15% 

A l l %  

A l l %  

30% 

1 

. 



Lpp- bVY5' 

ELECTRICAL C O S S E C T I O S S  2 0 6 0 - 4  

Your B 2 0 6 0  pump i s  d e l i v e r e d  connected f o r  t h e  v o l t a g e  as s p e c i f i e d  (Fig. l ) ,  and f a c -  
t o r y  t e s t e d  p r i o r  t o  sh ipment .  CAUTIOS:  Check t h a t  t h e  power i s  o f f  and d isconnec ted  
b e f o r e  working on pump. The p m p  power c a b l e ,  s t a t o r  l e a d s ,  and j u m p e r s t r i p s  a r e  
a r r a n g e d  on t h e  t e r m i n a l  b o a r d .  
s t u d s  on t o p  of  t h e  t e r m i n a l  b o a r d ,  t h e  j u n c t i o n  chamber cover  must b e  removed t o  
r e a r r a n g e  t h e  l e a d s  f o r  a d i f f e r e n t  v o l t a g e .  
O - r i n g  when r e - i n s t a l l i n g  j u n c t i o n  chamber cover.  

@ Since  t h e  s t a t o r  l e a d s  a r e  c h n e c t e d  t o  t h e  t e r m i n a l  

Be c a r e f u l  n g t  t o  p i n c h  s t a t o r  l e a d s  o r  

r 3 A  
-Thermal S w i t c h  

POKER CABLE C O S K E C T I O S S  
ALL \ 'ERSIflNS 

STATOR LEAD CflNE;E.CTIflNS 
4 6 0  E, 575V ( 3  p h a s e  o n l y )  

STATOR LEAD COSXECTIOSS 
2 j O V  (3  phase only)  

r 
0 

' U  

n 

.e 
G '  
I 
.e 
e 
n 

B 
r 
0 
Y 

n 

E 

B 
1 
u 
e 

ST.ATOR COSSLCTIOSS 
2 j 0 S  ( s i n g l e  phase o n l y )  

STATOR LEADS 
COLOR CODE 

. .  . 
@ RED . 

@ BROWN 

@ YELLOli 

@' GREEN 

@ BLUE 

@ BLACK 

f .  

BROliS & GREEK 
LEADS. ASD 



. . . .  

VERSION 

3 0  

1 8  

K w hIAX 
INPUT CURRENT 

DESIGN 
STAINLESS H P  RPhf ' VOLTAGE 

RATED IMPELLER 

b1AX (kVPS) STEEL STUDARD 

10/5 
4 3.5 230/460 

575* I T P I  84A I T P I  648 3 .7  3300 

ITEN 64C ITEM 84D 2 . 5  3400 230 2 . 3  10.5 

* S e p a r a t e  S t a t o r  f o r  575 v o l t  S e r v i c e .  

Power Cab le :  #12/3-2-1-GC'Flygt S p e c i a l ,  7 Conductor;  3 Power, 2 C o n t r o l .  . .. 
1 Ground, and 1 Ground Check. 

P u ~ p  Weight: .  71 pounds 

Nominal O.D. 2 1 m  = 0.63". Pieight: 6 02. p e r  f t .  

I 

~~ 

STATOR 

230/460V 30 

T a b l e  .2 IMPELLER AND ELECTRICAL DATA 

RES I STAN E- O B I S  

, Sl -S4 ,  52-55, S3-S6 = 2.6 -t 3% 

MOTOR 4 I q I N D I N G  RESISTAhUS 

Motor Design:  Dry, s h e l l - t y p e ,  NEW4 d e s i g n  B, s q u i r r e l  cage i n d u c t i o n  m o t o r ,  C l a s s  F ,  
i n s u l a t e d ,  r a t e d  155'C max, o r  115°C r i s e  (40°C ambien t ) .  
1 . 1 0  (combined e f f e c t  o f  v o l t a g e ,  f r e q u e n c y  and s p e c i f i c  g r a v i t y  v a r i a t i o n s  n o t  t o  
exceed t h i s  v a l u e ) .  

Combined s e r v i c e  f a c t o r  of  

575V 3g I Sl -S4 ,  SZ-S5, S3-56 = 5 . 0  2 3% 

51-52, Sj-S6 = 1.37 k 3% 230V lg I 
t ' a l ues  t a k e n  a t  20°C ( 6 8 ' F ) .  
w i t h  t e m p e r a t u r e  by a p p r o x i m a t e l y  .40% p e r  deg ree  C .  

Winding r e s i s t a n c e  v a r i e s  d i r e c t l y  

230/460V o r  575V 3@ 

. .  , u:, .~ 

L 

) -: 

230V 10 

F i g .  2 K I K D I K G  RESISTANCES 

SOTE: See I n s t r u c t i o n s  f o r  " T e s t i n g  S t a t o r "  on Page 16 __ 
~~ ~~ 

~ .. 
J-? . ..~~ 



R Q p - b v a r  kfg.  0 

2060-6 
P o r t a b l e  blanual C o n t r o l s  (F ig .  3 & 4 ) :  The Standard  F l y g t  C o n t r o l  i s  housed i n  a 
N E W - 3  weatherproof  e n c l o s u r e .  
from mud, water, and d u s t .  The P o r t a b l e  Manual Cont ro l  c o n t a i n s  one  combinat ion 
c i r c u i t  b r e a k e r / o v e r l o a d  d i s c o n n e c t  u n i t / n o t o r  tempera ture  s e n s i n g  c o i l ,  t,.ith 
hydraul ic /magnet ic  t r i p  e lements  s i z e d  f o r  pump pro t ,ec t ion .  
a m u l t i p l e  purpose :  (1) manual ON-OFF s w i t c h ,  ( 2 )  s h o r t - c i r c u i t  b reake i -  p r o t e c t i o n ,  
( 3 )  c l o s e l y  c a b l i b r a t e d  o v e r l o a d  p r o t e c t i o n  which i s  f a c t o r y  p r e - s e t ,  f a s t - a c t i n g  and 
n o t  a f f e c t e d  by t e m p e r a t u r e  changes,  and ( 4 )  2 motor tempera ture  s e n s i n g  c o i l  
which p r o t e c t s  t h e  s t a t o r  Kindings from d a ~ a g e  from e x c e s s i v e  h e a t .  
b r e a k e r  t r i p s  r e p e a t e d l y ,  c o n s u l t  t r o u b l e s h o o t i n g  i n f o r m a t i o n  i n  t h e  R e p a i r  S e c t i o n  of 
t h i s  manual. 
r e g u l a t i o n  i s  d e s i r e d ,  F l y g t ' s  L iquid  Level Regula t ing  C o n t r o l  System c a n  b e  suppl ied  
as an o p t i o n  

I t  must a l ~ a y s  b e  momted v e r t i c a l l y  and p r o t e c t e d  

The d i s c o n n e c t  serves 

I f  t h e  c i r c u i t -  

Never b y p a s s  t h e  c i r c u i t - b r e a k e r  under  any c i r c u m s t a n c e s .  

(See Pages 23 through 2 6 ) .  

I f  l e v e l  

Photo:.raIih A v a i l a b l e  
Next P r i n t i n g  

F i g .  5 SINGLE PHASE FORTABLE hIANUAL CONTROL 

,. 
i . :.. .. .. . . .  

I. . . . .  . : 
. ,  

.. 

Fig.  4 THREE P M S E  PORTABLE bl.khVAL CONTROL 
bo 

.. .~ ..-- . . .. .. ... . .... - 



J 
Jacketed Chamber FIS 4 

Aseatchamberwith internal flow passages to heatorcool 
the chamber fluid. Used with a thick throat bushing to 
thermally isolate the seal chamber from the process and 
to contain a minimum volume of fluid to be controlled. 

SEAL CHAMBER ' 

f! THROAT BUSHING 

FIGURE 4 
T Y P I C A L  JACKETED SEAL CHAMBER 

Large Chamber FIG j 
Aseal chamber holding a greater fluidvolume allowsfree 
fluid circulation around the seal. When mechanical seals 
are retrofitted to packed equipment, as little as ,040gap 
exists between the rotating seal and the chamber. 

/ 
SEAL CHAMBER 

FIGURE 5 
TYP.1CAL LARGE SEAL CHAMBER 

Double Seal FIG 6 
Two mechanical seals that have a pressurized barrier fluid 
between them. The double seal can be configured in a 
back-to-back, tandem or face-to-face arrangement. Most 
back-to-back seals consist of two back-to-back rotaries 
running against an inboard (process side) and outboard 
(atmosphere side) stationary. In this configuration, the 
inboardstationarymayshiftor the inboardrotarywill pop 
open when barrier fluid pressure drops significantly below 
process pressure. Tandem seals are usually two "inside" 
rotary seals with the barrier fluid pressure less than 
process pressure: however, double-balanced designs will 
alsoseal reliablywhen the barrier fluid pressure isgreater 
than process pressure. The face-to-face is the most 
compact arrangement. Face3o:face seals usually consist 
of an inboard "inside" rotary seal and an outboard"outside" 
rotary seal. Like tandem seals, they can be 
double-balanced to seal independently of the barrier fluid 
pressure. 

: 

LI 

a.) B A C K - T O - B A C K  

B A R R I E R  FLUID 

ATMOSPHERE 

\L ROTATING FACES 

'.. . 
.& 

.'. FIGURE'G 
TYPICAL DOUBLE SEALS 

ATMOSPHERE 

ROlATlN,G FACES 

FIGURE 6 
TYPICAL DOUBLE SEAL 

c.) F ACE-T 0-F AC E 

BARRIER F L U I D  

I 
ATMOSPHERE 

\L/;;OTATINt F A C E S  

FIGURE 6 
T Y P I C A L  D O U B L E  SEALS 
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AI-Wazani. Mazen G 

From: 
Sent: 
To: 
cc: 
Subject: 

Merriman, Raymond E 
Tuesday, March 28,2000 232 PM 
AI-Wazani, Mazen G 
Merriman, Raymond E 
RE: Acceptability of Flygt 6-2060 Submersible Pump Electrical Cable 

Mazen: 

NEC 501-1 1 sub-items: 

Item (3) - Connections at the pump will be by the manufacture, per the specification sheets we provided to the Board 
earlier. The cable connection at the supply end will be in the control enclosure terminals. 

Item (4) - Supports to prevent tension on the terminal connections, will be by two cable connectors (one at the pump 
housing and one at the motor terminal box) per the manufactures data sheets we provided to the Board earlier. 

Item (5) - Seals will be the two cable connectors mentioned above at the Pump. Also per the NEC an explosion proof seal 
will be installed at changes in the Hazardous Classification designation, such as at the pump tanklflange (Div 1 to Div. 2) 
and again at the control enclosure (Div. 2 to non-classified). 

One other option that Dan Reberger is considering, is to utilize the high temperature switches in the motor. My 
recommendation to him is to add a separate cable/connectors/supports/seals as described in (3), (4), (5) for this circuit 
and put Intrinsically Safe Barriers in the control panel for this circuit. One would need to have 2" of separation in the motor 
junction box between the power and temp. sw. leads and terminations, or a barrier. 

This additional circuit would provide some additional protection, but woould complicate the circuitry 

Just to confuse things a little. 

Ray 
-----Original Message ----- 
From: AI-Wazani, Mazen G 
Sent: 
To: Merriman. Raymond E 
cc: Schlosser, Richard L 
Subject: 

RAY, 

You have not stated how you meeting 3,4 and 5 

-----Original Message----- 
From: Merriman, Raymond E 
Sent: 
To: 
cc: 
Subject: 

All: 

Addressing the NEC 501-1 1. Flexible Cords, Class I, Division 1 and 2 article in more detail; 

Item # I  - "flexibel cord shall be permitted for connection between ... portable utilization equipment and the fixed portion of 
their supply circuit." Later in this same article "Electric subermisible DumDs .. shall be considered portable utilization 
equipment." 

Tuesday, March 28.2000 11:06 AM 

RE: Acceptability of Flygt 8-2060 Submersible Pump Electrical Cable 

Tuesday, March 28.2000 10:53 AM 
Schlosser, Richard L; AI-Wazani. Mazen G: Huckfeldt, Rick A; Scaief, C C 111 (Chuck); Smet, David B 
Merriman. Raymond E: McDonald, Gregory P 
F W  Acceptability of Flygt 6-2060 Submersible Pump Electrical Cable 

Based on this statement, I see no problem with using flexible cord in this submersible application 

Item #2 - (1) "Of a type approved for extra-hard usage;" 

requirement. 

Item #3 - (2) "contain a ground conductor" 

Based on the cable specification sheets and its extra-hard usage in its mining application, it meets this 

Based on the specification the cable contains two # I 2  ground wires, and is satisfactory 

Item #4 - (3), (4), (5) Conditions of connecting, supporting, and sealing the cable will meet the requirements of the NEC 



and this article 

I find the cable and its connections meet the requirements of NEC article 501-1 1 for application in DST annulus pumping; 
equivalency is also satisfied since it meets the stated NEC conditions. 

Both Greg and I are P.E.s. 

If there are any other concerns, please contact us 

Thank You 

Ray Merriman, P.E 

-----Original Message----- 
From: McDonald, Gregory P 
Sent: 
To: Merriman. Raymond E 
cc:  
Subject: 

Tuesday, March 28,2000 7:59 AM 

Wallace, Debra 0; Bresina, William L 
RE: Acceptability of Flygt 8.2060 Submersible Pump Electrical Cable 

Mr. Merriman- 

I have reviewed the vendor data you provided, and find the cable specified meets the requirements of NEC 501-11 

Greg McDonald 
Chairman, HECB 

-----Original Message----- 
From: Merriman, Raymond E 
Sent: 
To: McDonald. Gregory P 
cc:  Merriman, Raymond E 
Subject: 
Importance: High 

Greg: 

I believe I could provide an answer to meet Mr. Schlossers comments below. However, if the HECB would provide an 
acceptance of this cable and it's connection at the pump housing and internal at the motor terminal box, I am sure it would 
carry more weight. 

Thursday. March 23, 2000 3:53 PM 

FW: Acceptability of Flygt 6-2060 Submersible Pump Electrical Cable 

-----Original Message---- 
From: Schlosser, Richard L 
Sent: 
To: Merriman. Raymond E 
cc: 

Subject: 
Importance: High 

Thursday. March 23, 2000 2:59 PM 

Reberger, Dan W; AL-WAZANI, MAZEN; GUSTAVSON. ROBERT; HUCKFELDT, RICK; SCAIEF, CHARLES: SCHLOSSER 
RICHARD; SMET. DAVID 
Acceptability of Flygt B-2060 Submersible Pump Electrical Cable 

Ray: 
For the FGEAB to accept the Code compliant electrical cable at the pump interface, you need to provide a 
Professional Engineer evaluation of each of the conditions of NEC Article 501-1 1 as allowed by the NEC. This will 
provide a basis for acceptance at the interface with the pump. Since the pump is acceptable to the FGEAB but not a 
Class 1, Division 1, Group B design, you need to focus your evaluation on equivalence of the design to the cable 
requirements of the NEC since the FGEAB only addresses equivalence to requirements, not compliance with the 
requirements 

Thank you, 
Rldi s 



AI-Warani, Maren G 

From: 
Sent: 
To: 

cc: 
Subject: 

Huckfeldt, Rick A 
Tuesday, March 28, 2000 11.45 AM 
Merriman, Raymond E; Schlosser, Richard L; AI-Wazani, Mazen G; Scaief, C C 111 (Chuck); 
Smet, David B 
McDonald, Gregory P 
RE: Acceptability of Flygt 6-2060 Submersible Pump Electrical Cable 

Tnis s more tnan I needed As long as engineer ng specifies equipment meetlng rhe NEC for Class I D,v sion 1 locat ons 
I meets the AB ign tion conrrol sers. We only neea to get involved if t does nor 

RICK 

-----0r;g na Message---- 
From: Merriman Raymono E 
Sent: 
To: 
cc: 
Subject: 

AI 

Aadressing tne NEC 501 -1 1. F exib e Coros, Class I Division 1 and 2 article n more derall 

Tuesaay. Marcn 28 2000 10 53 AM 
Scnlosser Rchard L AI-Wazani Mazen G. Humfeat Rick A Scaiel, C C II. (Chxni.  Smet David B 
Merrjman Raymona E McDona 0 .  Gregory P 
FW AcceptaLNty of F ygl B-2060 Submers b e  P.mp Electr cal Cable 

Item # I  - "flexibel cord shall be permitted for connection between ... portable utilization equipment and the fixed portion of 
their supply circuit." Later in this same article "Electric subermisible pumps .. shall be considered portable utilization 
equipment." 

Based on this statement, I see no problem with using flexible cord in this submersible application. 

Item #2 - (1) "Of a type approved for extra-hard usage;" 

Based on the cable specification sheets and its extra-hard usage in its mining application, it meets this 
requirement. 

Item #3 - (2) "contain a ground conductor" 

Based on the specification the cable contains two # I 2  ground wires, and is satisfactory. 

Item #4 - (3), (4), (5) Conditions of connecting, supporting, and sealing the cable will meet the requirements of the NEC 
and this article. 

I find the cable and its connections meet the requirements of NEC article 501-11 for application in DST annulus pumping; 
equivalency is also satisfied since it meets the stated NEC conditions. 

Both Greg and I are P.E.?. 

If there are any other concerns, please contact us. 

Thank You 

Ray Merriman, P.E. 

---0riainal Messaae----- 
From:- -McDonald, Gregory P 
Sent: 
To: Merriman, Raymond E 

Tuesday, March 28,2000 7:59 AM 

Wallace Debra 0: Bresina. William L 
t 6.2060 Submersible Pump Electrical Cable 

~ .~ 
cc: 
Subject RE: Acceptability of Flyg 

Mr. Merriman- 

I have reviewed the vendor data you provided, and find the cable specified meets the requirements of NEC 501-11 

Greg McDonald 
Chairman, HECB 

-----Original Message----- 
From: Merriman, Raymond E 
Sent: Thursday, March 23.2000 353 PM 



To: McDonald. Greaow P 
cc: Merrirnan,'Rayio!id E 
Subject: 
Importance: High 

Fw: Acceptability of Flygt 6-2060 Submersible Pump Electrical Cable 

Greg: 

I believe I could provide an answer to meet Mr. Schlossers comments below. However, if the HECB would provide an 
acceptance of this cable and it's connection at the pump housing and internal at the motor terminal box, I am sure it would 
carry more weight. 

Thanks 
Ray 

cc: Reberger, Dah W: AL-WAZANI, MAZE 

For the FGEAB to accept the Code compliant electrical cable at the pump interface, you need to provide a 
Professional Engineer evaluation of each of the conditions of NEC Article 501-11 as allowed by the NEC. This will 
provide a basis for acceptance at the interface with the pump. Since the pump is acceptable to the FGEAB but not a 
Class 1, Division 1, Group B design, you need to focus your evaluation on equivalence of the design to the cable 
requirements of the NEC since the FGEAB only addresses equivalence to requirements, not compliance with the 
requirements. 

Thank you, 
%!A J' 



AI-Wazani, Mazen G 

From: 
Sent: 
To: 

cc: 
Subject: 

Smet, David B 
Tuesday, March 28.2000 11:12 AM 
Merriman, Raymond E; Schlosser, Richard L; AI-Wazani, Mazen G; Huckfeldt, Rick A; Scaief, 
C C 111 (Chuck) 
McDonald, Gregory P 
RE: Acceptability of Flygt 6-2060 Submersible Pump Electrical Cable 

Works for me, thanks 

Dave 

-----Original Message--- 
From: Merriman. Raymond E 
Sent: Tuesday, March 28,2000 10:53AM 
To: 
cc: 
Subject: 

All: 

Addressing the NEC 501-1 1. Flexible Cords, Class I, Division 1 and 2 article in more detail; 

Item # I  - "flexibel cord shall be permitted for connection between ... portable utilization equipment and the fixed portion 
of their supply circuit." Later in this same article "Electric subermisible pumps .. shall be considered portable utilization 
equipment." 

Schlosser, Richard L: AI-Wazani, Mazen G: Huckfeldt. Rick A: Scaief, C C 111 (Chuck); Smet. David B 
Merriman. Raymond E; McDonald, Gregory P 
FW: Acceptability of Flygt 8-2060 Submersible Pump Electrical Cable 

Based on this statement, I see no problem with using flexible cord in this submersible application. 

Item #2 - (1) "Of a type approved for extra-hard usage;" 

requirement. 

Item #3 - (2) "contain a ground conductor" 

Based on the cable specification sheets and its extra-hard usage in its mining application, it meets this 

Based on the specification the cable contains two # I 2  ground wires, and is satisfactory 

Item #4 - (3), (4), (5) Conditions of connecting, supporting, and sealing the cable will meet the requirements of the 
NEC and this article. 

I find the cable and its connections meet the requirements of NEC article 501-1 1 for application in DST annulus 
pumping; equivalency is also satisfied since it meets the stated NEC conditions. 

Both Greg and I are P.E.s. 

If there are any other concerns, please contact us 

Thank You 

Ray Merriman. P.E. 

-----Original Message---- 
From: McDonald, Gregory P 
Sent: Tuesdav. March 28.2000 7:59 AM 
To: Merriman. Raymond E 
cc:  
Subject: 

Wallace, Debra 0; Bresina, William L 
RE: Acceptability of Flygt 6-2060 Submersible Pump Electrical Cable 

Mr. Merriman- 

I have reviewed the vendor data you provided, and find the cable specified meets the requirements of NEC 501-1 1 

Greg McDonald 
Chairman, HECB 



Subject: 
Importance: High 

Greg: 

I believe I could provide an answer to meet Mr. Schlossers comments below. However, if the HECB would provide an 
acceptance of this cable and it's connection at the pump housing and internal at the motor terminal box, I am sure it 
would carry more weight. 

Thanks 

FW: Acceptability of Flygt 8-2060 Submersible Pump Electrical Cable 

Ray 

-----Original Message----- 
From: Schlosser. Richard L 
Sent: Thursdav. March 23. 2000 259 PM 
To: Merrimah, Raymond E 
cc: 

Subiect: 

Reberger, Dan W: AL-WAZANI, MAZEN: GUSTAVSON. ROBERT; HUCKFELDT, RICK; SCAIEF, CHARLES; SCHLOSSER. 

AcceDtabilitv Of FIvat 8.2060 Submersible Pumo Electrical Cable 
RICHARD: SMET, DAVID 

,- 
Impbrtance: High ' 

For the FGEAB to accept the Code compliant electrical cable at the pump interface, you need to provide a 
Professional En ineer evaluation of each of the conditions of NEC Article 501-11 as allowed by the NEC. This will 
provide a basis ?or acceptance at the interface with the pump. Since the pump is acceptable to the FGEAB but 
not a Class 1, Division 1, Group B design, you need to focus your evaluation on equivalence of the design to the 
cable requirements of the NEC since the FGEAB only addresses equivalence to requirements, not compliance 
with the requirements. 

Thank you, 
Q'6 .s 



AI-Wazani. Mazen G 

From: 
Sent: 
To: 

cc: 
Subject: 

Merriman. Ravmond E 
Tuesday,'Makh 28, 2000 10:53 AM 
Schlosser, Richard L; AI-Wazani, Mazen G; Huckfeldt, Rick A; Scaief, C C 111 (Chuck); Smet, 
David B - 
Merriman, Raymond E; McDonald, Gregory P 
FW: Acceptability of Flygt B-2060 Submersible Pump Electrical Cable 

All: 

Addressing the NEC 501-1 1. Flexible Cords, Class I, Division 1 and 2 article in more detail; 

Item #1 - "flexibel cord shall be permitted for connection between ... portable utilization equipment and the fixed portion of 
their supply circuit." Later in this same article "Electric subermisible pumps .. shall be considered portable utilization 
equipment." 

Based on this statement, I see no problem with using flexible cord in this submersible application. 

Item #2 - (1) "Of a type approved for extra-hard usage;" 

requirement. 

Item #3 - (2) "contain a ground conductor" 

Based on the cable specification sheets and its extra-hard usage in its mining application, it meets this 

Based on the specification the cable contains two # I2  ground wires, and is satisfactory. 

Item #4 - (3), (4), (5) Conditions of connecting, supporting, and sealing the cable will meet the requirements of the NEC 
and this article. 

I find the cable and its connections meet the requirements of NEC article 501-1 1 for application in DST annulus pumping; 
equivalency is also satisfied since it meets the stated NEC conditions. 

Both Greg and I are P.E.s. 

If there are any other concerns, please contact us 

Thank You 

Ray Merriman, P.E 

-----0rioinal Messaae----- -. .= .. .. . . . . . . .-=. 
From: McDonald, Gregory P 
Sent: 
To: Merriman, Raymond E 
cc:  
Subject: 

Tuesday, March 28.2000 739 AM 

Wallace. Debra 0: Bresina, William L 
RE: Acceptability of Flygt E-2060 Submersible Pump Electrical Cable 

Mr. Merriman- 

I have reviewed the vendor data you provided, and find the cable specified meets the requirements of NEC 501-1 1 

Greg McDonald 
Chairman, HECB 

-----Original Message---- 
From: Merriman, Raymond E 
Sent: 
To: McDonald, Gregory P 
cc: Merriman. Raymond E 
Subiect: 

Thursday. March 23,2000 3:53 PM 

FW: Acceotabilitv of Flvat 8-2060 Submersible PumD Electrical Cable ._ 
impbrtance: High 

Greg: 

I believe I could provide an answer to meet Mr. Schlossers comments below. However, if the HECB would provide an 
acceptance of this cable and it's connection at the pump housing and internal at the motor terminal box, I am sure it would 
carry more weight. 

Thanks 



Ray 

----Original Message----- 
From: Schlosser. Richard L 
Sent: 
To: Merriman. Raymond E 
cc: 

Subject: 
Importance: High 

Thursday, March 23, 2000 2 5 9  PM 

Reberger. Dan W: AL-WAZANI, MAZEN: GUSTAVSON. ROBERT: HUCKFELDT, RICK; SCAIEF, CHARLES; SCHLOSSER, 
RICHARD; SMET. DAVID 
Acceptability of Flygt 0-2060 Submersible Pump Electrical Cable 

Ray: 
For the FGEAB to accept the Code compliant electrica cable at the pump interface.  yo^ need to provide a 
Professional Engineer evaluat on of each of the cond tions of NEC Art c e 501-1 1 as allowed oy tne NEC Tnis will 
provide a basis for acceptance at tne interface witn the pump Since the pump is acceptaole to the FGEAB but not a 
C.ass 1, Div sion 1 Group B design yo-. neea to focus yo,r eval-ation on equivalence of the design to tne caole 
requirements of the NEC s nce the FGEAB on y aadresses eq-ivalence to requirements, not compliance w tn the 
requ rements 

Thank yod 
d8.h \ 



AI-Wazani, Maren G 

From: 
Sent: 
To: 
cc: 
Subject: 

Merriman, Raymond E 
Wednesday, March 22,2000 1250 PM 
Schlosser. Richard L; AI-Wazani. Mazen G; Huckfeldt, Rick A; Scaief. C C Ill (Chuck) 
Merriman, Raymond E; Reberger, Dan W; Rarig, Bradley K 
Flygt Pump - Power Cable 

All: 

I Faxed the cable specification for the Flygt Pump to all of you, except Chuck, yesterday. I made an incorrect notation on 
the bottom of the front page that the cable was "Not Class 1, Div.1. Gp E'. It has been pointed out to me that the cable 
does meet the requirement of NEC 501-1 1 and as such it does meet the above requirements for Class 1, Div. 1, Gp B. 

I have also checked out the cable specification with the chairperson and secretary the Hanford Electrical Contractor Safety 
Board, and they agree that the cable meets the requirements of NEC 501-1 1 

As such, the cable is acceptable to be used in a Class 1, Div, 1, Gp B situation such as the DSTs. 

Please review this information and let me know if you concur or if I have overlooked something 

Thank You 

Ray 



Reberger, Dan W 

From: 
Sent: 
To: 
cc: 
Subject: 

Rarig, Bradley K 
Wednesday, May 10,2000 8:02 AM 
Reberger. Dan W 
Hauck, Frank M (Marshall); Leshikar, Gregory A; Shipler, C E (Charlie) 
FW: DST Annulus Pump Cable Connections 

--OWMI - 
Flail: McDoMld. onowy P 
8.W 
TO: Rulg, 8- K 
cc: 
Subject: 

W.dnadly, May 10, Moo 751 AM 

Muriman, R.ymwd E; N.whouu, R K (Wh)  
FW: DST Annulus Pump C a b  Conrudiare 

Brad- 

I have reviewed the modifications to the pump discharge sedion where the pump cable connections have been 
relocated, and find the modification acceptable. 

Greg McDonald 
Chairman, HECB 

4 r b i M l -  
From: M n h . n ,  Raymond E 
8.W 
TO: M c W , G n ~ a r y P  
suq.ct: 

Wednesday, M y  to,= 743 AM 

DST Annulus Pump Cable Connocthw 

Greg: 

Have you had a chance to send Bradley a note on the "acceptance of the Connections for the DST Annulus pump"? 
Reberger was looking for something in writting. 

Thanks 
#sm DDfiOsM, CH6 Equipmurt Engineering, 
372-1653, R3-83 
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INTEROFFICE MEMO 
CH2MHILL 

Hanford Group. Inc. 

,"* 
From: I X T  Engineering 74100-00-029 
Phone: 37-3-3926 
Date: June 1, 2000 
Sub-ject: MODIFICATION OF FLYGT PUMPS FOR ANNULUS PUMPING 

To: I:. S. Popielarczyk 
J .  U. Ilcbdon 

R2-58 
S6-15 

. .  ... - . Copies: D. G. B a i d m  S5-05 
. .  . 

. , 
G. T: Frater S5-05 . 

, , .  .I:- .. . _. . 

The purpose of this tiieiuoranduni is to document the Chief Engineer and Quality Assurance 
Manager approval as required by RPP-MD-110, Rev, 1 for the upgrade o f a  Quality Level 0 item 
to a Quality level 3 item. 

I t e m  to be upgraded are four submersible pumps manufactured by Flygt Corporation Model 
2060. The punips are intended for future usc in the annulus pumping of a double shell tank. The 
pumps will he shop modified from a sidc to a top discharge for use in an assembly for quick 
deployrnent in  the event of a waste leak to the annulus. 

The four pumps have been in spare parts for 10 years and purchased as Impact Level 4 items 
(PO# GAP-61 1-630161, spare part# 611 1-5514-5670, serial numbers 8770002,.8880007, 8 & 9). :. 

' . ., ?:lie pumps Lvere refurbished in May 200Qiy zcertified I'lygt distributor to ensure proper ." . '- . . -  
' . opkration: 

The l lygt  Model 2060 pump design, with the modification, was approved for use in annulus 
pumping operation by the Flamniable Gas Equipment Advisory Board (Report FGEAB-00-002, 
Rev. 1). 

The work package for the pump modification to top discharge verifies the proper pump models 

Should you havc any questions please contact me on 373-3926 

G-2 -08 *@-5P*2+ - 

Approvals: 

Chief Engincer Date 

4.1 
_I.- 



7/  I4/004: I3 PM DS I’ Material 07 IO00 

PUMPING CONTROL STATION - Electrical Skid 
0OMl 

[ZE-OO-O09SS, supplenient 01 



n 
26 
27 
28 

7/14/004:13 PM DST Material 071000 

.. 

Pipe Clamp # 1, changed the size 7/13/00 Sandall 
Fuse FNQ-7 7/20/00 Hendrickson 
Fuse FNQ-20 PO 7584 - in AVS for inspection 7/20/00 Hendrickson 

PO 7584 - in AVS for inspection 

Needs Vendor for price quote - should he able 

(PO 7596 (Factory does not have) 

42 
43 
44 

I I  Istill on order, taking care of on supplement I I I 

Overload Relay for pump PO 7584 - in AVS for inspection 
Overload Relay for air PO 7584 - in AVS for inspection 
Wire #14 PO 7584 - in AVS for insuection 

7120100 Hendrickson 
7/20/00 Hendrickson 
7/20/00 Hendrirkwn 

45 
46 
47 
48 

# I ,  item #52 (chanped the size) 

Enclosure PO 7584 - in AVS for inspection 7/20/00 Hendrickson 
Panel PO 7584 - in AVS for inspection 7120100 Hendrickson 
Panel kit 7/20/00 Hendrickson 
Window kit 7/29/00 Hendricknnn 

PO 7584 - in AVS for inspection 
PO 7584 - in AVS for insuection 

I 5OIFraming Channel IPO 7610 - shipped complete 7/13/00 I 7/20/001Hendrickson 
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7/14/004:13 PM DST Material 071 000 

No. 
4 
5 

BOM 
ltcm 

Material (where is it) 
I 'LISII Bullon 
Coiiduit Connector 

P O  7755 - Lo AVS Tor inspcctioir 
Ortlercd on M/R 441 00 

Status 
ETA 

7/20/00 
7/24/00 

Person 
Stark 
Sturk 

Need more info. from vendor, our Model 

7 Responsible 

Sturk 

IStark 

7/20/00~ Stark 
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26 
27 
28 
29 
30 
31 
32 

Legend Plate "ON' 
Legend Plate "OFF" 
Legend Plate "START" 
Legend Plate "STOP" 
Wire Mesh Grip 119 
Cable Fitting 314" 
Wire Mesh Grio 117 

PO 7755 - to AVS for inspection 
PO 7755 - to AVS for inspection 
PO 7755 - to AVS for inspection 
PO 7755 - to AVS for inspection 
PO 7755 - to AVS for inspection 
PO 7755 - expected delivery date 8/6/00 
PO 7755 - to AVS for insoection 

7/20/00 Stark 
7120/00 Stark 
7/20/00 Stark 
7/20/00 Stark 
7/20/00 Stark 
8/11/00 Stark 
7/20/00 Stark 

44 
45 
46 
47 
48 
49 
50 

114-20unc2b ASTM A307 Need t i  do catlId 
114 lockwasher A125 Reberger still working this item Reberger 
Mounting Track 
Jumper 2 pole 
Jumper 6 pole 
Label 1-25 
Label Blank 

Stark 

7/20/00 Stark 
7/20/00 Stark 
7/20/00 Stark 
7/20/00 Stark 
7/20/00 Stark 

PO 7755 - to AVS for inspection 
PO 7755 - to AVS for inspection 
PO 7755 - t o  AVS for inspection 
PO 7755 - to AVS for inspection 
PO 7755 - to AVS for inspection 
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53 

n 

Ordered, should be in Richland (Vendor), 
Truk Trak Shults to verify with Vendor ETA? Shults 

(Ordered, should be in Richland (Vendor), 
51 /Plug, 60A IShults to verify with Vendor IETA? IShults 
521Pipe Clamp 4-1/2" (PO 7674 - expected delivery date 7/21/00 I 7/28/00 (Sandall 



1 Test Skid - Pumo Riser Stand (test unlvl I2E-0040963 suuulement II 

BOM 
Jtcm 
No. 

12 

Status Responsiblc 
Material (where is it) ETA Person 
Rclicf Valvc Delisercd to field 7/1 O/OO tI i ckman 



7/14/004:13 PM DST Malcrial 1171 (100 

2 1;ttsc 3OA 
3 I'lug, PitiiSlccvc 
4 Cord. 3 Conductor 
5 I:itting, Strain Rclicr 
0 Ilcccplaclc I lousing .3OA 
7 ticam, W8S2S 
s Hcalll. w 5 x  I O  

10M 
tern 

. .  
PO 775 I - iii AVS 
1 ' 0  7751 ~ i n  AVS 
Vendor Vcrilicalion ticcdcd 
PO 775 1 - ill AVS 
PO 775 I - iii AVS 
Approved, PO7070 gcncratcd, Past Due 
Armrovecl. PO7070 vcticr:i~cd. Pas1 Duc 

Status 

1.3 

14 

15 

I O  

40. ]Material /(where is it) 
IBom changed to H302RD. Ordcrctl 011 M/K 

Channcl, Framing 3-1/4" cal. Icls. 
Vet-ify part #'s with vendor h c l i m  changing 

Ch;inncl, Framing 1 -5:X" cat. Ids. 
Verify part #'s will1 vcntlor beforc changing 

Verify part i#'s wilh vcm101- bcrorc c1i;inging 
Scrcw, Ilex I / Z "  cat. Ids. 

Scrcw. Cao 1/2" Cilt. Ids 

. .  
I 21 Flat I'lntc Gussctl P I334 ICliatigcd cat i(! iitid sen1 for approvals 

IVcricy part /#'s with vendor hcforc changing 

in possession 

181Nut. Sni-in: I / ? "  Ical. ltls 
. Y  

I O ~ l ~ ~ i s c  Kit /PO 7751 - 111 AVS 

[Responsible 
Person + 

(Stork 

1StuI.k 

Sturk 

101 I 

1 h a 
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BOM 
Item 
No. 

Status Responsible 
(where is it) ETA Person 
N o  i tem l i s t  gcncratcd ye1 
llOt ready l o  do so pcr Dciiny Hut  



Req.# 39121 

Title - Statement of Work for Annulus Pumping Time Deployment Study 
Contract 4975 -Fluor Daniel Northwest 

Revision Number - 0 
Date -December 9,1999 

Objective: 
This task order is to authorize Fluor Daniel Northwest to initiate development of a study to determine the time period 
required to initiate the pumping of a Double-Shell Tank Annulus. The study will evaluate and compare several cases in 
which equipment is readily available in storage or equipment needs some degree of fabrication. This task order will be 
supplemented as necessary to allow completion of the task. 

Background/Introdudion: 
The Code of Federal Regulations (1OCFR40, Vol. 16, Part 265.193(~)(4) and the Washington Administrative Codes 
(WAC 173-330440(4)(iv) require “Spilled or leaked waste and accumulated precipitation must be removed from the 
secondary containment system within 24 hours, or in a timely a manner as is possible to prevent harm to human health or 
the environment.. . ” This requirement is applicable to pumping the annulus of a double-shell tank. 
Equipment is being assembled in the 200 areas to allow the timely pumping of a double-shell tank annulus. Depending on 
the amount of documentation updates &e., drawings) and degree of equipment assembly it is desired to determine the 
amount of time required to complete the documentation, planning, fabrication and installation to allow initiation of the 
annulus pumping. 

scope: 
This Task Order allows Fluor Daniel Northwest to pe.rform, as requid, the following minimum activities: 
1. Identify all the required activities necessary to initiate annulus pumping 
2. Estimate the amount of time required for completion of activities 
3. Sequence activities and establish an estimated schedule for deployment 
4. Provide a recornmeendation for removal of the 5 existing annulus pumps next year based on impacts to initiation of 

pumping. Removing contaminated pumps requires use of the Long Length Contaminated Equipment Retrieval 
System, which is extremely expensive and time consuming. 

The study shall include the following three cases discussed below: 

Case 1 - Assume submersible punqw are available and quire only flange installation 
Assume rigid jumper drawings need ECN updates (Cenld & Annulus pump pits) 
Assume rigid jumpers (Central& Annulus pump pits) will be fabricated from available components in storage 

Case 2 - Assume submersible pump are available and q u i r e  only flange installation 
Assume rigid jumper drawings are up-to-date (Central & Annulus pump pits) 
Assume rigid jumpers (Central & Annulus pump pits) will be fabricated from available components in storage 

Case 3 - Assume submersible pump are available and require only flange instaUation 
Assume rigid jumper drawings are up-to-date (Central & Annulus pump pits) 
Assume rigid jumpers (central & Annulus pump pits) are fabricated and available in storage at 2101-M 

The activities associated with the pumping shall include., assembly and testing of the pump, assembly of the jumpers and 
testing, transport of the Emergency Pumping Trailer and jumpers to the site, installation of pumps and jumpers, 
connection of electrical and pneumatic supplies to the pumps. 

