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A LION
SCIENCE AND TECHNOLOGY

August 19, 2011

Robert Whelan
8WROG Project Manager
GE Hitachi Nuclear Energy
3901 Castle H-ayne Road
M/C F-12
Wilnington, NC 28402

Subject: Engineering Services for BWROG ECCS Suction Strainer Committee
Scope Change Request - Strainer Source Term Bypass Testing Proposal

Reference: I) GEH Purchase Order 437053311, I dated March 22.2011.
2) BWROG-ECCS-TA 13-00 1, BWROG ECCS Strainer Bypass Testing Spec n,

Revision 0.
3) BWROG-ECCS-TAI3-002, BWROGECCS Strainer Bypass Test Plan, Revision 2

Dear Mr. Whelan:

Alion Science and Technology Corporatlon (Alion) is pleased to submit this scope change to GEH
to provide assistance with developing the debris loading downstream of the ECCS strainers for
fuel blockage testing and downstream effects on components evaluation. The current scope of
work under the reference (I) purchase order allowed for the completion of a Bypass Test
Specification (2) and Test Plan (3) and stopped short of test implementation until the detailed
requirements of the program were adequately defined. At this time Alion is requesting a scope
change to include the implementation of the reference (3) test plan, including the bypass testing
and test reporting.

As part of the current BWROG investigation into BWR ECCS strainer post-LOCA operation, it
is necessary to characterize and quantify the debris tOat is able to pass througlh the ECCS strainer
and possibly affect downstream component operation. Due to the complex nature of LOCA-
generated debris migration through the structure of an ECCS strainer, the quantity and
composition of downstream debris is best developed experimentally with BWR-speciflc debris
bypass testing.

For PWR downstream analysis, bypassed debris has been grouped into two categories: fibrous
insulation and particulate debris. Due to the small particle size assumed for most PWR coating
debris (10 micron). and the requirement that all possible debris combinations must be considered
for each accident scenario including one of insufficient fiber to cover the screen, PWR bypass
evaluations assume 100% particulate bypass. This assumption may not apply to the larger particle
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sizes present in a BWR suppression pool, and this will be taken into account when determining
BWR particulate bypass.

PWR fibrous insulation bypass has typically been measured using two different fiber collection
methodologles 100% downstream capture using filter bags In the recirculation loop and flow
stream sampling. Due to the characteristic initial burst of bypassed material that occurs within
moments of the first debris reaching the strainer. 100% downstream capture is the preferred
method to ensure that bypass Is measured accurately and conservatively, since downstream liquid
sampling can miss transient high-bypass periods and result in non-conservative bypass precditon.

When measuring debris bypass, it is Important that the conditions of the debris bypass test are
controlled to conservatively maximize debris migration through the strainer within the
parameters of strainer operation. Its important to note that test conditions that maximize debris
bypass can be different than the conditions required to maximize strainer head loss, so the use of
debris bypass data obtained during head loss testing is potentially non-conservative and not useful
for bypass evaiation.

Using a carefully designed matrix of test parameters to represent the entire population of BWR
ECCS strainers, a single test program would be able to generate the data needed to accurately
and conservatively predict the fibrous debris bypass for the entire BWR fleet. This approach is
highly desirable as compared to the multi-vendor approach taken for US PWRs, because it will
allow a well thought out, uniform solution with no variation between test methodologies, debris
preparation, assumptions, or analysis between vendors. Perhaps most importantly, a unified
approach is the preferred method to quickly gain regulatory acceptance.

The scope of work presented in this scope change proposal is to implement the test specification
(2) and test plan (3). The results of the bypass testing will be documented in a test report.

Task I- Selection of Prototype Strainer Test Articles

The test specification and test plan identify the requirements of the prototype tes strainers to be
used for the bypass testing. These test rainers will be obtained or procured from the original
equipment manufacturers (OEMs). Alion will attempt to obtain existing prototype strainers to
keep costs as low as possible and meet the testing schedule: however, should prototpes not be
currently available, the vendors may need to fabricate prototypes for this testing program. The
lead time for these strainers could impact the cost and schedule.

