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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?
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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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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:
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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 -

.
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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.

| { ; i | 16
Client Project: PC . Jl | Revision | Prepared | Date | Checked | Date Sheet
Subject: Evaluaton of the Cask Drop Inside 0 [ D=1 y-14 5d BAC [/2:/% ~
v of

Troian Fuel Building
Calculation Number: PGEO1-10.02.03 - 18

| | | | }
{ | | | ~
| | {
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Sierra Nuclear Corporation

(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
" Chent Proect: PGE-O1 Revision | Prepared Date Checked Date | Shez
- . P { I . ~ 3 /a i —
| Subject: Evaluation of the Cask Drop Inside 0 e {50 BAC |/ -“L/%
| e J

Trojan Fue! Building - ' '

| Calculation Number: PGED1-10.02.03 - 18
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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 18 12
Drop Onto Cask Wash Pit 3" above NA NA NA NA NA
Wall Elevation 93'
Drop onto Shear Wall 3" above NA NA NA NA NA
Between Cask Wash Pit and Elevation 93"
Hoistway
Drop Onto Floor Slab 5" above 48 35 108 108 R
Between Load and Wash Pits Elevation 93’
Drop Into Hoistway From Elevation 675 65 216 216 147
93' 6"




ATTACHMENT IV

Impact Limiter Properties



RPC- 15-00%, fa )
s % fcin

(’bwla s/8/as
FE Prbs 3/8/3

RPC 93-003, REV.1

SUMMARY OF DOSE RESULTS
SFP FUEL HANDLING ACCIDENT

MAXIMUM SITE BOUNDARY DOSES (mrem)

TOTAL
WHOLE BODY SKIN THYROID
All Isotopes Except 1-129: 5.398E-1 4. 554E+1 5.698E-1
I-129 Dose Contribution : 8.216E-6 2.221E-5 4.901E-2
TOTAL (msem): 5.398E-1 4.554E+1 6.188E-1
DOSES AT CB-1 INTAKE (MREM)
TOTAL
WHOLE BODY SKIN THYROID
All Isotopes Except 1-129: 6.512E-1 5.493E+1 6.874E-1
I-129 Dose Contribution : 9.911E-6 2.680E-6 5.913E-2
TOTAL (mrem): 6.512E-1 5.493E+1 7.465E-1
DOSES AT CB-2 INTAKE (MREM)
TOTAL
WHOLE BODY SKIN THYROID
All Isotopes Except I-129: 1.060E+0 8.942E+1 1.119E+0
[-129 Dose Contribution : 1.613E-5 4.362E-5 9.624E-2
TOTAL (mrem): 1.O60E+0 8.942E+1 1.2ISE+0
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ATTACAMME NT V1

CP4-035 - 9%
GENERAL PLASTICS . s
MANUFACTURING COMPANY FAX (206) 473.5104
4910 BURLINGTON WAY/P O BOX 9097 TOLL FREE FROM
TACOMA, WASHINGTON 98409 Seattie-Renton Area
MANUFACTURING CO (206) 473-5000 (206) 623-2795

PHYSICAL PROPERTY DATA
LAST-A-FOAM® FR-3700

General Plastics Manufacturing Company's LAST-A-POAM® FR-3700 is a rigid,
unicellular polyurethane foam that can be supplied in any density from 3to 30 1bs./ft.?
The standard sheet size for FR-3700 foam in the 3 to 6 1bs./ft.” density range is
48" ¢ .25" x 96" % .50" with a thickness tolerance of + .015" on sheets up to 2" thick
and = .030" on sheets over 2" thick. The standard sheet size for FR-3700 foam in
the B to 30 1bs./ft.”? density range is 18" % .10" x 100" £.50" with a thickness
tolerance of ¢+ .005" on sheets up to 1" thick, % .015" on sheets 1" to 2" thick,

and 2 .030" on sheets over 2" thick.

STRENGTH:

LAST~A-FPOAM® PR-3700 series rigid polyurethane foams exhibit excellent strength
to weight ratio because of the high strength polvmer and cellular structure. The
strengths shown in the accompanving graphs are nominal ULTIMATE values at which
the foam fails to support a higher load. Appropriate safety factors should be
incorporated into all designs for structural applications. e

DURABILITY:

General Plastics' LAST-A-POAM® rigid polyurethane foam is a very stable material
which will not corrode, sustain fungus or attract rodents or insects. LAST-A-POAM®
has a high chemical resistance and is unaffected by most chemicals and so'vents,
except for some of the chlorinated solvents.

