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1.0 SCOPE

This report documerits the 90% formal design review proceedings for
Specification WHC-S-0040. This specification established the basis for the
fixed price procurement for design, fabrication, and testing of mixer pumps
supporting detailed design for Project W-151. Mixer pumps are part of a
planned demonstration waste retrieval system for 241-AZ-101.

Supporting documents for the design review included the project Functional
Design Criteria, WHC-SD-W151-FDC-001, Rev. 2, Supplemental Design Requirements
Document, WHC-SD-W151-SDRD-001, Rev. O, and Preliminary Safety Assessment,
WHC-SD-W151-PSAR-001, Rev. 0.
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2.0 SUMMARY

A formal design review for WHC-S-0040 was held on January 21, 1993. The
review was completed January 28, 1993. No outstanding action items existed.
Comments were recorded on Review Comment Record (RCR) forms and incorporated
into the specification. The specification was considered acceptable, approved
and issued as WHC-S-0040, Revision 0 on March 4, 1993,

The design review chairman for this review retired and a deign review report
was never issued. This report includes all the required information for the
completed formal design review except for the design review check list and
meeting minutes. These two items were not found in the design review nor in
project files. Since the majority of the design review committee no Tonger
works at Hanford no attempt was made to regenerate these documents. In
addition, since the completion of the design review, Project W-151 mixer pumps
have been successfully designed, fabricated, and tested, in compliance with
the specification.
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3.0 DOCUMENTATION

The attached documentation includes the following:

1.

Internal letter scheduling the design review briefing and
identifying members of the review committee.

cc:Mail identifying the date and Tocation of the first design
review meeting.

Attendance roster for the first design review meeting.
Original dispositioned and signed off RCR forms.

A copy of the original draft specification reviewed by the
committee.

A copy of the approved Engineering Data Transmittal (EDT)
releasing Specification WHC-S-0040, Rev. 0.
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Internal Memo, D. W. Crass, Westinghouse Hanford Company, to
Distribution, Westinghouse Hanford Company, "Project W-151, Mixer Pump
Specification Design Review Briefing,"dated January 5, 1993.
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Phone:
Date:
Subject:

To:

Westinghouse Interna
-Hanford Company Memo
From: Component Engineering

2-2034 H5-70
January 5, 1993
PROJECT W-151 MIXER PUMP SPECIFICATION DESIGN REVIEW BRIEFING.

Distribution

cc: D.M. Burgess H5-73
J.I. Dearing H5-72
R.E. Russell H5-70
M.¥W. Young H5-69

Please plan to attend a briefing meeting to begin formal
design review proceedings for the project W-151 mixer pump
specification, WHC-S-004, Rev. 0. This specification will
be used to purchase four mixer pumps for tank 101-AZ. If
you can not attend please plan on sending a representative.
The briefing meeting will be held on Monday January 11, 1993
at 3:00 pm in room 24 ETC2. The design review meeting will
be scheduled for January 20, 1993.

The review committee will consist of the following people:

M.¥. Young Chairman/Secretary

W.R. Brown Environmental Reviewer

S.B. Warren Safety Reviewer

J.A. Ranschau Safety Reviewer

R.E. Clayton QA Reviewer

D.L. Bjorklund Operations Reviewer

S.A. Krieg . Mechanical Reviewer

M.J. Dalmaso Mechanical Reviewer

M.A. Schiffhauer Mechanical Reviewer
D.W Crass

Principal Engineer

Hanford Operations and Engineering Contractor for the US Department of Energy
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3.2 cc:Mail, D. W. Crass, Westinghouse Hanford Company, to Distribution,
Westinghouse Hanford Company, "Project W-151 Mixer Pump Design Review,"
dated January 13, 1993.
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Author: Edward M Nordquist at "WHC82

Date: 11/4/96 15:09

Priority: Normal

TO: Dennis W Crass at “HANFORDO2E

Subject: PROJECT W-151 MIXER PUMP DESIGN REVIEW
---------------------------------------- Forwarded ---------mmmm e
Author: Dennis W Crass at “WHC208 1/13/93 10:03
TO: Robert R Auld at “WHC23

TO: Dwayne L Bjorklund at “WHC23

TO: Walter R Brown at “WHC155

TO: F R (Rick) Fisher at “WHC150

TO: Steven B Warren at “WHC289

TO: Ed H Kohlman .

TO: Stuart A Krieg

TO: Dbonald E Legare

TO: Michael E Manthei at "WHC82

TO: Edward M Nordquist at “WHC82

TO: Jeff A Ranschau at “WHC283

TO: Craig P Shaw at “WHC35

TO: Peter A Titzler

TO: Sharon L Thompscn at ~WHC2

TO: Elmer D (Dale) Waters at “WHC82

CC: Donn M Burgess at “WHC131

CC: John I Dearing at “WHC74

CC: Roy E Russell at "WHC131

CC: Marshall W Young at “WHC74

BCC: Dennis W Crass

TO: Dave L Becker at “WHC74

Subject: PROJECT W-151 MIXER PUMP DESIGN REVIEW
———————————————————————————————————— Message Contents ------ommmmm e e

The design review for the mixer pump specification has

been scheduled for 8:00 am 21 January in conference room 24
ETC2. Please have RCR forms to me or M.W. Young

by close cof business on the 1%th of January so we can
consolidate comments. BRe prepared to discuss their
disposition at the design review meeting. If you can

not attend please enlist a delegate. Anyone needing a copy
of the FDC let me know. I can send a copy via cc mail.
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Attendance Roster, January 28, 1993, W-151 Design Review Meeting
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Dispositioned and Signed Off RCR Forms, Project W-151
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Letter, M. A. Schiffhauer, West Valley Nuclear Services Company, to D.
W. Crass, Westinghouse Hanford Company, "WHC Mixer Pump Specification
WHC-S-040, Rev. A", dated February 2, 1993
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West Valley Nuclear Services
Fom . Ext. 4581, MS-48

Memax : CL:93:0032
pae : February 2, 1993

Subiect :  SUBJECT: WHC Mixer Pump Specification WHC-S-040, Rev A

To Dennis W. Crass, Principal Engineer
MSIN-H5-70 -
Westinghouse Hanford Company
P. 0, Box 1970
Richland WA 99352

Dear Mr, Crass:

Per our conversation I have documented my comments pertaining to the
Westinghouse Hanford Mixer Pump Specificatien WHC-$-040, Rev A.
Listed below are my comments and recommendations for your
considaration.