Task 2 - Fiber Bypass Testing

Alion will perform the bypass testing in accordance with the test specification (2) and test plan
(3). Specifically, Aion will implement the series of test called out In the test plan. It should be
noted that the test plan assumes that bypass is not dependent on several variables and has
proposed tests to confirm this assumption. Should we find that bypass is dependent on any one
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of these variables and additional tests are required. Alion will submit a project change request and
addtiodal budge/scope/schedule may be needed.

Test Description

The test objective is to quantify and characterize the fibrous insulation debris that would bypass
the BWROG plants' ECCS suction strainers during the ECCS response timeline. A series of
eleven (II) tests will be structired to obtain data that can be used to determine the quantity of
expected bypass fibrous debris with respect to known plant design and operating parameters.
The proposed tests are intended to provide plots of bypass fiber quantity relative to the quantity
of fiber added to each test. The results can be used to establish and trend relationships between
bypass quantity and the variable conditions of pool concentration. approach veocity, fiber type
and strainer design (including hole size). Actual plant conditions can be used In conjunction with
the available plots to determine a prototypical or conservative bypass quantity.

The technical approach requires that fibrous debris be added into the test tank and allowed to
transport to a prototypical test strainer. For each test, debris additions will be cumulative to
facilitate the formation of a debris bed on the strainer. Each incremental addition will contribute
to the debris bed thickness Any fiber that bypasses the striner (bypass fiber) shall be collected
in a downstream filter system. Throughout the testing, filters must be changed after debris
additions to determine the incremental effect of debris loading on bypass quantity. The filter
system is configured with multiple elements In parallel to allow undisturbed flow through the
strainer as flow is diverted between the filters. The filter bags shall be processed and analyzed to
measure and characterize the fiber bypass.

Test Plan

The BWROG has provided specific Inputs relevant to their individual strainer designs and ECCS
operation. Using this information. Alion has prepared a test plan (3) to detail the test conditions.
Allon will follow the currently approved test plan for the performance of the test.

Test Apparatus Layout

The testing will be performed at Allon's facilities in Warrenvile. IL Our test tank allows the
meaurement and control of flow rate. Difflerential pressure across the strainer, differential
pressure across the filter bags, and downstream water turbidity can be measured in real-time.
The data acquisition system is comprised of National Instruments FieldPoint hardware and
LabVIEW software. The water downstream of the mitner is passed through the filters before
being injected into the tank via a sparger system, which aids in debris suspension. Mixing motors

provide the turbulence to simulate blowdown, condensation oscillations and chugging, and to
keep the debris suspended in the pool after the high energy phase.

Test Sequence
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The test tank shall be thoroughly cleaned prior to each test. The appropriate hardware (suction
strainer prototype, plenum, sparger, etc.) shall be Installed, and the tank shall be filled with
potable tap water to the specified level for a nominal 2500 gallons. This volume is selected to
facilitate laboratory equipment capacity and provide the desired relationships between debris
volume and test pool volume.

At the appropriate flow rate and turbulence, a measured amount of fiber debris shall be added at
a specific introduction rate per the test matrix. The debris will be allowed to reach the strainer
via turbulence and approach velocities for a given amount of time as defined by the number of

pool turnovers at the specified flow rate. All water passing through the strainer shall be filtered
by filter bags that have been pre-dried to ensure accurate weights are obtained.

After all debris has been added in accordance with the test matrix and the required number of
pool turnovers has been achieved, the filters are valved out and the filter bags are removed.
(Note that this step may occur on occasions earler than the test end for sake of capturing filter
bypass utrends vs. time.) The used filter bags are put into an oven and allowed to dry. Each is
weighed multiple tmes until the weight remains stable at the baseline oven temnperaure.

Task 3 - Downstream Debris Characterization

Under this task. AMon will characterize the sizes of the bypass debris from the filters obtained

from the Task 2 testing using optical magnification, and/or Scanning Electron Microscopy (SEM), as
necessary, to measure the length of the fibrous debris that was collected.

Fiber will be collected from filter bags used in 4 of the tests, representing each of the two holes
sizes, and multiple types of fiber. From each test, fiber samples will be collected from the filter
bags used to collect the bypassed material. A characterization report will be prepared to
determine lengths of fiber that bypass the screens.