Deliverables: 
A supporting document compiling the information from the deployment study by February 11,2000. This is the latest date 
for completion; any delays could result in a monetary fine for LMHC. A copy of the SD computer file will be transferred 
to the LMHC Technical Contact. 



R e q . X  39121 

Acceptance Criteria: 
Documentation with the appropriate LMHC and FDNW approvals as established in current procedures 

Period of Performance: 
Activities associated with this SOW are expected to be initiated as soon as possible after receipt of the Task Order, with 
completion on or before February 11,2000. 

Technical Point of Contact: 
The following personnel are assigned as liaison with Fluor Daniel Northwest for the scope of work described: 

9 

. 

. 
Applicable ES&H requirements: 
Standard ES&H requirements (without ISMS) are warranted for this work. 

Safety Requirements: 
NIA 

Technical Contact: D. W Reberger, LMHC, Double Shell Tank Engineering 

Administrative Contact: A. B. Johnson, & L. K. Martin, LMHC, Financial Control 

Engineer: S. J. Lepka, LMHC, Operational Configuration Management 

Requirements (Including Quality Assurance Requirements): 
The subcontractor is subject to Title 10, Code of Federal Regulations, Part 830.120 (10 CFR 830.120), Quality Assurance 
Requirements, and the enforcement actions under 10 CFR 820, General Sfafemenf ofEnzrcemenf Policy. 

Hold Points: 
NIA 

Configuration Management Requirements: 
NIA 

Work LocatiodPotential Access Requirements: 
NIA 

Training: 
NIA 

Qualifications: 
De@ Engineem support as required. 

Special Requirements: 
N/A 

Reporting/Administration: 
Stam Meetings will be as requested by LMHC or FDNW. Any documentaton computer files such as Supporting Documents will be 
prepared in Word Perfect or Microsoft Word. 



Req.# 39142 

Title - Statement of Work  for Annulus Pumping 
Contract 4975 - Fluor Daniel Northwest 

Revision Number - 0 
Date - December 9,1999 

Objective: 
This task order is to authorize Fluor Daniel Northwest to provide engineering support for identifying, supporting 
procurement, testing, and final design of a pump assembly for waste removal in the Double-Shell Tank Annulus. 

Backgroundhtroduction: 
The objective is to provide a combination of two pumps capable of high flow removal of waste for the DST Annulus, and removal of 
the heel to the extent possible. “be pumping scheme should follow that addressed in an ARES Report Number 9905303401, March 
1999, “Double-Shell Tank Annulus Pumping Alternative Evaluation” unless changed with LMHC concurrence. A spare pumping 
system will also be procured. These activities suppofi Tasks 19DAPB “ Prepare Procurement Specification &Procure F‘ump” and 
19DAPC “Design, Procure, Fabricate, Receive & Store J u m p  &Pump Assemblies” of the schedule attached to camspondence 
LMHC-9954506RZ October 25.1999. 

Scope: 
This Task order allows Fluor Daniel Northwest to perform, BS required, the following minimum activities: 

1. 
2. 
3. 
4. 
5. 
6. 
I .  

8. 
9. 

- 
Task 19DAPB 

Review of piping system and prepare preliminary design (6 DST Farms transferring to 106-AP) 
Prepare procurement specification for pumps 
Support procurement activities 
Evaluate bids, and select vendor 
Prepare acceptance test procedure 
Evaluate run-in data for the tested pumps 
Develoo Certified Vendor Information File 

Task 19DAPC 
Final design of pump assemblies and farm specific flanges 
Fabrication support of pump assemblies 

~~ 

10. Identification of common spare jumper parts 
1 1. Prepare spare parts list 

References: 
Piping pressure drop calculations for the Cross-site transfer route to AP Tank Farm have been documented in Project W- 
058 files in calculation numbers WO58-P-044 and 048. Schematics with transfer line lengths have been developed for 
most tank farm routings to AP farm and can be found in the Emergency Transfer procedures TO-OOl-l81,182, 183,184 
and TO-430-500 as excavation schematics. 

Deliverables: 
Design drawings, procurement specification, acceptance test procedure all prepared in accordance with LMHC approved 
procedures. 

Acceptance Criteria: 
Documentation with the appropriate LMHC and FDNW approvals as established in current pmcedures. 

Period of Performance: 
Activities associated with this SOW are expected to be initiated as soon as possible after receipt of the Task Order, with 
completion on or before April 11,2000 for Task 19DAPB and June 2,2000 for Task 19DAPC. 

Technical Point of Contact: 
The following personnel are assigned as liaison with Fluor Daniel Northwest for the scope of work described 

. Technical Contact: D. W Reberger, LMHC, Double Shell Tank Engineering 
10L 
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1 

1 

Applicable ES&H requirements: 
Standard ES&H requirements (without ISMS) are warranted for this work. 

Safety Requirements: 
NIA 

Requirements (Including Quality Assurance Requirements): 
The subcontractor is subject to Title 10, Code of Federal Regulations, Part 830.120 (10 CFR 830.120), Quality Assurance 
Requirements, and the enforcement actions under 10 CFR 820, General Statement ofEnforcement Policy. 

Hold Points: 
NIA 

Administrative Contact: A. B. Johnson, L.K. Martin LMHC, Financial Control 

Project Engineer: S. J. Lepka, LMHC, Operational Configuration Management 

Configuration Management Requirements: 
NIA 

Work LoeatiodPotential Access Requirements: 
NIA 

Training: 
NIA 

Qualifications: 
Degreed Enaeering suppolt as required. 

Special Requirements: 
NIA 

Reportin~Administration: 
Status Meetings will be as requested by LMHC or FDNW. Any documentation computer files such as Suppotting Documents will be 
prepared in Word Perfect or Microsoil Word. 
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ISMS Clause Flow Down Prescreening Questions 

2. Construction or excavation 

Does the work involve one or more of the following? 

X 

1. Operation, maintenance, repair or testing of electrical, pneumatic, 
hydraulic or mechanical systems (e.g., N2 plant operation, elevator 
repair, substation breaker repair, etc.) 

4. The activity includes deliverables or services where potential 
radiological harm, radiation, or radioactive material governed by 10 
CFR 835 is present. 

X 

X 

6 .  Nuclear facilities, or their support systems or their authorization 
basis. 

3.  Hazardous materials, chemicals or substances (e.g., pest and weed 
control, chemical inventoly, lead or lead-containing materials, 
asbestos, beryllium, hazardous or radiological waste, etc.) 

X 

r 
7. Tanks, lines or vessels being breached X 

I x  5. Exposure to significant occupational hazards ( e g ,  hoisting, rigging 
or cranes; confined space; scaffolding or elevated work platforms; 

8 .  Structures, systems or components designated as Safety Class, 
Safety Significant or identified as providing defense-in-depth or 
worker safety in a Facility Authorization Basis (FAB). 

compressed gas cylinders; portable hand held tools, powered by 
electrical or mechanical energy; portable heating equipment; 
welding or cutting; explosives; heat stress, etc.) 

X 

9. Work that could impact the health and safety of site personnel. X 

10. The potential for changes in emission, generating rates, or new 
discharge of hazards, radiation, petroleum, substances, or other 
pollutants from a facility or process to the environment (air, water, 
land). 

11. Maintenance or repair of Fire Protection systems. 

X 

X 

SME 
** 

Ism 

Ismu 
ENVlRad 
E N V m  
Rad 

Ram 

Ism 

Nuc 
Safety 

Ism 
Nuc 
Safety 

Ism 

ENV 

Fire Prot 

ED. 
** This is not a comprehensive list of SME(s). All appropriate SME(s) shall be. involved in the evaluation as needed. 

A6002699 



Req.# 39151 

Title - Statement of Work for Annulus Pumping 
Contract 4975 - Fluor Daniel Northwest 

Revision Number - 0 
Date - December 9,1999 

Objective: 
This task order is to authorize Fluor Daniel Northwest to provide engineering design support for modifying the 
Emergency pumping trailer to support waste removal in the Double-Shell Tank Annulus. 

Backgroundhtroduction: 
The objective is to provide capabilities in the trailer to store the pump assemblies, and provide electrical and pneumatic interfaces with 
the farms to allow rapid response to annulus pumping operations. These activities support Tasks 19DAPD Modify Emergency 
Pumping Trailer" and 19DAPE " Develop Procedures" of the schedule attached to correspondence LMHC-9954506R2 October 25, 
1999. 

1. 
2. 
3. 
4. 
5 .  

6 .  

I. 

Scope: 
This Task Order allows Fluor Daniel Northwest to perform, as required, the following minimum activities: 

Task 19DAPD 
Design trailer racks for equipment storage 
Support fabrication and installation of racks 
Design modification to trailer electrical skid to support pumping operations in all 6 DST farms 
Desien modifications to electrical interface for six tank farms - 
Design modifications to trailer air supply to support pump operation 

Task 19DAPE 
Prepare Operational Test Procedure (OTP) for trailer and farm equipment and pumps _ _  . .  

-Task i9DAPD 
Support OTP and prepare Operational Test Report (OTR) 

References: 
An electrical skid design for annulus pumping in AP Tank Farm is on Drawing H-2-90470 Sheet 4. 
TheDrawingsforthetrailer equipment are-IndexH-14-103175 andH-14-103144throughH-14-103150 

Deliverables: 
Design drawings, procurement specification, operational test procedure and report all prepared in accordance with LMHC 
approved procedures. 

Acceptance Criteria: 
Documentation with the appropriate LMHC and FDNW approvals as established in current procedures. 

Period of Performance: 
Activities associated with this SOW are expected to be initiated, as smn as possible after receipt of the Task Order, with 
completion on or before March 15,2000 for Task 19DAPD and May 1,2000 for Task 19DAPE. 

Technical Point of Contact: 
The following personnel are assigned as liaison with Fluor Daniel Northwest for the scope of work described - 
1 

1 

Technical Contact: D. W Reberger, LMHC, Double Shell Tank Engineering 

Administrative Contact: A. B. Johnson, L.K. Martin, LMHC, Financial Control 

Project Engineer: S .  J. Lepka, LMHC, Operational Configuration Management 

Applicable ES&H requirements: 

1 0 9  



Req. # 39151 
Standard ES&H requirements (without ISMS) are warranted for this work. 

Safety Requirements: 
NIA 

Requirements (Including Quality Assurance Requirements): 
The subcontractor is subject to Title 10, Code of Federal Regulations, Part 830.120 (10 CFR 830.120), Quality Assurance 
Requirements, and the enforcement actions under 10 CFR 820, General Statement of Enforcemenf Poky .  

Hold Points: 
NIA 

Configuration Management Requirements: 
NIA 

Work LocatiodPotential Access Requirements: 
NIA 

Training: 
NIA 

Qualifications: 
Degreed Engineering suppott as required. 

Special Requirements: 
NIA 

Reporting/Administration: 
Status Meetings will be as requested by LMHC or FDNW. Any documentation computer files such as Supposing Documents will be 
prepared in Word Perfect or Microsoft Word. 
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Does the work involve one or more of the following? 

ISMS Clause Flow Down Prescreening Questions 

Applici 
YesMay be" 

1. Operation, maintenance, repair or testing of electrical, pneumatic, 
hydraulic or mechanical systems (e.g., N2 plant operation, elevator 
repair, substation breaker repair, etc.) 

2. Construction or excavation 

3 .  Hazardous materials, chemicals or substances (e.g., pest and weed 
control, chemical inventory, lead or lead-containing materials, 
asbestos, beryllium, hazardous or radiological waste, etc.) 

4. The activity includes deliverables or services where potential 
radiological harm, radiation, or radioactive material governed by 10 
CFR 835 is present. 

5 .  Exposure to significant occupational hazards (e.g., hoisting, rigging 
or cranes; confined space; scaffolding or elevated work platforms; 
compressed gas cylinders; portable hand held tools, powered by 
electrical or mechanical energy; portable heating equipment; 
welding or cutting; explosives; heat stress, etc.) 

6 .  Nuclear facilities, or their support systems or their authorization 
basis. 

7. Tanks, lines or vessels being breached 

8. Structures, systems or components designated as Safety Class, 
Safety Significant or identified as providing defense-in-depth or 
worker safety in a Facility Authorization Basis (FAB). 

9. Work that could impact the health and safety of site personnel. 

10. The potential for changes in emission, generating rates, or new 
discharge of hazards, radiation, petroleum, substances, or other 
pollutants from a facility or process to the environment (air, water, 
land). 

I 

1 1. Maintenance or repair of Fire Protection systems. 
I * If any question is answered YES or MAYBE, then Subject Matter Expert (SME) evaluation 

- 
le 

X 

- 
X 

X 
- 

- 
X 

SME 
** 

Ism 

ISAH/ 
ENVlRnd 
ENVAH/ 
Rad 

R a m  

Ism 

Nuc 
Safety 

Ism 

Nuc 
Safety 

Ism 

ENV 

Fire Prot 

5D. 
**  This is not a comprehensive list of SME(s). All appropriate SME(s) shall be involved in the evaluation as needed. 

A4002499 
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1 

1.1 

1.2 

1.3 

2 

2.1 

2.1.1 

2.1.2 

3 

3.1 

3.1.1 

3.1.2 

3.1.3 

3.1.4 

SCOPE 

This Specification provides the minimum requirements for an air driven heel pump, 
driver and any special handling equipment required for pump shipping and installation 

Work Included: Design, analysis, fabrication, inspection, testing, documentation, 
packaging, and shipping. 

Work Not Included: Site services and installation or operation of equipment 

APPLICABLE DOCUMENTS 

The following documents form a part of this Specification to the extent designated, 
except as modified by the requirements specified herein. The latest edition with 
addenda shall be used unless noted otherwise. 

Hydraulic Institute (HI) 

6.6 Reciprocating Pump Tests 

National Fire Protection Association (NFPA) 

70 National Electric Code (NEC) 

REQUIREMENTS 

Equipment Description 

The pump unit shall be used to transfer the heel of the abrasive radioactive slurry that 
has leaked into the annulus between the inner and outer tank shell. 

The heel pump will be installed into the annulus of double shell underground 
radioactive waste storage tanks, which are typically 75 to 85 feet in diameter, flat- 
bottomed with domed tops and approximately 6 feet of soil cover. The liquid capacity 
of the tanks is typically one million gallons with maximum liquid depths of up to 
35 feet. 

Pump access is through concrete pump pits located just above the waste tank 
annulus. 

The heel pumps and drivers will be installed in these sealed pump pits and will not be 
accessible for periods of up to a year. This equipment is expected to operate for up 
to 2,000 hours over a 2-year period without any maintenance. 

3.1.5 These pumps will be stored and installed only in the case of a leak into the tank 
annulus. During the time in storage it is anticipated that they will be periodically 
performance tested to ensure the availability of reliable pumps should there be a leak. 

The maximum weight of the pump assembly, including motor and water, shall not 
exceed 1,000 Ibs. The Seller shall specify both wet and dry weights of the equipment 
furnished. 

The equipment furnished shall be air driven, positive displacement, and reciprocating 
cylinder pumps capable of pumping the fluid described herein. 

3.1.6 

3.1.7 
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3.2 

3.2.1 

RADIATION EXPOSURE 
IN RAD 

2 YEARS 
HOUR ACCUMULATION ~ 

% 
LOCATION TEMPERATURE RELATIVE PER 

PUMP PIT 15 to 150 "F 0 to 100 50 8.8 x i o 5  
TANK VAPOR 50 to 140 "F 0 to 100 400 6.8 x 10' 

ANNULUS 65 to 140 "F NIA 500 8.8 x 10 
SPACE 

LIQUID 

3.3 

3.3.1 

Specific Gravity 

3.3.2 

1.47 

Environmental Conditions 

The heel pump shall be able to withstand the following conditions inside the pump pit 
and in the annulus area: 

Absolute Viscosity, Centipoise 

Solids Content (vel.%) 

Particle Size, Micron 

1 .O to 30 CP 

0 to 20.0 

0.5 to 4000' 

Fluid Pumped 

The radioactive sludge settled in the tanks consists mainly of insoluble oxides and/or 
hydroxides of aluminum, iron, manganese, and zirconium. 

Fluid Properties 

~ 

less than 100 Abrasiveness, Miller Number 
(ASTM G75-82) 

I Temperature (transfer) 1 65 to 140 "F I 
I Temperature (flush or dilution) I 35 to 150 "F I 
I DH I 7 -14  I 

Although 50-micron particle size is the nominal design point, the pump must 
be fully capable of operating with the full range of particle sizes. The 
number of larger (500 to 4000 micron) particles will be relatively small (less 
than 1% of the total particles). Particles in the range of 50 to 500 micron 
will constitute less than 5% of the total particles. Particles ranging in size 
from 0.5 to 50 micron will constitute approximately 95% of the total 
particles. 

3.4 Performance Requirements 

3.4.1 

3.4.2 

The pump shall be designed to deliver a minimum 2 gpm at 100 feet of head. 

Any special design features that improve the pump's ability to pump closer to the 
bottom of the annulus shall be considered. 
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3.4.3 

3.4.4 

3.5 

3.5.1 

3.5.1.1 

3.5.1.2 

3.5.1.3 

3.5.2 

3.5.2.1 

3.5.2.2 

3.5.2.3 

3.5.3 

3.5.3.1 

3.5.3.2 

The transfer pump shall deliver the rated head and flow at a minimum NPSHA of 
19 feet at 140 "F (assumes zero submergence). 

The pump shall have a stable headkapacity curve that continuously rises from rated 
capacity to shut-off. 

Design 

Assembly 

The pump assembly specified herein includes pump parts and driver. 

The design pressure of the pressure-retaining components shall be the maximum 
pressure of the pump at shut-off when pumping fluid of the highest specific gravity 
specified herein. 

The pump suction will be located as close as possible to the bottom of the tank 
without obstructing the suction flow. 

Pump Installation 

Installation of the pump will be by a single (preferred), mobile crane operation. The 
fully assembled pump, driver, and column will be lifted from the horizontal to the 
vertical position and then lowered through a 12-inch (inside diameter) adapter into the 
waste storage tank annulus. Prior to installation the Heel Pump will be attached to its 
companion Transfer Pump (procured under a separate specification) and both will be 
installed simultaneously. 

The pump shall be provided with a lifting attachment. The Seller shall detail any 
special handling requirements in the instruction manual to ensure that the pump 
assembly can be safely lifted and installed without damage to the pump or tank. 

The pump assembly will be fully assembled (by the Buyer) prior to installation into the 
waste tank. 

Dimensional Restrictions 

The pump assembly will consist of the air driven heel pump specified herein and a 
motor driven transfer pump. Together they shall not exceed 11-112 inches in diameter 
so the pump can pass freely through a 12-inch inside diameter riser into the annulus. 
(See Figure I )  

The pump assembly length shall be determined by the Buyer, based on locating the 
pump's suction as close as possible to the tank bottom, given the elevations from the 
existing riser flange to the inside bottom of tank annulus. The column piping and 
fittings shall be designed and supplied by the Buyer. 

3.5.4 Materials 

3.5.4.1 Materials shall be selected by the Seller based on acceptable performance when 
subjected to the chemical and radiation exposures described herein. Wetted parts 
shall be made of corrosion-resistant materials, suitable for this environment and shall 
be constructed of non-sparking materials, or shall have been analyzed and evaluated 
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3.5.4.2 

3.5.4.3 

3.5.4.4 

3.5.4.5 

3.5.4.6 

3.6 

3.6.1 

3.7 

3.7.1 

3.0 

3.0.1 

3.0.2 

3.8.3 

3.9 

3.9.1 

3.10 

3.10.1 

3.10.1 .I 

3.10.1.2 

to be incapable of sparking under the applied conditions. Material selection shall be 
identified in Seller documents submitted to the Buyer. 

Brass, bronze, and copper base materials, if used, shall not come in contact with the 
waste tank fluid or vapor. The use of aluminum and chrome is not acceptable. 

Materials used shall be clearly identified on the bill of material as to material type and 
grade; however, Certified Material Test Reports (CMTR's) are not required. 

Chemical and physical properties of the elastomers shall be suitable for the chemical 
and radiation environment in which they are used. 

Lubricants, adhesives, and gaskets shall be constructed of non-sparking materials, or 
shall have been analyzed and evaluated to be incapable of sparking under the applied 
conditions. 

Exposed polymer materials shall be constructed of, as a minimum, the anti-static 
class of materials. 

Fabrication Processes 

Fabrication by welding, as well as any weld repairs to such parts, shall be performed 
and inspected by operators and procedures qualified in accordance with the Seller's 
QA Program. 

Marking 

The pump shall have a manufacturer's nameplate using the Sellers standard practice. 
The nameplate shall include the assembly weight (dry and wet) and purchase order 
number. 

CleaninglPainting 

The pump, including parts, shall be delivered to the Site clean and free of any oils, 
tape adhesives, weld splatter, dirt, loose debris, and other contaminants. 

Solvents and cleaning solutions used on stainless steels shall be chloride-free. 

Stainless steel components do not require painting except as needed for identification 
or for targeting. Paint used on stainless steel shall be epoxy-phenolic. 

InspectionlExamination 

Inspection shall be done in accordance with the manufacturers standard practice. 

Testing 

General 

The Buyer resewes the right to witness all tests and shall be given a minimum of 
10 working days written notice prior to each test date. 

The performance tests shall be conducted using only job components. 
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3.10.1.3 

3.10.2 

3.10.2.1 

3.10.3 

3.10.3.1 

3.1j 

4 

4.1 

4.1.1 

Water used for hydrostatic and performance testing shall be tested for chlorides. The 
chloride content of the test medium shall not exceed 50 ppm for water temperatures 
of 149 "F and less. The chloride content for water at elevated testing temperatures of 
212 O F  shall not exceed 1 ppm. 

Hydrostatic Testing 

The pump shall be hydrostatically tested in accordance with the Sellers standard 
practice. 

Performance Testing 

Performance testing shall be done to the Sellers standard practice. 

Instruction Manuals 

Instruction manuals shall be provided that contain storage, installation, start-up and 
maintenance instructions for the pump and all associated equipment. 

Pump lifting requirements shall be provided in detail along with any special 
precautions related to either handling or operating the equipment furnished. The use 
of any special tooling provided shall be explained in detail. All drawings and 
procedures required for pump installation and operation shall be included in the 
manual for quick reference. 

QUALITY ASSURANCE 

Quality Assurance Program 

The Seller shall have a Quality Assurance Program (QAP) that establishes quality 
control. The QAP shall identify procedures or workmanship standards. (If the Seller 
has an established QAP he shall furnish a matrix which cross-references the 
established program with criteria listed.) The QAP shall include details on the 
following programmatic functions: 

Organization: The organization structure, functional responsibilities, levels of 
authority, and lines of communication for activities affecting quality shall be 
documented. Persons or organizations responsible for ensuring that an appropriate 
QAP has been established and verifying that activities affecting quality have been 
correctly performed shall have sufficient authority, access to work areas, and 
organizational freedom to: 

a. Identify quality problems. 

b. Initiate, recommend, or provide solutions to quality problems through 
designated channels. 

C. Verify implementation of solutions. 

d. Ensure that further processing, delivery, installation, or use is controlled 
until proper disposition of a nonconformance, deficiency, or unsatisfactory 
condition has occurred. 
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4.1.2 

4.1.3 

4.1.4 

4.1.5 

4.1.6 

4.1.7 

4.1.8 

The documented QAP shall be planned, implemented, and maintained. The program 
shall provide control over activities affecting quality to an extent consistent with their 
importance. The program shall be established at the earliest time consistent with the 
schedule for accomplishing the activities. 

The program shall provide for the planning and accomplishment of activities affecting 
quality under suitably controlled conditions. The program shall provide for any special 
controls, processes, test equipment, tools, and skills to attain the required quality and 
for verification of quality. 

The program shall provide for indoctrination and training, as necessary, of personnel 
performing activities affecting quality to ensure that suitable proficiency is achieved 
and maintained. 

The program shall establish responsibility and authority to stop work or to control 
further operations where conditions adverse to Specification and quality requirements 
are identified and immediate corrective actions are required. 

Design Control: The design shall be defined, controlled, and verified. Applicable 
design inputs shall be appropriately specified on a timely basis and correctly 
translated into design documents. Design interfaces shall be identified and 
controlled. Design adequacy shall be verified by persons other than those who 
designed the item. Design changes, including field changes, shall be governed by 
control measures commensurate with those applied to the original design. 

Instructions, Procedures, and Drawings: Activities affecting quality shall be 
prescribed by and performed in accordance with documented instructions, 
procedures, or drawings of a type appropriate to the circumstances. These 
documents shall include or reference appropriate quantitative or qualitative 
acceptance criteria for determining that prescribed activities have been satisfactorily 
accomplished. 

Document Control: The preparation, issue, and change of documents that specify 
quality requirements or prescribe activities affecting quality shall be controlled to 
ensure that correct documents are being employed. Ensure the latest approved issue 
of Specifications and Drawings are used for designing, procuring, manufacturing, 
assembling, inspecting, and testing. 

Identification and Control of Items: Controls shall be established to ensure that only 
correct and accepted items are used or installed. Identification shall be maintained 
on the items or in documents traceable to the items, or in a manner that ensures 
identification is established and maintained. Controls for receiving inspection shall 
include provisions for detection and exclusion of misrepresented products. 

Control of Processes: Processes affecting quality or services shall be controlled. 
Special processes that control or verify quality, such as those used in welding, heat 
treating, and nondestructive examination, shall be performed by qualified personnel 
using qualified procedures in accordance with specified requirements. 

Inspection: Inspection required to verify conformance of an item or activity to 
specified requirements shall be planned and executed. Characteristics to be 
employed shall be specified. Inspection results shall be documented. Inspections 
shall be performed by persons other than those responsible for the work. 
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4.1.9 

4.1.10 

4.1.11 

4.1.12 
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5.1 

5.1.1 

5.1.2 

5.1.3 

5.1.4 

5.1.5 

5.1.6 

5.1.6.1 

Test Control: Tests required to verify conformance of an item to specified 
requirements and to demonstrate that items will perform satisfactorily in service shall 
be planned and executed. Characteristics to be tested and test methods to be 
employed shall be specified. Test results shall be documented and their conformance 
with acceptance criteria shall be evaluated. 

Control of Measuring and Test Equipment: Tools, gages, instruments, and other 
measuring and test equipment used for activities affecting quality shall be controlled 
and, at specified periods, calibrated and adjusted to maintain accuracy within 
necessary limits. 

Nonconformance Reporting: Items that do not conform to specified requirements 
shall be controlled to prevent inadvertent installation or use. Controls shall provide for 
identification, documentation, evaluation, segregation when practical, and disposition 
of nonconforming items, and for notification to affected organizations. In addition, the 
Seller shall deliver copies of all Seller-initiated nonconformance reports to Buyer at 
time of initiation and closeout. 

Quality Assurance Records: Records that furnish documentary evidence of quality 
shall be specified, prepared, and maintained. Records shall be legible, identifiable, 
and retrievable. Records shall be protected against damage, deterioration, or loss. 

SUBMITTALS - See Summary of Submittals for number of copies, purpose, and when 
required. 

General 

Identify each submittal by this Specification number, item number, PO number, and 
Seller's identification number. 

Data shall be suficiently clear to allow legible copies to be made on standard 
reproduction equipment after microfilming. 

Allow 21 calendar days for Buyer review and disposition. 

Approval by the Buyer does not relieve the Seller of responsibility for accuracy or 
adequacy of design under this Specification. 

Submittals are divided into 2 types: 1) those requiring "approval" (e.g., approval data 
or prepurchase evaluation data); and 2) those "not requiring approval" (e.g., vendor 
information data). 

Submittals "not requiring approval" will be reviewed to verify completeness and 
adequacy for their intended purposes. Unacceptable items will be handled as 
specified below: 

A submittal requiring approval that is not approved, is identified as: 1) "Not Approved, 
Revise and Resubmit." The submittal is considered technically deficient, or 
incomplete, and therefore unacceptable. Resubmittal is required, hence fabrication, 
procurement, or performance of procedures shall not proceed; or 2) "Approved with 
Exception." Fabrication, procurement, and performance of procedures may proceed, 
and resubmittal is required to verih incorporation of the exception. 
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5.1.6.2 

5.2 

5.2.1 

5.2.2 

5.2.3 

5.2.4 

5.2.5 

5.2.6 

5.2.7 

5.2.8 

6 

6.1 

6.2 

6.3 

6.4 

Submittals "not requiring approval" that are determined to be incomplete or 
inadequate will be returned marked "Resubmit." An explanation of the deficiencies 
will be included for corrective action by the Seller. 

List 

(Item 1) Quality Assurance Program (4.1). 

(Item 2) Schedule: Schedule showing shipment of the equipment after receipt of the 
order. 

(Item 3) Drawings 

a. General arrangement and outline drawings for the pump assembly and 
motor, showing overall dimensions and overall weights. 

Cross-sectional drawings showing the details of the proposed equipment, 
including bill of materials to reflect the actual equipment and scope 
proposed. 

b. 

(Item 4) Catalog bulletins and descriptive data illustrating the pump and motor being 
offered. 

(Item 5) Preliminary performance curve with high- and low-end rating points, including 
efficiency, water NPSHR, and air consumption expressed as functions of capacity. 

(Item 6) Certified pump and driver outline drawings with dimensions and bill of 
materials. 

(Item 7) Instruction Manuals (3.1 1). 

(Item 8) Bill of Materials. 

PREPARATION FOR DELIVERY 

Preservation: Item shall be protected from dirt, soil, and moisture. 

Packaging: Item shall be boxed or crated in a manner to prevent damage during 
shipping. 

Marking: Packages shall be suitably marked on the outside to facilitate identification 
of the purchase order, the procurement specification, the package contents, and any 
special handling instructions. 

The Seller shall recommend the preferred method of shipping and provide protection 
of the equipment during transit and storage. 
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1 SCOPE 

1.1 This Specification provides the minimum requirements for a submersible transfer pump 
and driver, and any special handling equipment required for pump shipping and 
installation. 

Work Included: Pump design, analysis, fabrication, inspection, testing, documentation, 
packaging, and shipping. 

Work Not Included: Design and manufacture of pump dilution water system and 
column piping. Site services and assembly, installation or operation of equipment. 

I .2 

1.3 

2 APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this Specification to the extent designated, 
except as modified by the requirements specified herein. The latest edition with 
addenda shall be used unless noted otherwise. 

2.1.1 Hydraulic Institute (HI) 

1.6 Centrifugal Pump Tests 

National Electrical Manufacturers Association (NEMA) 

MG-1 Motors and Generators 

National Fire Protection Association (NFPA) 

70 National Electric Code (NEC) 

2.1.2 

2.1.3 

2.1.4 Underwriters Laboratories Inc. (UL) 

Hazardous Locations Equipment Directory 

3 REQUIREMENTS 

3.1 Equipment Description 

3.1.1 The pump unit shall be used to transfer abrasive radioactive slurry that has leaked 
into the annulus between the inner and outer tank shell. 

The transfer pump will be installed into the annulus of double shell underground 
radioactive waste storage tanks, which are typically 75 to 85 feet in diameter, flat- 
bottomed with domed tops and approximately 6 feet of soil cover. The liquid 
capacity of the tanks is typically one million gallons with maximum liquid depths of 
up to 35 feet. 

Pump access is through concrete pump pits located just above the waste tank 
annulus. 

The transfer pumps and drivers will be installed in the annulus and will not be 
accessible for periods of up to a year. This equipment is expected to operate for 
up to 2,000 hours over a 2-year period without any maintenance. 

3.1.2 

3.1.3 

3.1.4 
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LOCATION 

PUMP PIT 
TANK VAPOR 

SPACE 
ANNULUS 

LIQUID 

RADIATION EXPOSURE 
IN RAD 

HOUR ACCUMULATION 

% 
TEMPERATURE RELATIVE PER 

2 YEARS 

15 to 150 "F 0 to 100 50 8.8 x I O 5  
50 to 140 "F 0 to 100 400 6.8 x 10 

65 to 140 "F NIA 500 8 . 8 ~ 1 0 '  

I Solids Content (vel.%) 1 0 to20.0 1 

Specific Gravity 

I Particle Size, Micron 1 0.5 to4000' I 

1.47 

I lessthan 100 I Abrasiveness, Miller Number 

Temperature (transfer) 65 to 140 "F 

1 Temperature (flush or dilution) 1 35 to 150 "F 1 
I PH I 7 -14  I 

* Although 50-micron particle size is the nominal design point, the pump must be 
fully capable of operating with the full range of particle sizes. The number of 
larger (500 to 4000 micron) particles will be relatively small (less than 1 % of the 
total particles). Particles in the range of 50 to 500 micron will constitute less 
than 5% of the total particles. Particles ranging in size from 0.5 to 50 micron will 
constitute approximately 95% of the total particles. 
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3.4 

3.4.1 

3.4.2 

3.4.3 

3.4.4 

3.4.5 

3.4.6 

3.5 

3.5.1 

3.5.1.1 

3.5.1.2 

3.5.1.3 

3.5.1.4 

3.5.1.5 

3.5.1.6 

3.5.1.7 

3.5.1.8 

3.5.2 

Performance Requirements 

The pump shall be designed to deliver a range of flows from 40 gpm at 160 feet of 
head to 140 gpm at approximately 100 feet of head. Multiple units in tandem are 
acceptable. 

If multiple units are used, only the lowest pump shall be required to have the pump 
suction submersed in the pumpage. 

Any special design features that improve the pumps ability to pump closer to the 
bottom of the annulus shall be considered. 

The transfer pump shall deliver the rated head and flow at a minimum NPSHA of 
19 feet at 140 "F (assumes zero submergence). 

The pump shall have a stable headlcapacity curve that continuously rises at least 5% 
from rated capacity to shut-off. 

The pump shall be designed to tolerate reverse rotation or be provided with an anti- 
reverse rotation device if reverse rotation of the pump is unacceptable. 

Design 

Assembly 

The pump assembly specified herein includes pump parts and driver. The pump(s) will 
be connected to the buyer's discharge column and to the adjacent Heel pump 
(procured under a separate specification) at the site prior to installation in the Annulus. 
If the pump(@ are not furnished with a top discharge, it will be field modified to a top 

discharge configuration. 

The pump will have a system (by the Buyer) to add 50 gpm of dilution water at I00  psig 
or less pressure, injected at the suction of the pump in a manner that directs the 
diluent into the pump. 

The design pressure of the pressure-retaining components shall be the maximum 
pressure of the pump at shut-off when pumping fluid of the highest specific gravity 
specified herein. 

The rotor assembly shall be sized and supporled to minimize vibration and promote 
maximum bearing life. 

Impeller design shall be the Seller's choice but shall be free draining. 

The pump shall be designed such that the first classical running critical speed (wet) is 
at least 25% above the maximum operating speed. 

The pump suction will be located as close as possible to the bottom of the tank without 
obstructing the suction flow. 

The pump shall have a top discharge (or be convertible to a top discharge) with a 3" 
NPT male connection. 

Pump Installation 
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3.5.2.1 

3.5.2.2 

3.5.3 

3.5.3.1 

3.5.3.2 

3.5.3.3 

3.5.4 

3.5.4.1 

3.5.4.2 

3.5.5 

3.5.5.1 

3.5.5.2 

3.5.5.3 

3.5.5.4 

3.5.6 

3.5.6.1 

Installation of the pump will be by a single (preferred), mobile crane operation. The 
fully assembled pump, motor, and column will be lifted from the horizontal to the 
vertical position and then lowered through a 12-inch (inside diameter) adapter into the 
waste storage tank annulus. 

The pump@) shall be provided with a lifting attachment. The power cable and motor 
cable entry point shall be located to prevent being damaged during installation. The 
Seller shall detail any special handling requirements in the instruction manual to ensure 
that the pump assembly can be safely lifted and installed without damage to the pump 
or tank. 

Dimensional Restrictions 

The pump assembly will consist of the pump(s) specified herein and an air driven heel 
pump. Together they shall not exceed 11-112 inches in diameter so the pump can 
pass freely through a 12-inch inside diameter riser into the annulus. The transfer pump 
diameter shall not exceed 9.5 " in diameter. (See Figure 1) 

The pump assembly length will be determined by the Buyer, based on locating the 
pump's suction as close as possible to the tank bottom, given the elevations from the 
existing riser flange to the inside bottom of tank annulus. The column piping and 
fittings will be designed and supplied by the Buyer. 

The pump suction inlet shall be provided with a screen. The strainerkcreen openings 
shall be determined by the Seller to protect the pump's internal passages from large 
solids. 

Mechanical Shaft Seals 

If required, the mechanical shaft seals shall be the Seller's choice for this service. 

The pump mechanical seal materials shall be compatible with the pumped fluid. 

Submersible Electric Motors 

Motor horsepower shall be non-overloading when operating at any point on the pump 
curve, with the fluid specified in this Specification. 

The motors shall be induction-type without sparking contacts. Where circuits are 
located in the tank (e.g., submersible motors), they shall be designed to meet the 
requirements of NFPA 70 for use in a Class I, Division 1, Group B (hydrogen) 
atmosphere or equivalent. 

The pumps shall be provided with a 70-foot pigtail power cable to facilitate power 
hookup. The motors shall be supplied without a terminal box. The pigtail shall be 
flexible and be suitable for the Class 1, Division 1, Group B environment. 

The motor shall be rated 460 V, 3-phase, 60 Hz. 

Materials 

Materials shall be selected by the Seller based on acceptable performance when 
subjected to the chemical and radiation exposures described herein. Wetted parts shall 
be made of corrosion-resistant materials, suitable for this environment and shall be 
constructed of non-sparking materials, or shall have been analyzed and evaluated to 
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3.5.6.2 

3.5.6.3 

3.5.6.4 

3.5.6.5 

3.5.6.6 

3.6 

3.6.1 

3.7 

3.7.1 

3.8 

3.8.1 

3.8.2 

3.8.3 

3.9 

3.9.1 

3.10 

3.10.1 

3.10.1 .I 

3.10.1.2 

be incapable of sparking under the applied conditions. Material selection shall be 
identified in Seller documents submitted to the Buyer. 

Brass, bronze, and copper base materials, if used, shall not come in contact with the 
waste tank fluid or vapor. The use of aluminum and chrome is not acceptable. 

Materials used shall be clearly identified on the bill of material as to material type and 
grade; however, Certified Material Test Reports (CMTRs) are not required. 

Chemical and physical properties of the elastomers shall be suitable for the chemical 
and radiation environment in which they are used. 

Lubricants, adhesives, and gaskets shall be constructed of non-sparking materials, or 
shall have been analyzed and evaluated to be incapable of sparking under the applied 
conditions. 

Exposed polymer materials shall be constructed of, as a minimum, the anti-static class 
of materials. 

Fabrication Processes 

Fabrication by welding, as well as any weld repairs to such parts, shall be performed 
and inspected by operators and procedures qualified in accordance with the Seller's 
QA Program. 

Marking 

The pump shall have a manufacturer's nameplate using the Sellers standard practice. 
The nameplate shall include the assembly weight (dly and wet), purchase order 
number and this specification number. 

Cleaning/Painting 

The pump, including parts, shall be delivered to the Site, clean and free of any oils, 
tape adhesives, weld splatter, dirt, loose debris, and other contaminants, 

Solvents and cleaning solutions used on stainless steels shall be chloride-free. 

Stainless steel components do not require painting except as needed for identification 
or for targeting. Paint used on stainless steel shall be epoxy-phenolic. 

InspectionlExamination 

Inspection shall be done in accordance with the manufacturer's standard practice, 

Testing 

General 

Performance testing and hydrostatic testing of the pump/motor are required. The 
Buyer reserves the right to witness all tests and shall be given a minimum of 
10 working days written notice prior to each test date. 

The performance tests shall be conducted using only job components. 
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3.10.1.3 

3.10.2 

3.1 0.2. I 

3.10.3 

3.10.3.1 

3.10.4 

3.10.4.1 

3.1 1 

4 

4.1 

4.1.1 

Water used for hydrostatic and performance testing shall be tested for chlorides. The 
chloride content of the test medium shall not exceed 50 ppm for water temperatures of 
149 "F and less. The chloride content for water at elevated testing temperatures of 
212 "F shall not exceed 1 ppm. 