3.3 FUNCTIONAL DESIGN CHARACTERISTICS

3.3.1 You may want to add that the two opposing nozzles are 180°

O aborsed fo Jv% apart. The spec states each nozzle shall be 12 to 18(2)

Spposs o inches off the tank floor. That iz a large relative
) A range. I would fix the max{mum distance off the floor you
chamer & want the nozzles and lat all the otheg‘j;limnxim, i.e.
siDer-n 4 suction strainer fall vhere they may(3Wou may want to set
@ J/Dl nu;éﬁi':,cf)%“ the nozzle included angle, ours is 10" total. I have

@ &7 fhie. #‘5,) L, p  enclosed the skefch we used to dafine the angle
y t d A
b 29g / eshilis (aptachment A)(Z'I would recommend getting the flow rate )

P and nozzle diameter based on the UJD you are trying to
gk b L obtain. The way the spec {s writtem, if allows a larga ’%f"“
variation in this important parameter. r suction 4’%

screens have 3/8 Inch openings; however, we specified a "’gg
- tolerance of 1/32 inch. . : —E{

3.3.2 @Your pump length range does not have to bae that large. X

: Let the length come out of the floor to nozzle dimension
@Z‘:’;-,:-:/_{ i’i"j}jﬁ fA:@e, by giving the floor to mounting flange distance &I weuld
fhis o /. ‘/% recomaand against the access port flanges. I am not sure
15 dyuccosion bo fo you want them bacause the only I see tham mentioned
Lecotson - is when you talk about O-rings{Z)I am unsure what you want
when you ask for the radfation/air restriction collar. Is
@/7//: 405 o—/na auf/v% it metal, how thick, etc? Recommend you give more
SES . e cerfl orpes oo detailed design information for both contracter bidding
il pin precsifisnany- o84 DOTONEial disagreswents with the eventusl fzbricator
when he makes hisz assunptions.($The statement ..."450 lhs

@ Ko Covcure anfl S ey at the nozzle®... is unclear to me. T am uncertain if
DDA~ (fes , g’/,s'w that i the force at the nozzle of the adjacent pump, or
L L e @ #V se bl reuchoo foe @ Ko,
T L Aezde oo 15l Lendon renegr. Mo
pusee sy /’é"‘”‘/"-- zc/méﬂ é-{x.a»/;w«ya\s.
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the force applied to the pump column from the adjacent me.@z'ou
may want to state how long you want the pump to withstsnd a plugged
nozzle opergtion, because it will affect the bearing life as you
L knov. (D mipyed sl fo b iy [ ool B o fiy,
| 3.3.4 ®Tba requirenent of no cross-contamination into the pump column will
; sbe difficult if not impossible to verify until you run in your
! @ we wnll ook € #rs tank. Furthermore, you have no tests planned to aven try to verify
@ spa% = plant ens Lhis. Although I agree with what you are striving for, this is
st gemifnit an/h oing to be a contract nightmare. No manufacturer is going to be
. . able to verify for themselves that they can meet this therefore,
@ Ao rt CiRE, /f?’xey will not be willing to meet the liabilities asscciated with
A s o ime/s £his requirement. Furthermore, Lf leakage does occur once the pump
Az fh orofFier 4is operationsl, who can prove it is through the seal? When we
retrofitted our pumps with new seals, a leak tast vas performed
: using a dye. The results were positive. However, we have
i experienced contamination in some of our pump columnas after in-.tank
: operation. recommend keeping in contact with WSR to find out tha
results of their seal retrofit program. We know the Durametallic
seal ve are using is not doing the job we would have liked. If WSR
is successful, I would specific and use their seal /I would supply
| a piping sketch of the top seal drain system you want for draining
: back to the tank. You can control the design better since you ara
! going to have an interface connection(s) during installation.
Always remember, the fabricator has no idea how difficult {t {s for
ug to install a purp in our environment.

§ @ m;w«7 m‘:{é’:." @We do not adjust the speed of our rotating asseably. Reduced acale
2 c/l'f" freps . testing shows this to have no {nfluence on solids resuspension.

3,3.8 I would not count on the sparge ring alome to allow the pump to be
installed before operation. Although I would have it, I would use
. the aplit shims which we were so successful using. It took us

s gewsiofer | three, with one pump four, operational runs before we got our pump’

it ,;,Mﬁl%nto irs final position and our average sludge depth was 18 inches.
olca“j’* b{‘"“’"’ #5371 would design the pusp wmounting system, at least have some shim
e WM available as a backup {f the sparge ring does not work. Anothar
; g hadtat thing to considexr when using the sparge ring alone, is creating a
: . pocket for the pump suction which could perchance starve the pump

guction.

3.3,'?@ The surface roughness is a hard item to verify. We made samplea
~bk I (3 ghich all parties, Engineering, QA, and the fabricator agreed were

o W£E+ 2 h:L‘:,;fm:t:ep!:al:ﬂ.e and use them to verify the finish.(XI would consider the
/P'a Ta_s\" D"“I’J)‘,.Q\'- reality of the requirement for easy disaszembly, this pump will be
fb ot s {,‘,ﬂ“ too contaminated to disasseable after ia been operation in the

L= ad
b W/{u“‘)d‘él/c;lﬁ’:‘w‘{,t&nk. . .//9
oo P8 o 1 B e 15 o pessibiftFy S [ prenp sk be
5(""‘%/2;/' . ‘5f"”"‘fcmd/o—/a» fotete chote afse.sscmdiod Aetenerend
=7 I fourgeof
JBCO117

48



L FEB-@2-1333 13:53 FROM  WUNS TQ S5@93768343 P.o4

HNF-SD-W151-DRR-002 Rev. 0

€I1:93:0032 -3 - February 2, 1993

posaible fhat Flese Lecer
3.6 TESTING @:,';2;, v Zf‘wm“ufcp 7 e sot é’gﬁ.ﬁk/wsﬂ-‘dd
o) “{"’w L is K AR At eI Sed Co b TP
3.6.1 I wm{ﬁ‘ et borthde % testing all those operating speseds. You only
care what the pump can do at 100% speed. Reduced spseds will
mainly be used to "soft" start the pumps, not the work for you in

data £rom onme hour to every 15 or 30 minutes.'3T would recommend
measuring the pump vibration levels over the ranga of operation
fraquencies. The frequencies can be {nduced by aquipment without
running the pump. This data will help determine the operation
frequencies which you should not zun at due to the higher
displacements, Attached (attachment B) is one of our natural
frequency.curves for a single pump. Based on these results we
would not operate, amd have locked out on our speed controller,
between 700.and 900 RPM.