Bypastis Tast Report

The deliverable for scope of work is a safety-related bypass quantity test report documenting the
test objectives. tes plan. procedures, test data and results. The test report will provide graphical
representations of the bypass fiber quantities measured with respect to the incremental fiber

quantities added to the test under each se of conditions Ide in the test plan. The test will
report will also document the size distribution of the fiber collected from each of four tests
selected to represent bypass fiber characteristics (See Assumption 2 below).
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Currently, the design requirements of the test prototypes are being discussed with multiple
vendors to obtain the required test articls It is anticipated that the actual testing will require
nine weeks after recept of the prototypes. The draft bypass quantity test report will be issued
two (2) weeks after the termination of the testing. The final reports will be provided one (I)
week after formal comments have been received.

The schedule is proposed as follows:

Procurement of Strainer Prototypes 8/14/2011 9/21/2011

Allon to instal hardware in test tank 915/2011 9/28/2011

AlMon to perform I I Bypass Tests as
described in BWROG-ECCS-RA13-002.
BWROG Downstream Effects Bypass Test
Plan
Afion to prepare draft bypass quantity test
report and submit to BWROG for 11115/2011 12/12/2011
comments
BWROG to review draft bypass quantity 12/13/2011 12/26/2011
test report and submit comments to Alion
Alion to incorporate BWROG commern
on draft bypass quantity test report and 12/27/2011 1/02/2012
submit final bypass quantity test report
(delverable).

Mwý-11D441*1N M 40 mWB;1U-#D qi

I. This scope includes II tests performed to collect bypass test data as provided in the test plan.

2. This scope includes a maximum of four (4) bypass characterization examinations. Bypass fiber
will collected and examined from one Nukon test with a 1/8" hole strainer, one Temp-Mat
test with a I/8" hole strainer, one Rockwool test with a I/8" hole strainer, and one Nukon
test with a 3/32" hole straminer.

3. The bypass testing will be performed using prototype tet mriners specfied In the test plan.
The test series assumes that three strainers will be provided to Allon. Two GE (or equivalent
complex geometry) strainers will be provided, one with I/M holes and one with 3/32" holes.

Additionally, one Enercon (or equivalent simple geometry) .iner will be provided with
3132" holes.
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4. The tests are designed to measure bypass quantity over a represw tativ range of conditions.
AJI plant conditions and all strainer designs are not being tested. The measurements will

Illustrate the specific attributes such as hole size, pool concentration, strainer design, etc.. that
have an impact on bypass quantity. It should be recognized that If results show that multiple
attributes each have a significant effect on the bypass quantity, then additional tests will be
required. The number of additional tests will be dependent upon the number of Individual
attributes that are shown to Impact bypass quantity. Additional tests are out of scope.

S. All testing Is performed with commercially available insulation utilizing standard debris
preparation practices. (e.g. shredding, soaking, boiling. etc) as outlined in the Test Plan.
Vendor MSDS or specs will be provided and attached to the test report for future

identification.

6. Mon will incorporate a single round of comments on each deliverable from the BWROG
ECCS Strainer Committee. Afion requests that the comments on each deliverable are to be
provided within 2 weeks of issuance of the draft document. All comments shall be formally
transmitted. Addressing of such comments and submission of final deliverables shall constitute
acceptance by the BWROG ECCS Strainer Committee

QUALITY ASSURANCE

The scope of work defined in this proposal will be accomplished in accordance with the AJion-ITS

Operation Quality Assurance Program Manual and Quality Assurance Procedures, which meets
die requirements of 10 CFR SO Appendix B, 10 CFR Part 21 and ASME NQA-I 1989.
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TERMS AND COND//ON

This work will be governed by the MSA (US MSA Template 6.30.08) between GE Hitachi and
Allon Science and Technology with an effective date of January I- 2009.

We look forward to getting started as soon as possible and supporting the BWROG. If you have
any questions or require additional information please contact me at (630) 846-6787 any time.

