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Portland General Electric Company

Trojan Nuclear Plant

71760 Columbia River Hwy.

Rainier, Oregon 97048

(503) 556-3713 September 23, 1996

CPY-035-96

Mr. David Stewart-Smith
Oregon Department of Energy
625 Marion Street NE

Salem, OR 97310

Dear Mr. Stewart-Smith,
Response to Request for Additional Information

On August 20, 1996, Mr. Adam Bless sent a Request for Additional Information to Trojan that
contained questions about License Change Application 237 (LCA-237), which requests
permission to load spent fuel casks in the Trojan Fuel Building The responses to the questions
are provided in Attachment I of this letter.

The responses provided in Attachment [ are intended to answer the questions as completely and
clearly as possible without divulging information that the cask vendor considers proprietary
Proprietary information has not been included in any of the responses

If you have any questions concerning these responses, please contact Harold C hernoff of my staff
at 503-556-7480.

Sincerely,
W
C Yundt

General Manager Plant
Support and Technical Functions
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September 23, 1996

ATTACHMENTS to CPY-035-96
I Responses to Request for Additional Information
I Cask Movement Envelope - "Safe Load Path"

III. Memorandum TOM-022-95, "Dose from Four Failed Fuel Assemblies-ISFSI Accidents”
and applicable portions of supporting calculation RPC 93-003.

IV.  Impact Limiter Properties

\'s Pages 14-16 from calculation PGEO1-10.02.03-18

VI.  Physical Property Data on LAST-A-F 0AM" FR-3700, seven pages.
VII.  Trojan calculation RPC 96-009

VIII. Pages 4-4, 4-5, and 4-16 of "Topical Report Seismic Analyses of Structures and
Equipment for Nuclear Power Plants,” BC-TOP-4 Rev 2. 1974, Bechtel Power

Corporation.

IX. Sections2.1.1.2 and 2.1.2.1 of the Trojan Defueled Safety Analysis Report.
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Question 1

p. 9, section 5 1 2. "The thermal analysis considered the basket in the transfer cask with a helium
atmosphere and the basket in the transfer cask with a vacuum " Does this bound all scenarios,
including the period that the cask is pressurized to 7 3 psig” How is "short term" defined for the
temperature limit of 1058°F? The limits of 743°F and 851°F were reached within what time
period in the analysis? Although PNL-4835 states that tests were conducted on dry storage in
inert gases at temperatures up to 570°C (10£8°F), it recommends a maximum temperature of
380°C (716°F), and suggests that evaluations need to be performed to justify a higher guideline
temperature Based on this document, how is a higher temperature limit justified”

Response

The basket in the transfer cask with a vacuum is bounding because it results in the highest fuel
cladding temperature  When the basket is pressurized to 7.3 psig, the fuel cladding temperature
1s lower because the piessurized helium in the basket transfers heat from the fuel to the basket
shell more efficiently than a vacuum

"Short term" is not quantitatively defined but rather used to establish temperature limits for those
events which are considered off-normal or infrequent as listed in Table 4 2-12 of the Trojan
Irdependent Spent Fuel Storage Installation Safety Analysis Report (PGE-1069)

The 743 °F(helium) and 851 °F(vacuum) temperature limits are the maximum steady state
temperatures which would occur if the basket remained in the transfer cask indefinitely. The
times to reach these steady state temperature conditions were not calculated The time to reach
these temperatures can be conservatively estimated by assuming an adiabatic heat up as
explained in the answer to question #2

380°C is the temperature associated with long term storage This long term temperature limit
will be satisfied for the Trojan ISFSI. The short term temperature limit applies to off-normal or
infrequent events as described above Temperature limits are imposed to minimize accumulated
strain which is time and temperature dependent. Shorter durations allow for higher temperature
limits

Question 2

p 9, section 5.1 2, p 35, section S 3 3. The application states in section 5 3 3 that "The vacuum
drying time is conservatively limited to less than 20 hours to ensure that the fuel cladding strain
that 1s accumulated during the vacuum drying process does not exceed 0 1%. The time is limited
as recommended by PNL-6364 " PNL-6364 presents a range of strain values as a function of
temperature and time "assuming 70 MPa cladding stress for 24 h [hours], the predicted cladding
strain would be 0 1% at 436°C, 0 23% at 450°C, and 3 3% at 500°C . With a 0 1% strain limit, a
temperature of 450°C would be acceptable for an 8-h working shift " What is the basis of the 20
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hours? According to section 5.1 2, the results of a thermal analysis were that cladding
temperatures reached 851°F (455°C) in a vacuum. No time was given in this analysis for the
cladding to reach this temperature, however, if the limit of 0 1% strain were not exceeded, it
would imply that the time limit might be considerably less than 20 hours. In addition to the time
limit, will temperature be monitored”

Response

Technical papers on cladding strain indicate that 0.1% cladding strain will not occur for a
number of days at temperatures below 760°F(404°C). The 20 hour administrative time limit is
imposed to prevent fuel clad temperature from exceeding 760°F(404°C). This time limit was
derived by conservatively assuming an adiabatic heat up (i e . heat transfer only takes place
between the fuel assembly and cell wall), heat generation of 1KW/fuel assembly and an initial
temperature of 212°F