@ e mixing. SAt 100% speed I would increase the di éatim for collecti@s
Ajkct

3.6.3 Testing the bottom seal leak rate while the pump is rumming is
JA%A nearly impossible. We did work up a procedure, but I am net sure
Tece’ it was worth the effert., If the seal holds in the atatic tests,
the leak rate running will be acceptable. I think we have more of

a concern of leak in than out.

3.6.6 I would recommend rethinking the boiling water test. This is going
to be costly. Our pump operation did little to za:‘.se the tank

temperature. g sermeal /C.‘ Shis i I Sesp %/v&r‘

P A?_‘é/?:/ vﬁ”aaéwm #eat?
If you have any questions giva ma 4 calic " Yy “’/“" ra

Sincerely yours,

M. A. Schiffhauer, Senior Engineer B
Vitrification Facility Engineering
West Valley Nueclear Services Co., Inc.

MAS: jbe
ce: P. Bednarz WUNS MS-54
T. E. Cottrell WVUNS MS-48

Attachments: A) Diagram of the Waste Mobilization Pump Voluts Discharge Nozzle
B) Test Report No. PC# 13597, Pump No. 55-G-006-C
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1.0 SCOPE

1.1

1.2

DESCRIPTION

The mixer pump (M/P) will be installed vertically into an existing
underground radioactive waste storage tank. The tank is approximately 50
feet high, 75 feet in diameter and employs four, 42 inch diameter, risers
for pump installation. The function of the M/P is to mix solids which
have settled on the tank bottom with Tiquid within the tank and maintain
this pseudo-homogeneous solution in suspension. The tank will then be
emptied of this 1iquid by other means. The M/P will be controlled by a

. Variable Frequency Drive (VFD) and its speed adjusted to suit operating

conditions.

The M/P suction will intake from the bottom of the waste tank and
discharge horizontally through two diametrically opposed nozzles at an
elevation near the tank bottom. Rotation of the nozzles (or entire
assembly) is required to ‘sweep' the entire bottom. Up to four M/Ps will
be installed in the tank, 30 feet apart, and the jet(s) from adjacent
pumps will impact each other.

Although most of the fluid to be pumped will be alkaline, the pump will
also be used with acidic solutions during final tank washes. Ffresh
water, four to eight percent (by weight) oxalic acid and/or dilute formic
acid solution will be used for washing.

This document provides criteria and requirements for the design, fabrica-
tion, assembly, examination, acceptance testing, packaging and shipping
“of-ene or more mixer pump assemblies.

WORK INCLUDED

. Design, fabrication, assembly and delivery of a M/P with support
column, mounting flange and drive motor meeting the requirements of
this specification.

. Design, fabrication, assembly and delivery as part of the M/P a
rotation mechanism with turntable and drive motor.

. Design, fabrication, assembly and delivery as part of the M/P all
hardware such as flush piping, instrumentation, external service
connections, etc, as required within this specification.

. Design, fabrication, assembly and delivery of any special tooling
required for assembly and installation of the M/P at the Buyers
facility. This includes removable strongbacks or 1ifting devices
for pump installation.

. Provide design, design analysis and design documentation review
packages for Buyer review.

. Provide Inspection and Test Plans for Buyer review.
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. Perfdrm pressure testing and pump performance testing at the Sellers
facitity. : ’

. Support a continuous 168 hour run-in with the pump fully assembled
in boiling water at the Buyer's facility.

. Conduct a demonstration verifying vertical lifting requirements.

WORK NOT INCLUDED

. Design, fébrication, and delivery of a pump motor speed control
system and the associated readout instrumentation.

. Design and delivery of interconnect power, control, and .
instrumentation cabling beyond the M/P junction boxes and water
supply services (eg, for the flush) beyond the M/P connection
points.

. Installation of any Vendor furnished equipment at Buyer's facility
except as required under warranty agreements approved by Buyer and
Seller.

. M/P support platform on Buyers tank.

DEFINITIONS
Fru
The following names or terms used in this specification are defined
as follows: =
Buyer

The term "Buyer" as used herein shall be interpreted as the United States
Department of Energy (DOE) or any DOE agent or contractor whose functions
include acting directly on behalf of DOE.

Seller

The term "Seller" as used herein shall be interpreted as the Supplier,
Fabricator, Contractor, or Vendor of the goods or services being
discussed or provided.

Shall
Denotes a requirement,

Should
Denotes a recommendation.
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2.0 APPLICABLE DOCUMENTS

2:1

CODES AND STANDARDS

The M/P assemblies and auxiliaries furnished shall be in accordance with,
but not Timited to, the following codes and standards. In the event of
conflict between the various codes, specifications or standards
specified, the Seller shall consult the Buyer for resolution.

" American Institute of Steel Construction {AISC)

Specifications for the design, fabrication, and erection of
structurat steel for buildings.

American Society for Testing and Materials (ASTM)

ASTM A 276 or ASTM A 193 Bar Stock
ASTM A 240 Plate, Sheet, and Strip
ASTM A 312 Pipe
ASTM A 269 Tubing
ASTM A 182 or ASTM A 336 Forgings
ASTM A 351 or ASTM A 744 Castings :
ASTM A 380 Cleaning and Descaling Stainless
Steel Parts, Equipment, and
: Systems
ASTM A 564 Bars & Shapes (17-4 PH shaft)
ASTM A 449 Carbon Steel Bolting
ASTM A 193 & 194 - Stainless Steel Bolting
ASTM A 36 Structural Steel

American Welding Society (AWS)
D1.1 Structural Welding Code
A2.4-1979 - Symbols for Welding and NDE

American National Standards Institute (ANSI)

B2.1 Pipe Threads

B16.5 Steel Pipe Flanges, Flanged Valves and Fittings

B16.11 Forged Steel Fittings (Socket Welding and
Threaded)

Bl16.34 Steel Valves

B30.9 Slings and Wire Rope

B30.10 Hooks

B31.1 Power Piping

B31.3 Chemical Plant and Petroleum Refinery Piping

B46.1 Surface Texture

€1 National Electric Code

€50.21 Test Procedure for Three-Phase Induction Motors

£50.22 Guide for Testing Insulation Resistance of
Rotating Machinery

Y14.5 Dimensions and Tolerances

API 610  Centrifugal Pumps for General Refinery Services

American Society of Mechanical Engineers (ASME)

ASME NQA-1-1986 Quality Assurance Program Requirements for Nuclear
Facilities

Boiler and Pressure Vessel Code (B/PV)
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Section V Nondestructive Examination
Section VIII  Division I - Pressure Vessels
Section IX Welding and Brazing Qualifications

. Hydraulic Institute Standards (HI)
Governing Design, Performance and Definition of Centrifugal Pumps

. Steel Structures Painting Council (SSPC)
SP10 Commercial Blast Cleaning

. National Electrical Manufacturers Association (NEMA)
MGl Motors and Generators
MG13 Frame Assignments for Alternating-Current Integral-Horsepower
Induction Motors

+  Uniform Building Code (UBC)
As required by this specification.