Sincerely,

Robert Choromokos
iect Manager

cc J. Nuehoff
C. Garves
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SECTION 2 - COST AND COMMERCIAL TERMS

2. I OFFER

L21.1 PRICING, INVOICING, AND PAYMENT TERMS

Allan proposes performing this work for th firm fixed price of SKKK

Alion proposes the following invoicing and payment schedule:

Milestone

20% Notification of Award

20% Draft Submittal of Test Plan

30% Completion of Bypass Testing

20% Draft Submittal of Test Report and Debris

Characteriatilon Report

10% Final Submittal of Deliverale
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Poska, Jeffrey J

From:
Sent
To:
Cc:
Subject:

Whelan, Robert (GE Power & Water) <Robert.Whelan@ge comr>

Friday, August 26, 2011 9:24 AM
Rob Choromokos
Poska, Jeffrey J; EdAsbury@ge com
RE: BWR Bypass Test Strainer Proposal Rev 0

Rob--I agree with this procurefrero. Thanks for making this happen Roe

From: Rob Choromokos [}ra W:<c!m mm>,, hor,.. 0]

Sent: Thursday, August 25, 2011 6:21 PM
To: Whelan, Robert (GE Power & Water)
Cc: 'Poska, Jeffrey Y
Subject: FW: BWR Bypass Test Strainer Proposal Rev 0

Rob,

Attached is a proposal flr 2 strainl,,' frcm PCI fer tne Bo,, Tesetig. The p Ice is very redsonable and they are
committed to the schedule I know it was not essential that •e obtain PCI strainers givel nthat we have a GEH sta-ked
disk strainer available for testirn. However, givetn he retutance on GFH's pat to participate sn this testing program I
would like to move forward .%,t . the purOvrhso? of the PCI strainer, as ) a conti gency pian to ensure schedule and ari
technical issues GEH may have and 21 provide a laer data set f0' our correlation

I would ike to autnonre Jim. to proceeod Ca i ,ou -.orHfirr that yOU agr'e with this p roo rc ?in 2nt for our bypass teostm

prograr'n?

Thanks.

Robc

From: "Jim Bleigh" < ; , ,
Date: August 25. 201 I 7:56:59 AM (iM1 408:00
To: "Poska. Jeffrey Y •'1 I , ;
Cc: "Choromokos, Robtr " <- : '., >,: "Bockesxitz,. Luke D"
< e , th ,,, ,n o , , ' "Patrick Rexes" <', . i ' n-so• "Pat Coleman"

<Suhjec : BY Byp.ss "Eric Cox" <irriI R0- ,
Subject: BNR. Bypass Test Strainer Proposal Rev 0

tc> ~:rPP c11 10A 1i ls
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Pricing: Pricing is $m; plus any applicable sales taxes. UPS Air Freight is
allowed. Payment is due 30 days following shipment of the components.

Schedule: Our pricing is based on shipping the test strainers on September 9 for delivery on or
before Sept 12.

Scope of Work: The -23 ft2 test strainer components are defined herein as follows:

* One 10" NPS pipe flange welded to one core tube body that can receive either the 3/32" D disks
and gaps, or, the 1/8" D disks and gaps

* 3 disks at 2" wide and 2 gap rims at 2" wide; using perforated plate with 3/32" 0 holes

* 3 disks at 2" wide and 2 gap rims at 2" wide; using perforated plate with 1/8" 0 holes

* Accessories as required to assemble the test strainer multiple times

* Disks are a nominal 26" 0; gap rims are a nominal 12.5" 0

* A drawing will be provided to confirm all test strainer comonent's configuration. Our intent is
to have all disks and gaps be removable for cleaning and change outs. Regarding multiple core
tubes for different flow rates: our hydraulic engineer does not believe different core tubes will be
required for a 3 disk configuration; however, please confirm the range of flow rates you
anticipate to subject this test strainer to so we can confirm this is the case.

QA: To meet this schedule deadline, not all materials are in stock and received under our QA
program; so, some materials will be procured non QA to expedite the order. The "configuration"
of the strainer will be inspected to meet all dimensions; and, the perf plate will be inspected to
confirm its configuration. As a test strainer, this should be adequate for your use in QA tests;
but, I wanted to be clear on this issue. If you need the test strainer and all materials of
construction to be in accord with our QA program; tell me now as it will affect the price and
schedule. Also note, we are proposing herein to use carbon steel fittings to lessen the likelihood
of galling the threads in the multiple assembly and dis-assembly of components anticipated.

One last request, is, I would like P.J. Reyes to witness some if not all of this testing so we know
how our strainer is performing. and how it was tested. There is no charge for this witness; we
simply feel we need to understand how our product is being tested and how well it performed.