Motor Testing 

The motor shall be given a routine test to demonstrate that it is free from mechanical 
and electrical defects. The test shall be performed in accordance with the Sellers 
standard practice. 

Hydrostatic Testing 

The pump shall be hydrostatically tested in accordance with the Sellers standard 
practice. 

Performance Testing 

Performance testing shall be done to the Sellers standard practice and shall comply 
with the Hydraulic Institute's requirements for centrifugal pump testing. 

Instruction Manuals 

Instruction manuals shall be provided that contain storage, installation, start-up and 
maintenance instructions for the pump and all associated equipment. Specifically, 
mechanical seal operating instructions shall be included in addition to the pump 
instructions. 

Pump liffing requirements shall be provided in detail along with any special precautions 
related to either handling or operating the equipment furnished. The use of any special 
tooling provided shall be explained in detail. All drawings and procedures required for 
pump installation and operation shall be included in the manual for quick reference. 

QUALITY ASSURANCE 

Quality Assurance Program 

The Seller shall have a Quality Assurance Program (QAP) that establishes quality 
control. The QAP shall identify procedures or workmanship standards. (If the Seller 
has an established QAP he shall furnish a matrix which cross-references the 
established program with criteria listed.) The QAP shall include details on the following 
programmatic functions: 

Organization: The organization structure, functional responsibilities, levels of authority, 
and lines of communication for activities affecting quality shall be documented. 
Persons or organizations responsible for ensuring that an appropriate QAP has been 
established and verifying that activities affecting quality have been correctly performed 
shall have sufficient authority, access to work areas, and organizational freedom to: 

a. Identify quality problems. 

b. Initiate, recommend, or provide solutions to quality problems through designated 
channels. 

c. Verify implementation of solutions. 
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4.1.2 

4.1.3 

4.1.4 

4.1.5 

4.1.6 

4.1.7 

4.1.8 

d. Ensure that further processing, delivery, installation, or use is controlled until 
proper disposition of a nonconformance, deficiency, or unsatisfactory condition 
has occurred. 

The documented QAP shall be planned, implemented, and maintained. The program 
shall provide control over activities affecting quality to an extent consistent with their 
importance, The program shall be established at the earliest time consistent with the 
schedule for accomplishing the activities. 

The program shall provide for the planning and accomplishment of activities affecting 
quality under suitably controlled conditions. The program shall provide for any special 
controls, processes, test equipment, tools, and skills to attain the required quality and 
for verification of quality. 

The program shall provide for indoctrination and training, as necessary, of personnel 
performing activities affecting quality to ensure that suitable proficiency is achieved and - .  
maintained. 

The program shall establish responsibility and authority to stop work or to control 
further operations where conditions adverse to Specification and quality requirements 
are identified and immediate corrective actions are required. 

Design Control: The design shall be defined, controlled, and verified. Applicable 
design inputs shall be appropriately specified on a timely basis and correctly translated 
into design documents. Design interfaces shall be identified and controlled. Design 
adequacy shall be verified by persons other than those who designed the item. Design 
changes, including field changes, shall be governed by control measures 
commensurate with those applied to the original design. 

Instructions, Procedures, and Drawings: Activities affecting quality shall be prescribed 
by and performed in accordance with documented instructions, procedures, or 
drawings of a type appropriate to the circumstances. These documents shall include 
or reference appropriate quantitative or qualitative acceptance criteria for determining 
that prescribed activities have been satisfactorily accomplished. 

Document Control: The preparation, issue, and change of documents that specify 
quality requirements or prescribe activities affecting quality shall be controlled to 
ensure that correct documents are being employed. Ensure the latest approved issue 
of Specifications and Drawings are used for designing, procuring, manufacturing, 
assembling, inspecting, and testing. 

Identification and Control of Items: Controls shall be established to ensure that only 
correct and accepted items are used or installed. Identification shall be maintained on 
the items or in documents traceable to the items, or in a manner that ensures 
identification is established and maintained. Controls for receiving inspection shall 
include provisions for detection and exclusion of misrepresented products. 

Control of Processes: Processes affecting quality or services shall be controlled. 
Special processes that control or verify quality, such as those used in welding, heat 
treating, and nondestructive examination, shall be performed by qualified personnel 
using qualified procedures in accordance with specified requirements. 

Inspection: Inspection required to verify conformance of an item or activity to specified 
requirements shall be planned and executed. Characteristics to be employed shall be 
specified. Inspection results shall be documented. Inspections shall be performed by 
persons other than those responsible for the work. 

021 7/00 4975-59-P1. Rev. 0 



4.1.9 

4.1.10 

4.1.11 

4.1.12 

5 

5.1 

5.1.1 

5.1.2 

5.1.3 

5.1.4 

5.1.5 

5.1.6 

5.1.6.1 

Test Control: Tests required to verify conformance of an item to specified 
requirements and to demonstrate that items will perform satisfactorily in service shall 
be planned and executed. Characteristics to be tested and test methods to be 
employed shall be specified. Test results shall be documented and their conformance 
with acceptance criteria shall be evaluated. 

Control of Measuring and Test Equipment: Tools, gages, instruments, and other 
measuring and test equipment used for activities affecting quality shall be controlled 
and, at specified periods, calibrated and adjusted to maintain accuracy within 
necessary limits. 

Nonconformance Reporting: Items that do not conform to specified requirements shall 
be controlled to prevent inadvertent installation or use. Controls shall provide for 
identification, documentation, evaluation, segregation when practical, and disposition 
of nonconforming items, and for notification to affected organizations. In addition, the 
Seller shall deliver copies of all Seller-initiated nonconformance reports to Buyer at 
time of initiation and closeout. 

Quality Assurance Records: Records that furnish documentary evidence of quality 
shall be specified, prepared, and maintained. Records shall be legible, identifiable, 
and retrievable. Records shall be protected against damage, deterioration, or loss. 

SUBMllTALS - See Summary of Submittals for number of copies, purpose, and when 
required. 

General 

Identify each submittal by this Specification number, item number, PO number, and 
Seller's identification number. 

Data shall be sufficiently clear to allow legible copies to be made on standard 
reproduction equipment after microfilming. 

Allow 21 calendar days for Buyer review and disposition. 

Approval by the Buyer does not relieve the Seller of responsibility for accuracy or 
adequacy of design under this Specification. 

Submittals are divided into 2 types: 1) those requiring "approval" (e.g., approval data 
or prepurchase evaluation data); and 2) those "not requiring approval" (e.g., vendor 
information data). 

Submittals "not requiring approval" will be reviewed to verify completeness and 
adequacy for their intended purposes. Unacceptable items will be handled as specified 
below: 

A submittal requiring approval that is not approved, is identified as: 1) "Not Approved, 
Revise and Resubmit." The submittal is considered technically deficient, or 
incomplete, and therefore unacceptable. Resubmittal is required, hence fabrication, 
procurement, or performance of procedures shall not proceed; or 2) "Approved with 
Exception." Fabrication, procurement, and performance of procedures may proceed, 
and resubmittal is required to verify incorporation of the exception. 
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5.1.6.2 

5.2 

5.2.1 

5.2.2 

5.2.3 

5.2.4 

5.2.5 

5.2.6 

5.2.7 

5.2.8 

5.2.9 

6 

6.1 

6.2 

6.3 

6.4 

Submittals "not requiring approval" that are determined to be incomplete or inadequate 
will be returned marked "Resubmit." An explanation of the deficiencies will be included 
for corrective action by the Seller. 

List 

(Item 1) Quality Assurance Program (4.1). 

(Item 2) Schedule: Schedule showing shipment of the equipment after receipt of the 
order. 

(Item 3) Drawings 

a. General arrangement and outline drawings for the pump assembly and motor, 
showing overall dimensions and overall weights. 

Cross-sectional drawings showing the details of the proposed equipment, 
including bill of materials to reflect the actual equipment and scope proposed. 

(Item 4) Catalog bulletins and descriptive data illustrating the pump and motor being 
offered. 

(Item 5) Mechanical shafl seal drawing showing type, manufacturer, and bill of 
materials. 

(Item 6) Preliminary perfomance curve with high- and low-end rating points, including 
efficiency, water NPSHR, and power expressed as functions of capacity. Minimum 
flow, maximum flow, and any limitations of operation shall be indicated. 

(Item 7) Certified pump and driver outline drawings with dimensions and bill of 
materials. 

(Item 8) Certified mechanical shaft seal dimensional drawing@) and bill of materials. 

(Item 9) Instruction manuals. (3.1 1) 

PREPARATION FOR DELIVERY 

Preservation: Item shall be protected from dirt, soil, and moisture. 

Packaging: Item shall be boxed or crated in a manner to prevent damage during 
shipping. 

Marking: Packages shall be suitably marked on the outside to facilitate identification of 
the purchase order, the procurement specification, the package contents, and any 
special handling instructions. 

The Seller shall recommend the preferred method of shipping and provide protection of 
the equipment during transit and storage. 

b. 
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SUMMARY OF SUBMITTALS 

Mechanical Shaft Seal DrawinglControl Panel 
Information 
Preliminary Performance Curve 

Title I Copies 1 purpose 

2 

2 

l 2  Quality Assurance Program 

Instruction Manuals 

l 2  Schedule 

5 Vendor 

Drawings 

Bill of Materials 

I *  

2 Approval 

Catalog BulletinlDescriptive Data l 2  

l 2  Certified Pump Dimensional Drawings 

Prepurchase 
Evaluation 

Prepurchase 
Evaluation 

Prepurchase 
Evaluation 

Prepurchase 
Evaluation 

Prepurchase 
Evaluation 

Prepurchase 
Evaluation 
Approval 

Mechanical Shaft Seal Drawing I 2 1 Approval 

When required 

With bid I 
With bid 

With bid 

With bid I 
With bid 

With bid 

Prior to fabrication 

Prior to fabrication 

With Shipment 

Prior to fabrication I 
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SPARE PARTS 



Reberger, Dan W 

From: 
Sent: 
To: 
Subject: 

Reberger, Dan W 
Tuesday, June 13,2000 11 :01 AM 
Roueche. Donald F 
FW: Jumper Components for Central Pump Pits 

Importance: High 

Central Pump Pit Jumper Drawings lo  support Annulus Pumping 
AN Farm H-2-72025 
AP Farm H-2-90726 
AW Farm H-2-70444 
A W N  Farm H-2-64457 
SY Farm H-2-37800 
---ctiginal Msage-- 

From Romln, Ri* L 
knt: 
TO: 
Subject 

ban. 

T W ,  hn8 13, ZMX) 916 AM 
Reberpcr, Dan W; htig,  Bradley K 
RE: lumper Componm for cnbll Pump Pik 

Going t o  need the following ports: 

Quontiiy Item 

1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

10'-0" 
10'-0 
10'-0 

2" Horizontol Connector 
3" Horizontol Connector 
2" Gasket 
3" Gasket 
Lifting Boil (H-2-30777) 
2" Horizontol Lifting Boil (H-2-90162-2) 
3" Horizontol Lifting Boil (H-2-90162-3) 
2" Sched 40 SR 90 bcgru Elbow (ASTM A403 304-L SST) 
2" Sched 40 LR 90 Dcgru Elbow (ASTM A403 304-L SST) 

2" Sched 40 LR 90 D q r u  Elbow (ASTM A234 GR WPB CS) 
2" Schedule 40 Pipe (ASTM A312 304-L SST) 
2" Schedule 40 Pipe (ASTM A53 Type S GR B CS) 
2" Floc Hose 

The jumper f o r  AP Central Pump P i t  is o "Floc" ... the rest ore rigid. That's why the collout f o r  the Flex Hose ond 
Horizontol Lifting Boils. 

.... Rick Romine 
Fluor FederaI Services 
3 72-1 I40 



Bradley, 
As we discussed we need a list of pads (ie. wnnedor heads, pipe, elbows etc.) for jumpers needed to support annulus 
pumping for the Central Pump pits in the six tank farms. 

I need just the bare essentials to make any one jumper, no matter which one. I believe Rick has the drawings, let me 
know if you need anything else. 

Thanks 



3120100 12:58:14 PM Insight - Report 
SP-001 HANFORD INVENTORY PROGRAM 

DATE 8/29/98 

PAGE 206 
SPARE PARTS CATALOG 

STaX CLASS/CAPTION 6111 

BPF/CVI 
STOCK NUMBER BASIC PLANT EQUIPMENT -DESCRIPTION 
EQUIPMENT COG ENGINEER BLDG CODE NO 

SYS 

MAXIMUM MINIMUM BLDG CODE NUM 

8 3 2282 E60 

STOCK NUMBER IL/SC PART DESCRIPTION 

6111-5500-5350 4 PLATE; MOUNTING; 

(P/N 10504721 IL 

SYS 

MAXIMUM MINIMUM BLDG CODE NUM 

12 4 2282 E60 

STOCK NUMBER IL/SC PART DESCRIPTION 

6111-5500-5650 4 PUMP; 

(SATURN, TEFLON, FLUID HANDLING, 

FLUORCARBON MODEL NO. SP-4000) IL 

IAR NO 

UOI UNIT PRICE 

EA 42.45 

UOI UNIT PRICE 

EA 580.00 

6111-5514 PUMP EP NO.:P-24-TX-2; MFG.:FLYGT 087137 

CORP.; TYPE; SUBMERSIBLE; MODEL: 

B-2060; VENDOR; TURNER SALES 

CO., SPOKANE WA. 

VENDOR: DUSTY SPOKANE PUMPS OR 

TIM-CO; SPECIAL HANDLING: 241-TX 

FARM (244-TX DCRTI; ADD. INFO: 

P=PUMP - SUMP PUMP -- SEE ITEM 
-5670 LISTED BELOW -- 

SYS 

MAXIMUM MINIMUM BLM; CODE NUM 
STOCK NUMBER IL/SC PART DESCRIPTION UOI UNIT PRICE 

6111-5514-5670 4 PUMP, SUMP; EA 3829.58 
10 5 2225 

PUMP, SUMP, SUBMERSIBLE, STAINLESS 

STEEL, 3.7HP FATED, 3PH. 46OVAC, 

60HZ. 3300 RPM, 40 GPM. 75 FT. 
S 5 - Z 9 2 0  

5f./ ?ZTF.4Cy HD. BOTTOM VERTICAL INLET 

7 Id S70d HORIZONTAL DISCHARGE. FLYGT CORP. 

MODEL B-2060. 

C:\PROGRAM FILES\NSA\INSIGHT\print.txt 8,712 bytes 



3/20/00 i2:46:58 PM Insight - Report 

PUMP; SUBMERSIBLE; STAINLESS STEEL; 1 9900-4399-7001 

1/2 HP, 2-7 GPM 
1 EA GALIOTO, THOMAS M 

PUMP; LIQUID: 91-765; 
10 EA DANIEL, JAMES P 

9900-4450-8001 

PUMP: MIXER; 9900-4837-3001 

HMR X3 SPARE 101-SY MIXER PUMP, 
1 EA BENEGAS, TONY R 

SUBMERSIBLE SLURRY PUMP, 200HP. 2800GPM. 

REFERENCE DWG. H-14-100320 

PUMP; SUBMERSIBLE; 9900-4865-8002 

FLYGT MODEL B-2060 (MODIFIED) -REQUESTOR 

HAS RUN-IN DATA. OWNED BY SALTWELLS. 

1 EA WIGGINS, DIRK D 

9900-4920-1001 
0 EA DAY, JAMES L 

9900-4920-1007 
0 EA DAY, JAMES L 

PUMP; SUBMERSIBLE; 1/3 HP 9900-5015-6001 

SUMP PUMP, AUTOMATIC, STOCK YIN363. 
2 EA BISSELL, ROBERT L 

PUMP; 9900-5082-0001 

MAG. DRIVE, ANSIMAG MODEL 1516-CA 

PUMP; 9900-5101-3001 

CHEMICAL DISTRIBUTION SUMP FLOW PUMP 

1 EA VIGUE, JERRY L 

1 EA SHOEMAKE, NANCY C 

PUMP; 1x1 

MULD MODEL 3196 50-B 
1 EA HUNTER, JAMES A 

9900-5105-3001 

PUMP: 9900-5106-2001 

U.S. PUMP TURBINE WITH MARATHON ELECTRIC 

PUMP (T8393691 S/N 1121 MODEL 2110 3530 

1 EA "TER, JAMES A 

RPM. 

Q 

Q 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

2,016.00 EBP-C01-A00 

1.00 ECP-B12-BCC 

.OO EDX-B02-000 

10.000.00 EEP-MO6-BOO 

100.00 

100.00 

138.75 EBO-E08-AO0 

6,000.00 EBP-AO4-BOO 

100.00 EBP-C01-BO0 

.01 EEP-JO3-BOO 

1.00 EY4-RO4-000 

C:\PROGRAM FILES\NSA\INSIGHnprint.txt 8,248 bytes 
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c - 
AnnuludPrimary Tank Pump-out Jumpers 

Best Case (Assumes a Flex/Rigid design) 

Total Jumpers 
Primary Annulus 
&!& && 

AN Primary Tank Transfer Jumper 82-72026 AN-014 0 2 4  0 6 4  07A 1 

82-94863 AN-034 044 05A 1 
(AU unique as-built dimensions) 

(AU unique as-built dimensions) 
Annulus Jumper Central Pit H-2-72025 Fits All Pits 
Annulus Jumper Annulus Pit H-2-72028 Fits All Pits(Needs modification) 

AP Primary Tank Transfer Jumper 82-90725 Assem 1 Ap-024 0 4 4  0 5 4  07A 

Assem 2 Ap-014 0 3 4  0 6 4  08A 
(All unique as-built dimensions) 

(All unique as-built dimensions) 
Annulus Jumper Central Pit (Flex) 82-90726 Fits All Pits (need 2 type rigirk) 
Annulus Jumper Annulus Pit (Flex) H-2-90729 Fits All Pits(Needs modification 

2 different orientations) 

AW Primary Tank Transfer Jumper H-2-70445 

H-2-70466 
H-2-70467 
H-2-70468 
82-70470 

Annulus Jumper Central Pit 82-70444 
Annulus Jumper Annulus Pit 82-7045 1 

AY Primary Tank Transfer Jumper (D Pit) H-2-70772 

82-70774 
Annulus Jumper Central Pit H-2-64457 
Annulus Jumper Annulus Pit to Tank 

Annulus Jumper Annulus Pit to Pit 

82-64441 

H-2-64458 

AZ Primary Tank Transfer Jumper 82-64436 
Annulus Jumper Central Pit 82-64457 
Annulus Jumper Annulus Pit to Tank 
Annulus Jumper Annulus Pit to Pit 

82-64441 
82-64458 

SY Primary Tank Transfer Jumper 82-4625 1 

H-2-76536 
82-76537 

Annulus Jumper Central Pit H-2-37800 
Annulus Jumper Annulus Pit H-2-68388 

AW-014 0 3 4  0 4 4  0 5 4  06A 1 
@imensions maybe same for all pits) 

Evap camp) (JumpersmmtamL . .  AW-02E 

Fits All Pits 
Fits All Pits(Needs modification) 

AY-OlD 1 
(Needs as-built untmown pump) 
AY-02D 1 
Fits Both Pits (Plus AZ Farm) 
Fits Both Pits (Plus Az Farm) 

Fits Both Pits (Plus AZ Farm) 
(Needs Modification) 

(Needs Modification) 

1 
1 

2 
2 

1 
1 

1 
1 

1 

Fits Both Pits 
Same Jumper as AY Farm 
Same Jumper as AY Farm 
Same Jumper as AY Farm 

1 

SY-OlA& 03A 1 
(Diaeslsions are same for both pits) 

for Cross-site) 
SY-02A 
(Jumpe~s mmamed 
Fits All Pits 1 
Fits All Pits(Needs modification) 1 

. .  

Jumper Totals 9 13 



AnnulusPrimary Tank Pump-out Jumpers 
(Worst Case) 

Total Jumoers 

Route 
Primary Annulus 

AN Primary Tank Transfer Jumper 82-72026 AN-01 A, 0 2 4  0 6 4  07A 4 

H-2-94863 AN-034 0 4 4  OSA 3 
(All unique as-bdt dimensions) 

(All unique as-built dimensions) 
Annulus Jumper Central Pit H-2-72025 Fits All Pits 
Annulus Jumper Annulus Pit H-2-72028 Fits All Pits(Needs modification) 

H-2-90725 Assem 1 Ap-024 044 OSA, 07A 
(All unique as-built dimensions) 

Assem 2 AP-OlA 03A 06A 08A 

AP Primary Tank Transfer Jumper 4 

4 

Annulus Jumper Central Pit (Flex) 82-90726 
Annulus Jumper Annulus Pit (Flex) 82-90729 

AW Primary Tank Transfer Jumper H-2-70445 

82-70466 
H-2-70467 
H-2-70468 
82-70470 

Annulus Jumper Central Pit H-2-70444 
Annulus Jumper Annulus Pit 82-7045 1 

AY Primary Tank Transfer Jumper (D Pit) H-2-70772 

H-2-70774 
Annulus Jumper Central Pit 82-64457 
Annulus Jumper Annulus Pit to Tank 

Annulus Jumper Annulus Pit to Pit 

82-64441 

H-2-64458 

AZ Primary Tank Transfer Jumper H-2-64436 
Annulus Jumper Central Pit 82-64457 
Annulus Jumper Annulus Pit to Tank 
Annulus Jumper Annulus Pit to Pit 

H-2-64441 
H-2-64458 

SY Primary Tank Transfer Jumper H-2-4625 1 

H-2-76536 
H-2-76537 

Annulus Jumper Central Pit H-2-37800 
Annulus Jumper Annulus Pit 82-68388 

(AU unique asiuilt dimensidns) 
Fits All Pits (need 2 type rigids) 
Fits All Pits(Needs modification 

2 different orientations) 

AW-OlA, 0 3 4  044 OSA, 06A 5 

4 
pimensions maybe same for all pits) 

EvaP camp) 
. .  AW-02E 

(Jumpem 

Fits All Pits 
Fits All Pits(Needs modification) 

AY-OlD 1 
(Needs as-built unlmown pump) 
AY-02D 1 
Fits Both Pits plus AZ Farm) 
Fits Both Pits (Plus AZ Farm) 

Fits Both Pits (Plus AZ Farm) 
(Needs Modification) 

(Needs Modification) 

Fits Both Pits 
Same Jumper as AY Farm 
Same Jumper as AY Farm 
Same Jumper as AY Farm 

2 

7 
7 

8 
8 

6 
6 

2 
2 
2 

SY-O1A & 03A 2 
@ i o n s  are same for both pits) 
SY-O2A 2 

for Cmss-site) (Jumpem mmtamed 
Fits All Pits 3 

. .  

Fits All Pits(Needs modification) 3 

Jumper Totals 32 60 



AnnulusFrimary Tank Pump-out Jumpers 
(Planning Case) 

Total Ju merg 
Primary Annulus 
R&!!& &&e 

AN Primary Tank Transfer Jumper H-2-72026 AN-014 0 2 4  0 6 4  07A 4 

82-94863 AN-034 0 4 4  05A 3 
(All unique as-built dimensions) 

(All unique as-built dimensions) 
Annulus Jumper Central Pit H-2-72025 Fits All Pits 
Annulus Jumper Annulus Pit H-2-72028 Fits All Pits(Needs modification) 

H-2-90725 Assem 1 AP-024044 0 5 4  07A 
(All unique as-built dimensions) 

h m  2 AP-014 0 3 4  0 6 4  08A 
(All unique as-built dimensions) 

AP Primary Tank Transfer Jumper 4 

4 

Annulus Jumper Central Pit (Flex) H-2-90726 Fits All Pits (need 2 type rigids) 
Annulus Jumper Annulus Pit (Flex) H-2-90729 Fits All Pits(Needs modification 

2 different orientations) 

AW Primary Tank Transfer Jumper H-2-70445 AW-OlA, 0 3 4  044 054  06A 1 
( D i i o n s  maybe Same for all pits) 

Evap Camp) 
. .  H-2-70466 AW-O2E 

H-2-70467  jumper^ 
82-70468 
82-70470 

Annulus Jumper Central Pit 82-70444 Fits All Pits 
Annulus Jumper Annulus Pit 82-7045 1 Fits All Pits(Needs modification) 

AY Primary Tank Transfer Jumper (D Pit) H-2-70772 AY-OlD 1 
(Needs ap-built unlmown pump) 

Fits Both Pits (Plus AZ Farm) 
Fits Both Pits (Plus AZ Farm) 

Fits Both Pits (Plus AZFarm) 

H-2-70774 AY-02D 1 
H-2-64457 
62-64441 

H-2-64458 

Annulus Jumper Central Pit 
Annulus Jumper Annulus Pit to Tank 

Annulus Jumper Annulus Pit to Pit 
(Needs Modification) 

(Needs Modification) 

1 
1 

2 
2 

1 
1 

AZ Primary Tank Transfer Jumper H-2-64436 Fits Both Pits 
Annulus Jumper Central Pit H-2-64457 SW Jumper 86 AY Farm 
Annulus Jumper Annulus Pit to Tank 
Annulus Jumper Annulus Pit to Pit 

62-64441 
82-64458 

Same Jumper as AY Farm 
Same Jumper as AY Farm 

I 

SY Primary Tank Transfer Jumper 82-46251 SY-OlA& 03A 1 
(Dimeslsions are .same for both pits) 

for cross-site) . .  H-2-76536 SY-02A 
H-2-76537  jumper^ 

Annulus Jumper Central Pit H-2-37800 Fits All Pits 1 
Annulus Jumper Annulus Pit H-2-68388 Fits All Pits(Needs modification) 1 

Jumper Totals 20 13 
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CALCULATION IDENTIFICATION AND Fluor Federal Services INDEX 

This sheet shows the status and description ofthe attached Design Analysis sheets 

Discipline: 454 PrqecVArsaIUnit: 651 00541/25/9 
Project NO. & Name: Double Shell Tank Annulus Pumping 
calculation Item: DST Annulus Pump Line Losses 

Page: i of ii 
Date: 02/08/00 

These calculations apply to: 

Drawing No.: N/A 

Drawing No.: 

Other (Study, CDR): 

The status of these calculations is: 

0 Preliminary ~alculations 

F] Final Calculations 

[I 

0 
Incorporated in Final Drawings? 

This calculation verified by independent "checK' calculations? 

Check Calculations (On Calculation Dated ) 

Void Calculation (Reason Voided ) 

1 
2 

3-1 0 
Appendix A 

A I  -A3 
A4-A6 
A7-A8 

A9 
A1 0-A1 3 

~ 1 4 4 1 5  
A1 6 

Dcl 
0 

Objective, Design Criteria, Methods, Assumptions 
Assumptions Cont, References, Conclusions 

Calculations 
Attached References 
Transfer Route Walkdown 
Crane Technical Paper No. 41 0 
E-mail consisting of Revised Design Parameters. 
E-mail pertaining to Flow Rates 
Engineering Fluid Mechanics 
PBM Catalog Cut Sheets 

ARES Sketch of Double Shell Tank Annulus Pumping Data 

Calculation No.: DSTAP-P-001 

Rev. No: 

Rev. No: 

Rev. No. 

Yes 0 No 

Yes w] No 

DSTAPPOO I .DOC FFS CALCULATlON COVER SHEET 



CALCULATION IDENTIFICATION AND 
INDEX 

Continuation Sheet 
Fluor Federal Services 

Originator 

Page ii of ii 
Date: 0208100 

INDU( 
Design Analysis 

Page No. Description 

Al7-AI8 I Statement of Work for Annulus PumDina 
AI  8a I E-mail consisting of Original Design Parameters. 

Appendix B I Referenced Drawings 
BI-B38 I Various Drawinas 

REVISION 

Revision No. Description 

DSTAPPOO I .DOC FFS CALCULATION COVER SHEET 



FLUOR FEDERAL SERVICES Calc. No.: DSTAP-P-001 
Revision No.: 0 
PagsNo.: 1 of 11 DESIGN ANALYSIS 

client: CHZM HILL Hanford Group 
Subject: 

Location: 200 E AREA HANFORD 

DOUBLE SHELL TANK ANNULUS WMPINQ 

OST ANNULUS WMP LINE LOSSES 

Pmj.dlAredUnit: 65100541 I 2 5  I9 
oat*: 

Checked: 4 / 13 / 411 By: +=-- 

Rwiud: By: 

OBJECTIVE: 

The objective of this calculation is to determine the line losses of a piping route that transfers waste from 
the annulus in tank AN-I 06 to tank AP-104, via existing lines. The line losses will then be used to 
select an annulus pump that will satisfy the pressure requirements of the route. 

DESIGN CRITERIA I INPUT 

Flow Rate: 40 GPM minimum 

Dynamic Viscosity: 30 centipoise maximum 

Specific Gravity: 1.47 maximum 

Temperature: 140° F maximum 

Safety Classification: General Seivice 

(Ref. 4) 

(Ref. 3) 

(Ref. 3) 

(Ref. 3) 

(Ref. 9) 

METHODS: 

1 .) The Darcy-Weisbach equation is used in determining the friction pressure losses. 

2.) Friction losses due to standard fittings are calculated using the pipe resistance coefficients 

3.) The total pressure losses of the system is determined using Bernoulli's equation. 

The worst case route for an annulus pump is to transfer from tank AN-I 06 to AP-106 via existing lines. 
A transfer route walkdown (Ref. 1) consisting of all the transfer lines was given by the client. However, 
the walkdown considers a transfer from tank AN-106 to AP-104. This route can be considered 
equivalent in losses to the AN-106 to AP-106 route with minimal error. Therefore, pump selection shall 
be based on the results of the transfer from AN-I06 to AP-104 (Ref. 1). 

The components (valve types, fittings, bends, length of pipe) of the piping in each individual process pit and 
transfer line used in the transfer route were determined. Similar components were then summed together and a 
resistance coefficient was determined for each type of component. All resistance coefficients were then 
summed together and used to determine the head loss due to friction. 

(K factors) found in Crane Technical Paper No. 41 0. 
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ASSUMPTIONS: 

1 .) The Purex nozzles are equivalent in resistance to a 90 degree miter bend. 

2.) Clean Out Boxes on the transfer lines are equivalent in resistance to a “thru” tee. 

3.) The equivalent roughness of carbon and stainless steel pipe is 0.00015 R. 

4.) Bends in the 2 and 3” transfer lines have a bend radius of 36“. 

5.) The discharge of the pump is located near the bottom of tank AN-I 06 in the annulus area. 

6.) The velocity of the fluid at the pump discharge is equal to the velocity of the fluid entering tank AN-I 04. 

7.) All 2 and 3-way ball valves in the transfer route have flow coefficients equivalent to PBM SP 30-40 series 

8.) The changes between the 2 and 3” pipe are all located within a purex nozzle and will be considered 

9.) Because of the nature of the transfer route, a few of the pits require new jumper designs. Assumptions for 

IO.) Assume that the pressure in tank AP-104 is atmospheric. 

11 .) It is reasonable to expect that pipe flow will be laminar for Reynolds number less than 2000 and turbulent 
for Reynolds numbers greater than 3000. When the Reynolds number is between 2000 and 3000 the type 
of flow is very unpredictable and often changes back and forth between laminar and turbulent states. 
However, since there will be vibrations in the piping system due to the pumping operation, it is safe to 
assume that for Reynolds numbers approaching 2000, the flow is turbulent. 

(2-way) and MP 70-80 series (3-way) valves. 

sudden. 

the jumper designs will be made based on the configuration of the pit and are as noted in the calculation. 

1.) AN-106 to AP-104 transfer route walkdown, Document No. TO-001-181. 

2.) Crane Technical Paper No. 410, Flow ofFluids Through Valves, Fiftings, end Pipe. 

3.) E-mail dated 1/25/00 from Dan Reberger to Marshall Hauck consisting of Revised Design Criteria 

4.) E-mail dated 2/8/00 from Dan Reberger to Paul Dorsh, perlaining to Flow Rates. 

5.) Engineering Fluid Mechanics, S i h  Edition, Roberson and Crowe. 

6.) PBM Catalog. 

7.) Sketch from ARES showing Double Shell Tank Annulus Pumping Data. 

8.) Statement of Work for Annulus Pumping, Revision No. 0, Contract 4975. 
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REFERENCES CONT: 

9.) E-mail dated December 17, 1999 from Dan Reberger to Bradley Rarig, stating Design Criteria 

IO.) Various reference drawings supporting the transfer route walkdown (Ref. 1). 

References are located in Appendix A. 

CONCLUSIONS: 

The total line loss of the transfer route, at a fluid discharge of 40 GPM, is 175 fl. Therefore, a pump should be 
selected that will satisfy this operating condition. Multiple pumps operating in tandem are acceptable, if 
necessaty. to achieve this discharge head. 

Due to other criieria for selecting a pump, Le., physical dimensions, material composition, and flammable gas 
classification, an "off the shelf" pump(s) of this performance level may not be assessable. Because of the long 
length of pipe, a smaller flow rate will dramatically drop the required pump discharge head. For example, a 30 
GPM flow rate would require only 130 fl of discharge head. Thus, a pump which satisfies the other criteria, but 
operates slightly below the performance criteria (175 fl @ 40 GPM), may need to be selected. 
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Desired Flow Rate 
3 

sec 
in Q = 154.- (Ref. 4, A9) Q : = 40. GPM 

SG := 1.47 

T := 140.F 

Specific Gravity of Fluid (Ref. 3, A7) 

Temperature of Fluid (Ref. 3, A7) 

Ib p w  :=61.38.- 
f13 

Density of Water 
@ 140 F 

Density of Fluid 
@ 140 F 

Dynamic Viscosity 

(Ref. 5, A13) 

Ib p = 90.23 e- 
fi3 

p .= p ,.SG 

(Ref. 3, A7) 

(Ref. 5, A10) 

p :=30.cp 

k : = 0.0001 5.e Pipe Roughness 

3" Sch 40 PiDe ProDerties 

Inside Diameter of 
3 Sch 40 Pipe D :=3.068.in 

n 2  2 

4 
A 3  :=-.D A 3  =7.39% Inside Area of Pipe 

t? 
see 

v 3 = 1.74 0- 

Re = 1986.4 

Q 

V 3.D 3 . p  

V3:=A 3 

Re3  
P 

Velocity of Fluid 

(assumed turbulent) Reynolds Number 

(Ref. 5, AI  1) f 3  =0.052 
0.25 f 3  = Friction Factor 

Friction Factor in Zone of 
Complete Turbulence ftl :=.018 (Ref. 2, A4) 
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Flow Coefficient of 3 Way T-Port c v u  =460 
Through (GPM) 

Flow Coefficient of 3 Way T- Port Cvb3 ~ 2 7 0  
Branch (GPM) 

Valve (GPM) 
Flow Coefficient of 2 Way Ball Cv3 =625 

2" Sch 40 PiDe ProDerties 

Inside Diameter of 
3" Sch 40 Pipe D 2  :=2.067.in 

Inside Area of Pipe 

Velocity of Fluid 

Reynolds Number 

Friction Factor 

Friction Factor in Zone of 
Complete Turbulence 

Flow coefficient of 3 Way T-Port 
Through (GPM) 

Flow Coefficient of 3 Way T- Port 
Branch (GPM) 

Flow Coefficient of 2 Way Ball 
Valve (GPM) 

v 2  =p 
2 

ft V 2  =3.82*- 
sec 

Re = 2948.4 (assumed turbulent) 

ft2 :=.019 

Cvtz := 176 

Cvb2 := 108 

Cv2 :=300 

0.25 

(Ref. 6, A15) 

(Ref. 6, A I  5) 

(Ref. 6, A14) 

(Ref. 5, A1 1) 

(Ref. 2, A4) 

(Ref. 6, A1 5) 

(Ref. 6, A1 5) 

(Ref. 6, A14) 
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Transfer Pits and ComDonents 

Annulus PumD Pit 06B 

Pipe Diameter - 2 
L.R. Bends - 3 
Purex Connectors - 2 
3 Way B.V. (Branch), 
new design - 1 
Length of Pipe - 10 fl 
Additional Annulus Pipe 
(Inside of Tank Annulus) - 45 fl 
Ref Dwg - Bl/Assumption 

Valve Pit 241-AN-B 

Pipe Diameter - 3” 
L.R. Bends - 1 
Purex Connectors - 3 
3 Way B.V. (Thru) - 1 
2 Way B.V. - 2 
Sudden Contraction - 1 
Length of Pipe - 11 fl 
Ref Dwg - B8/Assumption 

Valve Pit 241-A-A 

Pipe Diameter - 3 
L.R. Bends - 3 
S.R. Bends - I 
Purex Connectors - 2 
3 Way B.V. (Branch) - 1 
Length of Pipe - 7.5 fl 
Ref Dwg - 823 

Valve Pit 241AP 

Pipe Diameter - 3” 
L.R. Bends - 12 
Purex Connectors - 5 
3 Way B.V. (Branch) - 1 
3 Way B.V. (Thru) - 2 
2 Way B.V. - 3 
15” Rad Bends - 1 
Length of Pipe - 30 fl 
Ref Dwg - 835 8 836 

Central PumD Pit 241-AN-06A 

Pipe Diameter - 2 
L.R. Bends - 2 
Purex Connectors - 2 
1 0  Rad Bends - 1 
Sudden Expansion - 1 
Length of Pipe - 10 fl 
Ref Dwg - 83 8 84 

PUmD Pit 241-AZ-026 

Pipe Diameter - 2 
L.R. Bends - 2 
Purex Connectors - 2 
Sudden Expansion - 1 
Length of Pipe - 8.5 fl 
Ref Dwg - 612 

Valve Pit 241-AW-A 

Pipe Diameter - 3 
L.R. Bends - 2 
Purex Connectors - 3 
2 Way B.V. - 2 
15” Rad Bends - 2 (1 + 2 @ 45deg) 
Length of Pipe - 20 fl 
Ref Dwg - B26,B27 8 828 

PumD Pit 241-AP-04A 

Pipe Diameter - 3” 
Purex Connectors - 2 
3 Way B.V. (Branch) - 1 
15” Rad Bends - I 
Length of Pipe - 5 fl 
Ref Dwg - 838 

(Ref. 1 8 I O )  

Valve Pit 241 -AN-A 

Pipe Diameter - 3 
L.R. Bends - 2 
Purex Connectors - 3 
3 Way B.V. (Branch) - 3 
3 Way B.V. (Thru) - 2 
2 Way B.V. - 2 
Length of Pipe - 14 fl 
Ref Dwg - B6 8 87 

Valve Pit 241-AX-A 

Pipe Diameter - 3” 
L.R. Bends - 1 
Purex Connectors - 2 
15” Rad Bends - 1 
Length of Pipe - 9 fl 
Ref Dwg - B16 

Central PumD Pit 241AW-02A 

Pipe Diameter - 3 
L.R. Bends - 4 
Purex Connectors - 2 
3 Way B.V. (Thru) - 1 
Length of Pipe - 10 fl 
Ref Dwg - 829,830 
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Total 2" Pit ComDonents 

L.R. Bends - 7 
Purex Connectors - 6 
3 Way B.V. (Branch) - 1 
Io" Rad Bends - 1 
Sudden Expansions - 2 
Length of Pipe - 63.5 R 

Resistance Coefficients for 3" Pits 

L.R. Bends 
Qty = 25 

Purex Connectors 
Qty = 22 

Diameter of Ball Valve (in) 

3 Way Ball Valves (Branch) 
Qty=6 

3 Way Ball Valves (Thru) 
Qty=6 

2 Way Ball Valves 
Qty=9 

S.R. Bends 
Qty= 1 

15" Rad Bends 
QW=5 

Length of Pipe 

Total 3" Pit ComDonents 

L.R. Bends - 25 
S.R. Bends - 1 
Purex Connectors - 22 
3 Way B.V. (Branch) - 6 
3 Way B.V. (Thru) - 6 
2 Way B.V. - 9 
15" Rad Bends - 5 
Sudden Contraction - 1 
Length of Pipe - 106.5 R 

K, := ( 14ft3).25 

D :=3.0 

K,:: ( 20ft3).1 

%:= (15.5.ft3).5 

L := 106.5.A 

K, =6.3 

5 = 23.16 

K, = 5.94 

K4 = 2.05 

K, = 1.66 

K, =0.36 

K, = 1.39 

(Ref. 2, A5) 

(Ref. 2, A5) 

(Ref. 2, A6) 

(Ref. 6, A6) 

(Ref. 2, A6) 

(Ref. 2, A5) 

(Ref. 2, AS) 

L 

Kg : = f  "G K8=21.55 
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Sudden Contraction 
Qty= 1 

Sum of the Resistance 
Coefficients for the 3" Pits 

Resistance Coefficients for 2" Pits 

L.R. Bends 
Qly=7 

Purex Connectots 
Qty=6 

Diameter of Ball Valve (in) 

3 Way Ball Valves (Branch) 
Qty= 1 

IO"  Rad Bends 
Qty= 1 

Sudden Expansion 
Qty=2 

Length of Pipe 

Sum of the Resistance 
Coefficients for the Pits 

$ := 0.25 

9 

K p 3 : =  Ki 

i =  1 

K, := (14.ft2)-8 

%'=  (60.ft2).9 

D :=2.0  

K4:=(15.5.ft2 

K, :=0.35.2 

L :=63.5.fi 

K, :=f2.-  L 

D 2  
6 . 