. Instrument Society of American (ISA) Standards
As required by this specification.

. American Gear Manufacturer Association (AGMA) Standards
As required by this specification.

DRAWINGS
H-2-78863, W-151 Mixer Pump Procurement Interface

TECHNICAL REQUIREMENTS
SYSTEM DESCRIPTION AND INTERFACE
The Mixer Pump (M/P) assembly and its interface with the AZ-101 waste
tank are shown on Drawing H-2-78863. It is the intent of this drawing to
identify the major items comprising the M/P assembly and the critical
interface dimensions. The major items that makeup the M/P assembly are
as follows:

. Pump, including impeller(s), bowl casing(s) and strainer

. Drive motor and coupling

. Support column, including lineshaft, bearings and seals.

. Mounting flange, including rotation mechanism and turntable.

. Nozzles (these may be integral with the pump casing)

. Pump bowl flush and supply line.

. Suction inlet sparge ring and supply line.
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. Column lineshaft bearing supply and drain Tines.

The M/P assembly will be mounted on the waste tank by means of a support
platform supplied and installed by the Buyer. The M/P mounting flange
will be bolted to the support platform to complete the installation. A1l
mixer pump components below the mounting flange must fit through the
support platform riser. For this reason, the maximum diameter of
assembled components below the mounting flange shall be 39 inches.

FLUID PROPERTIES

" The radioactive sludge settled at the tank bottom consisté primarily of

insoluble hydroxides and/or oxides of iron, aluminum and manganese with
the maximum amount of solids in the sludge being about ‘50% by volume.

Table 1 presents the principal chemical and hydraulic characteristics of
the sludge. Table 2 presents the radiologic parameters. The pump design
point indicated in the table represents slurry conditions after the
settled solids have been completely mobilized. During pump startup, the
Buyer will control the pump rpm (via the VFD) until the fluid is at the
design point. Any pump limitations during this startup period shall be
specifically addressed-in the final operating procedure documentation.
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Mobilized STurry Composition and Property Ranges

(Major Components)

Pump Design

Component Range Point
NaOH (M) : 0 to 2.5
(generally >1.0)
NaA10, (M) 0to 2.0
NaN0, (M) 0 to 3.0
NaNO; (M) 0 to 4.0
Na,CO; (M) 0 to 0.5
NasPQ, (M) 0tol.0
Na,S0, (M) 0 to 1.0
NaF (M) 0 to 0.2
" Total ‘Na* (M) <5.5
pH >12.0
Sp Gravity 1.0 to 1.4 1.2
H,0 (%) 50 to 100
Temperature (°C) 10 to 130 130@
Viscosity (cP) 1.0 to 50 5.0
Solids (vol%) 0 to 50 20
Size (microns) 1 to 1000
(95% < 50 um)
Miller Number (ASTM G75-82) < 30
Tank Vacuum (in. H,0) -.25 to -3.0 -2.0
(a) This temperature is the basis for determining mechanical/thermal

expansion parameters of the pump materials, but not the basis for
determining solution vapor pressure for NPSH calculations. The vapor
pressure for NPSH calculations shall be based on water at 100°C.
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TABLE 2

Dose Rate to Mixer Pumps from
Neutralized Current Acid Waste

Worst Case for Submerged Pump Components: Tank STudge completely settled in
A bottom 36 inches of tank.

Dose Rate = 670 R/hr

Worst Case for Pump Components: Tank sludge well mixed with supernate.
Dose Rate Integrated Dose
(R/hr) (R)*

Pump Components In Slurry Below Riser 670 2.9xE7

Parts in Sluice Pit 50 2.2xE6

Worst case for pump components located outside sluice pit above cover blocks.

Dose Rate = 0.5 mrem/hr

*Indicates total integrated gamma dose for 44,000 hours.
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f 3.3 FUNCTIONAL DESIGN CHARACTERISTICS
3.3.1 Pump

: The pump shall be of a dual volute, bottom suction inlet design with
i discharge out two opposing nozzles. Each.nozzle shall be Tocated 12
b to 18 inches off the tank floor. Nozzle orientation with respect to
the M/P shaft (and column) centerline shall be 90°,+5°,-0°, such
that nozzle discharge is directed parallel with or slightly towards
the tank floor. Each nozzle shall be designed to minimize fluid
swirl and provide straight flow as liquid leaves the nozzle.

The design flow capacity, based on nozzle diameter, D, and nozzle
discharge velocity, U,, shall be: -

'
i
i
i
3
H

upb = 25 to 29.4 ftz/sec for each nozzle.

Nozzle velocity, U, shall be:

Q

U, = 40 to 100 ft/sec

It is the Sellers responsibility to select the best combination of
specified parameters (U, & D) from the ranges given, to achieve the
desired results. A nozzle diameter of 4 inches or larger should be
considered for improved mixing.

Pump design shall minimize NPSH, and submergence requirements. The
functional requirement is to.acﬁieve full capacity mixing at maximum
fluid level, 30 ft, and temperature, 100°C, and then reduce capacity
by the variable frequency motor drive to suit conditions. The
anticipated worst case condition is 20 NPSH, at 3% ft submergence.
Full capacity operation is desired at this condition but is not a
design requirement.

The M/P suction inlet shall be 7 to 12 inches off the tank bottom.
; A suction inlet screen is required with 3/8 inch nominal openings
i recommended.

Impeller design shall be the Seller's choice but shall be self-
L. draining. Impeller clearance shall be adjusted at the drive motor
' shaft coupling. The impeller shall be keyed to the pump shaft to
prevent inadvertent loosening in the event of reverse rotation.