The response to Question | addresses the t  required to reach 851°F

The fuel cladding temperature will not be monitored. The 20 hour time limit has been
conservatively developed to maintain fuel cladding temperature below 760°F(404°C). In
addition, heat will be removed from the spent fuel during the \acuum drying process when
helium is flushed through the basket between pump downs

Question 3

p 12, section 5.2 1.1 "The design safety factors, load testing requirements, and administrative
controls (i e procedures, training, maintenance, inspections) for the fuel handiing equipment
minimize the possibility of a fuel assembly drop actually occurring " When in the sequence of
loading events and how often are the two cranes that will be handling the fuel assemblies and
transfer cask load tested” Are both cranes and associated tracks and equipment also inspected
for wear and fatigue cracking?” We observed numerous crane problems during the Large
Component Removal Project (LCRP) Were lessons learned from LCRP incorporated into crane
preparations for the I[SFSI?

Response

The Fuel Building Crane has been load tested at 125% rated load. Unless the cranes are altered
or extensively repaired prior to fuel handling, they will not undergo a rated load test The
cranes, ngging and lifting devices will be tested at maximum anticipated loads using pertinent
functions during preoperational testing Cranes and supports are periodically inspected for
degradation and wear in accordance with Trojan Procedure MP-1-20, "Cranes, Hoists, and
Winches "
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The crane problems during the LCRP involved alignment problems associated with the circular
rail and bearing design of the Reactor Building Polar Crane. Although similar problems are not
anticipated due to the different design of the Fuel Building Crane, lessons learned from the
LCRP will be incorporated into crane preparations for the ISFSI.

Question 4

p-13, section 5212 The application states that the analysis for the basket shield lid drop was
not performed because guidance of NUREG-0612 was implemented, specifically paragraphs
5.1.6b)i1) and 5.1 1(5). These criteria are only part of the recommended guidelines in the
NUREG . Section 5 1.1 contains specific guidelines on administrative controls, operator training,
and equipment testing. Section 5.1 6 additionally specifies upgrades to cranes and interfacing
lift points as part of the "single proof failure" criteria. Which of the guidelines in paragraphs
511,512 and 516 will be followed? Will dual or redundant slings be used, or will other
precautions be taken to preclude dropping the shield lid?

Response

PGE has committed to the NRC to implement the guidelines of Section 5 1.1 of NUREG-0612
As documented in NRC Generic Letter 85-11, the NRC determined that implementation of
Sections 5.1 2 thru 5.1.6 was not required to reduce the risks associated with the handling of
heavy loads However, PGE has implemented some of the guidance contained within those
sections for the fuel building crane.

Section 5.1 2 provides four separate methods for implementing the guidelines for handling heavy
loads in the Spent Fuel Pool area. For the Spent Fuel Pool area PGE has selected to implement
the method of Section 5 1 2(2) with two exceptions. The first exception is to Section 5.1.2(2)(a)
which recommends mechanical or electrical interlocks be provided to maintain a horizontal
separation of 15 feet between heavy loads and the Spent Fuel Pool. Due to the design of the Fuel
Building this separation had to be reduced to prevent movement of the hook centerline to no
closer than 6 ft from the Spent Fuel Pool (Refer to response for question 8 for additional
information). The second exception is to Section 5.1 2(2)(e) which recommends that an aralysis
of postulated load drops should be performed in accordance with Appendix A Since the
capacity of the crane significantly exceeds the weight of the shield lid, a shield lid load drop was
not considered credible and was therefore not analyzed

Section 5.1 6 is guidance recommended to satisfy Section S 1.2(1) Section 5.1 2(1) is another of
the four methods acceptable to meet Section 5 1 2 Since PGE selected to implement Section
5.1.2(2) rather than 5 1 2(1), the guidance of Section 5 1 6 is not applicable. For added safety,
PGE has :mplemented the guidance provided in Section 5.1 6(1)(b)(ii) by requiring the lifting
slings be rated for twice that specified by Section 5.1 1(5)
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Question 5

No mention was made in the application about a possible drop of the crane lower load block into
a basket loaded with spent fuel Assuming that it could be postulated that the load block was
dropped onto a basket loaded with fuel prior to the shield lid being installed, what would be the
radiological consequences, and would they be bounded by one of the existing analyses?

Response

A “drop™ of the crane lower load block onto a loaded basket is not considered a credible
accident, therefore an analysis was not performed. However if this event were to occur and
potentially crush 24 fuel assemblies (maximum allowed in a single basket) the dose
consequences would be 0 018 rem (6 times the dose consequences for the failure of 4 fuel
assemblies discussed in Section 5.2.1.4), which is only 1 8% of the EPA PAG

Question 6

Regarding the crane operator training specified in NUREG-0612, how soon prior to load
movement will it occur? Does this training adhere to the guidelines in ANSI B30.2-1976? Will
the training include movement along the "safe load path"? Will the "safe load path" be defined
in procedure and clearly marked on the floor? Please provide a diagram of the safe load path.