K p f =  Ki 

i = l  

K p 3  =63.26 

K, =2.13 

= 10.26 

K3 = 1.22 

K4 = 0.29 

K, = 0.7 

K, = 16.82 

K p2 = 31.43 

(Ref. 5, A12) 

(Ref. 2, A5) 

(Ref. 2, A5) 

(Ref. 2, A6) 

(Ref. 2, A5) 

(Ref. 5, A12) 
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Transfer Lines and ComDonents 

2 PW-476 

3 6  Rad Bends - 1 
Length of Pipe - 35 R 
Ref Dwg - 82 

2 SN-260 

3 6  Rad Bends - 9 
Length of Pipe - 375 fl 
COB - 3 
Ref Dwg -A2,B9, B10 8 B11 

3" SN-220 

3 6  Rad Bends - 12 
Length of Pipe - 568 R 
COB - 3 
Ref Dwg - B21,B24,& 825 

3" SN-614 

3 6  Rad Bends - 6 
Length of Pipe - 299 R 
Ref Doc - TO-001 -1 81 (A3) 

Total 2" Line ComDonents 

3 6  Rad Bends - 26 
Length of Pipe - 11 93 R 
COB - 8 

3 SN-266 

3 6  Rad Bends - 5 
Length of Pipe - 99 R 
Ref Dwg -AI .  82 8 85 

2 SN-600 

3 6  Rad Bends - 16 
Length of Pipe - 783 R 
COB - 5 _ _ _  . 
Ref Dwg - 813 8 B14 

3" SN-267 

3 6  Rad Bends - 5 
Length of Pipe - 110 R 
Ref Dwg - 825 

Total 3" Line ComDonents 

3 6  Rad Bends - 60 
Length of Pipe - 2389 R 
COB - 8 

(Ref. 1 & 10) 

3 SN-268 

3 6  Rad Bends - 4 
Length of Pipe - 25 R 
Ref Dwg - A I ,  85 

3" SN-201/ SN-214 

3 6  Rad Bends - 15 
Length of Pipe - 573 fl 

Ref Dwg - 818, B19, & 820 
COB - 5 

3" SN-609 

3 6  Rad Bends - 13 
Length of Pipe - 715 R 
Ref Dwg - B3I1B32,B33, & 834 
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Resistance Coefficients for 3" Lines 

3 6  Rad Bends 
Qty = 60 

COB 
Qty-8 

K, := ( 34f0)60 K, = 36.72 

K, =(20.ft3).8 5 = 2.88 

Length of Pipe L :=2389.A 

Sum of the Resistance 
Coefficients for the 3" Lines 

Total Value of 3" Resistance 
Coefficients 

Total Head Loss of 
3" Components 

p 

3 6  Rad Bends 
Qty 26 

COB 
Qty=8 

Length of Pipe 

3 
Kt3 := Ki 

i =  1 

K3 : = K p 3 + K i 3  

2 
h 3  :=K3.- v3 

2.g 

K, := 46 f 26 ( . 4. 
K, := (20.ft2).8 

L : = 1 1 9 3 . A  

L q :If2.- 
D 2  

=483.38 

K 13 = 522.98 

K 3 =586.24 

h3 =27.45.A 

K, =22.72 

= 3.04 

=316.02 

(Ref. 2, A5) 

(Ref. 2. A5) 

(Ref. 2, A5) 

(Ref. 2, AS) 
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Data 02 I 08 I 00 By: P. M. D O R S H ? ~ ~  

Sum of the Resistance 
Coefficients for the 2 Lines 

3 
K I 2 : =  Ki 

i =  1 

Total Value of 2" Resistance K 2  :=Kp2+K12  K = 373.21 
Coefficients 

Total Head Loss of 
2" Components 

Combined 2 and 3 
Components 

2 

h 2  :=K2.- "2 

2.g 

h L : = h 2 +  h 3  

Static Head 

Elevation of Pump Discharge Z ,  =612.3.A 

Elevation of Pipe End z b  =675.A 

h = 84.83.A 

h L  = 112.29.A 

(Ref dwg B1 8 A I  6) 

(Ref dwg 838) 

Considering Bernoulli's equation, PJy + Va2/2g + z, = Pdy + V$g + zb + CKabV2/2g, with position 
"a" located at the discharge of the annulus pump and position " b  located at the purex nozzle going into 
tank AN04 (point e), we find the required pressure head of the annulus pump to be: 

Pa/y = Pdy + (Vb212g - V,2/2g) + (z, - zJ + ZK,,V2i2g 

or, wtth zero terms canceled out (Pb is atmospheric) and in terms of feet (PJy is the pressure head = 
H, X&,VzRg is the friction head = hL. V, = V, and V, = Vd: 

H = hL + (V3,/2g - V2'Rg) + (2, - ZJ 

Required Pressure Head 

P = I 1  1.24-psi H. SG 
2.31 

Required Pressure P .=- 
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FIGURE 16 - TK-AN-106 TO 241-AN-B EXCAVATION WALKDOWN 
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F I G U R E  18 - 241-AN-A TO COB-AZ-3 EXCAVATION WALKDOWN 
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CONTINUOUS 

Calc No: DSTAP-P-001, Rev. 0 
Ref. 1 A2 of A18 
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TO-001 -1 8 1 A-2 2/24/99 140 of 143 

TK-102-AZ I - .  211 M020 
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FIGURE 19 - COB-AZ-I  TO TK-104-AP EXCAVATION WALKDOWN 
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CONTINUOUS 

EXCAVATION WALKWWN 

CONTINUED ON FIGURE 18 
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241-AX-A 
VALVE PIT 

COB-AX-18 

241 AX B 
VALVE P T  COB-Ax-16 

' SN.201 
COBAX.14 

COB-A-IO 

Calc No: DSTAP-P-001, Rev. 0 
Ref. 1 A3 ofA18 

t 
N 

Ref: 001181eZ.ll34 
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VALVE PI1 

I., SN 220 

TK-104-AP COBAW-3 

-. 
\. 
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', \, '~ 
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5. 
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SN.614 
73' 
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APPENDIX A-VHYSICAL PROPERTIES OF F L U I D  A - 1 6  

"K' FACTOR TABLE-SHEET 1 of 4 

Represenlative Resistance Coefficients (K) for Valves and Fittings 
("K" is based on use of rdcdub pipe 01 lided on p o g e  2. IO) 

PIPE FRICTION DATA FOR CLEAN COMMERCIAL STEEL PIPE 
WITH FLOW IN ZONE OF COMPLETE TURBULENCE 

Formule 1 

FORMULAS FOR CALCULATING "K" FACTORS' 
FOR VALVES AND FITTINGS WITH REDUCED PORT 

Rri  rlic, I I lr.~ i J 
Formule 6 

KI 
P4 

K z  = - + Formula z + Formula 4 

- 8') + ( I  - p2)* 
K2 = 

0' 

Formula 7 

K p  = K -' + p (Formula 2 + Formula 4 )  when e = 

8' 

K ,  + p [ 0 . 5  ( I  - 0') + ( 1  - P2)2 ]  
K z  = 

. Formula 5 

K, IC2 - + Formula I t Formula 3 

Subscript 1 defines dimensions 
and coefficients w i t h  reference co 

Subscript 2 refers to the larger 

0 
Kl+sin-[o.8(i 2 - p ) + z . 6 ( 1  - B 2 ) z ]  the smaller diameter. 

0 4  diameter. 
K z  = 

'Use "K" furnished by valve or fitting supplier when available. - = . ~  

SUDDEN AND GRADUAL CONTRACTION SUDDEN AND GRADUAL ENLARGEMENT 

I f :  8 i: 45'. . , , . . . . . Ka -Formula 3 

45' < 0 2 180'. , . K, = Formula 4 
T 

1 
I f :  e 7 45'. . , . . . . . . K2 = Formula I 

45' < 0 7 180'. . . K? = Formula z 
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C R A N E A P P E N D I X  A -  PHYSICAL PROPERTIES OF FLUIDS AND F 

"K" FACTOR TABLE-SHEET 4 of 4 

Represenlative Resistance Coefficients (K) for Valves and Fittings 
(for formufor and friction dolo, see page A 2 6 1  

P K "  ii bored on use of  xhedule pipe as liilcd an page .?.IO] 

PLUG VALVES AND COCKS 

Straight-Way 3-Way 

(33 
View x-x 

I f :  p = 1 ,  I f :  @ = I ,  I [ :  p = I 

K I  = I8 /T I<, = 3 0 / T  = 9 O / r  

I f :  p < I . .  . l iZ = Formula 6 

MITRE BENDS 

C d -  

15 /T  

60" 25 h 
75' 40 6, 
90' 60 fr 

'J 

90" PIPE BENDS AND 
FLANGED OR BUTT-WELDING 90" ELBOWS 

/-- 

I r /d  I K Ilr/d I K I 

The resistance coefiicient, K n .  for pipe hen& other 
than 90" ma)- be determined as follo\\.s: 

k o = ( n -  I )  o z j T T / T - t o . j / i ) + / <  r ( '  d 
n = nurnhcr of 90" hcnds 

K = r c w t a n c c  coefficicnt for onc 90" bend (pcr tahlcj 

OSE PATTERN RETURN BENDS 

STANDARD ELBOWS 

90" 45' 

f;] fi 
J-~ 

STANDARD TEES 

Flow thru run .  . . . . . . K = 2 0  /T 

Flow thru branch. . . . K = bo /T 

PIPE ENTRANCE 

Inward Flush 

1 r / d  I K I  
Projecting 

For K, 
see table 

K - 0 7 8  'Sharp.edged 

PIPE EXIT 

Projecting Sharp-Edged Rounded 

I' 1 1 
K = 1.0 K = 1.0 K - 1.0 

:- 
I11 
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A - 3 1  C R A N  E APPENDIX A-PHYSICAL PROPERTIES OF FLUIDS A N D  FLOW CHARAClERlSlICS OF VALVES, FlnlNGS, AND PIPE 

d K C" 
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-3 
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- -- 1% - 40 
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:4 

T 30 -5 - -- 1% 
: 20 - 6  . 
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-8 
r9 Solution: - 8  .9 - 
- K = 1 4 0 1 ~ .  . . . . . . . . . . . . . . . . . .  page A-27 + 6  .,:-3/4 - 10 
- r5 - . 7 -  - 4  - K = 310 x 0.15 = 5.1 - - 

- .6 - : 15 Cv = 490..  .dotted lines on chart r 3  

- -- 2 -- 20 - .5Y- 3/8 

,' 
- - 
- z I , , 

0 , 
0 - , , - .  - - - - 

- - 
Problem: Find the flow coefficient Cv for a 
6-inch Class 125 cast iron globe valve with 
full area seat. 

- - - - - 
1 . 0 - - 1  - 10 - - 

- 
- h = 0.015 . . . . . . . . . . . . . . . . . . . . . p  age A-26 

- 1/2 . . . . . . . . . .  - - - - - 

- - - - - - 
- 1  .4 - 24 

Equivalents of Resistance Coefficient K 
And Flow Coefficient Cv 

891 d' 
T-- 

29.9 d' c, = - 
V F  



Calc No: DSTAP-P-001, Rev. 0 
Ref. 3 A7 of A18 Dorsh, Paul M 

From: 
Sent: 
To: 
cc: 
Subject 

Reberger, Dan W 
Tuesday, January 25,2000 7:38 AM 
Hauck, Frank M (Marshall) 
Rang, Bradley K; Dorsh, Paul M; Peck, David J; Leshikar, Gregory A 
Drafl Design Criteria for Annulus pumps -Revision 

I forgot the criteria on Flammable Gas Controls and pressure. 

In our recent meetings on annulus pumping, it was apparent that the pumping specifications previously provided 
were not adequate. I'm currently in the process of developing a technical rational for the Pump Design Criteria. 
The following is a draft of the criteria. Let me h o w  if there are any questions or concerns. 

Submersible Centrifueal 

Total Flow 
SPG 
Viscosity 
Solids 
Temperature 
Discharge Pressure 
Flammable Gas Controls 

Waste Flow 
Dilution water Flow 

or equivalent)"' 

50 - 300'gpm 
1.0 - 1.47 
1.0 - 30 centipoise 
0 - 20Volume% 
65 - 140'F 
230 maximum" 
Ignition Source Control Set #1 (Class 1 Division 1 GroupB 

33 - 200gpm"" 
17 - 100 gpm"" 

The maximum flow rate of 300 gpm is based on an accident in the Tank Farm FSAR 3.4.2.7 Surface Leak 
Resulting in a Pool. .. 

Maximum design pressure for transfer lines in SY Farm (Spec B-101-C3) and A & AX Farms (Spec B-102- 
C1) 

sparking. 

..* 
Mineral insulated Cable meets requirements for equivalency. Series 300 stainless is acceptable as non- 

1.1. 

The dilution water flow may be required to be as high as 50% of the waste flow. It's recognized that design 
constraints may prevent reaching dilution water flows above 40 gpm. In this case throttling existing waste line 
valves will be used to set the proper dilution. The design constraints anticipated are water supply pressure, 
pressure drop through hose connections, and the limiting pipe diameter that can be coupled with the pump 
assemblies. 

Heel PumD 

Total Flow 

Viscosity 
SPG 

2 - 5gpm 
1.0 - 1.47 
1.0 - 30 centipoise 

1 



K p P -  bYrs 6eV-b 

Calc No: DSTAP-P-001, Rev. 0 
Solids 0 - 20Volume% Ref. 3 A8 of A18 
Temperature 65 - 140'F 
Discharge Pressure 230 maximum' 
Flammable Gas Controls 

Dilution water Flow None Required 

Note: It is assumed that the heel pump will be used just to remove the last few inches of liquid from the annulus. 
Repeated water flushes of the annulus may be performed to remove the residual radioactive components. So it is 
anticipated that the actual solution SpG will probably be significantly lower than the maximum stated above. 

'Maximum design pressure for transfer lines in SY Farm (Spec B-101-C3) and A & AX Farms (Spec B-102-CI) 

Mineral insulated Cable meets requirements for equivalency. Series 300 stainless is acceptable as non-sparking. 

Ignition Source Control Set #1 (Class 1 Division 1 GroupB 
or equivalent)" 

*. 

2 
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Calc No: DSTAP-P-001, Rev. 0 
Ref. 4 A9 of A18 

Domh, Paul M 

From: 
Sent: 
To: 
Subject: 

Reberger, Dan W 
Tuesday, February 08.2000 4:OQ PM 
Dorsh, Paul M 
RE: Annulus Pump Flow Rates 

I'm reducing it to 40 to 140 as a range, and documenting it in a letter, which I hope to get to you soon. 

-Original Msasag- 
From: Dorsh. Paul M 
Sent: 
To: Rebergsr, Dan W 
Subject: Annulus Pump Flaw Rates 

Tuesday, February 08, zoo0 1 :W PM 

Dan, 

I was "officially" updating the line loss calculation for the DST Annulus Pumps. The latest Design Criteria e-mail I have 
from you considers flow rates from 50 - 300 GPM. I know some talk has been made about lowering the flow rate to 40 
GPM or lower. Has the flow rate criteria changed or is 50 GPM still the number7 

Paul Dorsh 
Fluor Federal Services 
372-0289 

1 
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..I ;:.I 
.. . _&_ TURBULENT FLOW IN PIPES 313 

Colebrook-White formula, from which the Moody diagram was developed, 
Swamee and lain (39) developed explicit formulas relatingf; h,, Q, and D. It is re- 
ported that their formulas yield results that deviate no more than 3% from those 
obtained from the Moody diagram for the following ranges of k,/D and Re: 
IO-’ < k, /D < 2 X lo-’ and 4 X 10’ < Re < 10’. The formulas forfand Q are 

(10.26) 

(10.27) 
Q = -2.22D”’- log(& + 1.78~ 

3.70 D ’ ” W  

They also developed a formula for the explicit determination of D. A modified 
version of that formula, given by Streeter and Wylie (38), is 

D .0.66 [ k:.” (LQC?)~.’’ - + vQ9.4( &)’.’]0.04 (10.28) 

If you want to solve for head loss given Q, L,  D, k,, and v, simply solve for/ 
by Eq. (10.26) and compute h, with the Darcy-Weisbach equation, Eq. (10.22). 
Straightforward calculations for Q and D can also be made if b, is known. How- 
ever, for problems involving head losses in addition to hfi an iterative solution is 
required. For computing Q, you can assume an f and solve for Q from the energy 
equation after substituting Q f A  in that equation. Then compute Re and use the re- 
sult in Eq. (10.26) to get a better estimate off ;  and so on, until Q converges 
analogous to the procedure for determining Q using the Moody diagram. In this 
case, however, Eq. (10.26) is substituted for the Moody diagram. Similarly, you 
can determine D if you are given Q, v, the change in pressure or head, and the 
geometric configuration. 

Solution From Fig. 10.8, k,  for asphalted cast-iron pipe is given as 1.2 X 
lo-‘ m. From the given conditions, b,/L = 0.0122. Assume T = Z O T ,  so Y = 

m’/s. Then, using Eq. (10.27), we have 

Q = -2.22(0.20 m)” ’~9 .81  m/s’ X 0.0122 

+ 

1.2 x 1 0 . ~  m 1.78 x m‘/s 
3.7 X 0.20 m 

+ 
(0.20 m ) ” ’ ~ 9 , 8 1  m/s’ X 0.0122 x log( 

= 0.050 m’/s 



'3 TABLE 10.2 LOSS COEFFICIENTS FOR VARIOUS TRANSITIONS AND FITTINGS 

Additional 
Description Sketch Data K Source 

?Id K,  (2). 
Pipe entrance - \- d +  V 0.0 0.50 

0.1 0.12 
hL = K, V212g fr >0.2 0.03 

KC KC 

0.0 0.08 0.50 
DJD, B = 60" 8 = 180" (2) t fontrac t ion  

$2 0.39 4 
0.20 0.08 0.49 

0.42 
0.27 

h2 0.40 0.07 
0.60 0.06 
0.80 0.06 0.20 
0.90 0.06 0.10 

KE KE 

hr  = KcV:/2g 

D,/D> 8 = 20" e = 180" (21 
"1- DI 0.0 1 .oo 

pansion 

+ 0.20 0.30 
+ 0.40 0.25 

0.60 0.15 

0.87 
0.70 
0.41 

D2 , . 

-. 1'; 1 Ka = 0.2 (371 
With 
vanes 

90" miter bend 

and 
Ka = 0.35 (1')) 

90" smooth 2 0.19 
4 0.16 

0.21 
8 

IO 0.32 - ,, 

q : 0.28 

bend 

(37) : Globe valve-wide open K ,  = 10.0 
Angle valve-wide open K. = 5.0 
Gate valve-wide oven K.= 0.2 E 

f 
Gate valve-half open K ,  = 5.6 

Threaded Return bend Ka = ' 2.2 

fittings straight-through flow K, = 0.4 

90" elbow Kb = 0.9 

. pipe Tee 

side-outlet flow K, = 1.8 , .  



TABLE A.5 APPROXIMATE PHYSICAL PROPERTIES OF WATER. A I  
ATMOSPHERIC PRESSURE 

Specific Dynamic+ Ki,nematic Vapor 
Temoerature Densitv .weieht viscositv VlSCOSltY Dressure 

kglm’ N/m’ N * s/m‘ m’/s Nlm‘ abs. 

O’C 1000 9810 1.79 X IO-’ 1.79 X 61 I 
5°C 1000 9810 1.51 X IO-’ 1 . 5 1  X 872 

10°C 1000 . 9810 1.31 X IO-’ 1.31 X 1230 
1 5 T  999 9800 1.14 X IO-’ 1.14 X 1700 
20°C 998 9790 1.00 x lo-’ 1.00 x 10-1 2340 
25‘C 997 978 I 8.91 X IO-‘ 8.94 X IO-’ 3170 
30°C 996 971 I 7.91 X 10.‘ 8.00 X IO-’ 4250 
35°C 994 975 I 7.20 X IO-‘ 7.24 X IO-’ 5630 
40°C 992 9732 6.53 X IO-‘ 6.58 X IO-’ 7380 
50°C 988 9693 5.47 X IO-‘ 5.53 X IO-’ 12,300 
60°C 983 9643 4.66 X 4.74 X IO-’ 20,000 
70°C 978 9591 4.04 X IO-‘ 4.13 X IO-’ 31,200 
80°C 972 9535 3.54 X I O - ’  3.64 X IO-’ 47,400 
90°C 965 9467 3.15 X IO-‘ 3.26 X IO-’ 70,100 

IO0“C 958 9398 2.82 X IO-‘ 2.94 X IO-’ 101,300 

slugs/ft’ Ibfjft’ Ibf-s/ft’ it’js psia 

40°F 1.94 62.43 3.23 X IO-’ 1.66 X 0.122 
50°F I .94 62.40 2.73 X 10.’ 1.41 X 0.178 
60°F I .94 62.37 2.36 X 10.’ 1.22 X IO-’ 0.256 
70°F I .94 62.30 2.05 X 1 0 ~ ~ ’  1.06 X 0.363 
80’F 1.93 62.22 1.80 X 10.’ 0.930 X io-’ 0.506 

100°F 1.93 62.00 1.42 X 10.’ 0.739 X 0.949 
120°F 1.92 61.12 1.17 X IO->  0.609 X 10.’ 1.69 

--C 140’F 1.91 61.38 0.981 X IO-’ 0.514 X I O - J  2.89 
160°F 1.90 61.00 0.838 X 10.‘ 0.442 X 10.’ 4.74 
180°F 1.88 60.58 0.726 X IO-’ 0.385 X IO-! 7.5 I 
200°F 1.87 60.12 0.637 X 10.’ 0.341 X lo-’ 11.53 
2 12°F 1.86 59.83 0.593 X 10.’ 0.319 X IO-’ 14.70 

*Notes: ( I )  Bulk modulus E .  of water i s  approximately 2 .2  G P. (3.2 X IO’ psi); (2) Water-air sur- 
face tension is approximately 7.3 X IO-’ N/m (5 X IO-’ Ibflft) from 10°C to 50°C. 
SOURCE: Reprinted with prrmisrian from R. E. Bolr  and G .  L. Ture, Handbook of Tohle~fur AP-  
plied Engineering Science. CRC Press, Inc.. Cleveland. 1973. Copyright 1973 by The Chemical 
Rubber C o . .  CRC Press. Inc. 
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Calc No: DSTAP-P-001, Rev. 0 
Ref. 6 A15 of A18 

C, is  deiined as the number o i  U.S. gallons of water per minute of ambient temperature water that wil l f lo~v through a valve at 1 
psi pressure drop. 

MP 70-80 SERIES C ,  FACTORS (MEASURED IN G P M )  

NOTES: 

I. 
2 .  

binst values represent lLlP Series valves with l j O #  ilanged end iittingi. 
,LlP Series valves with Female NPT end i i t t inr i .  

3. 
4. 

Flangrti end iittingi are not available tor h lP  75 ILl/?). 
I -I/? and doublr angle port are 1101 iull-pori rleiigii. 

MI 70-80 SERIES c, FACTORS (MEASURED IN CPM) 

6" Consult PBM - 
NOTES: 

1. b and double angle port are not True~Boie design. 

\,'.\CUCIIC~ AND CYCLE TESTS - ,j,\f'/,'+\l 70-1:o SERIES 
Vacuum Testing 
PBM valves excel under vacuum conditions as well 
as tinder pressure contlitions. Typical test results 
showing helium leakage at 10' Torr are provided 

Cycle Testing 
The liie o i  a ball valve is dependent upon service conditions and, thereiore, impossible to predict. However, PBM cycle-tests 
valves using 100 psid of ambient temperature water pressure across the seats with the valve in the closed position. These test 
conditions represent a typical wear-causing force on the seats and packing. PBM also tests valves in a steam environnient up to 
380'F. 

Replacement o i  valve gaskets or O-rings is  reconimended at each disassembly. Replacement o i  other non-moving parts is dictated 
only by the corrosion caused by the flow media. In most applications, PBM ball valves will operate trouble-free ior many years. 

0 

12 
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Ref. 8 A17 of A18 

Title - Statement of Work for Annulus Pumping 
Contract 4975 -Fluor Daniel Northwest 

Revision Number - 0 
Date - December 9,1999 

Objective: 
This task order is to authorize Fluor Daniel Northwest to provide engineering support for iden@ing, suppolting procurement, testing, 
and final design of a pump assembly for waste removal in the Double-Shell Tank Annulus. 

BackgroundIntroduction: 
The objective is to provide a combination of two pumps capable of high flow removal of waste for the DST Annulus, and removal of 
the heel to the extent possible. The pumping scheme should follow that addressed in an ARES Report Number 9905303-001, March 
1999, “Double-Shell Tank Annulus Pumping A l t e d v e  Evaluation” unless changed with LMHC concurrence. A spare pumping 
system will also be procured. These activities support Tasks 19DAPB “ Prepare Procurement Specification & Procure Pump” and 
19DAPC “Design, Procure, Fabricate, Receive & Store Jumpers &Pump Assemblies” of the schedule attached to correspondence 
LMHC-9954506R2 October 25, 1999. 

Scope: 
This Task Order allows Fluor Daniel Northwest to perform, as required, the following minimum activities: 

Task I9DAPB 
1. Review of piping system and prepare preliminary design (6 DST Farms transferring to 106-AP) 
2. Prepare procurement specification for pumps 
3. Support procurement activities 
4. Evaluate bids, and select vendor 
5 .  Prepare acceptance test prpedure 
6. Evaluate run-in data for the tested pumps 
I. Develop Certified Vendor Information File 
Task I9DAPC 
8. Final design of pump assemblies and farm specific flanges 

10. Identification of common spare jumper parts 
11. Prepare spare parts list 

9. Fabrication support of pump assemblies 

i $lP 

d Z / O o  i 
References: 
Piping pressure drop calculations for the Cross-site transfer mute to AP Tank Farm have been documented in Project W-058 files in 
calculation numbers WO58-P-044 and 048. Schematics with transfer line lengths have been developed for most tank farm routings to 
AP farm and can be found in the Emergency Transfer procedures TO-001-181, 182,183, 184 and TO430400 as excavation 
schematics. 

Deliverables: 
Design drawings, procurement specification, acceptance test procedure all prepared in accordance with LMHC approved procedures. 

Acceptance Criteria: 
Documentation with the appropriate LMHC and FDNW approvals as established in current procedures. 

Period of Performance: 
Activities associated with this SOW are expected to be initiated as soon as possible after receipt of the Task Order, with completion on 
or before April 11,2000 for Task 19DAPB and June 2,2000 for Task 19DAPC. 

Technical Point of Contact: 
The following personnel are assigned as liaison with Fluor Daniel Northwest for the scope of work describe& - Technical Contact: D. W Reherger, LMHC, Double Shell Tank Engineering 

Administrative Contact: A. B. Johnson, L.K. Marlin LMHC, Financial Control 

Project Engineer: S. J. Lepka, LMHC, Operational Configuration Management 
1 



Applicable ES&H requirements: 
Standard E S M  requirements (without ISMS) are wananted for this work. 

Safety Requirements: 
NIA 

Calc No: DSTAP-P-001, Rev. 0 
Ref. 0 A10 Of A10 

Requirements (Including Quality Assurance Requirements): 
The subcontractor is subject to Title 10, Code of Federal Regulations, Part 830.120 (10 CFR 830.120), Quality Assurance 
Requirements, and the enforcement actions under 10 CFR 820, General Statement of Enforcement Policy. 

Hold Points: 
NIA 

Configuration Management Requirements: 
NIA 

Work LocatiodPotential Access Requirements: 
NIA 

Training: 
N/A 

Qualifications: 
Degreed Engineering support as required. 

Special Requirements: 
NIA 

Reporting/Administration: 
Status Meetings will be as requested by LMHC or FDNW. Any documentation computer files such as Supporting Documents will be 
prepared in Word Perfect or Microsol? Word. 



Hauck, Frank M (Marshall) 
Calc No: DSTAP-P-001, Rev. 0 

Ref. 9 Al8a of A18 

From: 
Sent: 
To: 
CC: 
Subject: 

Reberger, Dan W 
Friday, December 17,1999 1253 PM 
Rarig, Bradley K 
Hauck, Frank M (Marshall); Baide, Daniel G (Dan); Lepka. Stanley J (Stan) 
Design Procedures and Criteria for Annulus Pumping 

The design of any jumper or pump piping assembly for annulus pumping, is expected to have Design Pressure, Thermal 
Expansion, Sustained and Seismic load calculations performed and documented. The calculation documentation should be 
issued as a Supporting Document. The preferred material for the pump assembly is stainless steel. All materials for trailer 
racks and instrument skids can be carbon steel. 

Design Criteria: 
The design and analysis ofjumper/pump piping shall be in accordance with the following criteria: 
1. HNF-PRO-097, Rev-0 Engineering Design and Evaluation 
2. WHC-SD-W236A-DA-002, Rev-0 Stress Analysis of Single port Jumper Connectors 

Design Codes & Standards: 
1 .  ASME Code B3 1.3a 1996 “Process Piping” 
2. WHC-SD-RE-DGS-002 Rev -3 Jumper Design Standard 

Design Parameters: 
1. Design Pressure 
2. Design Temperature 
3. Corrosion Allowance 
4. Waste Specific Gravity 
5 .  Classification 

300 psig 7 

1.30 ~ J. 
General Semce 



This document was too large to scan 
as a single document. It has 

been divided into smaller sections. 

Section 2 of 2 

I Document Information 
- - i Document # rRPP-6485 

~ 

]Revision 

INICAI., INFORMATION TO SUPPORT DST 
EMERGENCY ~- RNNU1,US - _ PUMPING _. ~ 

~~ 

Title 

Date 

Kecipient Co. 
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Referenced Drawings 
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Fluor Federal Services 

This sheet shows the status and description of tho altached Design Analysis sheets 

Discipline: 454 ProjecVAreaIUnR: 651 00541/25/9 
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FLUOR FEDERAL SERVICES 

DESIGN ANALYSIS 

Client: CHZM HILL Hanford Group 
Subject: 

Location: ZOO E AREA HANFORD 

DOUBLE SHELL TANK ANNULUS PUMMNQ 

ANNULUS JUMPER ORIFICE DEMQN 

Calc. No.: DSTAP-P-002 
Revision No.: 0 
PageNo.: 1 of 7 

70 ProjdAmdUnit: 65100541 I 2 5  I 9  
Date: 03 I 2 4  I O 0  ey: P. M. DORSH 
Checked: cf Iff 1- Ey: 

R e v i d :  By: 

OBJECTIVE: 

The objective of this calculation is to size an orifice, which will be used to reduce the flow rate in the annulus 
pump pit transfer piping. The transfer line connecting the annulus pump pit to the central pump pit in the 
AY-101, AY-102, and AZ-I02 tanks are not contained within encasement piping (they are direct buried). 
Therefore, a flow rate restriction of 50 GPM is placed on these lines. If a leak occurs past the first shell of the 
double shell tanks, an electric submersible pump will be used to transfer waste out of the annulus area. An 
orifice will be placed in the annulus pump pit jumper and will be sized to restrict the flow rate discharged from 
the pump to 50 GPM, when measured at the annulus jumper I transfer line connection. 

DESIGN CRITERIA I INPUT 

Flow Rate: 50 GPM maximum 

Dynamic Viscosity: 30 centipoise maximum 

Specific Gravity: 1.47 maximum 

Temperature: 140° F maximum 

Discharge Pressure 76 ft 

(Ref. 3) 

(Ref. 2) 

(Ref. 2) 

(Ref. 2) 

(Ref. 5) 

1 .) The Darcy-Weisbach equation is used in determining the friction pressure losses 

2.) Friction losses due to standard fittings are calculated using the pipe resistance coefficients 

3.) The total pressure losses of the system is determined using Bernoulli's equation. 

The Flygt pump performance curve will be used to determine the system's operating pressure required to 
achieve a 50 GPM flow rate. A pressure drop due to the resistance of the components will be compared to this 
operating pressure and a difference in pressure will be established. The orifice will be sized in a way that 
produces a pressure drop equal to the difference, and thus produce a flow rate equal to 50 GPM at the entrance 
of the "directly buried transfer line. 

Because of the similarity between the annulus pit arrangements in tanks AY-101, AY-102 and AZ-102, only one 
"generalized calculation will be completed. The results of the calculation can be applied to any of these tanks 
with very minimal error. 

(K factors) found in Crane Technical Paper No. 410. 



FLUOR FEDERAL SERVICES Calc. No.: DSTAP-P-002 
ReviSionNo.: 0 

DESIGN ANALYSIS Page No.: 2 of 7 

Client: CHZM HILL Hanford Group 
Subject: DOUBLE SHELL TANK ANNULUS WMUNQ 

ANNULUS JUMPER ORIFICE DESIQN 
Location: 200 E AREA HANFORD 

f+P 
PmjdAredUnl: 65100541 I 25 I 9  
Dste: 03 I 24  IO0  BY: P. M. DORSH 
Checked: ? 1% I -  By: 

Revissd: ey: 

ASSUMPTIONS 

1 .) The Purex nozzles are equivalent in resistance to a 90 degree miter bend. 

2.) The equivalent roughness of stainless steel pipe is 0,00015 fl. 

3.) The discharge of the pump is will be at the bottom of the tank in the annulus area. 

4.) Only one pump (Flygt BS 2060.390) will be used to transfer the waste. (i.e. no tandem operation) 

5.) The 3-way ball valve used in the annulus jumper has a flow coefficient equivalent to PBM MP 70-80 series 

6.) 3” schedule 80 pipe will be used from the discarge of the pump to the pump flange. 2 schedule 40 pipe will 

7.) The orifice will have an assumed flow coefficient of K = 0.65. 

(3-way) valve. 

be used on the annulus jumper. 

1.) Crane Technical Paper No. 410, Flow offluids Through Valves, Fittings, andpipe. 

2.) E-mail dated 1/25/00 from Dan Reberger to Marshall Hauck consisting of Revised Design Criteria. 

3.) E-mail dated 3/15/00 from Dan Reberger to Marshal Hauck, pertaining to Flow Restrictions. 

4.) Engineering FluidMecbanics, Sixth Edition, Roberson and Crowe. 

5.) Flygt Pump BS-2060,390, Performance Data Sheet. 

6.) PBM Catalog Cut Sheet. 

7.) Referenced Drawing, ARES sketch of Double Shell Tank Annulus Pumping Data. 

8.) Sketches showing the typical annulus pump pit assembly and jumper layout. 

9.) Statement of Work for Annulus Pumping, Revision No. 0, Contract 4975. 

References are attached in Appendix A 

CONCLUSIONS: 

A centrally located orifice with a diameter of 0.9 should be used in an annulus jumper which requires a 50 
GPM flow restriction. Again, this number assumes that only one Flgyt submersible pump is used (as 
opposed to a tandem operation). 



FLUOR FEDERAL SERVICES 

DESIGN ANALYSIS 

Client: CH2M HILL Hanford Group 
Subject: 

L d i w  200 E AREA HANFORD 

DOUBLE SHELL TANK ANNULUS PUMUNQ 

ANNULUS JUMPER ORIFICE DEMON 

Calc. No.: DSTAP-P-002 
Revision No.: 0 
PaoeNo.: 3 of 7 

r *p 
ProldAredUnit: 65100541 I 2 5  I 9  
Date: 03 I 24 I O 0  By: P. M. DORSH 
Checked: 4 11s I A. By: 
R e v i d :  ey: 

Fluid ProDerties 

Maximum Flow Rate 
3 

(Ref. 3, A6) in Q :=SO.GPM Q = 192.5.- 
sec 

Specific Gravity of Fluid SG := 1.47 (Ref. 2, A4) 

Temperature of Fluid T := 140.F (Ref. 2, A4) 

Density of Water 
@ 140 F 

Density of Fluid 
@ 140 F 

Dynamic Viscosity 

Ib 
p w  :=61.38.- 

A3 

p:=pw.SG 

p := 30.cp 

Pipe Roughness k, :=0.00015.ft 

2” Sch 40 Pipe Prooertiis 

Inside Diameter of 
2 Sch 40 Pipe 

Inside Area of Pipe 

Velocity of Fluid 

Reynolds Number 

Friction Factor 

(Ref. 4, A I  0) 

Ib p = 90.229 e- 
l? 

(Ref. 2, A4) 

(Ref. 4, A I  1) 

D = 2.067.h 

n 2  2 

4 
A 2  =- .D2  A 2  =3.356.h 

A V =4.781 e- Q v 2  =- 
A 2  see 

v 2.D 2’P 
Re = 3685.5 (flow is turbulent) Re2 = 

K 

(Ref. 4, A7) 



FLUOR FEDERAL SERVICES Cdc. No.: DSTAP-P-002 
Revision No.: 0 
PapeNo.: 4 ol 7 DESIGN ANALYSIS 

Client: CHZM HILL Hanford Group 
Subject: DOUBLE SHELL TANK ANNULUS PUMUNG 

ANNULUS JUMPER ORIFICE DESIGN 

Location: 200 E AREA HANFORD 

RojdAreYUnit :  65100541 I 2 5  19 
M e :  03 I 24 I O 0  W: P. M. DORSHTfiP 
C k k d :  4 1 13 I O U  By: krce, 
R e v i d :  By: 

fa :=.019 Friction Factor in Zone of 
Complete Turbulence 

Flow Coefficient of 3 Way T-Port Cva := 176 
Through 

(Ref. 1, AI) 

(Ref. 6, A14) 

3” Sch 80 PiDe ProDerties 

Inside Diameter of 
3” Sch 80 Pipe 

D .=2.9.in 

n 2  2 

4 
Inside Area of Pipe A 3  :=-.D A = 6.605 .in 

Velocity of Fluid v 3  :=- Q 
A3 

ft V =2.429*- 
sec 

v 3.D 3’P 
Reynolds Number Re3 := Re = 2626.9 

Ir 

It is reasonable to expect that pipe flow will be laminar for Reynolds number less than 2000 and 
turbulent for Reynolds numbers greater then 3000. When the Reynolds number is between 2000 
and 3000 the type of flow is very unpredictable and often changes back and forth between laminar 
and turbulent states. However, since there will be vibrations in the piping system due to the 
pumping operation, it is safe to assume that the flow is turbulent. 