3.3.2 Column

The M/P column shall utilize a flanged pipe design with all
intermediate shaft bearings supported directly from the column. The
column shall be assembled in sections. Column section lengths shall
be determined by the Seller to assure low shaft vibration and
maximum bearing life. Overall M/P length from mpunting flange
interface to suction inlet shall be 57'-7" to 58%20". Overall
length including suction inlet screen shall nog/_xceed 58'-3".
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The column will be flooded with water by the Buyer prior to
installation and operation. This is to ensure bearing lubrication
and cooling. The Seller shall provide the necessary piping and
fittings above the mounting flange to accomplish water addition and
removal. See drawing H-2-78863 for a recommended design approach.
A1l drain piping must discharge into the tank. Removal of any
column fluid once installed within the tank, is unacceptable.

A1l column flanges, including access port flanges employed at the
shaft couplings, shall employ 300 series sst O-rings.

Guide fins shall be employed along the length of the column to
prevent snagging or catching of any column protrusions, such as
flanges, during installation or removal from the tank.

*‘Assembly of the pump bowl casing ento the pump column shall be
separately coupled. Design shall assure that tank fluid cannot
enter the pump column through the lower mechanical seal by pump
pressurization or backflow. The space separating the pump from the
column shall be free draining and allow easy washdown during
removal.

The Seller shall provide integral to the pump column a radiation/air
restriction collar to control radiation shine within the sluice pit.
The collar shall be Tocated within the existing tank riser just
above the tank dome as shown on H-2-78863. The design shall be
rigid enough to withstand any impact with the tank riser due to
column bending.

The column shall be designed to withstand a repetitive force induced
by the discharge of an adjacent M/P located 30 feet away. The Buyer
has performed an analysis to estimate this loading. It was
determined that a Toading of 450 1bs at the nozzle could be
expected. The Seller shall also calculate this force based on his
M/P profile and discharge characteristics and compare the value with
the Buyer's. The worst case condition shall dictate design. An
endurance life of 1xE6 cycles is required in either case.

The column shall be designed to withstand a plugged nozzle scenario.
In the event one of the two nozzles is plugged during operation, the
column shall withstand the moment induced by the unbalanced
‘condition.

The column shall be designed to withstand a seismic event as
described in section 3.5.4.

The column shall be designed to allow for the 1ifting requirements
as specified in Section 3.3.8.

It is pot a design requirement for the column or M/P assembly to
resist a combination of the above loadings (eg, jet impingement,
plugged nozzle and seismic) at any one time. Only the most
stringent individual loading condition shall dictate design.
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Column design shall minimize deflection. Deflection of the pump
bowl shall not exceed 12 inches from true vertical due to the jet
discharge loading specified above.

3.3.3 Bearings

A11 column Tineshaft bearings shall be of the carbon sleeve design
with a minimum Tife of 44,000 hours. Bearing spacing shall be the
responsibility of the Seller. Filtered water is available at the
Buyer's facility for bearing cooling and Tubrication.

The pump bowl shall employ a process lubricated bearing to minimize
shaft runout. :

3.3.4 Shaft Seals

Mechanical seals shall be employed on the M/P column to contain the
bearing lubrication water and isolate the tank fluid. Cross
contamination of waste tank contents into the pump column is
unacceptable.

Seal design shall be of a single mechanical type.

$ea1 design shall be capable of withstanding the accumulative axial
elongation and radial runout inherent to the M/P design. Adjustment
of seals after M/P installation is unacceptable.

The design pressure of the bottom seal shall account for the static
pressures of the column water and waste tank fluid plus the induced
pressure of the supply water. Final supply water pressure shall be
specified by the Seller but should not be less than the static
pressure of the tank contents at the lower seal.

The desirable Teakage rates of the top and bottom seals are 1 and 5
mL/hr respectively but in no case shall leakage exceed 30
mL/hr/seal. The Buyer shall be notified if more than the 60 mk/hr
leakage 1imit is required for bearing cooling.

A1l seals shall be supplied with jack screws to aid in removal.

A1l fluid leakage from the top seal shall drain back into the tank.

3.3.5 Shaft

The design of the shaft and its couplings shall be such that the
first critical speed of the system shall not be less than 130
percent of the pump full capacity speed. Radial shaft movement,
both deflection and runout, shall be Timited as required by ANSI/API
610 and shall be within the acceptable operating limits of the shaft
seals and bearings.
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Design of the fixed couplings between lineshaft lengths shall be by
Seller. All couplings shall be keyed to the shaft and shall not
uncouple in the event of reverse rotation. Spline and threaded
designs are unacceptable. The design shall allow for ease in
assembly and disassembly when the M/P is in either the horizontal or
vertical position. Special assembly tooling is acceptable.

The main coupling between the vertical pump shaft and drive motor
shaft shall be designed for all conditions of service indicated in
this specification. Impeller clearance adjustment, if required,
shall be accomplished at this coupling.

3.3.6 Motor

The drive' motor shall be of the vertical induction type with solid
shaft and pump base mounting. The drive motor shall be rated for
continuous duty while exposed to all outside weather conditions,
including blowing sand and a temperature range of -10 to +50 °C.
Heaters shall be provided to prevent condensation when the equipment
is de-energized._.Buyer will provide a separate power source for the
heaters.

A variable frequency invertor power source will be utilized and
supplied by the Buyer to operate the M/P within 25 to 100% of full
speed operation.

Miscellaneous motor requirements are as follows:

Horsepower: To be determined by Seller

RPM: Responsibility of Seller
Voltage: 480 V, 3 Ph, 60 Hz

Enclosure: To suit environmental conditions
Frame: Responsibility of Seller

Drive: Direct

Service Factor: 1.15 (minimum)

Bearings: Responsibility of Seller

BaTlance: Motor's rotor and rotor shaft assembly is to be
dynamically balanced at 0.0007 toc 0.0014 inches or

better, maximum amplitude, peak to peak, as measured
per NEMA Paragraph MGl-1 2.06.
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3.3.7 Mounting Flange and Rotation Mechanism

The M/P assembly shall be supplied with a mounting flange for bolt
up with the buyers support platform. The required dimensional
interface shall be as shown on drawing H-2-78863.