Response

Crane operators at Trojan are given training that complies with ASME B30 2. Initial training is
provided prior to being qualified to operate the equipment with requalification training requized
annually In addition, specifics of crane operation for heavy load handling for ISFSI will be
included in prejob briefings and in the preoperational setup and testing phase. Safe load paths
for ISFSI will be incorporated in Trojan Procedure TPP 14-9 prior to ISFSI load handling. Safe
load paths will be marked on the floor where feasible and diagrams will be placed in the crane
operators cab. Sacrificial floor coverings (herculite or equivalent) may be placed on the floor
between the Cask Loading Pit and Cask Wash Pit to contain drips from the SFP and rinse down
The floor coverings may cover the fioor markings. However, the load path will be designated on
those coverings to the extent feasible

A copy of the safe load path is provided as Attachment 11
Question 7
p 13, section 521 3 Please provide a copy of the analysis, calcuiations, and assumptions which

show that the shield lid would plastically deform less than 2" and not grossly fail from dropping
the lifting yoke onto a basket loaded with fuel
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Response

Sierra Nuclear Corporation has identified this calculation as containing proprietary information
This calculation is available for ODOE review at the Trojan site. If ODOE review concludes
that Trade Secret inforination is required in order to complete their review, then a Confidentiality
Agreement would be required.

Question 8

p 14, section 5.2 1.4: "Mechanical stops and electrical interlocks on the crane used to lift the
transfer cask will ensure that sufficient distance from the Spent Fuel Pool is maintained " What
is this distance and what is the basis for choosing it” [NUREG-0612' 15 feet in section 5.1 2(2)
or 25 feet in section 5 1.2(3)]

Response

The distance of 6 feet is based on allowing crane operations in the Cask Loading Pit which is
only 9 feet by 12 feet and located adjacent to the Spent Fuel Pool. The 6 foot separation distance
is sufficient because the maximum lifting height of 6 inches prevents a dropped load from

tipping and entering the Spent Fuel Pool

The 25 fi referred to in 5.1.2(3) pertains to heavy loads over the SFP and the distance to be
maintained from “hot” fuel Trojan's fuel does not meet the definition of “hot™ fuel

Heavy loads are not intended to be handled over the SFP as part of the ISFSI fuel transfer
operations

Question 9

Does the lifting yoke meet the criteria of a "special lifting device" described in NUREG-0612,
section 5 1. 6(1)a)”

Respoase

The lifting voke is a special lifting device as described in ANSIN14 6. The lifting yoke does not
fully comply with the criteria in NUREG-0612 section 5 1 6 (1) (a). which requires doubled
safety factors or load paths for single failure proof handling systems. NUREG-0612 provides the
alternative of analyzing consequences of potential drops in lieu of single-failure proof load
handling In accordance with NUREG-0612 Sections 5 1.1(3), 5.1 2(4) and 5 1. 5(1)(c), the
effects of load drops have been analyzed and shown to satisfy the evaluation criteria of Section

5 1 of NUREG-0612
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Question_10

p 14, section 5.2 1 4° Maximum accelerations for intact fuel are given as 82g vertical and 44g
horizontal Maximum accelerations for the closed basket are given as 124g vertical and 44g
horizontal. What are the bases for these limits” Were the calculations used to get these values
reviewed by the NRC? What acceptance criteria were used to determine that these are the
limiting accelerations? For example, what is the unacceptable consequence of 82g being
exceeded” Furthermore, after sustaining forces in excess of 82g, would the fuel have enough
integrity to be off loaded, if necessary”

Response

The storage basket is designed to withstand accelerations of 124g vertical and 44g horizontal
without resulting in loss of confinement integrity. Based on studies performed by Lawrence
Livermore Laboratories which were distributed to irradiated fuel licensees by the NRC, intact
spent fuel assemblies can withstand 82g vertical and 63 g horizontal

Since no credible or design basis accidents were identified which would exceeded the bounding
limits of 82g vertical (intact fuel) or 44g horizontal (storage basket), the consequences of
exceeding these limits were not analyzed

Question 11

p 15, section 5.2 1 4 Visual examinations on failed fuel assemblies are mentioned. Did these
visual inspections look at interior pins? Were other techniques like sipping or eddy current
testing used”

Response

Following Cycle 4 fuel failures, Westinghouse performed sipping and sulo probe rod
measurements  Failed fuel was then subjected to high and low magnification examinations. In
1988, ultrasonic and visual exams were performed on suspected failed fuel assemblies by
PGE/Westinghouse/Brown Boveri in preparation for reconstitution. Visual and UT inspections
identified failed fuel pins in the interior. A Westinghouse fuel repair campaign was conducted in
1989, transferred pins were individually inspected, classified, and failed pins were either left in
fuel skeletons or removed to a storage container Past sipping campaigns, RCS Chemistry
trending, and refueling visual examinations have provided Trojan with an extensive data base on
the fuel assemblies
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Question 12
p.15, section 52.1.4° Do the words "criticality concern” in this section mean keff<[>] 0.95?
Response

A criticality concern arises when K 4 exceeds 0 95 (K4 > 095)
Question 13

p.15, section 5.2.1 4. Please provide a copy of the analysis, calculations, and assumptions
which show that the dose at the site boundary would be about 0 003 rem if a transfer cask was
dropped prior to the shield and structural lids being welded to the basket. Is there an analogous
calculation for dose to personnel in the immediate vicinity? Also, does the term "site boundary"
have a consistent meaning throughout this LCA? Is it the Owner Controlled Area, the Industrial
Area, or some other boundary”

Response

A copy of the calculation and assumptions for the 0.003 rem dose at the site boundary for a
transfer cask drop prior to shield and structural lid closure is provided as Attachment I11.