(Ref, 4, A,2) 

Friction Factor (Ref. 4, A7) 



FLUOR FEDERAL SERVICES Caic. No.: DSTAP-P-002 
Rwlrion No.: 0 
P a ~ e  No.: 5 of 7 DESIGN ANALYSIS 

Client: CHZM HILL Hanford Group 
Subject: 

Location: 200 E AREA HANFORD 

DOUBLE SHELL TANK ANNULUS PUMPING 

ANNULUS JUMPER ORIFICE DESIGN 

7@ ProledlArdUna: 65100541 I 2 5  I9 
Gate: 03 I 2 4  I O 0  By: P. M. DORSH 
Checked: 41 13 1 -  By: 

Revised: By: 

Resistance Coefficients for 2" PiDe 

L.R. Bends 
Qty= 3 

Purex Connectors 
Qty=2 

Inside Diameter of 
2 Sch 40 Pipe (in) 

3 Way Ball Valves (Branch) 
Qty= 1 

3" x 2 Contraction 
Assume 13 = 6 8  

Approx. Length of 
2" Sch 40 Pipe 

Sum of 2" Coefficient 
Resistance Factors 

Head Loss due to  
Friction in 2" Pipe 

K, = (14.ft2).3 

K, := (60.ft2).2 

D :=2.067 

_ -  -0.713 
D 3  

L 2  =7.A 

5 
K 2  := Ki 

i = l  

2 
"2 

2. g 
hL2 :=-.K2 

K, = 0.798 

% =2.28 

% = 0.525 

K4 :=0.06 

K, = 1.731 

K 2  =5.394 

hL2 = 1.916.A 

(Ref. 1, A2) 

(Ref. I, A2) 

(Ref. I, A3) 

(Ref. 4, AB) 

(Ref. 8, A16) 



FLUOR FEDERAL SERVICES cllc. No.: DSTAP-P-002 
Revision No.: 0 
I’ageNo.: 6 of 7 DESIGN ANALYSIS 

Client: CH2M HILL Hanford Group 
Subject: 

Location: 200 E AREA HANFORD 

DOUBLE SHELL TANK ANNULUS PUMFINO 

ANNULUS JUMPER ORIFICE DESION 

l@ 
ProjedlAredUn~: 65100541 I 2 5  I9 

Checked: 4 / / f  /uU By: 
Date: 03 I 24 I O 0  ey: P. M. DORSH 

R & d :  ey: 

Resistance Coefficients for 3” PiDe 

Pipe Entrance K, 10.78 

Approx. Length of 
3” Sch 80 Pipe 

Sum of 3” Coefficient 
Resistance Factors 

Head Loss due to  
Friction in 3” Pipe 

L 3  :=47.A 

2 
K 3  := K, 

i =  1 

2 
“ 3  

2.g 
hL3 :=-.K3 

Static Head 

Approx. Elevation of Pump Discharge 

Approx. Elevation of Pit Nozzle 

z,:=o.e 

Zh :=47.e+ 5.e 

Sinale PumD Discharge Head at 50 GPM 

Pump Discharge H p  :=78.A 

=9.162 

K = 9.942 

hL2 = 1.916.A 

(Ref. 1, A2) 

(Ref. 7, A1 5) 

(Ref. 7, Al5) 

(Ref. 5. A13) 



FLUOR FEDERAL SERVICES C.k. No.: DSTAP-P-002 
Revision No.: 0 
PsgeNo.: 7 of 7 DESIGN ANALYSIS 

client: CHZM HILL Hanford Group 
Subject: 

Loatinn: 200 E AREA HANFORD 

DOUBLE SHELL TANK ANNULUS WMUNG 

ANNULUS JUMPER ORIFICE DESIGN 

P r o j d k d U n a :  65100541 I 2 5  I 9  
B4t.: 03 I 2 4  I 00 BY: P. M. DORSH lrrP 
Checked: 4 t3 1- By: 

Revissd: BY: 

Considering Bernoulli's equation, PJy + VaWg + z, = Pdy + vb2i2g + zb + ZK,bv2/2g + ha, with 
position "a" located at the dmcharge of the annulus pump and position "b" located at the purex nozzle 
connecting the annulus jumper to the pit wall, we find the required pressure drop of the orifice to be: 

h, = (P&? - P&) + (V2i2g - Vb2I2g) + (z. - ZJ - ZK,bVZQg 

or, with zero terms canceled out (Pb is atmospheric) and in terms of feet (P& is the pressure head = 
H,,, ZK,,,V2/2g is the friction head = h,, and h, is the head loss due to the orifice): 

ha = H, + (V2l2g - Vb2i2g) + (Z. - ZJ - hL3 - h,, 

Required Head Loss 
of Orifice 

Assumed Flow Coefficient 

Orifice Area 

Diameter of Orifice 

h, =22.91.A 

K := 0.65 

A , : =  Q 
K . G ,  

Check Assumed Flow Coefficient 

Ratio of Diameters _ -  -0.438 
D 2  

Check of Flow Coefficient 
w/ Re = 3700 

K :=0.65 

2 A , = 0.643 .in 

d = 0.905 *in 

(Assumption 7) 

(Ref. 4, A9) 

(apply the Reynolds number of 3700 and 
the Ratio of Diameters to the graph on 
page A9 to find the Flow Coefficient) 

(Ref. 4, A9) 

As seen by the graph (Ref. 4, A9) the Flow Coefficient, K is approximately equal to 0.65. Thus, the flow 
coefficient assumption and the orifice diameter are correct. 

d 3Y 
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Calc No: DSTAP-P-002, Rev. 0 
Ref. 1 A I  of A19 

A - 2 6  APPENDIX A-PHYSICAL PROPERTIES OF FLUIDS A N D  FLOW CHARACl 

"K" FACTOR TABLE-SHEET 1 of 4 

Representative Resistance Coefficients (K) for Valves and Fittings 
("K" is bused on use of  schedule pipe (15 lirlod on p o p  2-  10) 

PIPE FRICTION DATA FOR CLEAN COMMERCIAL STEEL PIPE 
WITH FLOW IN ZONE OF COMPLETE TURBULENCE 

FORMULAS FOR CALCULATING " K  FACTORS' 
FOR VALVES AND FITTINGS WITH REDUCED PORT 

(Ref: Pages 2 - 1 1  and 34) 

Formula 6 
, i  

Formula 1 

o.*kin$(i - 82) Kl K 2  = K1 - + Formula 1 + Formula 4 
P d  

K , + o . ~ ~ < ( I  - @ ' ) + ( I  - p * ) *  
P 

_ -  
e B4 P I  

K, = 

. Formulm 2 Kr = 

a _ -  

0.5 ( I  - 0') 4s;  e ,(, 
- 41 Formula 7 

K 2  = 
P4 

K~ = K 2 + p (Formula 2 + Formula 4) when 0 = 180" 

P I  

K ,  + p [ a 5  ( 1  - 13') + ( 1  - 1 3 ~ ) ~ ]  

B4 
K2 ~ 

d, 
* Formula 5 BE&- 

K1 
8 4  

K1 + sin-[o.8 (I - 6') + 2.6 ( I  - 137'1 

o r = ( & )  dl ' =a, a! 1<2 = - + Formula I + Formula 3 

Subscript 1 defines dimensions 
and coefficients with reference to 
the smaller diametcr. 
Subscript 1 refers to the larger 

8 
a 

P4 diameter. 
Kr .. 

*use "K" furnished by valve or fitting supplier when avallable. 1 

SUDDEN AND GRADUAL CONTRACTION SUDDEN AND GRADUAL ENLARGEMENT 

I f :  e 7 45'. . . . . . . . . K ,  ~ Formula 3 

45' < e z 180'. . . KI - Formula 4 

I f :  e 7 45". . . . . . . . . K 2  = Formula I 

45' < e 7 180'. . . K2 - Formula z 



c R A  N E APPFNDIX A-PHYSICAL PROPERTIES OF FLUIDS A N D  FLO Calc No: DSTAP-P-002, Rev. 0 
Ref. 1 A2 of A19 

"K" FACTOR TABLE-SHEET 4 of 4 

Representative Resistance Coefficients (K) for Valves and Fittings 
(for formvbr ond friclion dofa, rre poga A-26)  

C'K" is bored on YIL of schedule pipe os liiled on pogs 2- 101 

PLUG VALVES AND COCKS 

Straight-Way %Way 

m 
view x-x 

I f :  p < I . .  . K z  p formula 6 

MITRE BENDS 

c d -  

I5 f, 
2 5  f, 
40 fr 

90' 60 f r  

90" PIPE BENDS AND 
FLANGED OR BUTT-WELDING 90" ELBOWS 

20 fr 8 24 fr 
L.R 1.5 1 4 f ~  IO 30f r  

12fr  12 3 A f r  
1 2 f r  14 3 8 f r  
1 A f r  16 4 2 f r  
17fr 20 5 O f r  

c > 

The  resistance coefficient, K n ,  for pipe bends other 
than 90' may lbe determined as lollo\vs: 

r 
0.25 li f T 2  + 0.5 K) + K 

n = numhcr of 90" hcnds 
I< = rcsictantc cocificicnt fu r  unc 90" bcnd (pcr tilblc) 

CLOSE PATTERN RETURN BENDS 

STANDARD ELBOWS 

90" 45" 

STANDARD TEES 

i -~ I 1 I 

Flow thru r u n .  . . . . . K = 20 fr 
Flow thru bl-anch.. . . K = 6 0 f ~  

PIPE ENTRANCE 

Inward Flush 
Projecting 

see table 

PIPE EXIT 

Projecting Sharp-Edged Rounded 

4 - 4 4  
1 

K = i o  K - I O  
I 

K = i o  

a m  __-- 
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C R A N E APPENDIX A-?HYSICAL ?ROVERTIES OF FLUIDS A N D  FLOW CHARAClERISlICS OF VALVES. F l n l N O S .  A N D  ?I?€ A - 3 1  

Equivalents of Resistance Coefficient K 
And Flow Coefficient Cv 

891 d' 
7 - K =  

29.9 d' 
C" = - V F  

K 
-0.1 - - - - 
-0.15 

-0.2 

- - - - 
- - - - - 0.3 - - - - r 0.4 

0.5 

-0.6 
-0.7 

- - 
- 
- 
- 
-0.8 - g 
r o . 9  'G 
- 1.0 E - ru - - s , 

ru , 
r , 
Ln 
Ln 

- u 0 

4' 
-1.5 2 - - 0' 

-2 22 , - I /' 

.- , , 
- , 
- , 0 - , 

0 
0 - 0 

-3 
- , - , - , 

0 

, , -- 4 
5 /' 

-5 

-6 . 
- 7  
- 8  
-- 9 Solution: 
- 10 

- 
- Problem: Find the flow coefficient CV for a 

&inch Class I 2 5  cast i ron globe valve w i t h  
full area scat. 

- 
- 

K = ? 4 0 / r . .  . . . . . . . . . . . . . . . . .  .page A-27 

K = 340 x 0. i5  = 5.1 

- 
- /? = 0.015 . . . . . . . . . . . . . . . . . . . . . .  age A-26 - - 
:I5 

20 

24 

Cv = 490. .  . . . . . . . . . .  .dot ted lines an chart  - 



Calc No: DSTAP-P-002, Rev. 0 
Ref. 2 A4 of A19 

Dorsh, Paul M 

From: 
Sent: 
To: 
cc: 
Subject: 

Reberger, Dan W 
Tuesday, January 25,2000 7:38 AM 
Hauck, Frank M (Marshall) 
Rarig, Bradley K; Donh, Paul M; Peck, David J; Leshikar. Gregory A 
Draft Design Criteria for Annulus pumps -Revision 

I forgot the criteria on Flammable Gas Controls and pressure. 

In our recent meetings on annulus pumping, it was apparent that the pumping specifications previously provided 
were not adequate. I'm currently in the process of developing a technical rational for the Pump Design Criteria. 
The following is a draft of the criteria. Let me know if there are any questions or concerns. 

Submersible Centrifugal 

Total Flow 
SPG 
Viscosity 
Solids 
Temperature 
Discharge Pressure 
Flammable Gas Controls 

Waste Flow 
Dilution water Flow 

or equivalentr 

50 - 300'gpm 

1.0 - 30 centipoise 
0 - 20Volume% 
65 - 140'F 
230 maximum" 
Ignition Source Control Set #1 (Class 1 Division 1 GroupB 

33 - 200gpm"" 
17 - 100 gpm"" 

1.0 - 1.47 

The maximum flow rate of 300 gpm is based on an accident in the Tank Farm FSAR 3.4.2.7 Surface Leak 
Resulting in a Pool. 
1. 

Maximum design pressure for transfer lines in SY Farm (Spec B-101-C3) and A & AX Farms (Spec B-102- 
C1) 
t.. 

Mineral insulated Cable meets requirements for equivalency. Series 300 stainless is acceptable as non- 
sparking. 
**.* 

The dilution water flow may be required to be as high as 50% of the waste flow. It's recognized thatdesign 
constraints may prevent reaching dilution water flows above 40 gpm. In this case throttling existing wfste line 
valves will be used to set the proper dilution. The design constraints anticipated are water supply pressure, 
pressure drop through hose connections, and the limiting pipe diameter that can be coupled with the pump 
assemblies. 

Heel Pume 

Total Flow 

Viscosity 
SPG 

2 - 5gpm 
1.0 - 1.47 
1.0 - 30 centipoise 



Calc No: DSTAP-P-002, Rev. 0 
Solids 0 - 20Volume% Ref. 2 A5 of A19 
Temperature 65 - 140’F 
Discharge Pressure 230 maximum’ 
Flammable Gas Controls 

Dilution water Flow None Required 

Note: It is assumed that the heel pump will be used just to remove the last few inches of liquid from the annulus. 
Repeated water flushes of the annulus may be performed to remove the residual radioactive components. So it is 
anticipated that the actual solution SpG will probably be significantly lower than the maximum stated above. 

‘Maximum design pressure for transfer lines in SY Farm (Spec B-101-C3) and A & AX Farms (Spec B-102-C1) 

Mineral insulated Cable meets requirements for equivalency. Series 300 stainless is acceptable as non-sparking. 

Ignition Source Control Set #1 (Class 1 Division 1 GroupB 
or equivalent)” 

il. 

2 

3’40 
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Calc No: DSTAP-P-002. Rev. 0 
Ref. 3 A6 of A19 

Dorsh, Paul M 
From: 
Sent: 
To: 
cc: 
Subject: 

Rang, Bradley K 
Wednesday, March 15,2000 11:39 AM 
Hauck, Frank M (Marshall) 
Donh, Paul M 
RE: 50 gpm flow limit in AY & AZ Tank Farms for Annulus pumps 

Yes, I sent an email to Dan and he agreed. Copy was forwarded to Contracts. 
bkr 

-0rlginal M- 
From: Hauck. Frank M (Manhail) 
Sent: Wednday, March 15,2000 ll:17AM 

cc: Do&, Paul M 
Subject 

To: Rarlg. Bradley K 

FW: 50 gpm flow limit in AY 8 AZ Tank F a n s  for Annulus pumps 

Bradley, 

Can we proceed with the design of this orifice, ie is it now in the "scope of supply"? 

Marshall 
-Original Message- 
From: Reberger. Dan W 
Sent: 
To: Hauck, Frank M (Manhall) 
cc: 
Subject 

Wednesday, March 15,2000 1059 AM 

Donh. Paul M; Rarlg. Bradley K 
50 gpm flow limn in AY 8 AZ Tank F a n s  for Annulus pumps 

Marshall, 
The flow restriction of 50 gpm for annulus pumping applies to transfer lines from Tanks lOI-AY, 102-AY and 102-AZ. 
The transfer lines from these three tanks are direct buried and the flow rate must be lower than 50gpm. 
The flow should be calculated at the pipe position just outside the annulus pump pit. If a breach in the pipe at the outside 
pit wall were to occur, the breached flow should not exceed 50 gpm. 

Call me if you have any questions. 

1 



Calc No: DSTAP-P-002, Rev. 0 
Ref. 4 A7 of A19 

- 1.4 TURBULENT FLOW IN PIPES 373 

Colebrook-White formula, from which the Moody diagram was developed, 
Swamee and Jain (39) developed explicit formulas relatingf; h,, Q, and D.  It is re- 
ported that their formulas yield results that deviate no more than 3% from those 
obtained from the Moody diagram for the following ranges of k , /D  and Re: 
lo-’ < k,/D < 2 X lo-’ and 4 X lo3 < Re < IO’. The formulas forfand Q are 

1 

(10.26) 

3.70 Ren9 

) (10.27) 
Q = - 2 . 2 2 D J ” m  log(L + 1 . 7 8 ~  

3.70  D ’ ” ~  

They also developed a formula for the explicit determination of D .  A modified 
version of that formula, given by Streeter and Wylie (38). is 

D = 0.66 [ k j”  (z?)47’ - + Y Q ~ ~ ~ ( ~ > ” ] ~ ~ ~  (10.28) 

If you want to solve for head loss given Q, L ,  D, k,, and v, simply solve for f 
by Eq. (10.26) and compute h, with the Darcy-Weisbach equation, Eq. (10.22). 
Straightforward calculations for Q and D can also be made if h/ is known, How- 
ever, for problems involving head losses in addition to h,, an iterative solution is 
required. For computing Q, you can assume an f and solve for Q from the energy 
equation after substituting Q / A  in that equation. Then compute Re and use the re- 
sult in Eq. (10.26) to get a better estimate off;  and so on, until Q converges 
analogous to the procedure for determining Q using the Moody diagram. In this 
case, however, Eq. (10.26) is substituted for the Moody diagram. Similarly, you 
can determine D if you are given Q, v, the change in pressure or head, and the 
geometric configuration. 

Solution From Fig. 10.8, k,  for asphalted cast-iron pipe is given as 1.2 X 
W4 m. From the given conditions, h,/L = 0.0122. Assume T = 2O”C, so Y = 

mz/s. Then, using Eq. (10.27), we have 

Q = -2.22(0.20 m)s’zd9.81 m/s’ X 0.0122 
1.2 x m 1.78 X mz/s 
3.7 X 0.20 m 

+ 
(0.20 m)?”.8I m/s’ X 0.0122 



.. 
TABLE 10.2 LOSS COEFFICIENTS FOR INOS 3 . .  . .. - 

Additional 
Description Sketch Data X Source 

rld K. (2)' 
Pipe entrance - d %  0.0 0.50 

\- 
0.1 0.12 

h, = K, V 2 / 2 z  !fa--- >0.2 0.03 

Kc K C  

0.0 0.08 0.50 
0.20 0.08 0.49 

0.42 -2 0.40 0.60 0.07 0.06 0.27 
0.80 0.06 0.20 

h i  == K c  W 2 g  0.90 0.06 0.10 

KE KE 
Expansion D,ID> a = 200 a - 180- 12) 

0.0 1.00 
0.87 

+ 0.70 
v1*8T 0.20 0.30 

0.40 0.25 
0.60 0.15 0.41 

Contraction DJD, E = 60" E = 180" (2) 

Dl 

h, E KE V?/ZZ 0.80 0.10 0.15 

Kb = 1.1 (37) 
90" miter bend 

"a"% K. = 0.2 1371 

10 0.32 

Globe valve-wide open K.  = 10.0 (37) 
Angle valve-wide open K. = 5.0 
Gate valve-wide oven K.  = 0.2  

I Gate valve-half open K. = 5.6 
Return bend K b  = 2.2 

straieht-throueh flow K. = 0.4 

Threaded 

fittings Pipe Tee 
I I 

side-outlet flow K, = 1.8 
90' elban Ka = 0.9 
45' elbow K, = 0.4 

'Reprinted by permission of the American Society of Heating, Refrigerating and Air condirionin8 
Engineers. Atlanta, Georgia, from the 1981 ASHRAE Handbook-Fundamentals. 
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INSTRUMENTS A N D  PROCEDURES FOR MEASUREMENT OF FLOW RATE 533 

If A h  is defined as h ,  - h 2 ,  then the final form of the discharge equation for an 
orifice reduces to 

Q = K A , ~  (13.34 

If a differential pressure transducer is connected across the orifice, i t  will 
sense a pressure change, which is equivalent to yAh so the discharge equation ' becomes 

(13.3b) 

Experimentally determined values of K as a function of d/D and Reynolds number 
based on orifice size are given in Fig. 13.13. If Q is given, Red is equal to 

RE 13.13 
coefficient K and 

'<versus the 
olds number f o r  
'es, norzles, and 
ri meters. [Afrer 
(20) and ASME (I)] 
irsion ro use Tuve 
'ed by 
umentation & 
:01 Systems 
zine, formerly 
aments magazine. 

I-.- 

. . . .. . . . .. 



A-24 APPENDIX 

TABLE A . S  APPROXIMATE PHYSICAL PROPERTIES OF WATER‘ AT 

ATMOSPHERIC PRESSURE 

Specific Dynamic Kinematic Vapor 
Temperature Density weight viscosity viscosity pressure 

kdm’  

0°C 1000 
5°C 1000 

10’C IO00 
15°C 999 
20°C 998 
25°C 997 
30°C 996 
35°C 994 
4 0 T  992 
50°C 988 
60‘C 953 
70°C 978 
80°C 972 
90°C 965 

100°C 958 

siugsjft’ 

40°F 1.94 
50°F I .94 
60°F 1.94 
70°F I .94 
80°F 1.93 

100°F 1.93 
120°F I .92 
140’F 1.91 
160°F I .90 
1 8 0 9  1.88 
200°F 1.87 
2 12°F I .86 

Nlm’ 

9810 
9810 
9810 
9800 
9790 
9781 
9771 
9751 
9732 
9693 
9643 
9594 
953s 
9467 
9398 

Ibfjft’ 

62.43 
62.40 
62.37 
62.30 
62.22 
62.00 
61.72 
61.38 
61.00 
60.58 
60.12 
59.83 

N * s/m’ 

1.51 x 10-1 
1.31 x 10-3 
1.14 x 10-3 
1.00 x lo-’ 

7.97 x lo-‘ 

1.79 X 10.’ 

8.91 X 10.‘ 

7.20 X IO-‘ 
6.53 X 10.‘ 

4.66 X IO-‘ 
4.04 X IO-‘ 

3.15 X 10.‘ 

5.47 x 10-4 

3.54 x 10-4 

2.82 x 10.‘ 

Ibf-s/ft’ 

3.23 X 10.’ 
2.73 X IO-’ 
2.36 X IO-’ 
2.05 x 10.’ 
1.80 x 10-5 
1.42 X 10.’ 
1.17 X 

0981 X 
0.838 X 10.’ 
0.726 X 10.’ 
0.637 X 10.’ 
0.593 X I O - ’  

m‘ls 

1.51 x 10-6 
1.79 X 

1.31 X IO-‘ 
1.14 X 
1.00 x 10-6 
8.94 x IO-’ 
8.00 X IO-’ 
7.24 X IO-’ 
6.58 X IO-’ 
5.53 x 10.’ 
4.74 x 10.’ 
4.13 x 10-7 
3.64 X IO-’ 
3.26 X IO-’ 
2.94 x 10.’ 

ftf/s 

1.66 X 10.’ 
1.41 X IO-’ 

1.06 X IO-’ 
0.930 X 10.’ 
0.739 X IO-’ 
0 609 X IO-’ 
0.514 X 10.’ 
0.442 X IO-’ 
0.385 X 10.’ 
0.341 X IO-’ 
0.319 X 10.’ 

1.22 x 10-5 

N/m2 abs. 

61 I 
872 

1230 
1700 
2340 
3170 
4250 
5630 
7380 

12,300 
20,000 
3 1,200 
47,400 
70,100 

101,300 

psia 

0.122 
0.178 
0.256 
0.363 
0.506 
0.949 
1.69 
2.89 
4.74 
7.51 

11.53 
14.70 

‘Notes: ( I )  Bulk modulus E. of water is approximately 1.2 G P. (3.2 X IO‘ psi); (2) Water-ai: sur- 
face tension is approximately 7.3 X IO-‘ N/m (5  x 10.’ Ibf/ft) from IO’C 10 50°C. 
SOURCE: Reprinted with permission from R .  E. Boll and G. L. Tuvr. Handbook o/ Tnblcs/or AF- 
p k d  Engineering Science. CRC Press, Inc., Cleveland, 1973. Copyright 1973 by The Chemical 
Rubber Co., CRC Press, Inc. 

1 
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range or are not significantly affected by the unstable flow. 

What is the head loss per I O 0  m of length of  pipe?^ 
Solution 
ing to see if the Reynolds number is below 2000 or above 3000. 

First we determine whether the flow is laminar or turbulent by check- 

V = - -  Q - 0.020 m’/s - 0.020 m’/s 
= 1.13 m/s - 

A (7r/4)D2 m2 0.785(0.15’ m’) 

Then 
VD (1.13 m/s)(0.15 m) 

R e = - =  = 283 
Y 6 X m’/s 

Since the Reynolds number is less than 2000, the flow is laminar. The head loss 
per 100 m is obtained from Eq. (10.17): 

= 9.83 m 32(6) (lo-‘ m’/s) (100 m) (1.13 m/s) 
(9.81 m/s’) (0.15’ m’) 

h, = Then 

The head loss is 9.83 m/100 m of length. 4 
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From Fly@ BS-2060.390 Performance Dah at 50 GPM the discharge pressure is 78 feet 
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. -I____- 

c,. FACTORS - ~'\P/I'Y\] 70-80 SERIES 
Cv is  defined as the number of U.S. gallons of water per minute of ambient temperature water that wil l flow through a valve at 1 
psi pressure drop. 

M P  70-80 SERIES c, FACTORS (MEASURED IN CPM) 

NOTES: 

I. hlort values repreienl M P  Series valvei o i lh  1 SO# ilanged entl iiltingi. 
2 .  h l P  Series vdlics \vi l l i  Femdle NPT enrl iiltingi. 

3. Flanged end iinings are not available ioi hlP 7: Il-l/4"J. 
4. I-l /-I 'and tlouhle angle pori die not iull-port rleiign. 

MI 70-80 SERIES c, FACTORS (MEASURED IN CPM) 

NOTES: 

I. 6' and rlouble angle part are not True-Bare design 

Vacuum Testing 
PBM valves excel under vacuuni conditions as well 
as under pressure conclitions. Typical test results 
shaving helium leakage at 10 '  Torr are provided. 

MPH-77-F152/POCl 

Cycle Testing 
The life of a ball valve is  depenclent upon service conditions and, therefore, impossible to pretlict. However, PBM cycle-tests 
valves using 100 psitl of ambient temperature water pressure across the seats with the valve in the closed position. These test 
conditions represent a typical wear-causing force on the seats and packings. PBM also tests valves in a steam environment up to 
380OF. 

Replacement of valve gaskets or O-rings is  recommended at each disassembly. Replacenlent of other non-moving parts is dictated 
only by the corrosion caused by the flow media. In most applications, PBM ball valves wil l operate trouble-free for many years. 

0 
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Calc No: DSTAP-P-002, Rev. 0 
Ref. 9 A18 of A19 

Title - Statement of Work for Annulus Pumping 
Contract 4975 - Fluor Daniel Northwest 

Revision Number - 0 
Date - December 9, 1999 

Objective: 
This task order is to authorize Fluor Daniel Northwest to provide engineering support for identifying, supporting procurement, testing, 
and final design of a pump assembly for waste removal in the Double-Shell Tank Annulus. 

Backgroundnntroduetion: 
The objective is to provide a combination of two pumps capable of high flow removal of waste for the DST Annulus, and removal of 
the heel to the extent possible. The pumping scheme should follow that addressed in an ARES Report Number 9905303401, March 
1999, “Double-Shell Tank Annulus Pumping Alternative Evaluation” unless changed with LMHC concurrence. A spare pumping 
system will also be procured. These activities support Tasks I9DAPB “ Prepare Procurement Specification & Procure Pump” and 
19DAF’C “Design, Procure, Fabricate, Receive & Store Jumpers &Pump Assemblies” of the schedule attached to correspondence 
LMHC-9954506R2 October 25,1999. 

Scope: 
This Task Order allows Fluor Daniel Northwest to perform, as required, the following minimum activities: 

Task I9DAPB 
1. Review of piping system and prepare preliminary design (6 DST Farms transferring to 1064’)  
2. Prepare pmcwment specification for pumps 
3. Support procurement activities 
4. Evaluate bids, and select vendor 
5 .  Prepare acceptance test prpedure 
6. Evaluate run-in data for the tested pumps 
7. Develop Certified Vendor Information File 
Task I9DAPC 
8. Final design of pump assemblies and farm specific flanges 
9. Fabrication support of pump assemblies 
10. Identification of common spare jumper parts 

loo i 11. Prepare spare parts list 

/a. f 
References: 
Piping pressure drop calculations for the Cross-site transfer route to AP Tank Farm have been documented in Project W-058 files in 
calculation numbers WO58-P-044 and 048. Schematics with transfer line lengths have been developed for most tank farm roulhgs to 
AP farm and can be found in the Emergency Transfer procedures TO-001-181, 182,183,184 and TO-430-500 as excavation 
schematics. 

Deliverables: 
Design drawings, procurement specification, acceptance test procedure all prepared in accordance with LMHC approved procedures. 

Acceptance Criteria: 
Documentation with the appropriate LMHC and FDNW approvals as established in current procedures. 

Period of Performance: 
Activities associated with this SOW are expected to be initiated as soon as possible after receipt of the Task Order, with completion on 
or before April 11,2000 for Task I9DAF’B and June 2,2000 for Task I9DAPC. 

Technical Point of Contact: 
The following personnel are assigned as liaison with Fluor Daniel Northwest for the scope of work described: 

Technical Contact: D. W Reberger, LMHC, Double Shell Tank Engineering 

Administrative Contact: A. B. Johnson, L.K. m L M H C ,  Financial Control . 
Project Engineer: S. J. Lepka. LMHC, Operational Configuration Management 

1 
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R e a #  39142 
Applicable ES&H requirements: 
Standard ES&H requirements (without ISMS) are wananted for this work. 

Safety Requirements: 
NIA 

Calc No: DSTAP-P-002, Rev. 0 
Ref. 9 A19 of A19 

Requirements (Including Quality Assurance Requirements): 
The subcontractor is subject to Title 10, Code of Federal Regulations. Part 830.120 (10 CFR 830.120), Quality Assurance 
Requiremenls, and the enforcement actions under 10 CFR 820, General Statement offiforcemenl Policy 

Hold Points: 
NIA 

Configuration Management Requirements: 
NIA 

Work LocatiodPotential Access Requirements: 
NIA 

Training: 
NIA 

Qualifications: 
Degreed Engineering support as required. 

Special Requirements: 
NIA 

ReportinglAdministration: 
Status Meetings will be as requested by LMHC or FDNW. Any documentation computer files such as Supporting Documents will be 
prepared in WordPerfect or Microsoft Word 

1 
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Appendix A 

This sheet shows the status and description of the attached Design Analysis sheets 

Discipline: 454 ProjecWArealUnR: 651 00541/25/9 
Project No. 8 Name: Double Shell Tank Annulus Pumping 
Calculation Item: DST Annulus Pump Transfer Line Pressure 

Objective, Design Input, Assumptions, Methods, References, Conclusions 
Calculation 
Attached References 

These calculations apply to: 

Drawing No.: NIA 

Drawing No.: 
Other (Study, CDR): 

The atatus of these calculations Is: 

0 Preliminary calculations 

[x] Final Calculations 

0 
0 
Incorporated in Final Drawings? 

This calculation verified by independent "check" calculations? 

Check Caiculatlons (On Cakulatlon Dated ) 

Void Calculation (Reason Voided ) 

A I  
A2 
A3 

Calculation No.: DSTAP-P-003 

Dayton Air Compressor Cut-Sheet 
E-mail consisting of Design Parameters 
Instrumentation Northwest, Inc. Hydrostar System Air Motors 

Rev. No: 

Rev. No: 

Rev. No. 

Yea [x] No 

Yes w] No 

Original and Revised Calculation Approvals: 

Signaturemate 

FFS CALCULATlON COVER SHEm DSTAP-PCO3.MC 



FLUOR FEDERAL SERVICES chic. No.: DSTAP-P-003 
Revision No.: 0 

DESIGN ANALYSIS PageNo.: 1 of 2 

Client: CHZM HILL Hanford Group ProjdArealUnk: 65100541 I25 I9 
Subled: DOUBLE SHELL TANK ANNULUS PUMPINQ Dale: 04 I 25 IO0 By: P. M. DORSH 

DST ANNULUS PUMP TMNSFER LINE PRESSURE Chezkedd: 4.1 U I O 0  By: 

Lmation: 200 E AREA HANFORD ROViSd: w: 

OBJECTWE: 

The objective of this calculation is to determine if the Hydrostar air motor/pump can pressurize a transfer line 
above its design pressure. An obstruction in the transfer line could prevent a flow of fluid. This would create a 
closed system in which the pressure in the air motor could be amplified and transmitted to the transfer line. 
The maximum design pressure of the lines is 230 psi. If the operating pressure exceeds the maximum design 
pressure, a pressure relief valve may be required to protect the transfer lines. 

DESIGN INPUT 

1 .) The design pressure of the piping is 230 psi 

2.) The maximum air pressure produced be the air compressor is 135 psi. 

3.) A 2 air motor was recommended for use by the pump manufacturer. 

4.) The pump piston diameter is 1.5". 

ASSUMPTIONS: 

1 .) The air compressor is able to pressurize the air motor to 135 psi. 

2.) There is no "blow-by" of air past the piston seals used in the air motor. 

2.) There is no "blow-by" of fluid past the piston seals used in the pump. 

METHODS: 

1 .) Calculations are performed using Mathcad 6.0 

(Ref. 2, A2) 
(Ref. 1, AI) 

(Ref. 3, A3) 

The Hydrostar pump is a positive displacement, piston driven pump. The piston in the pump is driven by a rod, 
which is actuated by an air operated motor. The air motor cylinder is pressurized, causing the piston to move. 
The force of the motor piston is transferred to the actuating rod. The rod transmits the force to the piston in the 
pump. The force moves the pump piston, which positively displaces fluid. By fluid static principles of a closed 
system, a pressure change produced at one point in the system will be transmitted throughout the entire 
system. Thus, the pressure produced at the pump piston Will be transmitted throughout the entire transfer line. 

REFERENCES: 

1 .) Dayton Air Compressor cut-sheet, from Grainger 1995 General Catalog No. 386. 

2.) E-mail dated 1/25/00 from Dan Reberger to Marshall Hauck consisting of Revised Design Criteria 

3.) Instrumentation Northwest, Inc. Hydrostar System Air Motors 

CONCLUSION: 

There is a possibility that the air motor can pressurize the transfer line to 240 psi. This is above the 
design pressure of 230 psi. A pressure relief valve should be installed in the piping. 



FLUOR FEDERAL SERVICES Calc. No.: DSTAP-P-003 
Revision No.: 0 

DESIGN ANALYSIS PapeNo.: 2 of 2 

client: CHZM HILL Hanford Group ProWArduni t :  65100541 I 2 5  I 9  
Subjaci: DOUBLE SHELL TANK ANNULUS PUMFINQ ht.: 04 I 2 5  IO0 By: P. M. DORSH 

OST ANNULUS PUMP TRANSFER LINE PRESSURE Checked: 4 1 Zb l a 0  By: %& 
L-tion: 200 E AREA HANFORD Revised: By: 

CALCULATION: 

Air Motor Piston Diameter D, :=Z.O.in 

211 Am:=D, .- 
4 

P, := 13S.psi 

F : = P  .A 

Air Motor Piston Surface Area 

Max Pressure Induced in Air Motor 

m m  Max Lifting Force of Air Motor I Rod 

Pump Piston Diameter D := 1 5 i n  

2 n  Pump Piston Surface Area A =D ._ 
P '  P 4 

Pump Piston Pressure P p  :=- 
AP 

F 

2 A = 3. I42 *in 

F =424.1*lb 

(Ref 1, AI) 

(Ref 3, A3) 

2 A p  =1.767*in 

P =24O*psi P 



CALCULATION NO: DSTAP-P-003, Rev. 0 
APPENDIX A 

References 





R P P -  6 V k T  k?Cv. 6 

Calc No: DSTAP-P-003, Rev. 0 
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Dorsh, Paul M 

From: Reberger, Dan W 
Sent: 
To: Hauck, Frank M (Marshall) 
cc: 
Subject: 

Tuesday, January 25,2000 7:38 AM 

Rarig, Bradley K; Donh, Paul M; Peck, David J; Leshikar, Gregory A 
Drafl Design Criteria for Annulus pumps -Revision 

I forgot the criteria on Flammable Gas Controls and pressure 

In our recent meetings on annulus pumping, it was apparent that the pumping specifications previously provided 
were not adequate. I'm currently in the process of developing a technical rational for the Pump Design Criteria. 
The following is a draft of the criteria. Let me know if there are any questions or concerns. 

Heel Purne 

Total Flow 
SPG 
Viscosity 
Solids 
Temperature 
Discharge Pressure 
Flammable Gas Controls 

Dilution water Flow 
or equivalent)" 

2 - 5gpm 

1.0 - 30 centipoise 
0 - 20 Volume% 
65 - 140'F 
230 maximum' 
Ignition Source Control Set #1 (Class 1 Division 1 GroupB 

None Required 

1.0 - 1.47 

Note: It is assumed that the heel pump will be used just to remove the last few inches of liquid from the annulus. 
Repeated water flushes of the annulus may be performed to remove the residual radioactive components. So it is 
anticipated that the actual solution SpG will probably be significantly lower than the maximum stated above. 

'Maximum design pressure for transfer lines in SY Farm (Spec B-101-C3) and A & AX Farms (Spec B-102-C1) 

Mineral insulated Cable meets requirements for equivalency. Series 300 stainless is acceptable as non-sparking. 
t. 
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Instrumentation Northwest, Inc. 

Introduction 

APPLICATION NOTE: 
Hydrostar System Air Motors 

May 5 ,  1992 
Calc No: DSTAP-P-003, Rev. 0 

Ref. 3 A30fA3 

When sizing an air-driven system one must consider the air motor cylinder size being used, the stroke rate desired to 
produce a certain production rate (GPM) and the air 
consumption of the air motor. 

Air Cylinder Size 

Without going through the formulas, outlined below is a general guideline table for selecting the proper size air motor 
depending on the installation depth of the HydroStar. For each motor size a range of values is given: the Maximum Full 
Speed Depth (MFSD) and the Maximum Recommended Depth (MRD). The Maximum Full Speed Depth is the installation 
depth where some loss in air motor performance will begin to occur. The Maximum Recommended DeDth is the deepest 
installation depth we would recommend using this size air motor. 

Depth Chart (In Feet) 

Cvlinder size (in) L5 - 2.0 - 2.5 3.25 4 
MFSD (ft) 76 146 240 392 617 
MRD (ft) 106 205 337 549 865 

Production Due to Stroke Rate 

The HS-8000 and HS-8001 pumps are 1.5" diameter pump cylinders with a stroke rate of 12 inches. If we assume that the 
pumps operate at 90% efficiency the production factor of the pumps is ,082 gallons per stroke. Note: Actual field studies 
rate the efficiency of the HydroStar pumps better than 90% at their rated operating depth capacity (see pump curves). 

Example: If your pump is operating at 40 strokes per minute your production rate would be 40 * ,082 = 3.29 gallons per 
minute. 

Air Consumption (ut 80 PSI operation) 

Air consumption is a factor of the cylinder size you use and the stroke rate of the cylinder. The Hydrostar system can 
operate up to 60 strokes per minute down to less than 1 stroke per minute so naturally the air consumption will vary 
depending on the desired operating speed. 

Below is a table of factors one can use to determine the air consumption of your system in Standard Cubic Feet (SCF). 
(These factors are just guidelines since a number of additional variables can effect air consumption). 