A ring gear/drive mechanism shall be employed to rotate the pump
nozzles, or complete M/P assembly, through 360°. The design intent
is to sweep the entire tank bottom. The ring gear design shall be
capable of withstanding all forces inherent with bending of the M/P
column. The M/P assembly shall also be fully functional in the
stationary position without the rotational drive in operation. Any
inherent design torques, or torques subjected externally, shall not
cause rotation or free wheeling. The ring gear/drive mechanism
shall be designed to a minimum AGMA rating of 1.5.

The drive motor shall be continuously adjustable for a M/P
rotational speed range of 0 to 1 rpm in both a clockwise and
counterclockwise direction. Drive motor power is optional in either
480 VAC 3 phase, or 240/120 VAC 1 phase at the Buyer's faeitity.

See Section 3.3.10 for additional instrumentation requirements.

Design of the M/P assembly and the mounting flange shall allow for
separation in the field. Each will be installed and removed
separately at the waste tank. See Section 3.3.8 for installation.

3.3.8 Pump Lifting and Installation

Installation of the M/P by the Buyer will be a crane operation. The
mounting flange/drive mechanism will be installed on the tank prior
to insertion of the M/P assembly. The Seller shall provide means
for attachment and any special handling and 1ifting fixtures
required to 1ift and suspend the entire M/P assembly, including the
pump motor, to within 1/2" of true vertical. This capability shall
be demonstrated, see Section 3.6.5. Bearing water will be added to
the column after the M/P is Tifted vertical and prior to insertion
into the waste tank. The Seller shall detail any handling
requirements to ensure that the pump will not be damaged when
Tifting. The pump assembly shall be sufficiently rigid such that
1ifting from the top end only, from a horizontal to a vertical
position, will not result in any pump damage including damage to the
shaft, shaft seals and the intermediate bearings. Temporary
strongbacks are acceptabie.

A1l 1ifting lugs, yokes, bails, fixtures, etc, designed for M/P
1ifting, shall be designed with a safety factor of 5, based on the
materials ultimate strength, or 3, based on the materials yield
strength, which ever is more conservative.

Approximately 20 inches of sludge has accumulated on the waste tank
bottom. The Seller shall supply a water sparge ring within or
adjacent to the suction bell mouth of the pump to assist in keeping
the suction inlet clear during installation. The supply piping
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shall terminate above the mounting flange and shall be capped
closed. The supply piping shall also include a spring Toaded check
valve to isolate the internal environment from the outside once the
cap is removed. Supply water is available at the Buyer's facility
at 150 psig.

Guide fins shall be employed to prevent snagg1ng as described in
Section 3.3.2 of this specification.

3.3.9 Decontamination and Disposal

AT1 M/P components exposed to the waste tank fluid shall be designed
to minimize the collection or holdup of fluid. ATl cavities shall
be self draining. Fastener threads shall be covered. Blind holes
shall be plugged or machined through for drainage. Al1l surfaces
exposed to the waste fluid shall be free of pits, scratches, gouges
and sharp weld ripples which could entrap solids. A1l castings
shall be surfaced to approximately 125 pinches (Ra). Washdown will
be accomplished at the Buyer facility during pump removal.

A flush system shall be supplied for flushing the impeller and bowl
casing (internals) prior to removal. The flush connection on the
bowl should be located at a high point to achieve complete washing.
Flush system piping shall terminate above the mounting flange and
shall be capped closed. The supply piping shall also include two

. spring Toaded check valves to assure no backflow when the cap is
removed. .

The design of the column flanges, shaft couplings, and bearing
supports should provide for ease of disassembly. This will
facilitate breakdown of the assembly for final disposal at some
future date.

3.3.10 Instrumentation and Power

A1l power and control signals will initiate from a control building
located approximately 200 feet form the M/P. Signal readouts will
be housed within the control building. A1l field wiring from the
control building to the M/P will be by the Buyer. Signal sources
shall be capable of undegraded transmission of signals between the
control building and the M/P.

Seller shall supply fixed, non-rotating, environmentally protected,
field terminations, complying with applicable codes and standards,
for all electrical power, signal and water connections. Appropriate
separation of electrical signal and power wiring shall be
maintained. Transfer of power, signal and water services to the
rotating M/P shall be by Seller. A slip ring/brush design meeting
the ambient environmental conditions described in Section 3.3.6 is
recommended for power and signal transfer. A rotating union is
recommended for water transmission.
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Motor Temperature: Motor bearing temperature shall be monitored for
both the upper and lower motor bearings. . Motor temperatures shall,
for each channel, provide a calibrated analog current signal (4-20
mA) and -operate from 115 VAC, 60 Hz supplied power. Display
instrumentation will be provided by Buyer.

M/P Rotation: The M/P rotation mechanism, or M/P itself, shall be
instrumented to display M/P rotational speed in rpm, and nozzle
orientation. Display instrumentation shall be provided by the
Seller.

M/P Motor-Speed: The M/P drive motor shall be instrumented to
display speed in rpm. Display instrumentation shall be provided by
the Seller.

Vibration: The M/P motor shall be monitored for vibration. A
minimum of two units shall be employed to monitor both the upper and
Tower motor bearings. Al1 instrumentation shall, for each channel,
provide an analog current signal (4-20 mA) and operate from 115 VAC,
60 Hz, power. The signal shall be suitable for vibration signature
analysis in both displacement and velocity. Display instrumentation
will be provided by the Buyer.

3.3.11 Support Platform Load Limitations

A stress analysis has been performed on the Buyer's support
platform. The following Toad limitations shall not be exceeded
without approval from the Buyer.

. Maximum vertical force at platform = TBD

. Maximum horizontal force at platform = TBD

. Maximum moment at mounting platform = TBD

. Maximum horizontal force at radiation shield = TBD

3.4 CONSTRUCTION
3.4.1 General
Unless specified otherwise, the design of the M/P shall comply with

the requirements of ANSI/API STD 610 Centrifugal Pumps for General
Refinery Services.

3.4.2 Service Life

The design Tife for the M/P is 44,000 hours of continuous operation
at 100% rated capacity with the maintenance limits specified in
Section 3.4.3
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3.4.3 Maintainability

A1l components which are below the mixer pump mounting flange will’
not be accessible for adjustment or maintenance once the M/P is
installed in the waste tank.

3.4.4 "Materials of Construction

Metal Components: A1l metal components in contact with the process
fluid shall be the manufacturers standard 300 series stainless steel
or other Buyer approved material. The pump shaft shall be hardened
400 series stainless steel or 17-4-PH stainless steel. Any welded
component in contact with the process fluid shall be constructed of
304L stainless steel.