There is no analogous calculation for dose to personnel in the immediate vicinity Local
monitoring of radiation levels and airborne activity would be in effect during fuel handling
activities. In the event of an accident personnel would be directed to evacuate the affected area

The site boundary is described in sections 2.1.1 2 and 2.1 2 1 of the Defueled Safety Analysis
Report (copy provided as Attachment IX) The site boundary encloses a portion of the Owner
Controlled Area (Exclusion Area) The Industrial Area is contained within the site boundary

Question 14

The consequences of transfer cask drops are diminished by using impact limiters. In order to
verify the calculations of the drop a nt scenarios, please describe these devices Please
provide a description of the dimensi material specifications, and energy absorption

characteristics of the impact limiters  Are these considered "important to safety"? Are they
purchased commercial grade” What procedure or process is used to verify their energy
absorption characteristics”’
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Response

Impact limiter locations, crush strengths, dimensions and densities are summarized on
Attachment IV, and the application methodology is described on Attachment V. Note that
energy absorptions characteristics are not anticipated to change, however, dimensions may be
revised to accommodate installation and placement. Although calculations indicate that an
impact limiter for a side impact at the hoistway is not required, LCA-237 committed to providing
one The dimensions for this impact limiter have not yet been determined

The impact limiters are considered "important to safety " They may be purchased as commercial
grade items and dedicated for use, or as basic components under a suitable Quality Assurance
program. Vendor certification of material properties will be required to verify the energy
absorption characteristics

Material properties are described on the manufacturer’s data sheets provided as Attachment V1
Question 15

p 15, section 5214 1 Please provide a copy of the analysis, calculations, and assumptions for
the accident scenario involving the transfer cask drop into the cask loading pit.

Response

Sierra Nuclear Corporation has identified this calculation as containing proprietary information.
This calculation is available for ODOE review at the Trojan site. If ODOE review concludes
that Trade Secret information is required in order to complete their review, then a Confidentiality
Agreement would be required

Question 16
p 16, section 521 4 1 The application states that "the concrete at the bottom of the Cask

Loading Pit was determined to be the limiting component on which the height of the impact
limiter is based " What is that height”

Response

The design height of the impact limiter to be used in the Cask Loading Pit i1s 34 iches
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Question 17

p.16, section 5.2.1.4.1. If the concrete floor were breached, would water be lost from the pool?
Are there any circumstances in which the gate would be open while the cask was being moved
into or out of the loading pit? What would be the recovery actions?

Response

An impact limiter will be installed in the bottom of the Cask Loading Pit to preclude damage to
the structure and the fuel during a postulated cask drop accident. It is not anticipated for the gate
to be open during transfer cask movements. However, breach of the Cask Loading Pit liner,
discussed in section 5 2 3 of the License Change Application, addresses the scenario where the
gate is damaged, which would result in conditions similar to an open gate.

Question 18

p. 16, section 52.1 42 The analysis assumes a drop from 93'6". What physical controls
prevent a higher starting point?

Response

There are no physical controls intended to be used to limit height of the transfer cask above the
deck. Administrative controls will be used. Flagging or tape or equivaient may be attached to
the load handling equipment to assist the crane operator in maintaining lift heights Personnel on
or near the floor will verify clearance from obstructions and the height of the load

Question 19

p-17, section 52.1 4 3. Please provide a copy of the analysis, calculations, and assumptions for
the accident scenario involving the transfer cask drop into Fuel Building Hoist way. Include the
determination of the resulting decelerations in both the vertical and horizontal directions. Are
the retaining clips used to secure the boral plates designed to remain secure during this drop?

Response

Sierra Nuclear Corporation has identified this calculation as containing proprietary information
This calculation is available for ODOE review at the Trojan site  If ODOE review concludes
that Trade Secret information is required in order to complete their review, then a Confidentiality
Agreement would be required
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Question 20

p-20, section 5.2.1.8 Please provide a copy of the analysis, calculations, and assumptions for
the accident scenario involving the basket drop into the concrete cask. Include a copy of the
methodology of EPRI Report NP-7551.

Response

Sierra Nuclear Corporation has identified this calculation as containing proprietary information.
This calculation is available for ODOE review at the Trojan site. If ODOE review concludes
that Trade Secret information is required in order to complete their review, then a Confidentiality
Agreement would be required.