Cvlinder Size (in) - 1 .5 - 2.0 - 2.5 2225 4 
Air consumption ( S C F p e r  stroke) .IO . I 8  .30 .49 .76 

Example: A HydroStar system operating at 40  strokes per minute using a 1.5 inch cylinder would need . I  * 40 = 4 SCFM 
of air. 

(con!.) 

Page 1 of 2 
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Pas. i ol 7uor Federal CALCULATION IDENTIFICATION AND INDEX 

iervices, INC Date 6 / 08 /2000 

This sheet shows the status and description of the attached Design Analysis sheets. 

Discipline 27,Piping and Vess WONob No: Calculati DSTAP-P-004 
Project No. 8 Nam TANK FARM PUMP PITS ANNULUS PUMPING 
Calculation Item Annulus Jumper Piping Stress Analysis 

These calculations apply to: 

Rev. 0 

Dwg. No. H-14-104128 through H-14-104133 Rev. No. 
Dwg. No. Rev. NO. 
Other fStudv. CDR) 

Rev. 1 I Rev. 2 I 

1 .  I 

Checked Against I I 

The status of these calculations is: 
o Preliminary Calculations 
x Final Calculations 

I 

o 
o Void Calculation (Reason Voided 

Check Calculations (On Calculation Dated 

Incorporated in Final Drawings? xYes o No 
This calculation verified by independent "check" calculation? 0 Yes x No 

I Signature / Date I Signature / Date I Signature / Date I I 
Originator L.W, 

MM AhmeL 6/8/00 

Checked by 

Approved by 

Approved Vendor Data I I I I I 

Design Analysis INDEX 
Page No. Descriptio 

i Calculation Identification and Index 
1 Objective, Design Criteria, Codes & Standards and Design Parameters 
2 Design loads and Acceptance criteria 
3 Design Methodology 
4 Assumptions, References, Calculation & Conclusion 

Appdx-A AutoPipe File: AYOl F&02F Stress Report 
Appdx-B AutoPipe File: AZO1 -078 Stress Report 
Appdx-C AutoPipe File: AN01 078 Stress Report 
Appdx-D AutoPipe File: AP&SY Stress Report 

i 

JL a 

IDX-ANULUS.xls 



FLUOR FEDERAL SERVICES Cab no:OSTAP-P-004 

DESIGN ANALYSIS 
Client Numatec Hanford Inc WOIJob No. 
Subject Annulus Jumper Piping Stress Analysis Oats: June 8. 2000 

Location Tank Farms Revised 
Checked 

Revno:  0 
Page no: 1 OF 4 

Filename: anul-iumo . .  
By: M. M. Ahmed 
By: A4 
By: 

OBJECTIVE: 

The objective of this calculation is to perform static & seismic analysis for Jumper piping for annulus 
pumping located in pump pits for Tanks AN, AP, AW, AY, A 2  and SY in accordance with General 
Services requirements and be in  compliance with ASME Code 631.3 requirements. 

DESIGN CRITERIA: 

The design and analysis of jumper piping is in accordance with the following criteria: 

1. DOE Criteria 6430.1A 

2. HNF-PRO-97, Rev-0. Engineering Design and Evaluation Ref:5 

3. WHC-SD-W236A-DA-002, Rev-0. Stress Analysis of Single Port (ISB) 
Jumper Connectors For 2-, 3- and 4-in Sizes. Ref:3 

Ref:4 4. Letter dated 12-17-1999 from Bradley K. Rarig "Design Procedures and 
Criteria for Annulus Pumping" 

DESIGN CODES & STANDARDS: 

1. ASME Code B31.3a-1996 " Process Piping" 

2. Piping Stress Analysis Software program "AUTOPIPE" Version-6.0 

Ref:l 

Ref:2 
by Rebis Co. 

3. SD-RE-DGS-002, Rev-3. Purex Connector Standards Ref:6 

DESIGN PARAMETERS: 

1. Design Pressure 
2. Design Temperature 
3. Ambient Temperature 
4. Corrosion Allowance 
5. Project Life 
6. Waste fluid specific weight 
7. Seismic Safety Class 

300 psig 
340" F 
65"  F 
0.4 milslyear 
40 years 
1.47 
General Service 

Ref:4 
Ref:4 
Assumed 
Assumed 
Assumed 
Ref:4 
Ref:4 
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DESIGN ANALYSIS 

WOiJob No. Filename: anul-jump Client Numatec Hanford Inc 
Subject Annulus Jumper Piping Stress Analysis Date: J U " ~  8.  2000 By: M. M. Ahmed & 

Checked By: dw 
Location Tank Farms Revised By: 

DESIGN LOADS: 

DESIGN PRESSURE LOAD: 
A design pressure of 300 psig is considered in the analysis to compute pressure stresses. AutoPipe (Ref:2) 
software program is used for stress analysis. AutoPipe program computes the "Hoop Stress" (pipe wall 
circumference stress) and longitudinal pressure stress as required by Code ASME 831.3 (Ref:l), 

THERMAL EXPANSION LOADS: 
Thermal expansion stress due to increase of pipe metal temperature from 65" F to 340' F is calculated in 
AutoPipe program to meet code criteria. 

SUSTAINED LOADS: 
The weight of pipe material, contents, pipe components and supporting dunnage steel are included in AutoPipe 
analysis. The AutoPipe program computes the mechanical stresses resulting from sustained loads. 

SEISMIC LOADS: 
Since the jumper piping is classified as General Service, In accordance with the requirements of HNF-PRO-97 
(Ref:5), the UBC methodology to compute the Latertal earth quake forces is supposed to be used. However 
a dynamic analysis using Table D-4 (Ref:5) response spectra designated for Safety Significant PC3 structures 
is performed which is conservative for General Service. 

ACCEPTANCE CRITERIA: 

ASME Code 831.3 criteria for allowable pipe stresses is adopted as acceptance criteria. Allowable 
stress "Sh" for given material at given design temperature are obtained from Appendix-A of the code. 

1. Hoop stress < S, 
(Circumferential pressure stress) 

2. Sustained Stress < S, 
(Longitudinal pressure + Gravity stress) 

Ref:l, Para 302.3.5(a) 

Ref:l. Para 302.3.5 

3. Thermal (Displacement) stress < f( l .25SC +0.25SJ Ref:l, Eqn-la 
(Thermal expansion stress) 

4. Seismic (Occasional) stress < 1.33Sh 
(Sustained + Seismic stress) 

Ref:l, Para 302.3.6 
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DESIGN ANALYSIS 
Client Numatec Hanford Inc WOIJob No. Filename: awl-jump 
Subject Annulus Jumper Piping Stress Analysis Date: June a, 2000 By: M. M. Ahmed b 

Checked By: & 
Location Tank Farms Revised BY: 

DESIGN METHODOLOGY: 

The jumper piping analysis is performed using the Autopipe (Ref:2) software program which has been verified 
and validated in accordance with Fluor Daniel practice no: 134 200 0960. 

The jumper piping assemblies basically consists of multiple jumper piping connected between tanks/ pit wall 
nozzles through Purex type jumper (Ref:6) connectors. Each jumper piping is attached to dunnage (supporting) 
steel and bail assembly. The Purex type connectors are welded to pipe at both ends. The jumper piping is 
remotely installed in the pit by using crane. When set in position, the Purex connectors are remotely connected 
to the existing nozzles in the pit. 

The Purex type connectors (Ref:6l are modeled as a short radius elbows with a flexible joint on the nozzle side. 
The translation and rotational stiffness of IS6 connectors (Ref:3) are used in the model since both IS6 and 
Purex connectors are assumed to have similar rigidity. The weights of the Purex connectors, nozzles and kick 
plates are considered as concentrated loads at connector locations. 

The three way valves are modeled as three different valves with 113 of weight of the valve, because of the 
in-ability of Autopipe program to model a three way valve. 

The jumper piping terminal attachments to Pump pit wall structure and Waste tanks risers are considered as 
rigid anchors in the model. 

The function of structural (Dunnagel steel attached to jumper piping is to balance piping during jumper 
assembly installation in the pit. Hence the structural steel is subjected to dead weight of jumper piping 
assembly during installation only. The structural steel is reviewed for adequacy to withstand the weight of 
jumper assemblies and determined to be adequate by inspection. 

Once installed the pipe will bear the weight of the steel. As such the weight of steel is calculated and imposed 
at appropriate node points (steel attachment to pipe) in the model. 

The bail assembly and it's welds are reviewed and found to be structurally adequate to carry the weight of the 
jumper piping assembly during installation. 

PUREX CONNECTORS: 
The Purex connectors application is acceptable based on historical precedence. The ASME 631.3 code 
paragraph 304.7.2(a) states that "unlisted components and elements may be utilized based on extensive, 
successful service experience under comparable conditions with similarly proportioned components of same 
or like material." The PUREX connectors have been in service successfully for approximately 40 years. As 
such analytical qualification of the PUREX connectors is not required. 
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Client Numatec Hanford Inc WO/Job No. Filename: anul-jump 
Subject Annulus Jumper Piping Stress Analysis Date: June 8.  2000 By: M. M. Ahmsd h, 
Location Tank Farms 

Checked 
Revised 

/ 

By: & 
By: 

ASSUMPTIONS: 

1. The stiffness factors used in the model for Purex type connectors are obtained from ISB connectors (Ref:3l 
data. Assumed that these stiffness factors are valid. 

2. Pit wall structures and tank risers are structurally adequate to support piping loads. 

3. A separate analysis will be performed for Pit wall Anchors for the combined piping loads 
from Jumper piping and buried transfer 

REFERENCES: 

1. ASME Code B31.3a-1996, with 1998 Addenda "Process Piping Code". 

2. AutoPipe, Version 6.0 software program by Rebis Co. 

3. WHC-SD-W236ADA-002, Rev-0 "Analysis of 2-, 3-, 4-in ISB Jumper Connectors Under operational and 
Seismic Loading Conditions. 

4. Letter dated 12-17-1 999from Bradley K. Rarig "Design Procedures and Criteria for Annulus Pumping" 

5 HNF-PRO-97 Rev-0, Engineering Design and Evaluation. 

6. SO-RE-DGS-002, Rev-3. PUREX Connector Design Standard. 

7. Drawings: H-14-104128 Rev-0 thru H-14-104133, Rev-0. 

CALCULATION: 
The AutoPipe analysis results are documented in Appendices to this calculation as listed below. The Jumper 
piping assemblies with similar configuration are grouped for the purpose of analysis. 

Appendix-A AutoPipe File:AYO1 &02F Pump Pits 241 -AY-Ol F & -02F 

Appendix-B AutoPipe File:AZO1&O2F Pump Pits 241 -AZ-01 F & -02F 

Appendix-C AutoPipe File:ANO1-078 Pump Pits 241-AN-O1B THRU -078 
241-AW-01 B THRU -06B and 
241-AP-01A. 03A. 06A & 08A 

Pump pits 241 -AP-OZA, 04A, 05A & 07A 
241 -SY-01 B, 02B & 038  

Appendix-D AutoPipe File:AP&SY 

CONCLUSION: 
The review of AutoPipe analysis indicates that the piping stresses meets Code B31.3a criteria as stated in 
Acceptance Criteria above. 
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Ahmed, Mohammed M 
From: 
Sent: 
To: 
Subject: 

Dorsh, Paul M 
Tuesday, May 30,2000 11:46 AM 
Ahmed, Mohammed M 
Annulus Pumps 

Mo, 

On the annulus pumping calculation number- 

Start with-land sequentially increase the number if needed. Please let me know what numbers you use and 
the title of the calculation: 

Paul M. Oorsh 
Fluor Federal Services 
(509) 372-0289 

1 

3Vl 



Ahmed, Mohammed M ~ 

From: 
Sent: 
To: 
Subject: 

Dorsh, Paul M 
Tuesday, May 02,2000 8:16 AM 
Ahmed, Mohammed M 
FW: Annulus Pump Pit Jumper Analysis 

Mo, 

Attached are references to the annulus jumper design criteria. The second has a revision to the SpG. 

Design Pressure - 300 psi 
Design Temperature - 340 F 
Ambient Temperature - 65 F (assumed) 
Fluid Specific Gravity - 1.47 (in Drafl Desing Criteria) 
Safety Classification - General Service 

The torque required to operate a 2 3-way ball valve is not nearly as much as the torque needed to operate the 3 valves. 
Therefore, I don't believe it is necessary to include torque in the analysis. 

FW Design Procedures Drafl Design Criteria for 
and Crite ... Annu ... 

---Original Message--- 
From: Hauck. Frank M (Marshall) 
Sent: Tuesday, May 02,2000 6:59 AM 
To: Dorsh. Paul M 
Subject: FW: Annulus Pump Pit Jumper Analysis 

Paul, 

Can you gather up this information and send it back to Mo? 

Thanks, 

Marshall 

---0rioinal Messaoe---- 
From:= -Ahrned. Mohammed M 
Sent: 
To: Hauck. Frank M (Marshall) 
Cc. Ahmed Mohammed M 

Monday, May 01,2000 8 36 AM 

Subject: Annulus Pump Pit Jumper Analysis 

Marshall, 

I have received AZ-01 B & -028 Jumper drawings from Gary Cleveland. What I need from you is Design 

such as: 

Design Pressure 
Design Temperature 
Ambient Temperature 
Fluid Specific weight 
Would there be any torque applied to Valve for opening & closing. If so how much torque? 
Jumper piping Safety Categoly? 
Any other data you think is pertinent. 

specifications 

Mohammed m. ahmed 
Fluor Federal Services 

376-9120 



Dorsh, Paul M 
From: Rarig, Bradley K 
Sent: 
To: 
Subject: 

----Original Message---- 
From: Rebeqer, Dan W 
Sent: 
To: Rarig. Bradley K 
cc: 
Subject: 

The design of any jumper or pump piping assembly for annulus pumping, is expected to have 
Design Pressure, Thermal Expansion, Sustained and Seismic load calculations performed and 
documented. The calculation documentation should be issued as a Supporting Document. The 
preferred material for the pump assembly is stainless steel. All materials for trailer racks and 
instrument skids can be carbon steel. 

Design Criteria: 
The design and analysis of jumper/pump piping shall be in accordance with the following criteria: 
I ,  HNF-PRO-097, Rev-0 Engineering Design and Evaluation 
2. WHC-SD-W236A-DA-002, Rev-0 Stress Analysis of Single port Jumper Connectors 

Design Codes & Standards: 
1. ASME Code B31.3a 1996 “Process Piping” 
2. WHC-SD-RE-DGS-002 Rev -3 Jumper Design Standard 

Friday, December 17, 1999 1:35 PM 
Dorsh, Paul M; Messinger, David S 
FW: Design Procedures and Criteria for Annulus Pumping 

Friday, December 17, 1999 1253 PM 

Hau&, Frank M (Marshall); Baide. Daniel G (Dan); Lepka. Stanley J (Stan) 
Design Procedures and Criteria for Annulus Pumping 

Design Parameters: 
1. Design Pressure 
2. Design Temperature 
3. Corrosion Allowance 
4. Waste Specific Gravity 
5. Classification 

300 psig 
340” F 
1 .O mils/yr. 
1.30 
General Service 
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Dorsh, Paul M 
From: Reberger, Dan W 
Sent: 
To: Hauck, Frank M (Marshall) 
cc: 
Subject: 
I forgot the criteria on Flammable Gas Controls and pressure. 

Tuesday, January 25,2000 7:38 AM 

Rarig, Bradley K; Dorsh, Paul M; Peck, David J; Leshikar, Gregory A 
Draft Design Criteria for Annulus pumps -Revision 

In ow recent meetings on annulus pumping, it was apparent that the pumping 
specifications previously provided were not adequate. I'm currently in the process of 
developing a technical rational for the Pump Design Criteria. The following is a draft of 
the criteria. Let me h o w  if there are any questions or concerns. 

Submersible Centrifugal 

Total Flow 

Viscosity 
Solids 
Temperature 
Discharge Pressure 
Flammable Gas Controls 

Waste Flow 
Dilution water Flow 

SPG 
50 - 300'gpm 

1.0 - 30centipoise 
0 - 20Volume% 
65 - 140'F 
230 maximum" 
Ignition Source Control Set #1 (Class 1 Division 1 GroupB 
or equivaIent)*** 
33 - 200gpm"" 
17 - 100gpm**" 

1.0 - 1.47 

The maximum flow rate of 300 gpm is based on an accident in the Tank Farm FSAR 
3.4.2.7 Surface Leak Resulting in a Pool. 

*. 
Maximum design pressure for transfer lines in SY Farm (Spec B-101-C3) and A & AX 

Farms (Spec B-102-C1) 

1.. 
Mineral insulated Cable meets requirements for equivalency. Series 300 stainless is 

acceptable as non-sparking. 

.**. 
The dilution water flow may be required to be as high as 50% of the waste flow. It's 

recognized that design constraints may prevent reaching dilution water flows above 40 
gpm. In this case throttling existing waste line valves will be used to set the proper 
dilution. The design constraints anticipated are water supply pressure, pressure drop 
through hose connections, and the limiting pipe diameter that can be coupled with the 
pump assemblies. 

Heel Pumo 

3Y Y 



Total Flow 
SPG 
Viscosity 
Solids 
Temperature 
Discharge Pressure 
Flammable Gas Controls 

Dilution water Flow 

2 - 5gpm 

1.0 - 30 centipoise 
0 - 20Volume% 
65 - 140'F 
230 maximum' 
Ignition Source Control Set # 1  (Class 1 Division 1 GroupB 
or equivalent)" 
None Required 

1.0 - 1.47 

Note: It is assumed that the heel pump will be used just to remove the last few inches of 
liquid from the annulus. Repeated water flushes of the annulus may be performed to 
remove the residual radioactive components. So it is anticipated that the actual solution 
SpG will probably be significantly lower than the maximum stated above. 

Maximum design pressure for transfer lines in SY Farm (Spec B-101-C3) and A & AX 
Farms (Spec B-102-CI) 

*. 
Mineral insulated Cable meets requirements for equivalency. Series 300 stainless is 

acceptable as non-sparking. 
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Date: 07/11/00 
CALCULATION IDENTIFICATION AND 

INDEX 1 Fluor Federal Services I 

Appendix A 
A I  -A6 
A7-A8 

- 

~~ ~ 

This sheet shows the status and description of the attached Design Analysis sheets 

Diszipline: 454 
Project No. 8 Name: Double Shell Tank Annulus Pumping 
Calculation Item: DST Annulus Pump Test Piping Line Loss 

ProjecVArealUnit: 651 00541 /25/9 

Attached References 
Crane Technical Paper No. 410 
Enaineerina Fluid Mechanics 

~~ 

Calculation No.: DSTAP-P-005 

A9 
Appendix B 

61 

These calculations apply to: 
Drawing No.: NIA 

Drawing No.: 

Mher (Study, CDR): 

The status of these calculations is: 

0 Preliminary Calculations 

[x] Final Calculations 

0 
0 
Incorporated in Final Drawings? 

This calculation verified by independent "checlC calculations? 

Check Calculations (On Calculation Dated ) 

Void Calculation (Reason Voided ) 

Engineering Sketch ES-259-001, Rev. 0 
Test System Curve 
DST Annulus Pumping Test System Curve 

Rev. No: 

Rev. No: 

Rev. No. 

Checked Against 
Approved Vendor Data 

- INDEX 
Design Analysis 

Page No. Description 

1 I Obiective. Desian Criteria. Methods. Assumotions 
2 I Assumptions Cont, References, Conclusions 

3-1 0 I Calculations 

FFS CALCULATION COVER SHEET O S T A P P ~ 5 . D O C  

3Yb 
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FLUOR FEDERAL SERVICES C a b  No.: DSTAP-P-005 
Revirion No.: 0 
Page No.: 1 of 4 DESIGN ANALYSIS 

Client: CHZM HILL Hanford Group 
Subject: DOUBLE SHELL TANK ANNULUS PUMPING 

DST ANNULUS PUMP TEST PIPINQ LINE LOSS 

~ o ~ t l o n :  ZOO E AREA HANFORD 

Proj.cVWUnk: 65100541 I 25 I S  
Date: 07 I 11 I O 0  6y: P. M. DORSH 
C h c k d :  71 1 1  I &O By: J. NiL/,7f>- 
Revissd: ey: 

OBJECTIVE: 

The objective of this calculation is to determine the line loss, at various flow rates, of the piping used to 
test the Double Shell Tank Annulus Pumps and develop a system curve from this information. 

DESIGN INPUT 

1 .) Test Skid Submersible Pump Arrangement, Engineering Sketch ES-259-001, Rev. 0. 

METHODS: 

1 .) The Darcy-Weisbach equation is used in determining the friction pressure losses. 

2.) Friction losses due to standard fittings are calculated using the pipe resistance coefficients 

3.) For this calculation, a flow rate value of 90 GPM was arbitrarily chosen to show how the line losses were 

(K factors) found in Crane Technical Paper No. 410. 

determined. This value was then varied throughout the range of 0 to 160 GPM and the corresponding line 
loss value recorded. These points were then used to develop a system curve. 

ASSUMPTIONS: 

1 .) The test fluid will be water and the temperature will not be above 80 degrees F during the testing. 

2.) There are no losses through the magnetic flow meter. 

3.) The equivalent roughness of the pipe is 0.00015 ft. 

REFERENCES: 

1.) Crane Technical Paper No. 410, FlowofFIuids Through Valves, Fittings, andfipe. 

2.) Engineering FluidMecbanics, Sixth Edition, Roberson and Crowe. 

3.) Test Skid Submersible Pump Arrangement, Engineering Sketch ES-259-001, Rev. 0. 

All References are located in Appendix A. 

CONCLUSIONS: 

The head required by the test piping et 90 GPM is 50.9 ft. A chart of the head required by the test piping at 
various flow rates is seen on page 4. A Test System Curve can be seen in Appendix E. 

3 9 7  



FLUOR FEDERAL SERVICES Calc. No.: DSTAP-P-005 
Revision No.: 0 
PsQeNo.: 2 of 4 DESIGN ANALYSIS 

Client: CHZM HILL Hanford Group 
Subject: 

Lcedion: 200 E AREA HANFORD 

DOUBLE SHELL TANK ANNULUS PUMPING 

OST ANNULUS PUMP TEST PIPING LINE LOSS 

ProidArea!Unit: 65100541 I 2 5  I 9  
cats: 07 I 11 I O 0  6y: P. M. DORSH 
Checked: 7/17 I@ B y : 3  W;l l ; -  
Revised: By: 

Fluid Characteristics 

Flow Rate Q = 90. GPM 

Density of Water 
@ 80 F 

Dynamic Viscosity 

Ib 
p :=62.22.- 

A3 
p :=0.8S.cp 

Pipe Roughness k, :=O.O001S~ft 

Resistance Coefficients - 3” sch 40 Pipe 

Pipe Inside Diameter 

Inside Area 

Fluid Velocity 

3” Complete Turbulence 
Friction Factor 

v ::Q 

f ,  :=0.018 

A 

90 Degree Elbow K I =30.ft  

Reynolds Number 

Friction Factor 

Approximate Length 
of 3” Pipe 

3” Friction Head Loss 

2 A = 7.393 *in 

ft V =3.906*- 
SeC 

K =O.S4 

Re= l.l*105 

f=0.021 

h =0.18S.A 

(Ref. 2, A8) 

(Ref. 1, A2) 

(Assum. 3) 

(Ref. 1, A3) 

(Ref. 1, A6) 

(Ref. 2, A7) 

(Ref. 1, AI) 



FLUOR FEDERAL SERVICES Calc. No.: DSTAP-P-005 
Revision No.: 0 
PsoeNo.: 3 of 4 DESIGN ANALYSIS 

Client: CHZM HILL Hanford Group 
Subject: DOUBLE SHELL TANK ANNULUS PVMPlNQ 

DST ANNULUS PUMP TEST PlPlNC LINE LOSS 

Location: 200 E AREA HANFORD 

ProjedlArdUnR: 65100541 I 2 5  I 9  
M e :  07 I 11 I O 0  By: P. M. DORSH 
C h n k d :  7 I 17 I * By: J- lLb7karn-M-s 
Revised: By: 

Resistance Coefficients - 1-112" sch 40 Pipe 

Pipe Inside Diameter D 1 =1.61.i11 

Inside Area 

Fluid Velocity 

1-1R" Complete Turbulence f t  :=0.021 

D 1  p =- 
(Sudden) D 2  

Friction Factor 

3" to 1-112 Contraction 

Tee - Run Flow 
Qty=2 

Tee - Branch Flow 
Qty= 1 

Globe Valve 
Q t y = l  

Ball Valve 
Q t y = l  

Pipe Exit 

Total Resistance Coefficients 

Reynolds Number 

q : =  ( 20ft) .2  

% =60.ft  

K4 := 340.f 

K, = 3 . f t  

K, := 1 

6 

K := c Ki 
i = l  
V.D 1.p 

Re:=- 
II 

A =2.036*in2 

ft V = 14.183.- 
SeC 

p = 0.525 

K, =4.111 

5 = 0.84 

= 1.26 

K4 =7.14 

K, = 0.063 

K = 15.08 

Re=2.1*10s 

(Ref. 1, A3) 

(Ref. 1, A3) 

(Ref. 1, A6) 

(Ref. 1, A6) 

(Ref. 1, A4) 

(Ref. 1, A5) 

(Ref. 1, A6) 



FLUOR FEDERAL SERVICES 

DESIGN ANALYSIS 

ciient: CHZM HILL Hanford Group 
Subject: 

Location: 200 E AREA HANFORD 

DOUBLE SHELL TANK ANNULUS WMANG 

OST ANNULUS PUMP TEST AANG LINE LOSS 

Cdc. No.: DSTAP-P-005 
RevIsbnNo.: 0 
PageNo.: 4 of 4 

ProjdArWUnR: 65100541 I 2 5  I9 
Me: 07 I l l  I O 0  By: P. M. DORSH 
Checked: TI (7 I Up ~ y :  A. m ? L w  
RWiud: ey: 

Friction Factor 

Approximate Length 
of 1-1l2" Pipe 

1-ll2" Friction Head Loss 

f =0.022 (Ref. 2, A7) 0.25 f : =  f =0.022 (Ref. 2, A7) 0.25 f : =  
2 

L :=7 .A 

h 2  =50.669.A (Ref. 1, A l )  

Total Friction Head Loss h L : = h l +  h 2  hL = 50.854.A 

The following is a chart of the test piping head requirements at various flow rates. The Test System Cuwe can 
be seen in Appendix 6. 

50.9 
120 90.3 

122.9 
160 160.4 



CALCULATION NO: DSTAP-P-005, Rev. 0 
APPENDIX A 

References 

351 



R P P -  L Y Y ~  rzev.J 
3 - 4  CHAPTER 1 - FORMULAS AND NOMOGRAPHS FOR Mow 

Calc No. DSTAP-P-005, Rev. 0 
Ref. 1 AlofA9  Summary of Formulas 

0 Head loss and pressure drop 
through valves and fittings 

Head loss through valves and fittings is generally 
given in terms of resistance coefficient K which 
indicates static head loss through a valve in terms 
of "velocity head", or, equivalent length in pipe 
diameters LID that  will cause the same head loss 
as the valve. 

From Darcy's formula, head loss through a pipe is: 

Eqqualion 3.5 
L u= 

h ,  = 1- - D 2g 

and head loss through a valve is: 

2g 
h ,  = Equation 5-14 

Equmion 3-15 
L therefore: K = f - D 

To eliminate needless duplication of formulas, the 
following are all given in terms of K.  Whenever 
necessary, substitute (f L / D )  for ( K ) .  

= 0 . 0 0 2  f9 Equmlion 3-14 
$22 KqZ h ,  = ~ d4 d 

K €32 K W 2 P  
d' h ,  = 0.001 2 7 0 ~  = o.oooo4o~ d 

A P  = 0.000 io78 Kpv2 = 0.000 ooo 0300 KpV2 

KW1 
d' 

0.000 017 99 7 KPQ' A P  = 3.62 __ 

K W V  A P  = 0.000 ooo 280 7 d 

K(9'hi2 T S ,  
d' P' A P  = o.oooooooooboj 

K ( 9 ' 2  s,2 
d' P 

A P  = O.OOOCQO~OI  6 3 3  

For compressible flow w i th  h i  or AP greater than approxi- 
rnstely 10% of inlet absolute pressure, the denominator 
should be mult ip l ied b y  Y2. For values of Y .  see page A-22. 

Pressure drop and flow of liquids of low 
viscosity using flow coefficient 

Eqquolisn 3-16 

0 Resistance coefficient, K, for sudden and gradual 
enlargements in pipes 

If. 8 7 45'. 

K ,  = 2.6  sin - ( i  - p z ) 2  e 
2 

I f ,  < e z 1800, 

KI  = ( i  - p')' 

Resistance coefficient, K, 
contractions in pipes 

'Equation 3-17 

'Eqvolion 3-17.1 

r sudden and graduc: 

'Equolion 3-18 

'Eqvolion 3-18.1 
8 K~ ~ 0.5 4 sin - ( 1  - 02) 
z 

I f ,  8 7 45', 

K1 - 0.S sin - 8 ( I  - 6') 
z 

I f ,  45- < 0 7 1800, 

"Note: The values of the resistance coeficients (K) 
in equations 3 - 1 7 .  3 - i i . 1 ,  3-18. and 3-18.1 are 
based on the velocity in the small pipe. To de- 
termine K values in terms of the greater diameter, 
divide the equations by P. 

0 Discharge of fluid through valve., 
flningr, ond pipe; Darcy's formula 
Liquid t i o r :  Equalion 1-19 - 

9 = 00438 d2,/% = o 5 z j  d z d z  

Values oi Y are shown on page A-21. For K ,  Y .  and 
h P  determination, see examples on pages 4-13 and 4-14. 



c R A N E APPENDIX A- PHYSICAL PROPERTIfS OF FLUIDS AND FLOW CH. Calc NO. DSTAP-P-005, Rev. 0 
Ref. 1 A2 ofA9 

Viscosity of Water and 
Liquid Petroleum Products R ,  12. 23 

Example: The \.iscosity 01 n a t e r  a t  
1 2 j  F is 0 .  j z  ccntipoise (.Cul-\.e No. b). 

3s3 

2. Propane IC3HaI 

3. Butane IC4H,',l 

4.  Natural Gomline 

5. Gqsolins 

6. Worer 

7. Krrosena 

8. Dkiillole 

9. 4 8  Deg. API Crude 
- 

10. 40 Deg. API Crude - 

I I. 35.6 Des. API Crude 

12. 32.6 Des. APl Crude 

13. Salt Creek Crude 

14. Fuel 3 [Max.) 

15. Fuel 5 IMin.1 

16. SA€ I O  Lube I100 V.I.) 

17. SAE 30 Lube (100 V.1.J 

18. Fuel 5 [Max.)  or 
Fuel 6 (Mid 

19.  S A €  70 Lube (100 V.1.I 

20. Bunker C Fuel IMox.1 ond 
M.C. Reiiduvm 

- 

, 

I 

21. Asphall 

i 
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Calc NO. DSTAP-P-005, Rev. 0 A - 2 6  APPENDIX A-PHYSICAL PROPERTIES OF FLUIDS AND FLOW C H L  

Ref. 1 A3 ofA9 
"K" FACTOR TABLE-SHEE1 I ot 4 

Representative Resistance Coefficients (K) for Valves and Fittings 
f"K" i s  bored on use of rchcdula p;pe os listed on pogo 2- 10) 

PIPE FRICTION DATA FOR CLEAN COMMERCIAL STEEL PIPE 
WITH FLOW IN ZONE OF COMPLETE TURBULENCE 

FORMULAS FOR CALCULATING " K  FACTORS' 
FOR VALVES AND FITTINGS WITH REDUCED PORT 

(Ref Pagcr 2-11 and 34) 

Formula 1 Formulo 6 

Formula a + Formula 4 I KI I\, = 7 + P 

K ,  + 0 . 5  && a - 0') + ( I  - P)* 
Kz  = 

84 

Foirnulo 7 

+ p (Formula z + Formula 4) when 0 = 180' 

Formul- 5 

K 
P' 

Mz - -' + Formula I + Formula 3 

8 KI + sinz[o.8 ( I  - 8') + 2.6 ( I  - P2)%] 
P4 Kn = 

'Uoe "K" furnished by valve or fitting supplier when available. 

Subscript I defines dimensions 
and coefficients with reference to 
the smaller diameter. 
Subscript 2 refers to the larger 
diameter. 

SUDDEN AND GRADUAL CONTRACTION SUDDEN AND GRADUAL ENLARGEMENT 

I f :  B 7 45'' . . . , . . . .K1  = Formula 3 

45' < 0 7 1 8 0 ~ .  . . K1 - Formula 4 I I f :  B 7 45'. , . . . . . . .K2 - Formula I 

45' < 9 7 180'. . . K 2  - Formula 2 

I 

I 

I 

I 

I 

I 

1 

I 

I 

I 

L 

L 

I 

I 

e 
I 
t 
0 

I 
1 
I 

c 
I 
I 
I 
E 

I 

F 
c 
1! 

2x4 
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Calc No. DSTAP-P-005, Rev. 0 
Ref. 1 A4ofA9 c R A N  E APPENDIX A-PHYSICAL PROPERTIES OF FLUIDS A N D  FLOW CHARACTI 

"K" FACTOR TABLE-SHEET 2 of 4 

Representative Resistance Coefficients (K) for Valves and Fittings 
I for formulas ood friction doto, see page A.26) 

l"X" b based on use of schedule pipe os listed en page  2- 10) 

GATE VALVES 
Wedge Disc, Double Disc, or Plug Type 

I f :  0 = I ,  8 = 0.. . . .  . . . . . . . . . I < ,  = 8 f r  
p < I and  B 3 4 ~ ~ .  . . , . . . . .I<? = Formula 5 
p < I and  47' < 0 7 180'. . . K, = Formula 6 

GLOBE AND ANGLE VALVES 

I f :  @ = I  . . .  l < , = j j / , .  

+I 

I f :  p =  I . .  . / < I  1 5 0  fT I f :  0 = I . .  . / < I  = j j f r  

Ail globe and angle valves, 
\vhether rcduced seat or throttleil, 

I f :  io < I . .  . I C 2  = Formula 7 

SWING CHECK VALVES 

K = j o  fT 

l l inimum pipe velocity 
( fps) lor full disc lilt 

I< = 1 0 0  fT 

LLlinimum pipe velocity 
(Ips) for full disc lift 

= I T  47 = 60 d / t e x c e p t  

U / L  iisrmi = 100 47 

LIFT CHECK VALVES 

I f :  0 = I . .  .I<, = boofr 
p < I . . . I<?  = Formula 7 

Minimum pipe velocity (ips) for lull disc lift 
F 40 11% d U  

I f :  @ = I . .  / < ) = r j f ~ ,  
p < I . , . li ,  = Formula j 

nlinimum pipe vclocity (fps) for full Jisc l i f t  
= 140 pz dY 

TILTING DISC CHECK VALVES 
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Calc No. DSTAP-P-005, Rev. 0 
Ref. 1 A5 ofA9 

A - 2 8  APPENDIX *--PHYSICAL PROPERTIES OF FLUIDS AND FLOH 

" K '  FACTOR TABLE. 

Representative Resistance Coefficients (K) for Valves and Fittings 
ffor formulas and frkfion dofa. see pogs A 2 6 1  

("K" #I ' boisd on use O F  scheduled pipe -I lirfed on pogo 2 -  IO] 

STOP-CHECK VALVES 
(Globe and Angle Types) 

If: I f :  
4 = I . .  . K1 = 400 f~ 
P < I . .  :K? = Formula 7 

Minimum pipe velocity 
for full disc lift 

B = I . .  . K ,  
p < I . .  . K z  =Formula 7 

200 f T  

Minimum pipe velocity 
for full disc lift 

= 5 5 P  6- = 7 f p  dT 

I f :  I f :  
8 - 1  . . .  K 1 - 3 0 0 f r  8 -  I...K1=3fOfT 
0 < I .  , . K z  = Formula 7 (3 < I .  . . K 2  = Formula 7 

Minimum pipe velocity (fps) for full disc lift 
- 60 P 2 V T  

If: I f :  
P - I . .  . K 1  = 17 f T  
P < I .  . . KI ~ Formula 7 

P = I  . . .  K , - r 5 f T  
p < I .  . K 2  = Formula 7 

Minimum pipe velocity (fps) for full disc lift 
- 140 P 2 6  

FOOT VALVES WITH STRAINER 

Poppei Disc Hinged Disc 

K =4z0fT K = 7 f f T  

Minimum pipe velocity 
(fps) for full disc lift 

Minimum pipe velocity 
(ips) for full disc lift 

= I f  dT = ? f  vq7 

BALL VALVES 

if: p - ~ , e = ~  . . . . . . . . . . . . . .  ~ , = ? f ~  
p < I and 0 7 45'. . . . . . . . . K 2  = Formula 
0 < I and 45' < e 7 180'. . . KP I Formula 6 

BUTTERFLY VALVES 

l i b  
Sizes z t o  8" . . .  K = 4 5 f T  
Sizes io to 14'. , . K  - 3 r f T  
Sizes 16 to 24'. . .K - z r f T  

I 

I 

1 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 



Calc No. DSTAP-P-005, Rev. 0 
Ref. 1 A6 ofA9 C R A N E APPENDIX A -  PHYSICAL PROPERTIES OF FLUIDS A N D  FLOW CHAR 

"K" FACTOR TABLE-SHEET 4 of 4 
Representative Resishnce Coefficients (K) for Valves and Fittings 

(for formulas ond friction doto ,  see p o p  A.26) 

P K "  i s  bared on use of xhcduia pipe os iisfod on page 2. IO) 

PLUG VALVES A N D  COCKS 

Straight-Way 3-Way 

I f  0 = I ,  I f  ? = I  I f  p = I ,  
K I  = i<l 3 0  /T KI = ~ O / T  

I f  B < I iC2 = Formula6 

MITRE BENDS 

I5 f, 
60" 25 fr  
75' 40 f, 
90" 60 fr 

90" PIPE BENDS A N D  
FLANGED OR BUTT-WELDING 90" ELBOWS 

'l'he rcsistancc codkient ,  K,,, for pipc bends other 
than  90' m a y  he iletermincd as follous: 

r i d 
n = numhcr or 90' hcnds 

i i  = rc i i \ t imcc  cocmcicnt iur onc O(I" bcnd (pcc tablc) 

k n  = ( n  - I )  0.15 T j r -  + 0.5 K) + I< 

STANDARD ELBOWS 

90' 45' 

STANDARD TEES 

Flow thru run.  . . . . . . K = ao j T  

Flow thru branch. . . . K = 60 J'T 

PIPE ENTRANCE 

CLOSE PATTERN RETURN BENDS 

K = 5 0 / ?  

Inward Flush 

1 r / d  I K l  
Projecfing 

, I  WI pr I 
0.02 0.28 t- 

IT 1 0.10 1 0.09 I k A  
0.15 a up 0.04 

For K ,  
see table 

'Sharp-edged K = 0.78 

PIPE EXIT 

Projecting Sharp-Edged Rounded 

K = I O  K - I C  
1 

K - i o  
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Colebrook-White formula, from which the Moody diagram was developed, 
Swamee and Jain (39) developed explicit formulas relatingf; h,, Q. and D .  It is re- 
ported that their formulas yield results that deviate no more than 3% from those 
obtained from the Moody diagram for the following ranges of k , /D  and Re: 

< k,/D < 2 X lo-’ and 4 X IO’ < Re < IO’. The formulas for f and Q are 

3.70 Renq 

(10.26) 

They also developed a formula for the explicit determination of D .  A modified 
version of that formula, given by Streeter and Wylie (38), is 

If you want to solve for head loss given Q, L ,  D, k,, and u, simply solve for f 
by Eq. (10.26) and compute h, with the Darcy-Weisbach equation, Eq. (10.22). 
Straightforward calculations for Q and D can also be made if h, is known. How- 
ever, for problems involving head losses in addition to hh an iterative solution is 
required. For computing Q, you can assume an f and solve for Q from the energy 
equation after substituting Q/A in that equation. Then compute Re and use the re- 
sult in Eq. (10.26) to get a better estimate off;  and so on, until Q converges 
analogous to the procedure for determining Q using the Moody diagram. In this 
case, however, Eq. (10.26) is substituted for the Moody diagram. Similarly, you 
can determine D if you are given Q, u, the change in pressure or head, and the 
geometric configuration. 