General structural steel used for steemgbacks, 1ifting yokes, etc,
shall conform to ASTM A36. Associated bolted connections shall be
made with high strength steel bolts meeting ASTM 449, SAE GRS.

Non-Metal Components: A1l non metallic components located below the
mounting flange shall be reviewed by the Buyer as to their
suitability for the radiation environment. This includes electrical
hardware such as instrumentation wire and insulation. Selection of
non metallic components for requirements other than radiation are
the Seller's responsibility. A suppliers certification of the
material used in fabrication shall be provided with the final
submittal data.

Material Certification: Certified Material Test Reports (CMTRs) are
required for all stainless steel plate, casting, forging, pipe,
tubing, and welding material used in the fabrication of the pump.

A1l major components purchased as a standard off-the-shelf items
will require a Material Certificate of Compliance. This includes
the pump motor, mechanical seals, etc.

3.4.5 Fabrication Processes

Welding: Welding shall be the Seller's standard practice. The
Seller's welding procedure and inspection procedures, covering
Magnetic Particle (MT) and Penetrant (PT), shall be approved by the
Buyer. MT or PT inspections are required on all fluid pressure-
containing welds and all load bearing welds employed on any lifting
device. MT or PT inspection is to be recorded and a report
submitted with the Final Design Report. MT is not for use on
Stainless Steel. AWS or ANSI codes will be used by the Buyer as a
guideline for acceptance of Seller welding and NDE.

Machining: Grinding or machining of stainless steel shall be done

only with tools that have never come in contact with carbon steel.
Tools and grinding wheels shall be freshly sharpened and dressed.
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Wire brushing of stainless steel shall be done only with stainless
steel brushes that are new or have never been used on materials
other than stainless steel.

Material Handling: Clamps, wedges, temporary clips, etc., welded
to, or mechanically fastened in contact with, stainless steel shall
be made of stainless steel only. Following removal of any temporary
attachments welded to the pump, the surface shall be ground flush
and penetrant tested. It is acceptable to use high strength carbon
steel clamping devices such as machine chuck jaws provided they pass
the ASTM A-380, Paragraph 7.2.5.1, test for evidence of carbon steel
contamination. If carbon steel contamination is evident, the
surface shall be ground and the test shall be repeated until the
contamination is removed.

Painting: A11 carbon steel shall be painted to the Seller's
standard practice. A7l paint shall be suitable for chemical duty
and exposure to outside environmental conditions at Hanford. The
Seller's painting practice and material type shall be identified
within the Design Review Package for Buyer review.

3.5 DESIGN ANALYSIS AND REPORTING

The Seller shall submit a Design Review Package which analyzes the mixer
pump design for performance and adequacy with respect to the various
Toadings incurred during operation. The Design Review Package shall
address the topics defined in sections 3.5.1, 3.5.2, 3.5.3 and 3.5.4
below. Following completion of fabrication and testing, the.Design
Review Package shall be revised to include all testing documentation,
material certification, inspection reports, updated vendor data, revised
drawings and any approved revisions incurred during the procurement
cycle. This package shall constitute the Final Design Report and shall
be submitted as record data. :

3.5.1 Calculations

The Seller shall submit calculations as part of the Design Review
Package. The calculations shall contain sufficient information to
support the Buyers design and to verify all requirements of the
specification are met. The following (as a minimum) shall be
addressed:

NPSH, vs Capacity

Head and Capacity vs RPM

Horsepower vs Capacity

Performance corrections for viscosity and specific gravity
Critical shaft speed

Rotation mechanism size and Toading

Thermal Stresses

Nozzle Discharge Coefficient

Assembly weights

Lifting bail design including associated yokes, lugs, etc

e ¢ » o 8 ¢ 8 a 0 o
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. Seismic response of assembly

. Column design due to jet impingement, plugged nozzle or
Tifting, which ever governs. Column deflection vs bearing
loading is required

. Operating and seismic loads which will be resisted by the
Buyer's support platform

3.5.2 Drawings

The following drawings shall be supplied as part of the Design
Review Package:

. Assembly drawings showing overall dimensional interfaces and
weights
. Cross sectional drawings showing pump bowl casing, impeller,

nozzles, etc

Motor drawings
Mechanical seal drawings
Motor coupling drawing
Special tooling drawings

3.5.3 Information

The following information shall be supplied as part of the Design
Review Package:

Bi11 of materials/vendor information

Selection of shaft seals

Estimate of RPM adjustment to compensate for pump wear
Non metallic component manufacture's data of radiation
resistance. (below mounting flange only) -

3.5.4 -Seismic Analysis

The Seller shall design all pump components, including the mixer
pump mounting flange and rotational mechanism, to satisfy the
Seismic Zone 2B requirements described in the 1988 Edition of the
Uniform Building Code (UBC).

Stresses shall be calculated as the effect of the horizontal force
applied at the center of gravity of the equipment from any
horizontal direction.

The static horizontal seismic force (Fp) applied at the center of
gravity in the direction under consideration shall be as required by
Section 2312 (g), of UBC where:

-
i

ZIprp where

F, = Lateral Seismic Force
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| Z1=.2

I

; I =1.25

|

i Cp = .75

i W, = Pump Weight (including column water)

In addition to the normal design forces, overturning and torsional
forces shall be accounted for.

It is not a design requirement for the M/P to be operational

! following a seismic event. It is a design requirement for the M/P

i assembly to be removable from the waste tank following a seismic
event.

3.6 TESTING

The Seller shall submit, for approval, a test procedure describing the

. method and setup, including instrumentation, for the tests specified in
Sections 3.6.1 through 3.6.5. The Buyer reserves the right to witness
all testing. The Seller shall notify the Buyer at least 7 working days
in advance of all testing. A1l hydraulic performance testing shall be in
accordance with the standards of the Hydraulic Institute. The following
tests shall be performed.

|
|

3.6.1 Performance Testing

Each pump shall be tested for hydraulic performance in accordance
with the Hydraulic Institute Standards. Each pump shall be tested
over a range of operating speeds from 30 to 100% of full motor
speed. Incremental steps of 10% is recommended. A1} pump curves
shall be plotted together on a single chart. The nozzle (system)
head curve shall also be plotted on this chart to depict
corresponding operational points. Theoretical NPSHz shall also be
plotted. Full M/P assembly with column and job motor is not
required for this testing.