Question 21

p.25, section 523 1 The application states that water is available from various sources in the
event of a breach or tear in the Cask Loading Pit liner The Trojan DSAR describes several
water sources, including Demin Water, Primary Makeup, Service Water, and the Fire Main.
However, these systems are not subject to traditional Technical Specification operability

requirements, and could be out of service What steps will PGE take to ensure that makeup is
available on a timely basis”

Response

Trojan Procedure, TPP 30-1, "Nuclear Division Defueled Requirements and Defueled Systems
List." describes the status and programs for maintenance of certain systems for the defueled
plant. Included in TPP 30-1 is the Trojan Defueled Systems List, which lists the plant systems
and their status  For those systems identified as Important to Safe Storage of Irradiated Fuel,
which includes those systems identified as makeup sources in the DSAR, administrative controls
are imposed

Question 22

p 26, section 523 2 Please provide a copy of the analysis, calculations, and assumptions for the
accident scenario involving the crane mishandling operation for a horizontal impact

Response

The crane mishandling operation event is presented in the ISFSI Safety Analysis Report, Section
8111
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Question 23

p.28, section 5242 How fast do the transfer cask bottom doors move? Do they fail open,
closed, or as-is?

Response

The Transfer Cask bottom doors open and close in approximately 20-30 seconds. These doors
use a three position (open, closed, neutral) valve with a spring return to neutral position. The
Transfer Cask bottom doors will fail as-is on loss of hydraulics.

Question 24

p.30, section 52.5.1° How does PGE propose to eliminate the possibility of an cccurrence
similar to the one reported in NRC Information Notice 96-34 where a hydrogen zas ignition
occurred during the welding of the shield lid on a spent fuel storage cask at the Point Beach
Nuclear Plant” Do any of the ISFSI components involved in the spent fuel loading have a
zinc-based coating similar to the ones mentioned in the Information Notice? Is there any
concern of degradation of zircaloy cladding due to the presence of hydrogen?

Response

Currently, Carbo-Zinc 11, a zinc-based coating, is applied to the Basket internals and to the
exposed carbon steel components on the Concrete Cask  Sierra Nuclear Corporation is
re-evaluating the use of this coating in light of the chemical reaction problems at Point Beach.
The Trojan design may be modified based on the outcome of this evaluation. Additional
information will be proviced ‘n a later submittal

Question 25

p 30, section 525 1. The application states that "about 37 hours of heat-up are required for the
water in the basket to reach boiling " How much time is required for welding and drying,
assuming these evolutions are completed without problems? What are the consequences in the
event that boiling is reached” Will the water temperature be monitored if there is a delay in
welding the shield or structural lids or in draining and vacuum drying the basket?



Attachment !
CPY-035-96
Page 12 of 13

Response

The time estimated for welding and drying is about 16 5 hours. This estimate is based on data
from other facilities that have performed similar operations.

The consequences of the water boiling have not been analyzed because corrective actions will be
implemented to prevent boiling of the water if the welding and drying process is not completed
within 37 hours.

The elapsed time for the welding and drying process will be monitored for each basket. A linear
heat up rate is estimated for the water, hence, the temperature of the water is directly
proportional to the elapsed time and direct measurement of the water temperature is not required

Question 26

p.32, section 52.52.2. Where does the 12 uCi/cm’ come from, and how does this translate into
a dose at the site boundary”?

Response
A copy of the calculation is provided as Attachment VII.
Question 27

p 33, section 526 1.3 The analysis for an earthquaxe determined the kinetic energy input to the
transfer cask using the "square root of the sum of the squares" combination of the peak
horizontal and peak vertical ground velocities Why was this method used here but the
100/40/40 method used in the SAR for the ISFSI?

Response

The reference used as a bases for the calculations specified (see Attachment VIII) the "square
root of the sum of the squares" combination of peak horizontal and vertical ground velocities

Question 28

Throughout the application, the use of procedures are a key method of assuring safety Since it
is appears that many of these procedures are not yet drafted, how will PGE ensure that all of the
procedures for which credit is taken in the application are satisfactory and ready for use before
fuel moves are started”
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Response

PGE uses an administrative procedure, TPP 18-2, "License Change Revision," which is a process
used for previous Trojan License changes This process includes reviewing the requirements in
new or revised licensing documents to identify existing procedures that require changes and any
new procedures which are needed

The procedures for preparation, review, and approval of revised and new procedures will provide
assurance that the Trojan LCA-237 requirements are met.

Question 29

Will seismic monitors and audible control room alarms be functional? Will there be
communication between the control room and the fuel moving crew during loading operations?

Response

Yes, seismic monitors and control room audible alarms will be maintained in accordance with
the Trojan Nuclear Plant DSAR.  Communications will be established between fuel handlers and
the control room  The on shift supervisor will be able to communicate with the certified fuel
handler (floor supervisor) located at the spent fuel pool via independent circuits.

Question 30

Do procedures preclude fuel handling while the transfer casks is being moved”?