Solution From Fig. 10.8, k, for asphalted cast-iron pipe is given as 1.2 X 
m. From the given conditions, h,/L = 0.0122. Assume T = ZOT, so u = 
m’/s. Then, using Eq. (10.27), we have 

Q = -2.22(0.20 1n)~’’d9.81 m/s’ X 0.0122 
1.2 x 1oP m 1.78 X m’/s 
3.7 X 0.20 m 

+ 
(0.20 m)”’~9.81 m/s’ X 0,0122 

= 0.050 m3/s 4 



k d m ’  

1000 
1000 
1000 
999 
998 
997 
996 
994 
992 
988 
983 
978 
972 
965 
958 

slugsjft’ 

1.94 
I .94 
1.94 
1.94 
1.93 
1.Y3 
I .92 
1.91 
I .90 
1.88 
1.87 
1.86 

N/mf 

9810 
9810 
9810 
9800 
9790 
978 I 
977 I 
9751 
9732 
9693 
9643 
9594 
9535 
9467 
9398 

Ibfjft’ 

62.43 
62.40 
62.37 
62.30 
62.22 
62.00 
61.72 
61.38 
61.00 
60.58 
60.12 
59.83 

N * s/m’ 

1.79 X 10.’ 
1.51 X IO-’ 
1.31 X IO-’ 
1.14 X IO-’  
1.00 x 10-1 
8.91 X IO..‘ 
7.97 x 1 0 - 4  
7.20 X 

5.47 x 10-4 
4.66 X IO-‘ 
4.04 X 

3.54 x 1 0 - 4  
3.15 x IO-< 
2.82 x 10-4 

6.53 x IO-‘ 

Ibf-s/ft’ 

3.23 X IO-’  
2.73 X IO-’ 
2.36 X IO-! 
2.05 x 10~~5 
1.80 x 10-5 
1.42 X 
1.17 X IO-’ 

0.981 X 
0.838 X IO-’ 
0.726 X IO-‘ 
0.637 X IO-’ 
0.593 X IO-’ 

m’js 

1.79 X 
1.51 X 

1.31 X 
.1.14 X 
1.00 x 10-6 
8.94 x 10.’ 
8.00 x 10-7 
7.24 x 10-7 
6.58 x 10.’ 
5.53 x 10-7 
4.74 x 10.’ 
4.13 x IO-’ 
3.64 x IO-’ 
3.26 X IO-’ 
2.94 X IO-’ 

f1’js 

1.66 X IO-’ 
1.41 X 10.’ 

1.06 X 10.’ 
0.930 X 10.’ 
0.739 X IO-’ 
0.609 X I O ”  
0.514 X IO-’ 
0.442 X IO-’ 
0.385 X IO-’ 
0.341 X lo-’ 
0.319 X 

1.22 x Io-* 

Njm‘ abs. 

61 I 
872 

1230 
1700 
2340 
3170 
4250 
5630 
7380 

12,300 
20,000 
3 1,200 
47,400 
70,100 

I01,30U 

psia 

0.122 
0.178 
0.256 
0.363 
0.506 
0.949 
1.69 
2.89 
4.74 
7.51 

11.53 
14.70 
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FLUOR FEDERAL SERVICES Caic. No.: MISC. 
Revision No.: 0 

DESIGN ANALYSIS PageNo.: A I  of A2  

client: CHZM HILL Hanford Group P m I d h Y U n i t :  65100541 125 I9 
Sub]eci: DOUBLE SHELL TANK ANNULUS WMPlNG Date: 04 I 19 I 0 0  BY: P. M. DORSH 

DST ANNULUS WMP MISCELLANEOUS CALCUIATIONS Checked: I 1  ay: 
L-tion: 200 E AREA HANFORD R . M :  w: 

OBJECTIVE: 

The objective of this calculation is to determine the air requirements of the Double Shell Tank 
Annulus air driven pump. The air requirements will be used to properly size and select an air 
compressor, which will be used to drive the air motor attached to the pump. 

INPUT: 
1 .) A 2" air motor has been recommended by the manufacturer to operate the air pump. 

2.) All other input was obtained from manufacturer's published data on Hydrostar System Air Motors. 

REFERENCES: 

1 .) Instrumentation Northwest, Inc. Hydrostar System Air Motors 

CALCULATION: 

Air Motor Cylinder Size 

Air Consumption 
(@ 80 psi) 

Maximum Stroke Rate 

Amount of Air Required 

M :=2.0.in 

SCF C :=0.18.- 
stroke 

stroke V :=60.- 
min 

A =C.V 

(Ref 1, Al) 

(Ref 1, AI) 

A = I0.8.SCFM 

CONCLUSION: 

The air motor attached to the pump will require a flow rate of 10.8 SCFM. This value considers an 
operation pressure of 80 psi and a maximum stroke rate of 60 strokes per minute. An air 
compressor with this capability should be chosen. However, according to the manufacturer, a 
compressor with less performance will not harm anything. The pump will be unable to operate at 
higher speeds. 

3 L  b 
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Instrumentation Northwest, Inc. 
ATTACHMENT 
PAGE Pz OF APPLICATION NOTE: 

Hydrostar System Air Motors 
May 5,1992 

Introduction 

When sizing an air-driven system one must consider the air m o m  cylinder size being used, thc stroke rate desired to . 
produce a certain production rate (GPM) and the air 
:onrumpion of the air motor. 

Air Cylinder Size . .  

. .  

,Vithout going through the formulas, outlined below is a general guideline table for selecting the proper size air mptor 
I~.pending on the installation depth of the HydroStar. Foteach motorsizea range'of values isgiven: the Maximum Full 
;Deed D ~ t h  W$?$nd the'Makihum Rkommtndkd Deoth (h%RD'): The'Maximum Full Sueed Deoth is the inslatlation ' 
Icpth where some 16s h a i r  Motor perfofmance will begin to occur. The Maximum Recommended Depth is the deepest 
nstallation depth we would recommend using this size air motor. 

. 
. ' 

Depth Chart (In Feet) 

Cvlinder size (in) - 1.5 222 25 3.25 - 4 
MESD (fi) 76 146 240 392 617 
MRD (fi) 106 205 337 549 865 

'I: a c t i o n  Due to Stroke Rate 

iie HS-8000 and HS-8001 pumps are 1.5" diameter pump cylinders with a stroke rate of 12 inches. If we assume that Ihe 
imps operate at 90% efficiency the production factor of the pumps is .Os2 gallons per slroke. Note: Actual field studies 
.re the efficiency of the Hydrostar pumps better than 90% at their rated operating depth capacity (seepump curves). 

mnplc: If your pump is operating at 40 slrokes per minute your production rate would be 40 * ,082 = 3.29 gallons per 
I n u  te . 

ir COt-SUIIIptiOn (at80 PSI operation) 

, r  consumption is a factor of the cylinder size you use and the w o k e  rate of the cylinder. The HydroStar system can 
wale up IO 60 strokes per minute down to less than I stroke per minute so naturally the air consumplion'will vary 
pending on [he desired operating speed. 

:low is a table of factors one can use to determine the air consumption of your system in Standard Cubic Feet (SCF) 
there factors are just guidelines since a number of additional variables can effect air consumption). 

4 Cvlinder Size (in) L.3 24 25 322 - 
Air consumption (SCF per stroke) .10 .18 .30 .4 9 .76 

amplc: A HydroStar system operdung ai 40 strokes per minute using a 1.5 inch cylinder would need .I * 40 = 4 SCFM 
Liir. 

(conr.) 

Page 1 of 2 
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FLUOR FEDERAL SERVICES Calc. No.: MISC. 
Revision No.: 0 
PageNo.: 61 of 83 DESIGN ANALYSIS 

Client: CHZM HILL Hanford Group Pmject/Are.IUnlt: 65100541 I 2 5  I 9  
SubJed: DOUBLE SHELL TANK ANNULUS WMFING M e :  04 I 19 I O 0  ~ y :  P. M. DORSH 

OST ANNULUS WMP MISCELLANEOUS CALCULATIONS Check& I I  By: 
Location: 200 E AREA HANFORD R W k d  By: 

OBJECTNE: 

The objective of this calculation is to determine when the desiccant filter, used to trap moisture in the air line 
from the compressor to the air motor, should be replaced. The air motor is used to drive the Hydrostar piston 
pump. 

INPUT: 
1 .) The total volume of air that can be dried before desiccant must be replaced is 11,000 R3 
2.) The free air from the air compressor at 40 psi is 11 .O CFM. 

REFERENCES: 

1 .) Wilkerson Desiccant Dryers cut-sheet, from Grainger 1995 General Catalog No. 386. 

2.) Dayton Air Compressor cut-sheet, from Grainger 1995 General Catalog No. 386. 

CALCULATION: 

Assume that the air compressor is operating at 40 psi (most consenrative) 

Capacity of Desiccant Filter C := 1 IW.fi3 

Free Air at 40 psi A := II.O.CFh4 

C L .=- 
A 

Operation Life of Filter 

(Ref. 1,82) 

(Ref. 2,83) 

L = 1 6 . 7 4 ~  

CONCLUSION: 

The desiccant filter should be replaced approximately every 16.5 hours of operation. The desiccant material 
also contains 25% cobalt blue coloring which turns pink to indicate saturation. 
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FLUOR FEDERAL SERVICES Calc. No.: MISC. 
Revision No.: 0 
PageNo.: c1  of c5 DESIGN ANALYSIS 

Client: CHZM HILL Hanford Group ProjecWvdUnh: 65100541 I 2 5  I 9  
Subject: DOUBLE SHELL TANK ANNULUS PUMUND ht.: 04 I 2 1  I 00 BY: P. M. DORSH 

DST ANNULUS PUMP MISCELLANEOUS CALCULATIONS Checked: I I  By: 

Location: 200 E AREA HANFORD Revis& By: 

OBJECTIVE: 

The objective of this calculation is to do a "quick check" on the adequacy of the testing equipment 
and the legs used on the DST Annulus Pumping Test Tank. 

DESIGN INPUT: 

1 .) Test Skid Submersible Pump Sketch, ES-259-001, Rev. 0 

2.) Stress allowables are based on the Allowable Stress Design, Ninth Edition. 

ASSUMPTIONS: 

As stated in the calculation 

REFERENCES: 

1.) Pump Sketch, ES-259-001, Rev. 0 

2.) Allowable Stress Design, Ninth Edition. 

CONCLUSION: 

The tank and its components are more than adequate for use. 

3 7 3  



FLUOR FEDERAL SERVJCES Cab. No.: MISC. 
Revision No.: 0 

DESIGN ANALYSIS PageNo.: c2 of C5 

Client: CHZM HILL Hanford Group P r o j d W U n R :  65100541 I 2 5  I 9  
Subject: DOUBLE SHELL TANK ANNULUS WHPINQ oat.: 04 / 21 I O 0  av: P. M. DORSH 

DST ANNULUS PUMP MISCELIANEOUS CALCUIATIONS Check&: I 1  ev: 
Location: 200 E AREA HANFORD Revlsed: By: 

Inside Diameter of Tank D j ,= 5 9 . h  

Depth of Tank L :=55.in 

Volume of Tank 

Density of Water 
@ 50 F 

Weight of Water 

p :=62.4.& 
it3 

ww:=v.p 

Weight of Equipment W e  :=300.lb 

w := w w +  w e Total Weight 

Check 4 x 4 x 114" Tubina Lea Bracing 

Assume that only one center beam takes the 
load and the ends are fixed. (Ultra conservative) 

Area of Tubing A =3.59.in2 

3 Section Modulus S :=4.11.in 

4 Moment of Inertia I :=8.22.in 

Yield Strength S := 36ooO.psi 

Allowable Shear 1~11 :=0.4.Sy 

V =87.019*ft3 

W = 5430-1b 

W = 5730.lb 

I all = 14400 *psi 



FLUOR FEDERAL SERVICES Calc. No.: MISC. 
Revision No.: 0 

DESIGN ANALYSIS PageNo.: C3 of C5 

client: CHZM HILL Hanford Group ProjsdlAredUnn: 65100541 / 25 19 
Subject: DOUBLE SHELL TANK ANNULUS PUMPING Gate: 04 I 2 1  I O 0  By: P. M. DORSH 

OST ANNULUS WMP MISCELLANEOUS CALCULATIONS Checked: I 1  ey: 

Location: 200 E AREA HANFORD R0vlsed: ey: 

1 = 1596.1 'psi 
W Shear Stress :=- 
A 

Factor of Safety 1 all FS:=- 
r 

FS = 9.022 

Allowable Bending aall :=0.6.Sy uall =216OO*psi 

M = 2626.2 -Ib.ft W.44.h  
8 

Bending Moment M :=- 

u = 7667.8 psi M 
S 

Bending Stress (I :=- 

Factor of Safety all FS:=- 
a 

FS =2.817 

Assume only the 114" fillet weld on the end of one of the center beams takes the load. This is ultra consenrative. 

Dimensions of Weld b :=4.in d:=4.in 

Line Area A,:=2.d AW=8* in  

2 s , = 5.333 .in S , ; = -  2 Bending Area 
3 

Force on Weld 

Allowable Weld Stress 
(assume E60 electrode) 

Required Weld Size 

Ib f =3670.8*- W M  
f :=-  +- 

A, 2,S, in 

S :=0.3.600OO.psi S = 18000 -psi 

f 
0.707,s 

, :=- w =0.288*in 

114" fillet welds are used. There is another welded cross beam under the tank, which will distribute the load and 
greatly stiffen the bracing. Therefore, by judgment, the welds are more than adequate for the load. 



FLUOR FEDERAL SERVICES Calc. No.: MISC. 
Revlsion No.: 0 
PageNo.: c4 of c 5  DESIGN ANALYSIS 

client: CHZM HILL Hanford Group ProjdAredUnn: 65100541 / 25 / 9 
Subject: DOUBLE SHELL TANK ANNULUS PUMMNQ h e :  04 I 2 1  I O 0  BY: P. M. DORSH 

DST ANNULUS PUMP MISCELLANEOUS CALCULATIONS Checked: 11 By: 
Location: 200 E AREA HANFORD Revised: ey: 

PumD SUDDO~~ Channel - C4 x 5.4 

Area of Channel 

Moment of Inertia 

Section Modulus 

Length 

Moment 

Shear Stress 

Factor of Safety 

Bending Stress 

Factor of Safety 

PumD Plate 

Width 

Length 

Thickness 

Shear Stress 

Factor of Safety 

Bending Stress 

Factor of Safety 

2 A := 1.59.h 

3 S := 1.93.h 

L : = S . f t +  4 .5 .h 

all FS:=- 
7 

M 
S 

a := -  

all FS:=- 
o 

w : = 6 . h  

1 ' =  16.1875.h 

t :=0.5.h 

We r:=- 
t.w 

all FS:=- 
7 

12.We.L 
0 := 

(8.wt2) 

.J all F S : = -  
o 

L = 5.375.ft 

M = 100.8*lb.A 

7 = 94.3 psi 

FS = 152.6 

o = 626.6.psi 

FS = 34.471 

7 = 1OO.psi 

FS = 144 

o = 1935O.psi 

FS = 1.1 I6 

371 
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FLUOR FEDERAL SERVICES Calc. No.: MISC. 
Revision No.: 0 
FngeNo.: D1 ol D4 DESIGN ANALYSIS 

client: CHZM HILL Hanford Group ProjdArdUnit:  65100541 I25 I9 
Subject: DOUBLE SHELL TANK ANNULUS WMUNG mi.: 04 I 19 I O 0  BY: P. M. DORSH 

DST ANNULUS PUMP MISCELLANEOUS CALCULPITlONS Checked: I /  BY: 
Locatim 200 E AREA HANFORD Rwiwd: BY: 

OBJECTIVE 

The objective of this calculation is to size a test tank that will be used to perform run-in and maintenance tests 
on the DST submersible annulus pumps. 

INPYT: 
1 .) The submersible pump has a rating of 3.6 HP. (Ref 1, D2) 

ASSUMPTIONS: 

1 .) A 20 degree rise in temperature over an 8 hour test period is acceptable. 

2.) Tandem pumps (2 pumps in series) will be tested. Therefore, assume that 7.2 HP is dissipated as heat 
into the test water. 

REFERENCES: 

1 .) Performance data of Flygt 88-2060 submersible pump 

CALCULATION: 

The Flygt submersible pump to be used for annulus pumping has a power rating of 3.6 HP. Two pumps will be 
tested in tandem. Therefore, assume that 7.2 HP is lost to heat which is dissipated into the test tank. Also, 
assume that the test will last a period of 8 consecutive hours, 20 degrees F rise in temperature is acceptable, 
and the initial temperature of the water is 50 degrees F. 

By the First Law of Thermodynamics. Q - W = AU, where Q is heat transferred into the system, W is work out 
of the system and AU is the change of internal energy. In this case, no work is going into or out of the system, 
thus W = 0. For solids and incompressible liquids, the change in internal energy can by determined by the 
relation AU = mC(T2 - TI), where m is the mass, C is the specific heat, TI is the initial temperature, and T, is 
the Rnal temperature. Thus, the First Law equation becomes Q = mC(T2 -TI), or m = QI(AT*C). 

BTU Heat Transfer to Water Q =7.2.hp Q = 18319.49.- 
hr 

Density of Water @ 50 F lb p =62.4.- 
ft3 

BlU 
(1b.F) 

Specific Heat of Water c,=1.- 



FLUOR FEDERAL SERVICES Cds. No.: MISC. 
Revision No.: 0 
PageNo.: D2 of D4 DESIGN ANALYSIS 

Client: CHZM HILL Hsnford Group PmjdAredUnk 65100541 125 I 9  
Subjest: DOUBLE SHELL TANK ANNULUS PUMMNG Date: 04 I 19 I O 0  BY: P. M. DORSH 

DST ANNULUS WMP MISCELLANEOUS CALCULATIONS Checked: I t  ey: 

Loution: 200 E AREA HANFORD RwI& w: 

Change in Temperature F AT :=20.- 
8 . b  

F AT = 2.5 -- 
hr 

Required Mass of Water rn '=/a rn =7.328.103 *Ib 
AT. C 

Volume of Water for 
Given Mass 

v =117.43*fi3 

Tank Sizing 

................................ 
.̂̂.I .. 

............................... 

............................... 
..................... 

............................... 

............................... 
................................ 

V = 878.5 *gal 



FLUOR FEDERAL SERVICES 

DESIGN ANALYSIS 

Cak. No.: MISC. 
Revision No.: 0 
PageNo.: D3 of D4 

client: CHZM HILL Hanford Group P r o j d A d U n R :  65100541 I 2 5  19 
Subject: DOUBLE SHELL TANK ANNULUS PUMPING [hte: 04 I 19 I oa W: P. M. DORSH 

DST ANNULUS PUMP MISCELIANEOUS CALCULATIONS Checked: / I  By: 
Location: 200 E AREA HANFORD Revised: BY: 

Submersible Pump Run-ln Test 

Thernoneter 

c o n t r o l  Valve 

CONCLUSION: 

Considering that 7.2 HP is lost to heat, an allowable temperature increase of200 over an eight hour period, 117.5 R3 
of 880 gallons of water is required. This number is conservative since it is unlikely that all power will be dissipated 
as heat into the water. A chart showing relative tank sizes for a the required volume is seen in the chart above. 



RPP-6485 Rev.0 
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Page D4 of D4 

From Fly@ BS-2060.390 Performance Data, per the Imp. Code of 232, the pump is rated at 3.6 HP. 
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FLUOR FEDERAL SERVICES Calc. No.: MISC. 
Revision No.: 0 
PageNo.: E l  of E4 DESIGN ANALYSIS 

Client: CHZM HILL Hartford Group Pro)rllAru/unn: 65100541 125 I 9  
Subject: DOUBLE SHELL TANK ANNULUS WMANO Date: 04 120 I O 0  By: P. M. DORSH 

OST ANNULUS PUMP MISCELLANEOUS CALCULATIONS Checked: I 1  By : 

Loution: 200 E AREA HANFORD Rwiwisd By: 

OBJECTIVE: 

The objective of this calculation is to explore the elastomers used in the Flygt submersible pump 
and verify their adequacy in the radiation environment. 

INPUT: 
1 .) The expected radiation dose is 8.8 x 106 Rad. 

2.) The maximum temperature is 1 4 8  F. 

REFERENCES: 
1.) Annulus Pump Submersible Pump Specification 4975-59-P1, Rev. 0 

2.) Flygt Pump MateriallComponent List 

CALCULATION: 
See table on next page (E2). 

(Ref. 1, E3) 
(Ref. 1, E3) 

CO": 
The radiation resistance of the elastomers used in the Flygt submersible pump are higher than the 
expected radiation dose. Therefore, the elastomers used in the Flygt pump Will be sufficient for use 
in the design life of the pump. 

3a3 
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3.1.5 These pumps will be stored in a warehouse and installed only in the case of a leak into 
the tank annulus. During the time in storage it is anticipated that they will be 
periodically performance tested to ensure the availability of reliable pumps should 
there be a leak. 

The maximum weight of the pump assembly, including motor and water, shall not 
exceed 1,OOO Ibs. The Seller shall specify both wet and dry weights of the equipment 
furnished. 

3.1.6 

LOCATION 

PUMP PIT 
TANK VAPOR 

SPACE 

ATTACHMENT E- 
PAGE ~3 OF ~4 

3.2 Environmental Conditions 

3.2.1 The transfer pump shall be able to withstand the following conditions inside the pump pit 

IN RAD 

HOUR ACCUMULATION 

YO 

PER 2 YEARS 

15 to 150 O F  oto100 50 8 . 8 ~  I O 5  
50 to 140 "F oto100 400 6.8 x 10' 

TEMPERATURE RELATIVE 

and in the annulus area: 
- 

Specific Gravity 

Absolute Viscosity, Centipoise 

Solids Content (vel.%) 

Particle Size, Micron 

Abrasiveness, Miller Number 
(ASTM G75-82) 

I ^. I RADlATlONU(P0SURE I 

1.47 

1.0 to 30 CP 

0 to 20.0 

0.5 to 4000' 

less than 100 

3.3 Fluid Pumped 

3.3.1 The radioactive sludge settled in the tanks consists mainly of insoluble oxides andlor 
hydroxides of aluminum, iron, manganese, and zirconium. 

3.3.2 Fluid Properties 

I Temperature (transfer) I 65 to 140 "F I 
\-Temperature (flush or dilution) I 35 to 150 "F 1 
I PH I 7-14 I 

Although 50-micron particle size is the nominal design point, the pump must be fully 
capable of operating with the full range of particle sizes. The number of larger 
(500 to 4000 micron) particles will be relatively small (less than 1% of the total 
particles). Particles in the range of 50 to 500 micron will constitute less than 5% of 
the total particles. Particles ranging in size from 0.5 to 50 micron will constitute 
approximately 95% of the total particles. 

4 497554P1, Rev. 0 04/20/00 

3rJ 
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ical Resistance Table 

Stainless Steel ATTACHMENT E- 
Liquid: ALUMINIUM HYDROXIDE - .  PAGE€+ OFfd 
Concentration: ALL Chemical Denomination: Ai(OH)3 or AIO(0H) 

'F 50 68 86 104 122 140 158 176 194 212 
Material Component 'C 10 20 30 40 50 60 70 BO 90 100 

STAiNLESS STEEL, AIS1 316L Bearing Cover 0 0 0 0 0 0 0 0 0 0  

Connection Housing 0 0 0 0 0 0 0 0 0 0  

Cover 0 0 0 0 0 0 0 0 0 0  

Data Piate 0 0 0 0 0 0 0 0 0 0  

Diffuser Uncoated 0 0 0 0 0 0 0 0 0 0  

Entrance Cover O O O O O O G O O O  
Gland Screw 0 0 0 0 0 0 0 0 0 0  

Jacket 0 0 0 0 0 0 0 0 0 0  

Lifting Handle 0 0 0 0 0 0 0 0 0 0  

Metal Hose 0 0 0 0 0 0 0 0 0 0  

Nipple Pipe 0 0 0 0 0 0 0 0 0 0  

Oil Housing 0 0 0 0 0 0 0 0 0 0  

Outer Casing 0 0 0 0 0 0 0 0 0 0  

Screw 0 0 0 0 0 0 0 0 0 0  

Sleeve 

Stator Housing 

Strainer Bonom 

PTAINLESS STEEL, AIS1 329 Impeller 

Shaft 

SINTERED ALUMINIUM OXiDE Medianlcai Seal 

Seal Ring 

CEMENTED CARBIDE. WCCR Seal Ring 

rrn  -. 
FLUOROCARBON RUEDER, FPM O-ring 

NITRILE RUBBER. NBR Diffuser Coat 

Seal Sleeve 

O-ring 

Oil Housing Coated 

ARAMID FIBRE, RUBBER BONDED Pipe 

CHLOROPRENE RUBBER. CR Molar Cable 

Seal Sleeve 

0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0  
O O O O O O O O O G  
0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0  

0 0 0 .o 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0  
_ _ . _ . _ . . - .  
0 0 0 1 1 1 1 1 1 1  
0 0 0 1 1 1 1 1 1 1  

0 0 0 0 0 0 0 1 1 2  
0 0 0 0 0 0 0 1 1 2  
0 0 0 0 0 0 0 1 1 2  
0 0 0 0 0 0 0 1 1 2  
0 0 0 0 0 0 1 1 2 2  
O O G O O O 1 1 2 2  
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FLUOR FEDERAL SERVICES 

DESIGN ANALYSIS 

C.k. No.: MISC. 
Revision No.: 0 
PageNo.: F1 of F4 

Client: CH2M HILL Hanford Group ProjdAredUnk 65100541 / 25 / 9 
Subject: DOUBLE SHELL TANK ANNULUS WMUNQ Gate: 05 I03 IO0  By: P. M. DORSH 

OST ANNULUS PUMP MISCELLANEOUS CALCULATIONS Checked: I /  By: 
Location: 200 E AREA HANFORD Revised: By: 

OBJECTIVE: 

The objective of this calculation is to determine the effects of placing a "waep hole" in the discharge 
piping of the air pump. A 1/16" weep hole will be drilled into the 3/4" discharge piping just after the 
pump discharge. The hole will allow the discharge column to drain once pumping is complete. 

INPUT: 
1 .) The pump piston is 1.5" in diameter and has a stroke of 12". 

2.) The pump displaces fluid at a maximum rate of 60 strokedmin. 

(Ref. 1, F4) 

(Ref. 1, F4) 

METHODS: 

1 .) Calculations are performed using Mathcad 6.0, MathSofl Inc. 

2.) Bernoulli's equation is used to determine the velocity of fluid at the weep hole. 

For ease of calculation, the velocity at the weep hole is determined by considering a constant 
elevation head and neglecting the effects of the pump discharge. 

ASSUMPTIONS: 

1 .) The highest elevation of the discharge fluid is 50 feet above the elevation of the weep hole. 

2.) The air pump is operating at its maximum speed of 60 fluid displacement strokedmin. 

3.) Losses due to friction are negligible. 

4.) The pump is 88% efficient. 

5.) The entrance of the weep hole has a resistance coefficient of K = 0.5. 

REFERENCES: 

1 .) Instrumentation Northwest, Inc. Hydrostar System Air Motors 

CONCLUSIONS: 

A 1/16 weep hole placed near the pump discharge will have a flow rate of 0.362 galhin. Since the pump 
displaces 4.86 galhin, this is a minor loss. A weep hole of this size would effectively drain the air pump 
discharge piping and would not greatly effect the pumping flow rate. 
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FLUOR FEDERAL SERVICES 

DESIGN ANALYSIS 

Client: CHZM HILL Hanford Group ProjdArdUni t :  65100541 I25 I9 
Subjea: DOUBLE SHELL TANK ANNULUS PUMPING Date: 05 I03 I 00 By: P. M. DORSH 

OST ANNULUS PUMP MISCELLANEOUS CALCULATIONS Checked: I 1  By: 
Location: 200 E AREA HANFORD R e v i d :  By: 

Length of Pump Stroke 

Pump Piston Diameter 

Pump Piston Surface Area 

Pump Eficiency 

Volume of Fluid Displaced by Pump 

Maximum Stroke Rate 

Pump Flow Rate 

Weep Hole Diameter 

Weep Hole Area 

Highest Elevation of Discharge Fluid 

Elevation of Weep Hole 

L :=  12.h (Ref. 1, F4) 

D :=  1.5.h (Ref. 1, F4) 

e :=0.88 

V :=A.L.e 

stroke R :=60.- 
min 

. 3  
ln R Q ' =  18.7.-. 

P '  stroke 

I Q p  =4.857*E 
min 

1 .  
16 

D , :=-.in 
n z  A, =-.D 
4 w  

2 ,  =SO.ft 

Zb :=o.ft 

V = 18.661 *in3 

3 

SeC 

in Q = 18.7 a- 

z A , =0.003 *in 

(Assumption 4) 

(Ref. 1, F4) 

(Assumption I) 



FLUOR FEDERAL SERVICES Cdc. No.: MISC. 
Revision No.: 0 
PawNo.: F3 of F4 DESIGN ANALYSIS 

client: CHZM HILL Hanford Group ProjdAredUnIt: 65100541 I 2 5  I 9  
SubjOa: DOUBLE SHELL TANK ANNULUS WMUNO 0.1.: 05 103 IO0 BY: P. M. DORSH 

Location: 200 E AREA HANFORD R e v i d :  By: 
DST ANNULUS PUMP MISCELLANEOUS CALCULATIONS Checked: 1 1  By: 

Considering Bernoulli's equation, PJy + V&!g + z, = Pdy + Vb2i2g + zb+ h,,with position "a" located 
at the highest elevation point and position " b  located at the weep hole, we find the velocity at the weep 
hole to be: 

vb2ng = (p.17 - PdY) + 01:ng) + (2. - zd - hL 
or, with zero terms canceled out (both pressures are atmospheric and V, = 0) and hL = Kvb2/2g 
(assuming K = 0.5): 

1 .5vb2/2g = 2, 

Velocity of Fluid Exiting Weep Hole v := 
1.5 

Flow Rate of Fluid at Weep Hole Q , := V.A, 

Flow Rate 

Efficiency 

Q , = 0.362*@ 
min 

fl V = 37.815 *- 
see 

3 

sec 
in Q , = 1.392.- 

e = 0.926 
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Instrumentation Northwest, Inc. 

A T T A C H M E N T L  APPLICATION NOTE: 
Hydrostar System Air Motors 

May 5, 1992 PAGE F4- OF& 
Introduction 

When sizing an air-driven systein one must consider thc air motor cylinder size being used, the stroke rate desired to . 
produce a certain production r a e  (GPM) and the nir 
consumplion of the air motor. 

Air Cylinder Size 

Without going through the formulas, outlined below is a general guideline table for selecting the proper size air motor 
depending on the installalion depth of the Hydrostar. For'edch mormsizea  range'of values is given: t h e w a x h u m  Full 
YDezd D ~ t h  -2nd the'Maxihum Rkcommendtd Dearh fMRD): The%Iaxirnum Full Speed D eDth is the instailathn ' 

lepth whcre some I& h a i r  rrlotor per fohaoce  will begin to occur. Thk Maximum Recommended Depth is the deepest 
nstallauon deprh we would recommend using this size air motor. 

. 
. ' 

Depth Chart (In Feet) 

Cylinder size (in) - 1.5 u 22 3.25 - 4 
MFSD (ft) 76 146 240 392 617 
MRD (A) 106 205 337 549 865 

4 :Jction Due to Stroke Rate 
' 1  

he HS-8000 and HS-8001 pumps are 1.5" diameter pump cylindcrs with a stroke rate of 12 inches. If we assume that the 
umps operate at 90% efficiency the production factor of the pumps is .082 gallons per stroke. Note: Actual field studies 
iie the efficiency of the Hydrostar pumps better than 90% at their rated operating depth capacity (see pump curves). 

\ample. If your pump is operating at 40 strokes per minute your production rate would be 40 * ,082 = 3.29 gallons per 
mute. I 

ir consumption is a factor of the cylinder size you use and the stroke rate of the cylinder. The HydroSm system can 
ma te  up to 60 smokes per minute down to less than 1 suoke per minute so naturally the air consumption will vary 
pending on the desired operating speed. 

:low is a table of factors one can use 10 determine the air consumption of your system in Standard Cubic Feet (SCF) 
liese factors are just guidelines since a number of additional variables can effect air consumption). 

4 Cylinder Size (in) 2-5 a2 21 222 - 
Air consumption (SCFper stroke) . IO .18 . .30 .4 9 .76 

amplc: A Hydrostar systzm operating at 40 s u o k s  per minute using a 1.5 inch cylinder would need . I  * 40 = 4 SCFM 
air. 

-. 

(coni.) 

Page 1 of 2 

I- - 391 
- 



APPENDIX G 

Annulus Pump Assembly 



FLUOR FEDERAL SERVICES 

DESIGN ANALYSIS 

Cdc. No.: MISC. 
Revision No.: 0 
PageNo.: G1 of G9 

ciimt: CH2M HILL Hanford Group ProjatlArulUnn: 65100541 125 I 9  
Subject: DOUBLE SHELL TANK ANNULUS WMUNQ mt.: 05 I30 / 00 ay: P. M. DORSH 

DST ANNULUS PUMP MISCELLANEOUS CALCULATIONS Checked: I 1  ay: 
Location: 200 E AREA HANFORD R d 4 :  ey: 

OBJECTWE: 

The objeclive of this calculation is to verify the addequacy of a typical annulus pump assembly 
flange and IifIing bails. A typical balance of the entire pump assembly is also included. 

L INPUT' 

1 .) The weigth of the pump assembly is 1300 lbs. (Ref. 2, G9) 

METHODS: 

1 .) Calculations are parformad using Mathcad 6.0, MathSoft Inc. 

2.) Standard engineering practices are used to calculate stresses in the components and welds 

ASSUMPTIONS: 

1 .) As stated in the calculation. 

REFERENCES: 

I .) Drawing H-2-90161, Standard Rigid LifIing Bails. 

2.) Drawing H-14-104134, Rev. 0, Pumps Assembly Annulus Pump Pt241AN-OlB Thru -078 (typical). 

CONCLUSIONS: 

The bails and associated components are adequate for vertical lifts. However, in a worst case sinerio, the 
capacity of the bails for lateral lifts are exceeded. The banding stresses in the bail created by a lateral lifl 
surpasses the allowable stress, but are still below the yield stress for the material. It is unknown how the 
assembly will actually be lifted from the horizontal position. Any additional bracing or IifIing points will lower 
the bending stresses to the allowable level. 

Pump Assembly Balance Calculation performed by Roger Schroedar is located on page G6 

3 9.3 



FLUOR FEDERAL SERVICES 

DESIGN ANALYSIS 

Csic. No.: MISC. 
Revision No.: 0 
FngeNo.: 62 of G9 

ciiont: CHZM HILL Hanford Group PmjdAmdUnit: 65100541 I 2 5  I 9  
Subject: DOUBLE SHELL TANK ANNULUS WMFINQ h e :  05 I30 I O 0  BY: P. M. DORSH 

OST ANNULUS WMP MISCELLANEOUS CALCUIATIONS Checked: I 1  ey: 

Loution: 200 E AREA HANFORD RWivisad: By: 

Lifting Bail Caoecity 

Lifhg Bail Capacity (vertical capacity) = 795 lbs'2 = 1590 Ibs (per H-2-90161-15) 

Assembly Weight = 1300 Ibs 

Lifting Bail SUDDO~~ Welds 

Weight of Assembly 

Diameter of Weld 

Length of Weld 

Strength of Weld 
(Assuming E60 electrodes) 

Allowable Weld Force 

Horizontal Shear on Weld 

Minimum Allowable Fillet 
Weld Required by Design 

Factor of Safety 

W := 1300.1b 

D :=3.068.in 

L ::n.D.2 

W f '=_ 
W '  L 

f W t := 
0.707.f all 

L =  19.277.h 

fall = 1.8. lo4 *psi 

Ib f, =67,439*- 
in 

t =O.oOS .in 

FS = 35.382 

(Ref. 1, G7) 

Lifting the PumD Assembly 

It is assumed that the pump assembly will be lifted from a horizontal position to the vertical position (for 
insertion into the annulus riser) via the 2 lifting bails. The stresses in the bail will be checked for this lift. Note: 
only half the weight of the pump assembly will be lifted since one end is still in contact with the ground. 

W = 325.11, 650.1b w :=- 
2 

Weight of Assembly on each bail 



FLUOR FEDERAL SERVICES Cak. No.: MISC. 
Revision No.: 0 
PageNo.: 6 3  of G9 DESIGN ANALYSIS 

Client: CHZM HILL Hanford Group ProjdAmdUnit: 65100541 I 2 5  I 9  
Subject: DOUBLE SHELL TANK ANNULUS WMmNQ Date: 05 I30  IO0 ey: P. M. DORSH 

DST ANNULUS WMP MISCELLANEOUS CALCULATIONS Checked: I 1  w: 
Location: 200 E AREA HANFORD Revised: ey: 

Moment on Weld on each Bail M:=W.lO.in 

Diameter of Weld D :=0.87S.in 

Length of Weld L =n.D.2 L = 5.498 .in 

2 S , = 1.203 *in s, Bending 

3 Ib f,=2.762-10 a- 

in 
Force on Weld 

Strength of Weld 
(Assuming E60 electrodes) 

Allowable Weld Force 

S ,  :=6OOOO.psi 

f w t := 
0.707.f all 

3125.k 
t 

F S : = L  

Minimum Allowable Fillet 
Weld Required by Design 

FS = 1.44 Factor of Safety 

Bendina Stress in Bail 

Moment of Inertia I =0.058-in4 

Radius 

o = 24707.5 *psi M.c 
I 

Bending Stress o:=- 

S '=36ooO.psi 

S , : = S  .0.6 So=21600~psi 

Y '  Yield Stress 

Allowable Bending Stress 

The bending stress of the lifting bail is slightly higher than the allowable stress, but is much lower than yield 
stress. 

Y 



FLUOR FEDERAL SERVICES 

DESIGN ANALYSIS 

C.k. No.: MISC. 
Revision No.: 0 
PageNo.: 64 d G9 

Client: CHZM HILL Hanford Group ProjdAredUnit: 65100541 / 25 I 9  
Subject: DOUBLE SHELL TANK ANNULUS WMPINQ mt.: 05 I30 IO0 ey: P. M. DORSH 

DST ANNULUS WMP MISCELLANEOUS CALCULATIONS Checked: 1 1  ey: 
Lccafwn: 200 E AREA HANFORD Revised: w: 

Bendina Stress in Bail SUDDO~~ 

Diameter D .=3.068.h 

Moment of Inertia 

Radius 

4 I = 8.698 .in 

c = 1.534.h 

Bending Moment M :: W.22.h 

a = 1261 -psi M.c 
I 

Bending Stress '=- 

Yield Stress S : = 25000. psi 

Allowable Bending Stress S , : = S  .06 S = 15000 psi Y '  

Based on the low stresses in the bail support pipe, the support welds are still acceptable. 

PumD Flanoe 

The Pump Flange is under the most stress during installation. For conservatism and ease of 
calculation assume that the plate is 8" wide, and simply supported at the lifting bails. 