2
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If you havc questions or issues \ý ith this propotsal: please let filc kno\.

Best regards,

j/ames 11. /3 eigh

Engineered Systems Manager

Performance Contracting lic.

16047 West 110C Street

Lenexa KS 66219

Phone. 913-928-2801 / Fax 913 928-2901

Cell 913-707-5407

I 4
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Testing Anomalies
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A L I 0 N CORRECTIVE ACTION REPORT

INITIATOR I Name: J. Poska I Signature: • Jeff Poska Date: 11-1611

Requirement: Strainers used for testing shall meet requirements of test procedure.

Statement of Problem: Contrary to the above requirement, after tank cleaning was performed as required by ALION-SPP-
BWROG-7337-0C2, it was observed that the strainer installed had the incorrect perforation size for performing the prescribed test.
AUON-SPP-BWROG-7337-OC2 requires the test to be performed using a test article with 1/8" perforations. The installed test
article had 3/32" perforations.

MS Name: Bill Closser Signature: Accept 0 Reject Q
Significant Condition Adverse to Quality

I. Potentially Reportable under IOCFR Part 21? Yes [] No 0
2I Significant degradation of or challenge to nuclear, plant or public safety? Yes [] No 0
3. Significant breakdown in quality program or adverse trend? Yes [] No 0

Comment:
During this pre-test cleaning it was noticed that the wrong screen was installed for the test. The only distinguishing characteristics of the screen
differences are I/8" diameter vs. 3132' diameter holes. This does not represent any safety concern or procedural non-compliance and if left
unnoticed would have Invalidated the results. It's fortunate that it was caught and in light of this, a step will be added to the procedure requiring
the validation of the hole size to ensure the correct strainer is installed for the test.

Corrective Action Assigned To: Name: Jeff Poska Date: 11-16-11

QA QA Manager. 'ilieef Date: Corective To be completed by the modiidual assigned AU tasks &hMy

Signaature: I Aarecove actioe have a

IOCFR21 Reportable? Yes L] No C] Corrective Action Tasks: Date

Justlflcadtion: 1. Remove and install correct strainer -11/16120 I
-- 2. Revise procedure to add verification step 11/162011

Division Manager Approval Signature: Date:

QA Manager Approval Signature: Date

Status of Corrective Actions (Should correlate with the above Ro~n)

Taken and Co petoiDetaemst

Strainer removed and correct strainer installed J4A Jeff Poska / 1I-16-1!

,. Jeff Poska
Procedure revised to add verification step. / I I-16- 1

Form 16.1.1
Revision 3
Effective Dat. 6130/I I Page I of 2
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L Number

A L I 0 N CORRECTIVE ACTION REPORT CAR # 2011-22

Root Ca of Conito I

Not Required.

Actlon to Provw* Rwwre I

AUON-SPP-BWROG-7337-0C2 has been revised to include a signature step to physically measure the size of the perforation
on the installed test article prior to testing.

Corrective Action Complete: Sinature: *a Jeff Poska Date:1 I-16-1I

• I•NCMII1 AM CLo~Ml

Division Manager's Concurrence Name: Bill Clonser Signature: Date:

QA Manager's Concurrence & Closure Name: R. William Seier Signatwre Dame

Client Notification (if required) Name: Signature: Date

Failure Code (To be completed by the QA Manager using the Failure Codes in QAP IS.1)

_ . ' .e' M4 U• £•,l",t

Form 16.1.1
Revision 3 4
Effective Date: 6/30111 1 P F
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ATTACHMENT A
TESTING DISCREPANCY FORM

A Fr 15.1.1 usLa me)

Teat!W SVUP U/PV0K AL5NPP4SW"ROG.3733OCt
'Yom P0a Wft 9WftOG4CCS-TAJ3.OO2
Prqet yi7.O