Response

Currently they do not. The procedures review process has just begun and will be updated to
include operational restrictions as more operating design information becomes available The
Fuel Handling Procedures will administratively control fuel movement and cask movements
such that during cask movements near the Spent Fuel Pool, no fuel will be moved except to
mitigate hazardous situations
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Cask Movement Envelope - “Safe Load Path”
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Memorandum TOM-022-96 “Dose from Four
Failed Fuel Assemblies - ISFSI Accidents™ and
applicable portions of supporting calculation RPC 93-003



To:
From:
Date:
Subject:

I have rev
Trojan and
completed/
projected
fuel. RPC
from Fuel
determine
release fr

Method

ATPCUMENT IIT
CPY-03IS-9 L

Tro an Nuclear Plant
Radiation Protection

\
TOM-022-96

Harold Chernoff

Tom Meek /

May 23, 1996

. ¢ - Failed Fuel blies-ISFSI Accid
iewed previous fuel handling calculations completed at
have concluded that the results of the previously
approved calculations can be used to determine the
dose from ISFSI handling accidents involving failed
93-003 ‘Dose at Existing and Proposed Site Boundary
Handling Accident after 6 months decay’' can be used to
the dose at the site boundary due to the projected
om four (4) failed assemblies in one MPC basket.

From RPC 93-003 the wholebody dose at the site boundary
due to the release of Kr-85 is 0.3268 mrem (page 12 of

19).

To correct for the assumption in RPC 93-003 that only
30% of the Kr-85 activity from the fuel assenbly is

contained I divided the gap dose by 0.3. The dose at
the site boundary from the release of all the activity

in an assembly is 1.09 mrem.

I next corrected the above dose for the decay of Kr-85
(10.74 year half life) to 5 years post shutdown (t=4.5
years). The decay correction is 0.75 which results in
a dose from one assembly with 5 years decay of 0.818

mrem.
Finally I multiplied the dose due to the release of all

the Kr-85 activity from one assembly by four (the
maximum number of failed assemblies in one basket).

The projected dose at the site boundary from the
release of all the Kr-85 activity in four fuel
assembles with 5 years decay is 3.27 mrem.

RPC 93-003 ‘Dose at existing and proposed site
boundary from fuel handling accident after 6

months decay

Radiclogical Health Handbook, Bureau of
Radiological Health, Revised Edition January 1970.
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y L 7] Fhaoren  Dae 21073 cnn 8y _A______A‘gé__ Date c?/gg/i Orig E’R”
SBeECTIVE - — - — —— ————

The cbjective of this calculation is to detcrmlne the beta:gammg_
skin dosc, gamma wnolc body dose and thyroxd Lnnalatzon dosa at

involved in a fuel handling accident in the Spent Fuel Pool. The .

results of this calculation are intended to be used to justify

T e Ellminativn ol Urtsite anergenty plamming erforts It the
dose—is—less-than i -rex—{per-EPA 400, "Manuai of Protective
Action.Guides and Protective Actions for Nuclear Incidents”): and.
(2) to provide the basis for locating the protected area barrier.

In addition, this calculaticn will estimate the gamma whole boedy

| - ‘
ot bK«’J:aw /

('»
Part 1: Existing Site Boundary Dose T
f ~
TWO cases for the site boundary dose were considered using U
differentsource terms: —Case i used the gapinventory shown In . ®
FSAR -Tapie +5-0=5-as the best-e6timate of the source and = \‘
resulting in a dose of 0.182 mrem Case 2 used the Reg Guide. \ \
1.25 assumptions of 10% of the core inventory of Iodine and noble 3
gases (except Kr 85) and J0% of the core Kr-85 inventory. The g.
- - - - §9 Y

(’%dn qea

; )
t
A
1
‘i
’ ]
Soe

the results are reported in Table 1.

THEYrercre, the gamma whole body dose at =lie s.té boundary arter

$—months—decay fromthe—fuei—assenmbiy withthehighestpower
density,inveived—in-a-fuelhandlingaccident—in-the spentfuel ——

E

Part 2: Dose at Control Room Ventilation System Intake

She-dose atthe—intake of€8-i—wascalcuiatedusing thesame——

SoUrce tard-and-decay -Ltine. —HoWeVer,—a-Lhi/ofrom-an-existing—
calculation (TNP-88~-38) was used for the CB-]l intake case. I-129
was included in this calculation as it is a long lived isotope.

The dose from —he 1-129 source is small compared to the thyroid

” AL, W
mmo decay time.s,-/Z /Fb‘ _g{;;
. )',4:

PGE ' 787 Nov 89)




Y . 0‘ —
_ Sheet - of /O Sheels

634712 1179
edic.
}mx RPCL AI~-0e =

840-207 — Job

GENERAL COMPUTATION SHEET " File
ProjectJob
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% € v] Tha = Date = -/0* 72 cnk By A—-—M-—— Date Z,.’./.‘_)ﬁi orig B Rev. =

ert*j*"Sh-ppArg Cask*tc*rdunt—“_”** ——

Gho—dcso—trom“a—sb;ppan-cask_acc.dan:_uas_calculated_to:._A;_:he =
existing site boundary and B) the CB-1 intake location.