Width of Plate w :=%in 

Thickness of Plate t :=.875.h 

3 w t  
12 

Moment of Inertia 1 =- I = 0.447 -in4 

Length of Plate L := ,/(7.375.2)'+ (6.7S.2)2.h L =  19.995-in 

34L 



FLUOR FEDERAL SERVICES Calc. No.: MISC. 
Revision No.: 0 . 
PageNo.: 65 of G9 DESIGN ANALYSIS 

Client: CHZM HILL Hanford Group Proj&&dUnP: 65100541 I25 I 9  
S u b s :  DOUBLE SHELL TANK ANNULUS PUMUNQ m e :  05 I 30 I O 0  By: P. M. DORSH 

DST ANNULUS PUMP MtSCELLANEOUS CALCULATIONS C h r k d :  I 1  By: 

Location: 200 E AREA HANFORD Revhred: By: 

Modulus of Elasticity E :=30.10~.psi 

Weight of Assembly W = 1300.lb 

W.L3 Plate Deflection s I- 
48,E.I 

Moment W.L 
2 

M :=- 

M. t 
1.2 

Bending Stress u : = -  

Shear Stress W ,:=- 
w t  

8 =O.O16'in 

M = 1083.1 -1b.R 

u = 12731.7.psi 

1 = 185.714.psi 

S '=25OOO.psi Y '  Yield Stress 

S , : = S  .0.6 S = I5000 psi Y Allowable Bending Stress 

S,  = S  .0.4 S , = 10000 *psi Y Allowable Shear Stress 

Both stresses are well below the allowable. Therefore, the plate is acceptable. 
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Dwp. No. Rev. No. 

Other (Sludy. CDil) 

Rev. NO. 

The stelus of there c~lcula l ioni  is: 

0 Proiirninsry ~aicuiations 

@final Calculstiona 

0 Check Colculstions (On Calculation Deled ) 

fl Void Calculation (Rearon Voided 

1 

lncorparnrcd in final Drawings7 Ea Ycr 0 No 

This cdculation verified b y  indapandani ‘shack’ calcularioor? c] Ye. “ 0  

Clicinal and fisvirsd Calculation A~orovslc:  

KEH 0378.00 106192) - -~ W 
._I- 

- 
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Frict ion Fnctorr  and Adhesion for Dissimilar Materiels 

Interlice mncerirls 

Mars concrete om rhe followin$ f o u n d d o n  materials: 
U a u  round rock.. ......................................... 
Urrn fine ro medium sand, 9ilty medium ro coarse sand, s i l ty  oc 
Uaan gravel, gravel-sand mixtures, coarse rand ................ 

Clain fine sand. rilry or clayey f ine 10 medium rand .......... i: 
Very stiff and hard residual or prcconsolidatcd d a y . .  ........... 

clayey gravel. 

Fine randy silt. nonplasric r i l l  .............................. 
Medium stiff and *<iff clay and si l ty-clay ........................ 
(Msronry on foundation materiels has $*me friction facmrr.) 

u e r n  gravel, grouel.rmd mirrurer, well-graded rock 8 1 1  with 

Clean rand, rilry sand-gravel mixture, s ingle  sire hard cock 011 . . 
Silty rand, gravel or sand mired with s i l t  dr d r y  .. $ .  ........... 
Finc sandy silt, nonplsrric s i l t  ............................... 
s o f t  c lay and clayey s i l t . .  ..................... .'. ............ 

Formed E O ~ C I C ~ C  or concrete sheer pi l ing against the folloeing soils: 
U e s n  gravel, grrvcl.sand mixtures, +ell-graded rock fill Virh _.  

Clean rmd,  d r y  rnnd-gravel mixture, single sire b u d  mock fill . . 
Silty rand, gravel or rand mi icd  with silt or clay ............... 
Finc sandy silt. nonplastic rilr . . i i . .  ........................ 
Soft c lay and c l a y e y 3 i l t . .  ................................... 
S t i %  a d  hard c lay  and c l i y c y  silt ............................ 
Mnromy on masomy, igneous and merrmotphi,c rocks: , 

c Sreel sheet p i l e s  against the following soils: 

.pall.. 

Stiff and hard c lay  rad claqey s i l t  ............................ 

spal ls .  ' b  

Various itrucivrsl materials: . 

Diesred tof t  rock on dressed soft rock ..................... <: 
Dressed hard iock OD dressed rofi  rock.. .:. .................... 
Dressed hard rock on dressed hard rock .. i.. ................. 

Sreel on steel at sheet p i le  iarcrlocks .......................... 'hlaioniy on wood (cross grain). ............................... 

Fricrion 
factor, 
r?.n s 

0.70. ...... 
0.55 ro 0.60 
0.45 m 0 3 5  

0.35 IO 0.45 
0.30 to 0.35 
0.40 to 0.50 
0.30 10 0.35 

7 0.40. ..... 
;:!L::;y 

0.20.. ..... ........... ........... 
0.40 to 0.50 

0.30 ro 0.40 
0.30 ....... 
0.2s ....... ........... ........... 
0.70.. ..... 
0.65... .... 
0.55.; ..... 
0.50.. ..... 
0.30. ...... 

35 ....... 
29 to 31 .. 
24 29 .. 
i 9 r o 2 4  .. 
17 to 19 .. 
22 to 26 . . 
17 ID 19 . . 

22 ....... 
I? ....... 
14 ....... 
11 ....... 
.......... 
22ro26  .. 
17 ro.22 ... 
17 ....... 
14 ....... .......... 

35 ....... 
33 ....... 
29 ....... 
26 ....... 
17 ....... 

Adhesion 
c,, 
DSf 

........... 

........... ........... ........... ........... 

........... 

........... ........... 
100 10 600 

600 to 1,200 

........... 

........... 

........... 
200 w 700 

700 m 1,200 

........... ........... ........... ........... ........... 
Nore: Numbers shown .re vllimate raluer and require sufficient movement for failure ro occur. 
U'hcre friction facto! o d y  i s  shown, rhe effect of d h e r i o o  is  included in the fricrion factor. 
Foc data on adhesion on bcaiing'piler. see Chapret 13. 

' 

of resultant uplift force on failure wedge for various inclinations of failure plane. to he used i n  analysis  of 
the act ive wedge. 

, d.  Seepage Benenth Wal l ,  See bottom panel of Figure 10-5 for correction to be-applied to act ive and 
pass ive  pressures  in  cohesionless  material for steady seepage beneath s wall. 

e. Cansolidation Pore P;sssures. Where impervious clay behind a wall is loaded by backfill, hydro- 
s ta t ic  e x c e s s  pore pressures  can devclbp in the clay. Estimate such pore pressures  by methods of Chapter 
6 and include them in  uplift on the failure surface. 

. .  

5. SURCHARGE LOADING. For the e f fec t  of surcharge loading, see Figures 10-1 and 10-2. 

a .  Area Loads. a'herc s u r c h q e  behind a wall  consists of area load, h c l u d e  'he weight of rwcharge 
with forces acting on rhe trial failure wedges. 

7-10-7 C/31 C ' ~ S T - C  -UP/  
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CalcDST-C-001 
Attach A-2 

For Type 4 and Type 12 Enclosures for Flange-Mounted Disconnects, the electrical Engineer called the 
supplier, Hoffman Engineering Company, for the WT: 

Enclosure = 61# 
Panel = 18# 
Switches, etc=21# (assumed) 

loo# DTC 4/17/00 

These enclosures are designed to house Square D Class 9422 disconnect switches with flange mounted 
variable depth operating mechanisms or cable mechanisms. 



.. . 

A:cersories 

3imkAdaptsr Plate page 5.49 

in : i s  CeoedL-ionu l n d u  pap 9.m 

Corrosion lnhibirors 
Eiecrric Ueacer. 
~!e::ricil I n tdock  
Fioor Stand Kit . ~~ 

ti<iL;ng K i t  
Pmis (Se. cable) 
Tmninal Kit Assembly 
Touch-Up Paint (A.TPPY61) 
Window' Kit 

Air conditionen and heir exchonprr for his 
enclosure can b t  bund in Halfman's 

Tpetifier'i Guide for Enema1 Mcnapmeot Pmducrr. 

Pmduc; 4Bo a*lilohk in 

El Contcc; your Iocd Hofman Solei 
Rcprcscmative for infirmiltian o r  
modijbdanr IO 'his pmduc. 

- 
'cr 

Cross Reference 

soinleis Type 4~ Exiosures 
for Fiange-Mounted Disconnecu (page 6.25) 

CONCE~T. Stainless ~ r e e ~  Disconnect 
wail.Mouoc Enciosures (page 6.22) 

'Y?F 12 andType 13 Enclosures for.. 
i!ani?-Mounrod Dirconnecrr (pag. 5.02) 

- 

B 

A-4aHSm2Lp 68.00 x 37.38 I 12.00 A-UIPJ8 43,OOx 33.00 Large 10 0 1  
I1 1 U  I 8381 

'4777wH- 4-3 

4s 'ubieci 10 change without notice u 611 421 1140 FAX 611 422 1600 

0 1 0  

5.13 
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Were calculations incorporated into the fmal drawings? 

Were calculations verified by independent "check" calculations? 
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Heavy Duty Safety Switches: 

Typical NEMA Type 3R 

Catalog # H362NRB.RB Series F5: 

Height = 17.50 inches 
Width = 9.00 inches 
Depth = 6.38 inches 
WM =lo30 inches 
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M E M O R A N D U M  CH2MHILL 

ANNULUS PUMP DESIGN CRITERIA 

TO: M. J. Sutey S5-07 

COPIES: D. G. B a i d a  S5-05 

FROM: DST Engineering 

DATE: February 8,2000 

74100-00-005 

References: (1) HNF-4241, Rev. 0, "Double-Shell Tank Annulus Pumping Alternative 
Evaluation," dated March 1999. 

(2) HNF-2728, Rev. 0, "Flow Velocity Analysis for Avoidance of Solids 
Deposition During Transport of Hanford Tank Waste Slurries," dated 
October 8, 1999. 

(3) HNF-1939, Rev. Oc, "Waste Feed Delivery Technical Basis, Volume 11, 

(4) Letter, D. A. Reynolds, WIIC to M. C. Teats, WHC, "Viscosity of 

Waste Feed Delivery Flowsheet for 241-AN-104," dated June 9, 1999. 

Evaporator Slurries," 13314-88-105, dated June 30, 1988. 

Criteria is required to support the design of a new style of Annulus Pumps for the 
Double -Shell Tank System. Reference 1 recommended a change in design from the deep- 
well turbines to a smaller submersible style pump. Significantly lower maintenance and 
disposal costs were several of the factors that made the submersible pump attractive. The 
following is a discussion of the factors thdt influcnce the pumping of the DST waste, and 
used to derive the pump criteria. Attached in Table 1 is a compilation of the design criteria 
developed for the new annulus pump. 

The old style aiinulus turbine pumps were designed to handle flowrates of 100 gpm at a head 
of 150 feet in the normal DST's to 100 gpm at a head of 80 feet in the aging waste tank 
farms. The submersible pumps will approach similar flowrates, approximately 40 gpni at a 
head of 160 feet. The 40 gpm @ 160 feet equates to approximately 85 gpni at a head of 100 
feet. The fcwer stages and size constraints are partially compensated for by using two pumps 
in series, as dictated by piping pressure drop between farms. The reduced flow is due to 
fewer stages and size constraints, but the pumps are still capable of performing the transfers 
required, as discussed in more detail below. 

New Generation Pump Considerations 

Thc ne\\ generation transfer pump is a submersible two-stage design. This pump could be 
used for the annulus pumping. its compact design allows it to fit down a twelve-inch riser, 
the same sue  as the annulus riser. The pump is a two-stage pump and delivers a flow of 140 
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the same size as the annulus riser. The pump is a two-stage pump and delivers a flow of 140 
gpm at a head of 450 feet. The pump is designed for an extended service life. The cost of the 
new generation pump approaches one million dollars. An annulus pump would not be 
required for an extended period of operation. Nor are the pumping distances for which the 
new generation pump was designed, such as Cross-Site, required for annulus pumping. So a 
new generation pump style is not warranted for the annulus service. 

Flow Vs Solids Susoension Considerations 

The amount of solids reaching the suction of an annulus pump is not expected to be 
significant. Solids entrainment into the annulus from a leak in the primary would depend on 
the leak location. The settling and accumulation of solids, which would occur on the path 
around the perimeter of the annulus, would limit the amount reaching the pump. 
Reference 2 provides the basis for evaluating flow rates required to suspend solids through 
transfer lines. The reference states that “much of the available characterization data for 
Hanford particulate solids indicate mass distributions typically in a range less than 50 
microns”. The reference also states that “typical insoluble solids in Hanford waste are 
identified as aluminum hydroxide, iron hydroxides and phosphate salts. The solid density of 
these particles range from 2.5 to 3.5kgL”. Correlation’s sited in the reference were used to 
calculate the flow velocities required to overcome solids settling tendencies. The following is 
an extremely conservative example: 

Assuming a 50 micron mean particle diameter, 3.0kgL particle density, 1.0 k g L  
liquid phase density, 1.0 centi-poise liquid phase viscosity - a velocity of 3.0 Wsec or 
a flow of 70 gpm in a 3-inch pipe would be required to suspend the solids. 

If some of the conservatism is removed by assuming a 50 micron mean particle 
diameter, 3.0kgL particle density, 1.35 k g L  liquid phase density, 15 centi-poise 
liquid phase viscosity - a velocity of 2.4 Nsec or a flow of 55 gpm in a 3-inch pipe 
would be required to suspend the solids. 

It should be recognized that solids accumulations in piping would tend to be a self-correcting 
problem. As the solids accumulate in a location in the pipe the fluid velocity would increase 
and tend to re-suspend the particles. Due to the relatively low quantity of insoluble solids in 
the DST system, the favorable solids characteristics for suspension in solutions, and the 
unlikely distribution of a significant quantity in the annulus, lower flowrates are considered 
acceptable for annulus pumping. 

Dilution vs. Solution Densitv & Viscositv Considerations 

The solutions in the double shell tank system are very fluid and pumpable. Most of the DST 
wastes were never concentrated to the final stage originally planned. Tank 103-AN contains 
the only dilute waste that went through the final stage of evaporation to reach the 
classification of Double-Shell Slurry. The rest of the dilute wastes were concentrated less 
through the evaporator and are classified as Double-Shell Slurry Feed. Tank 101-SY was the 

2 
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only complex waste tank concentrated to such a high level and is atypical as can be seen 
from table 2. Viscosity of the supernate rarely exceeds 30 centi-poise. 
The capability to dilute the DST waste with water however is felt to be a prudent design 
consideration to ensure the waste is well below the saturation point The quantity of dilution 
water is a hard design criteria to establish. Saltwell operations are currently using a range of 
2: 1 to a 1: 1 dilution ratio for saturated solutions. 

The initial 101-SY transfer in December 1999 was diluted in a 1:l ratio with water. One 
factor influencing this high dilution ratio was the dissolved gases, which were desired to be 
kept in solution. 

Flowsheets are being developed for the pumping of the more concentrated wastes in AN 
Farm to the Vitrification Plant. The Reference 3 flowsheet dilutes the DST waste in AN-104 
to a density of 1.30, which represents a 2 : l  waste to water dilution. Discussions with the 
author indicate that a 1.35 density was determined to be adequate (3:l  dilution) but fbrther 
conservatism was added. Reference 4 also supports the 1.35 density. The 1.35 density is used 
as a pluggage criteria in the Waste Compatibility Program. Reference 4 compiled several 
years of evaporator slurry data and no solids were ever noted above a 1.35 density. 

Table 2 shows that not many waste tanks are above the 1.30 density and current waste 
concentration practices require a density of < 1.40 in the evaporator product to prevent 
flammable gas accumulations. 

Dilution of the more concentrated DST wastes by a 2:1 waste to water ratio is definitely 
adequate to prevent transfer line pluggage, a 3: 1 ratio is determined to be sufficiently 
adequate however. Diluting the highest DSSF waste from a 1.47 density to a 1.35 requires a 
3:1 ratio. Diluting a 1.47 density to a 1.30 requires a 2:l ratio. Diluting a 1.40 density to a 
1.30 requires a 3:l  ratio. 

The design criteria for the annulus dilution system will be specified as a 2: 1 waste to water 
ratio for conservatism. 

Flammable Gas Considerations 

The TankFarms Final Safety Analysis Report (FSAR) for Double-Shell Tanks contains an 
Administrative Control - 5.10 Ignition Controls, that applies to annulus pump operation. 
Annulus pumping is considered Waste Intrusive and therefore for all DST’s Ignition Source 
Control Set # 1 applies at all times. 

Service Life Considerations 

The service life for an annulus pump is expected to be short. A readily available commercial 
grade pump is desirable. The service life specified allows the use of normal elastomers used 
in the pump industry, to meet the radiation resistance requirement. The radiation field data 
used was developed for the W-211 project. 
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Table 1 -Pump Design Criteria 

Submersible Centrifiaal 

Total Flow 

Viscosity 
Solids 
Temperature 
Discharge Pressure 
Flammable Gas Controls 

Waste Flow 
Dilution water Flow 
Chemical Resistance 

SPG 

Life Expectancy 

40 - 140 gpm (300' gpm maximum) 

1.0 - 30 centi-poise 
0 - 20 Volume % 
65 - 140'F 
230 psig maximum" 
Ignition Source Control Set #1 (Class 1 Division 1 Group B 
or equivalent)"' 
26 - 93 gpm**** 
14 - 47gpm"" 
All parts exposed to liquids must be resistant to the basic 
solutions (pH of 13) found in the DST Tanks 
2,000 hours in a 2 year period 

1.0 - 1.47 

The allowable envelope of operation for flow is specified as 40 to 140 gpm. However 
higher flowrates are acceptable for the shorter distance transfers as long as 300 gpm is not 
exceeded. The maximum flow rate of 300 gpm is based on an accident in the TankFarm 
FSAR 3.4.2.7 Surface Leak Resulting in a Pool. .. Maximum design pressure for transfer lines in SY Farm (Spec B-101-C3) and A & AX 
Farms (Spec B-102-C1) 
.** Mineral insulated Cable meets requirements for equivalency. Series 300 stainless is 
acceptable as non-sparking. 

I*** The dilution water flow may be required to be as high as 50% of the waste flow. It's 
recognized that design constraints may prevent reaching dilution water flows above 40 gpm 
In this case throttling existing waste line valves will be used to set the proper dilution. The 
design constraints anticipated are water supply pressure, pressure drop through hose 
connections, and the limiting pipe diameter that can be coupled with the pump assemblies. 
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Table 1 -Pump Design Criteria (Continued) 

Heel Pump 

Total Flow 

Viscosity 
Solids 
Temperature 
Discharge Pressure 
Flammable Gas Controls 

Dilution water Flow 
Chemical Resistance 

Life Expectancy 

SPG 
2 - Sgpm 

1.0 - 30 centi-poise 
0 - 20 Volume YO 
65 - 140'F 
230 psig maximum' 
Ignition Source Control Set #1 (Class 1 Division 1 Group B 
or equivalent)" 
None Required 
All parts exposed to liquids must be resistant to the basic 
solutions (pH of 13) found in the DST Tanks 
2,000 hours in a 2 year period 

1.0 - 1.47 

Note: It is assumed that the heel pump will be used just to remove the last few inches of 
liquid from the annulus. Repeated water flushes of the annulus may be performed to remove 
the residual radioactive components. So it is anticipated that the actual solution SpG will 
probably be significantly lower than the maximum stated above. 

'Maximum design pressure for transfer lines in SY Farm (Spec B-101-C3) and A & AX 
Farms (Spec B-102-C1) .. Mineral insulated Cable meets requirements for equivalency. Series 300 stainless is 
acceptable as non-sparking. 
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Table 2 - Double-Shell Tank Contents 

Tank Waste Sludge Salt SPG 
Type Cake 

AN-101 
AN- 102 
AN- 103 
AN-104 
AN-10s 
AN- 106 
AN- 107 

AP-101 
AP-102 
AP-103 
AP- 104 
AP-10s 
AP-106 
AP- 107 
AT?-108 

AW-101 
AW-102 
AW-103 
AW-104 
AW-105 
AW-106 

AY-101 
AY-102 

Az-101 
Az-102 

SY-101 
SY-102 
SY-103 

DN 
cc 
DSS 
DSSF 
DSSF 
cc 
cc 

DSSF 
CP 
DSSF 
DSSF 
DSSF 
DC 
DN 
DN 

DSSF 
DC 
DN 
DN 
DN 
cc 
DC 
DN 

Aging 
Aging 

cc 
DN 
cc 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
115” 
0 
93” 
0 

3 4“ 
80” 

17” 
32” 

0 
0 
0 

12” 
32” 
0” 
163” 
178” 
6” 
90” 

0 
0 
0 
0 
3 2” 
0 
0 
0 

11 1” 
13” 
17” 
84” 
0 
82” 

0 
0 

0 
0 

0 
26” 
0 

1.23 
1.39 
1.46 
1.40 
1.43 
1.18 
1.37 

1.28 
1.20 
1.25 
1.29 
1.34 
1.06 
1.01 
1.15 

1.45 
1.19 
1.01 
1.00 
1.02 
1.30 

1.08 
1.00 

1.21 
1.11 

1.62 
1.30 
1.47 

References: HNF-IP-0482-140 Waste Tank Summary Reporl for MonthEnding November 30,1999 
Letter 74650-97-013 Double-Shell Tank Composition Status - Quarterly Report, September 2,1997 
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Should you have any questions regarding the above information please contact me on 373- 
3926. 



Fluor Federal Sen,irm 
1200 Tadwin. PO Box 1050 
Rir l i l~nd . \~’ .4991~3-1050 

509372-2000phone 
5UY3il-3000f3x 

March 23,2000 

FLUOR G L O B A L  S E R V I C E S  

LMHC96WO-0006 
CO-00-RPP-23 7 

Ms. L. N. Cortez 
CH2M HILL Hanford Group, Inc. 
P. 0. Box 1500 
Richland, Washington 99352- 1505 

Dear Ms. Cortez: 

CONTRACT NO. 4975, RELEASE NO. 59, DST ANNULUS PUMPING (L-02) 

Response Requested By: N/A 

Responds To: N/A 

One of the deliverables Fluor Federal Sen,ices (FFS) has for this task is to prepax ;:.,-c:!re::?wt 
specifications for a submersible and an air operated pump that will be used for pumping the Double 
Shell Tank (DST) Aiir.dU.j. Suring the course of preparing the specifications, we researched 
different pump manufacturers and conducted telephone discussions with more than six different 
manufacturers reviewing at least seven different designs. 

Taking the various design criteria into account, transfer routes, riser diameter, material etc., FFS 
engineering has concluded that the best choice forshe submersible pump is the Flygt Model 
BS-2060.390, operated in tandem. Operation in tandem means, where necessary, there will be two 
pumps in series in the same line. This model pump has already been approved by the Hanford 
Flammable Gas Review Board (Report No: FGEAB-00-002, Rev. 0) for use in this application. 

The Fly@ pump has materials that are compatible with the waste characteristics for the relatively 
short mission of this project (2000 hours of operation over a two-year period) and will provide the 
operating characteristics necessary to pump waste from the annulus to other DSTs. 

This submersible pump is commercially available for approximately $6,500 a piece. It will have a 
side discharge as received from the vendor. The discharge will be modified to a top discharge at the 
Hanford site in accordance with existing Hanford drawings prepared specifically for this pump 
(H-2-72507), after the dimensions on the Hanford drawing are checked against the latest drawings of 
the pump. 

The air driven pump that should be used is a Hydrostar positive displacement pump that can be 
installed alongside the submersible pump. This pump will be used to remove the heel down to the 
last three inches in the Annulus. This is the only pump identified to meet all criteria identified for this 
operating condition. It has a Teflon seal that may be affected by radiation, however conservative 
calculations show that it will exceed the needed design life. 
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Fluor Federal  Services 

Ms. L. N. Cortez 
LMHC96WO-0006 
March 23,2000 
Page 2, CO-00-RPP-237 

Thus, the ultimate life of this pump will be a function of the exposure the pump has to radiation. It 
may be as low as 500 hours in a very high radiation field. This pump has been reviewed and 
approved by the Board also at the same meeting as the submersible pump. This pump is also 
coinmercially available. 

FFS originally prepared specifications for both pumps, with one (#4975-59-P1) transmitted to CH2M 
HILL Hanford Group, Inc. (CHG) via letter No. CO-00-RPP-228, dated February 22,2000. The 
second specification (#4975-59-P2) has been completed and was signed off by both FFS and CHG 
personnel as of February 28,2000, and was transmitted to CHG via letter No. CO-00-RPP-250, dated 
March 14,2000. FFS received an e-mail from Mr. Dan Reberger, the Technical Representative on 
this task, stating that the classification of these pumps is "General Service." Because both pumps are 
commercially available, they may be purchased without a specification by identifying the model 
number desired. Therefore, the specifications prepared for this task are not required. FFS Quality 
Assurance (QA) (Mr. Lanny Hall) has reviewed the information above, and agrees that since the 
pumps are commercially available ~ ! ? d  t ! y  are classified as "General Service," a specification is not 
required, and we do not need to review the QA plan of the selected vendors. In addition, the only 
receipt inspection required is to verify that what was shipped matches the requisition and enclosed 
paperwork is for the requested pump. (Check for shipping damage, also). 

Procurement of these pumps was originally a part of the FFS scope. On, or about February 3,2000, 
Mr. Reberger notified Mr. Rarig that hii. Shipler stated that CHG would perform the procurement 
using the specifications for the submersible and air driven pump. Procurement was discussed at each 
weekly status meeting thereafter and we were told that CHG would perform the procurement i n  order 
to save money, since funding had been cut. FFS continued to offer to do the procurement, but the 
offer was declined. .* 

Therefore, in order for CHG to do the procurement, we are providing here the following information 
on the Flygt Submersible Pump and the Hydrostar Pump, which meet the requirements contained in 
the specifications. The specifications were given to CHG on February 8,2000 for review and 
approval. 

Finally, here is the information and quantities needed to procure the pumps for DST Annulus 
Pumping: 

Quantity Description Address Phone 
4 ITT Flygt Small Dewatering pump- Whitney Equipment Company (425) 556-1750 

Stainless Steel 
Product Code - BS-2060.390/232 460 
V with 100 feet electrical cable 
ITT Flygt Small Dewatering Pump 
Tandem Connection Stainless Steel 
Product Code - 377-26-01 

Part Number 3A001 

14636 N. E. 95"Street 
Redmond, WA 98052 

2 

2 INW HYDROSTAR Pump HS8001-1 Insmmentation Northwest, Inc. 
Am: Engineering Dept - 
HYDROSTAR System 
14972 N. E. 31"Circle 
Redmond, WA 98052 
(800) 776-9355 
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Quantity Description Address Phone 
2 2" Air Motor 

2 2" Well Completion Assembly 
Part Number 3B020 

Part Number 3E502 
Actuating rod (5 ft. sections 
wicoupling and nut) 
Part Number 2B095 

20' 

'Subject to further engineering review to determine the exact discharge column configuration 

Procurement of 50' of discharge pipe must come from a source other than the pump vendors. 

On March 6,2000, Mr. Dan Reberger, CHG, Technical Representative, requested that FFS review the 
compatibility of a Gorman Rupp submersible pump to the ri,,;,ments in the specification. This 
pump has a mine Safety and Health Approved rating. After extensive review and numerous 
discussioiis wX, LL: verd::., :!.: ;::::n; I \ ' ? <  yr . : i ted to the Flammable Gas Review Board for 
consideration on March 14,2000. On March 21,2000, Mr. Reberger notified FFS that the Board did 
not approve the Gorman Rupp puii~p ~ U C  ;U &< lack of a UL rating or equivalent. Therefore, we lia\,e 
reverted back to the Flygt pump as the only viable submersible pump for this application. However, 
the Board added a stipulation to the approval of the Flygt pump. That is: it must have a Class I ,  
Uivision 1, Group k3 power cable. Mr. Ray Merriman, FFS, is currently evaluating cables to satisfy 
this requirement. Ray has suggested using a conduct for the power cable and intrinsically safe 
thennal sensor circuit as a possible option for the cable. 

FFS has been told that CHG will procure the pu@s. However, FFS is offering to procure these 
pumps. The formal hold placed on FFS procurement activities by CHG applies only to Safety Class 
components. These pumps, as mentioned earlier, are General Services and therefore are not affected 
by this HOLD. Should CHG desire FFS procurement support, please notify us via e-mail from CHG 
Contract Administration (Ms. Kathy McLerran) and we will immediately proceed with procurement 
activities. 

All other activities in support of Release No. 59 are proceeding as identified in weekly status 
meetings. If there are any questions regarding this information, please contact Mr. Bradley Rarig at 
373-2673 or Mr. Marshall Hauck at 376-9339. 

Sincerely, 

Project Manager 

BKR:rdp 

c: D. W. Reberger, CHG, wlattachments 
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SKETCHES FOR PUMP TEST TANK 



w 

111 I 

P 



d I r! 
ii 

ID 

I I t I I L Y 0 0 rn 

v.30 



S r 
- 

"I 4 



I I 0 t 0 I m I < L Y 

'f3 1 



r. 

W 

*'\ 

! Y) 

m 

5 

i 
3 

Yl 

II 

A 

I I 0 t 0 I rn I < L Y 

Y3J 



L 

P 

I m I 

I Lo I 

I I t I (D I L Y 0 0 

y 3  Y 



L 

" l e  



FLPP4485 Rev. 0 

APPENDIX K 
FABRICATION 
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SITE FABKICATION S'ERVICES (SFS) FABRICATION REQUEST 

.. 18. TitleDescription of Work -Lis all required dnuings, ECNq and spccifi.mtions requ+d for fabrication; ' 
' . . ' .. 

I sc (CGIDrdiCition) QL-1 I I 



m o o 2  

0 I l l 3  108 
0 0 

OTHER REQUIRED ONSiTE SUPPORT - 
OFFSITE FA0 SUPPORT .- 
CONTRACT SUPPORT 0 0 

. TOTAL NON S.F.S. SUPPORT 0 0 109 108 

DynCorp 
SITE FABRICATION SERVICES 

FABRICATION ESTIMATE 
L " 

GRAND TOTAL 4,166 

1 ASSUMPTIONS a REMAJWS 

1. This E s t i m a  represerits tho egtimoted costs lor the on-site EIC 'Site Fabrication Services" and associated 
supporl personnel or ~ e r v ~ c c s  to perform the tgsk "1 forth inthe reference documntg. Included ars all known 
costs.identifiabla at this time with the'eiceptian of FH adders (OSnrsS)  which i s  not 
included in t h k  cstirnaie. 

2. AJI dociiments and drawings are assumed to be correct and to current site standards unless olhemivc noted. 
No lab r id ion  engineering tlme has been Included for changes or revis1on.s lo the fabrication documants. 
Three complete sets olfull  size drawings shall be provided by the Customer wioi the Work Request Incomplete 
design's, ECN's. changes to design. malerials. reqoiremnts. or other ancratlons to tlic original design. work 
scope, or fabrication process m y  result in increased costs oraohcdulc delays. 

3. R is 85sUmad that the work scope (including schedule) Vnll rcrrUin the same lor Ihm duration of the effort. Any 
modifications to the work scope or agreed upon ahedule could mesUIi in reestimating endlor rascheduling of the 
adivity. 

4. Scheduled dales provided at the time of this estimate are far esfmt lng purposes only. A f i n n  schedule will be 
agreed lo st Ihe time the order Is issued. 

6. This cst imls  a s s u m  all casts lor thls sffort to be identified snd approved by tho requester and h a t  
sufficient funding will be provldad within tlve working days of t h e  initial request for wrk No adivnles 
relatad to this tahrlcation eRort will begin unlll full lor  negatlated paitial) lunding has hlen provided. 

8.  F.O.D. paint will bc the appropriate SitC Fabrication facility U n l e s  othcrvAse spxiRed. 

7. m i s  Is only an Esllrnale or the fabricaiion cost, actual fabrlcatian or nutsrial costs may be nlorc or less than 
the cstirnate. 

. .  



f & T , p  FABIUCATIOX SERVICES (SFS) FABIUCATIOK ItEQUEST 

6. Dcltvei  lo. 

16.Onsinalor:' , , hISIN: u a k :  l ' lmic :  

Dan Reberger' ' . S5-13 5/25/2000' 373-3926 -1 
I-1_,___1---.~ I L b a T u ( '  I 

1 C. Ti1leiDescrip;iun of\Vork -- List all required drawings, ECh's, and specifications required for fabrication: Asserk$impei parts -1 

I KCmd GSN.4-  QL-0 I 



----- S~&ABRICATION SERVICES (SITS) FABRICATION REQUEST 

. .  , . . . . .  

. . . . . . . . . .  . . . . .  . . . .  

P-Card GSMA-Ut..-0 

I'nrrport GSM - Q1.-0 

......... - . . . .  
............... 
. :  ..,.: :, . -  

, . ;  , .  

QC Inspccl ion) ~. Q L 3  

SS (CGI Dsdicnlion) PI.-? 



SlTE FABRICATION SERVICES (SFS) FABRICATION 1lEQUEST 

CONTINUATION PAGE 
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~- 
SITE FABRICATION SERVICES (SFS) FABRICATION REQUEST 

G. A .  Leshikar . . 

Fahricate (2) annulus pump mounting flange assemblies and associated piping per II-14.104134, Sh. 1 and 2. (Encompasses partial 
fabrication of entire pump assembly). See continuation shcet for special instructions. 

. ~ 

DST Annulus Emergency Pumping Intended Use for Item Fabricated 

, . .  . . . . . ,  . .  

functional tests / scccptnncc t u 1  I operational 
.. . I  ,. ~. .. 

, .  . . .  . .  . .  \Vcliling inspection/uinmiiiation . . .. ~ 

2. 1)imensional inspcction/reriilcatian . , _  , , . ,  . .,,.,. , , QC acceptance tug (QL 1,2, or 3) 
Camponcnl ldcntificstion ". .L 6. VcriilcMion la. (QL 0) . . . .  . ........ ~ 

SC (CGI I lcdicatian) QL-l 

SS (list. Pracurcnient) QL-2 

301,335, 1819, and 3144. 1 he mview appro\al signatures shall bc documented bclow. 
. .  ~ . .  . 

**iiOTE*': All customer-supplied materials (parts!itcrns) tilust he identified with a minimuin of Safety Classification, Qualily Level, and rnatcrinl 
graddtypc. All patciitinl siispccLicouiitcrfci1 items (i.c., fxstciicis, circilit h ide r s ,  flanges) supplied shali meet 11NF-I'11@-301 requircments. 

Page I of- 
I .  . . 
, Y V 1  , ' 



Procure all components 011 H-14-104134, sh. 1 & 2 ,  for q 

Perform fabrication per SFS 03-101 Kcdline Procedure. .C 

Fabrication is of “abovc thc flange” components, the loW?J pddior7tifthe dilution line assembly, and the flange connection piece to the 
lower pump, with the folloiving coiisiderations: 

- Cut 3” pipe for centrifugal pump discharge arid 2 Hydrostar sample pump approxiniately 1 foot below tile 
mounting flange. Screw CGB fittings (item 19) 
portion of dilution line (items 25,40,5I and 53) ton 

own (ready LO accept electrical cables). Do not install top 

- Customer to supply.Hydrostar airmotorlwellhe 
items may be removed prior to shipment at C U S ~  

General Note #/7 is not applicable at this time. 

quired for fit-up o f z ’  discharge pipe. These 

- 

~ Perform diincnsionnl verification ofnozzles,K 
! 

ountiiig flange, and location ofpump discharge 
pipe holcs (2”) oil niounting flange. 

Fabricate lower portion of dilution linc assembly f 

Fabricate quantity (14) of spacers (item #42). 

- downward, including spacer, to  length specified by customer, 

- 

, 
‘ -. 

,:.. . 
. . , . ., . i . , , . . . .  

. ,  
. .  I . -  

. , . .  

. .  



, .,. . . 

19. a e c k - ' Q * i a r i " r  

Funclional tests I scccprsncc tcni operntjonsl 
gc ncccplilnce lag (QL 1.2, or 3) 
Verification tag (QL 0) 

,,,.',,. 
I .  Welding inspectiontcxarninalion \ 

Dimcnsiond inspection/vcrificatinn . . . .. . 
' 

. : ,  

6. 
2. 
3 .  Component ldcntificstion 

. .  . 
NOTE: All ileal9 above msrkrd N/A will default to Ccnrrill Shon Standard lSFS 05-101 - Coov nvnilnble n t  SFS k%nncr/SrIie.dule~ Suncrinlendent OrfwcL 

PCsrd G W A -  QL-0 

... . 
QC lnrpcciiun) - QL-3 . . .. . 

I , ,  . SS [CGI Dcdicntion) QL-2 

I I 
I ... . I I ss  (ESL Pracurcmcntl QL-2 I 



RPP- Lc1 us +e< . tl 
SITE FABRICATION SERVICES (SFS) FAl3IUCATION REQUEST 

Description DrawingsECN Quantity 

2” Gasket, Type I l l  H-2-3997, Part f i  6 I 
3” Gasket, Type I I I  31-2-3997, Part X 7 1 
Lifting Bail . W2-90161 I 
2” I-lorizontalI.ifiing Bail H-2-90162-2 1 
3” Horizontal Lifting Bail 11-2-90162-3 ! 

2” Sclied 40 1.R 90 Degree Elbow (ASTMA403 304-L SST) 
2” Sclicd 40 LR 90 Degree Elborv (ASTM A234 GR WI’B, CS) !:1-2-37800, Pait #/ 7 

2” Flex Hose . .  

I 

.. . .  
2~ 
2 ’ . , .  . 
2 . 

2” Sclied 40 SR 90 Degree Elbow (ASTM A403 304-L SST) .. ~1-1-2-64.157, Part 8 
. .  1,1~1-2-64457, Part #/ 7 

1~1-2-64457, Part.# 6 

. . . ~  

-. - II-2~378O0, Pa&# G .’ . ’ , ~ , ( ~ O ’ - o ” )  - . . .’ 
2” Sched 40 Pipe (ASTM A312 304-L SST) 
2” Sched 40 Pipe (AS1’M A53 Type S G R B  CS) 

l(IO’-o”) , ’ 
. . . 11.2-57301, Part if 5 

. ,  

NOTE: Jumper pa ts  listed above are essential parts for assembling jumper in the following central pump pits: AN Farm (H-2-72025), 
~p Faml (]+2-90726), AW 
assemblies have already bcen’ assembled per 211-0004706/F 

(tl-2-70444),.AY/AZ Farm (H-2.64457) and SY Farm (1-1-2-37800). The jumper head connector 

4YS 
. .  I __ 


	1718H
	1718H
	171BH
	CASINO GASKET
	2613-FL
	261 3-ES
	DRIVE SCREWBMW-03
	2613-DD
	10195-G
	DISCHARGE FIANOE
	C061t
	JO6
	NOM2 1/2
	ET0508
	STRAINER ASSY
	10185-A
	BUSHINO
	17O90
	1mo
	RETAINING RING24121-077
	II4IkRMEDIATE O-RING52-248

	MECH SEAL ASSY
	MOTOR BUSHING31134-060
	STATOR13-805
	STATOR (575V)13-808
	ROTOR B SHAFT ASSY12-802
	CW
	IiM HD CAPSCEEW
	JQS
	CABLE ASSY - 60 FT
	HOSE CLAMP26518-766
	27111-Bl6
	GA0402
	TERMINAL HOUSING38381-205
	TERMINAL HOUSING O-RING25154-141
	S171h
	s1554
	3831 1 -W2
	GA0501 1/4
	PIPE PLUQ38648-022
	BALL BEARING
	INTERMEDIATE38261-016
	Po4


	26136X
	BMW
	QAW1
	WlRE - 14 IN14004-103
	LEAD SEAL
	LOCK CLIP
	NYLOCK CAPSCREW
	KB04
	513-A

	HOT-MELT ADHESIVE (112 IN STICK)
	33