.Testf~e/Osyator Zl
Til yasTsa CI Procadurs

KProige i; NaeG9+ $WN dE-C(C'S - tcraaner- Commiittee

Oeacnption of DUcrCPUKy
Dur•. a vahe change for step C 1,7 the valves for the (Ak housig were acie* sut TMa ckned the Nlow path f in
ota,, unti they were opened apgan Al dropped to 20 pm for a few seconds and head asa dropped to about & I It.
HO Plow and hedlotusa nriiwred to normal after ft vaesv wen reopened A viarl 6" by 2 ar"e on the screen also
opened up during fthis vene but thi opening qwiKly filled again,

as or ther docwasenss a-ttached'
-Postio , feat En ..nee .t

FPow and Hesad loss retured to normal The time fth Now path wasm afut Only occurred for a few seconds. The open
screen area was relatively small and quickly filled with a thinw bed, Any chanes on bypas can be mtewsure by the change in
bypass trend between the Walye bags as seen before and after the event

Process ~ia
Resist Test Plan/Procedutre
Pronnde trainirtg/retrainin before proceedin

Thnorain7 7pro7de above-i$oi~eesasfco~ n c-oncurrence is teg d for the Action(s) vidicatet

Nonconcormance Vafidie :ig:o C• n M CI)OI -
CAReore Reuied Xpro Ejrnei CAE46 4;

Nuuatjfas *..%.' ii,)

I I'"- P, 5: ýC-Tt, 14,4%,A

Testing Dscrepancy Paget of

I
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SCIENCE AN. ECKNOOY o R-5 of R-7

Valve Marilnuhlaon Testin, Discrepancy

While changing valves to bring filter housings online, the flow path was momentrily restricted. This happened
during Step 294 of procedure ALION-SPP.BWROG-7337.OC I. The flow was observed to drop to approximately
200 lpm, down from the 412 gpm nominal test flow ram During this time, the tes engineer did note that nairner

head loss dropped from approxlmately 0.28 ft-- 20 to 0.15 ft-H20. Immediately upon recognizing dte fe
homing valve's settings, the valves were set to their correct positions and the flow rae ad head Ion returned to

their previous levels. The test engineer noted that a section of bed approxdmately 6" x 2" in area opened up but

quickly reformed once the valve positions were corrected.

The below figure displays the accumuldation of AIber for each debris addition with the discrepancy noted. Table I

shows an excerpt of the bypass fiber results. The discrepancy occurred at the 0.289 Inch theoretical bed thickneu

and caused a slight Increase in fiber bypass (I .46 grams) as compared to the preceding (0.52 grams) and proceeding

(0.68 grams) Aiber quantcits. This Increase Is expected co have occurred as a result of the momenctary 6 x 2"

opening In the fiber bed. It should be noted that the Increase In Aber bypass Is less than 1% of the total
accumulated fiber upto that point (195.74 grams), and would yield a slighdy conservative resul.

Per Section S.0 - Discrepancies during Testfrif of the Bypass Test C I Procedure, a east coordinator was notified

of the discrepancy and thr test proceeded upon thei approval.

Figure I - Accunulated Fiber
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TalWe I - Bypas Rualts

0.017 30,08 30.87

0.034 25.30 56.17

0,05 25&08 81.25

0.07 23.67 104.92

0.09 22.26 12718

0.10 18.63 145.81

0,12 16.17 161.98

0,136 11,96 173.94

0.153 8.46 182.4

0.17 5.32 187,72

0.187 3.12 190.84

0.204 1.18 19202

0,221 0.80 192,82

0.238 0.57 19339

0.255 0.37 193.76

0.272 0.52 194-28

0.289 1.46 195.74

0.306 0.68 196.42

0.323 0.19 196.61

034 O.50 197.11

0.357 0.56 197.67

0.374 0.54 198.21

0,391 0,38 198.59

0408 0.19 198.78

0,425 0.33 199.11

0.442 0.12 199.23

0.459 0,54 199.77

0,476 0.48 200.25

0.493 0.38 200.3

0`51 0.52 201.15

0.527 044 201.59

0.544 0.08 201.67
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SCIENC ANDEC OG DoR-7 of R-7

To summarize, the discrepancy did not significantly affect the results of the Cl Bypass test for the folloving

reasons:

I Flow rate and head loss returned to previous levels after correcting the valve positions.

* The increase in fiber bypass corresponding to the valve misalignment was less than 1% of the total

accumulated fiber.
I The slight increase in fiber associated with the fiber addition is conservative.

Because of these points, the results for the BWROG C I Bypass Test are valid for use in evaluating the results of

test C l.
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