The calculation assumes that 193 fuel assemblies from the recent
defueling are damaged and that the radial peaking factor 1s not

from the TETEnt Tore
defueling are-inveivedin -the acecident:

CONCLUSION

e ra—

ary and at the CB-~1 intake. In addition, the doses are less
thnn the criteria for maintaining an emergency plan. ' ]

EETEOD TR

r . » ¥
DOSES wh;cn is a documented computer coie per NDP 200-5 and is an
accepted computer code used in Radiati Protection at Trojan.
THe code inputs were determined !§E§'F§§ﬁ data (see references)

. : ; ; . ! i

- - ’ ad - ’ -~

aetivity-

ASSUMPTIONS
I. Br!m! 3-"/ ..."3 A!‘;SEC. Ifsm .Hbze -:-U-l'-a
2 Chi/Q = 4. .26 E~4 Sec. /[Meter*Meter*Meter] (FSAR Table 15.0=9

for 0-2 Hr release at site boundarvy). o

. B9 Decay Time = 6 Mo. = 180 Day ¥ 24 Hr/Day = 4320 Hr

4 " . :
“‘.i Re—thefuel aiseulz &

5 - -

' peaking factor of 1.65 (per Reg. Guide 1.25).
E.‘ Chi/Q = 5.89 E~4 Shc./'Heter*HhEer*HeEer] (TNP 88-38] for
——duseatIntake ol CEvi—TIse

el &p_c ey | C_f)_@_cgé._y.g
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RESIGN INPOTS AP o
T TFSAR Table 1= 0=% Core and Gap iIventories were used i this—
———caleulation:

REFERENCES

W

- Reg Guide 1.25, (Safety Guide 25), "Assumptions Used for

" BEvaluating the Potential Radiological Consequences of a ruel
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By L. vl Fhocersen  Daw 210772 chi sy X Hﬁ4 Date & ’(4/4'7 Orig g’n"

[S:SOeoor: b4

Part 1: Existing Site Boundary Dose
SourceTerm Determination:
Case 1 TPSAR Table 15.0-5 Gap Inventory

. Use FSAR Table 15.0~-5 Gap inventory for 193

T T IsseMbITEs .
L Divide Pable 15 0—5velues by 153 —to-obtain i—in -

| | ! I | | o ¢ ! - 1 ﬂl\l | I

i | | 1 | 4 od Iv

|
Case 2 R.% Guide 1.25 Assum Lons (10% core inventory Iodino
sas except wnich 1s 30%) L ‘ ‘

i 3 an

|2

1 1 | el
| | | e | piwid ' '

L 11 1| the fuel of ane fuel assembly

[ Assume all gap activity consW

I=131 7.24 ES
I-132 1.20 ES . . .
id=133 5.94 ES . - . / .

e e 3.eT B4

X.-lJln 0.0669 ES 3.47 E1 0.0668 E7 3.46 E2
Xe=133 13.8 ES 7.085 E3 0.3 E7 1.05 ES
XA=1ITTM U.22% Y s bl Be Weddi® &7 c.8/ EJ
b e e eh L e - e T g T S BT -2 B PRe——
¥e-3i3EM —0+3i65 55— 8+ 5553 - — T ———
Xe-138 Q. 866 re 2.9 2 1% B w A .27 ¥4 -
Kr-83m 0.335 ES 6.99 E1 1.64 E7 8.50 E3
KY=85 —  I1.87 ES B.865 E2 TU.099% E7 159 EJ
Rr-85m— 0489S 25922 359 G PP imnmiinenmifeil il
Keegd— 0. 507 -ES- 36353 2.55-§7 3+53-54 -
Er-88 _ 1.07 ES 5.54 E2 d. Az | ) S S8R
Kr~8% 0.192 ES 9.94 E1 14.0 E7 7.25 E4

|
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CALCULATION —continued
Fuel Handling Accident (one fuel assembly)
The Duses Tode output (attached) result:

fﬁ Case £ Lase #2

Skin Dose 1.539 E+1 mrem 2.752 E+1 mrem
hat-—aody—nan —t—r— +:824—E+i-mrem————3272-E—i-mrem—
Inhalation Thyroid Dose 1.495 E-1 mrem 1.818 E 0 mrem -
Téﬁiﬁy;oid Eosi - | |3.319 E-1 mrem I E O‘mru; ' —

Skin Dose : 45.4 mrem T
||
Whole Body Dose | 0.54 mrem -
Lﬁm:nm o0 mrems (vj §
‘ 1.54 mrem ° .
A R E R e e e e e e E E E R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R }x
Part 2: Dose at the Intake of CB-1 E4
)
- e . - : = 3 vas—
$ . 4 s ol i : -
b ' - - - 1 4 % t
The Doses code results are shown below: ' Q
gﬁ\:
Sxin Dose 3810 mres
Wheole Body Deose 0.4522 mrem -
ala e 2.513 nrem -

.




Sheet q of (.Q Sheets

63~ 712 11.79
Taic

8-40-207

:ua}m.viPL aI~ce =

GENERAL COMPUTATION SHEET — File
ProjectJob

Subject Deoses AT Enisrineg £ FiwcesSEDd S te Scwm\.‘# Fhom Fugl mandhinls Aol en”

By L. 7] Fhowereom  vse 21072 crity Z Date _},{_LQJQ_ Orig B Rev. =

e - —

The above dose estimates from above are multiplied by the radial @

-

dose-estinmates:
Final CB-]1 Intake Dose Estimates
Skin Dose 6<.9 mrem -
Lwho%ouaodynaooo G746 mrem
.Inhalation Thyrcid Dose 4..5 mrem -

!