Each M/P shall be tested for mechanical performance. This test
comprises of a continuous six(6) hour runin at rated speed and flow
with the M/P fully assembled. The following parameters shall be
recorded once every hour; motor volts, amperage, horsepower,
vibration and motor bearing temperatures. Vibration shall not
exceed 2.5 mils peak-to-peak. If vibration levals exceed 2.5 mils,
the source and cause of the problem shall be determined and
repaired. Full M/P assembly with job motor is required for this
testing.

Performance of the M/P rotational drive shall be demonstrated.
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3.6.2 Column Hydrostatic

Each M/P column shall be hydrostaticly tested to determine leakage.
The column can be tested in either the horizontal or vertical
position but must be fully assembled. Test pressure shall be no
less than the hydrostatic pressure at the Tower seal when the M/P is
in the vertical position plus the column supply water pressure as
selected by the Seller. This test shall be considered acceptable if
after 30 minutes of pressurization no visible Teaks are witnessed at
any flange or access port. This does not include the mechanical
seals.

3.6.3 Seal Leakage Rate

Flow of column bearing water through the bottom shaft seal shall be
measured. This shall be accomplish over a test span of one hour for
each a static condition and pump running condition. Leakage shall
not exceed that specified in Section 3.3.4.

3.6.4 Load Testing

A1l "below the hook" 1ifting and rigging equipment provided by the
Seller.shall be load tested by the Seller to 125 percent of the
Buyer's Safe Working Load (SWL). The Buyer's rated SWL is defined
as that component design load calculated when the allowable stresses
are set at 20 percent of the materials ultimate strength or 33
percent of the yield strength, which ever is less. Lifting
equipment shall be marked with a 300 series stainless steel tag
securely attached with stainless steel wire. The following
information shall be permanently marked on the tag: rated SWL,
serial number (obtained from Buyer) and last lcad test date
(month/year).

Lifting lugs which are part of the cast, forged, or fabricated M/P
assembly do not require load testing.

3.6.5 Vertical Lift Test

The fully assembled M/P shall be lifted by the Seller to demonstrate
vertical orientation. The centerline of the M/P shall be within 1/2
inch of true vertical when measured at the suction inlet.

3.6.6 Boiling Water Test

The M/P will be subjected to a continuous 168 hour boiling water
runin test, at the Buyer's facility, following fabrication and
delivery. The Buyer will supply all Tabor, materials and facilities
for the test. The Seller shall provide on site technical direction
for the test. A test procedure covering the test will be initiated
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by the Buyer and supplied to the Seller for review prior to M/P
shipment.

-The Seller shall obtain full responsibility and ownership of the M/P
‘until this test is successfully completed and accepted by the Buyer.

3.7 MISCELLANEQUS REQUIREMENTS
3.7.1 Spare Parts List and Inventory

Seller shall provide a list of recommended spare parts, identifying
i each specific subassembly to which it applies.

Seller shall indicate the minimum recommended inventory of the spare
parts for installation, start-up, and maintenance for a one (1) year
period based on normal operation. Seller shall state whether the
recommended spare part is a stock item or a special item, and shall
furnish name and Tocation of the nearest suppliers.

3.7.2 Special Tools

Seller shall furnish all special tools unique to Seller's equipment,
necessary for installation, start-up, operation, maintenance and
adjustment of the equipment and accessories furnished by the Seller.

Seller shall provide a Tist of all special tools furnished, iden-
tifying the function of each tool and the specific item(s) for which
it is used. Seller shall also indicate whether the tool is required
for assembly, disassembly, installation, start-up, operation,
maintenance or adjustment.

Detailed drawings or procurement information for the special tools
shall be provided by Seller.

3.7.3 Operation Manuals

The Seller shall provide Operation and Maintenance Manuals for
record documentation. The manuals shall contain, as a minimum,
receiving and storage instructions, assembly/disassembly, operating
and maintenance instructions, lubrication instructions and
installation instructions. The Operation Manual shall include, or
provide as a separate volume, all instrumentation instructions,
specifications, drawings, calibration charts, and connection
diagrams.
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4.0 QUALITY ASSURANCE REQUIREMENTS

4.1

4.2

GENERAL

The Seller shall have in place, a quality assurance program which is
similar in content to ANSI/ASME NQA-1. The Seller’'s quality assurance
program shall be approved by Buyer. The Seller's QA program will satisfy
the intent of the NQA-1 criteria 1isted in either the purchase order or
request for proposal (RFP) if approved by the Buyer.

A1l quality assurance requirements stated on the face of the purchase
order, or the RFP, shall also apply with this specification.

The Seller shall submit a detailed fabrication, inspection and testing
plan which sequences the fabrication operations and denotes the Sellers
inspection and test points. The buyer will identify any additional hold
points after review of the plan.

SELLER SUBMITTALS

Submittals required by this specification shall be submitted by the
Seller as designated below in the Submittal Schedule. Seller shall
identify each submittal by the paragraph number noted on the schedule.

Sec Item Description Date Rev/Inf Qty
4.1 QA Program Manual 4 wk. after order Review 2
3.4.5 Welding & NDE Procedures 4 wk. after order Review 2
3.5 Design Review Package 16 wk. after order Review 6
4.1 Inspection/Test Plan 16 wk. after order Review . 6
v3f6 Test Procedures 8 wk. before test Review 6
3.7 Operation Manuals with shipment Information 6
3.6 Spare Parts, Tools with shipment Information 6
3.5 Final Design Report 4 wk. before ship  Information 6
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PREPARATION FOR DELIVERY
GENERAL

The Seller shall prepare equipment for shipment and subsequent outside
storage of approximately one year. A1l equipment shall be braced,
fastened and crated to prevent damage during shipment. Where equipment
is braced internally, it shall be marked so to identify removal. The M/P
pump should be shipped fully assembled with the exception of the drive
motor. The drive motor shall be packaged separately and mounted
vertically on its base face. Any loose components shall be bagged or

. boxed and supplied within the M/P crating.

Marking

Each M/P shall be identified with a permanent stainless steel nameplate.
The nameplate shall be attached in a location which will be visible after
tank installation. The nameplate shall depict the following information
in 1/4 inch high characters. The characters shall be stamped or etched.
Painting is not acceptable.

Purchase Order Number

[tem Number

Buyer Equipment Piece Number (if identified on the purchase order)
Specification and Revision Number
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