12 - 2: shinni i id [using laxiatd ol ; 1
| | ' | | | 1 | I
‘Assume 153 fuel assemblles from cycle 14 (last power cycle) are

Aamaged QUYring d SEIPpINg AcTident:
' » . ! | ! |
Existing -Site-boundary Case

{ | i |
Dose = 193] assemblies * Whole body dose |
Dose = 163 assemblies * 3.272 E-1 mrem ~

CB=1 Intake case
Dose = 193 assemblies * Whole body dose
Dose = 153 assembl.es * 4.542 E-1 mrem -~

Dose ="87.29 rem =
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Physical Property Data on Last-a-Foam™ FR-3700, seven pages
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Sierra Nuclear Corporation
d (2d-1) (2nV)’
= w
. [(Zd-l)J “\/H[ d’ J g7

where: d - allowable ductility ratio for the controlling failure
mechanism.
w - static weight of the missile
T - natural period of the structure
g - gravity acceleration
v - impact velocity

This formula is recommended by NRC in NUREG 0800 for missile protection
barrier design. It accounts for the dynamic nature of the impacted structure and for
the inelastic energy absorption of the structure. This equivalent static force Q can be
compared directly to the structure load capacity.
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Client Project: PC . Jl | Revision | Prepared | Date | Checked | Date Sheet
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Calculation Number: PGEO1-10.02.03 - 18
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(H-h)
f, A=W+ W,

W(H-h=8)=[f, A+W,Ja,  thus, a=W

W - weight of the Transfer Cask
H - drop total height

h - ILP height

e - crushing strength of the foam
4

fa

where:

- crushed area
- depth of crush
W, - weight of water (if any) displaced by the Transfer Cask

Deceleration is calculated by balancing the forces:

(W , ) (f, A+W)
—la=f, A+W,_, thus, ag=g--""——"
g ) W

where: g - gravity acceleration

- deceleration of Transfer Cask

’
L

The impact velocity is:

V,=y2g (H~-h)
-
Transfer Cask [rsm——
—~—
H
x
b) Methodology for Hard Surface Impacts

For the case where no [LP is used, the Williamson-Alvy formula [Ref. 14] is used to

deveiop the equivalent static force

Client Prc g_‘g—'\ﬂ P( r”, o Revision | Preparea Date hecked Date

Subject: Evaluation of the Inside | S ) St i S| BAC |Vl /9%
Trotan Fuel Buil a -

Calculation Number: PGEO] 18 :
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Sterra Nuclear Corporation

ATPCHMENT
where CPYy-o35 -9,

R, = plastic resistance force
4, = yield displacement at the location of impact load
K = ductility of impacted slab
R, = <=ad and live load
0, = yield displacement at location of concentrated dead and live load or
/2 maximum yield displacement for distributed live and dead load
dead and live load displacement at the location of concentrated load or
1/2 maximum dead and live load displacement for distributed live and dead load

#

0o

For the postulated cask drop into the Cask Loading Pit BC-TOP-9A methodology is used
to estimate the velocity at which the cask strikes the submerged impact limiter at the

bottom of the pit.

44  Estimating Drop Load

Two methodoiogies are used to determine impact loads. Impact loads are required when
checking shear capacities in beams and slabs and when designing an impact limiter.

The first methodology is appropriate for an impact limiter (ILP), and is based on the
absorption of the drop energy by ILP foam. The second is for a hard impact without
ILP. and uses the equivalent static force. In both cases the inelastic response of the

structure 1s anticipated.
a) Methodology with [LP

This analvsis is based on the assumption that the ILP foam crushes under the cask and
absorbs the drop energy. The foam dynamic strength multiplied by the crushed area is
the drop load to the structure. The force and energy balances allow calculation of the

crush depth.

In parallel with the above. the structure load capacity is calculated. The structure
capacity must be found for both flexure and shear to determine which controls the
design. Based on this result, the allowable ductility ratio is selected.

The required pad height is calculated. Per vendor information. the ‘vam provides
constant dvnamic strength as long as it is crushed less than 50% of the total thickness.
Therefore, the crush depth must be kept under 50% of the ILP height.

Crush depth 1s determined by balancing the drop energy and work produced by the foam.

| | IJ
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Attachment IV to CPY-035-96
Impact Limiter Properties

Impact Limiter Properties
Description Drop
Heig. * 0 h Length Width Density
(pst) (in) (in) (in) (Ibs/ft*)
Drop Into Cask Loading Pit | From Elevation 865 34 132 96 17
93' 8"
Tipover At Cask Loading Pit NA 1454 24 216 I8 24
Drop Into Cask Wash Pit From Elevation 115 125 100 95 5
93' 6"
Tipover At Cask Wash Pit NA 454 30 108 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>