USES:

LAST-A-POAM® FPR-3700 series, rigid polyurethane foar in the 10 to 25 1lbs./ft.?
density range is used extensively as high strength framing, or close-out strips,
around the perimeter, and at the fastening points in honeycomb core or other similar
structural panels. The LAST-A-POAM® FR-3700 foam in the 3 to 8 1lbs./ft.? density
range is used extensively as the entire core material for many structural insulated

panels.

INSTALLATION:

One method for fastening hardware, or other articles to the foam is to pot
a threaded receptacle in the foam. Threaded fasteners may then be inetalled and

removed many times without damaging the foam.

CLOSED CELL CONTENT:

Tested per ASTM D-2856, Procedure B.

95% minimum @ 3 1bs./ft.” density
98% minimum @ 25 1bs./ft.? density

LAST-A-POAM® has low moisture vapor permeability and high resistance to water
absorption because of its closed unicellular structure. LAST-A-POAM® will not

crack, split or swell when exposed to moisture.

(1)
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LAST-A-FOAN® FR-3700
COEFFICIENT OF LINEAR THERMAL EXPANSION:

LAST-A-POAM® PR-3700 exhibits & thermal expansion or contraction coefficient
in the range of 3.5 x 10°° in/in/°F to 5.0 x 10°° in/in/°F over the temperature
range of -310°F to +200°F.

HEAT DISTCRTION:

This test is used to determine the suitability of LAST-A-FOAM® FR-3700 for
use as core material in laminated structural panels, using temperatures up to 250°F
and vacuum pressure.

Samples of FR-3700, .50" thick are placed on a metal plate under a vacuum bag,
with 20 inches of mercury minimum vacuum. These samples are then put into an oven
(preheated to 250°F) for 2 hours. The samples are then removed and allowed to
cool while under vacuum. The difference in thickness of the samples before and
after the test is measured.

LAST-A-FOAM® THICKNESS CHANGE (%)
FR-3704 = 1.13
FR-3706 - 0.90
FR-3710 ~ 0.75
FR-3715 - 0,34
FR-3720 .29

THERMAL CONDUCTIVITY:

TESTED PER ASTM C-177 AT A MEAN TEMPERATURE OF 75°F.

LAST-A-FOAM® k FACTOR R VALUE
MATERIAL BTU/hr-ft.*-°F/in. Hrs.-ft.?-°F/BTU in.
FR-3704 0.184 5.44
FR-3706 0.208 4,81
FR-3710 0.257 3.89
FR-3718 0.355 2.82
FR-3720 0.379 2.64
FR-3725 0.440 2.27

ELECTRICAL PROPERTIES:

LAST-A-POAM® rigid polyurethane foam offers high electrical resistivity at
low weight. The dielectric constant of LAST-A-FOAM® FR-3700 varies linearly with
density from 1.05 at 3.0 1bs./ft.” to 1.4 at 20.0 1bs./ft.’ when tested at 1.0 MH,.
The change in dielectric constant is negligible within the temperature range of
=50°F through 300°F.
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LAST-A-FOAM® FR-3700

FIRE SAFETY:

LAST-A-POAM® rigid polyurethane foam is an organic material which will burn
in the presence of sufficient heat and oxygen. The ASTM D-1692-74 and Federal
Aviation Regulation (FAR) 25.853 flame test methods are comparative tests conducted
under specific laboratory conditions. The sole purpose of these tests is to establish
the relative burning characteristics of foam plastice. The results of these tests
are not to be considered, or used as fire hazard classifications, and correlation
with flammabxligy of LAST-A- A-FOAM® under actual use conditions is neither intended

nor implied.

In some circumstances, if the LAST-A-FOAM® is allowed to remain exposed and
unprotected, a fire could spread rapidly under actual fire conditions, creating
dense smoke and intense and immediate heat. LAST-A-POAM® rigid polyurethane foams
have chemical additives which help reduce their flammability and burning rate,
and will produce minimum fire contribution in specific building assemblies when
properly protected. It is recommended that adequate automatic sprinklers be incorp-
orated into building construction wherever possible. In order to provide better
occupancy protection, and if automatic sprinklers are not feasible, a plaster coating,
cement asbestos, gypsum sheetrock paneling, or metal sheeting is necessary to cover

exposed foam surfaces.

The ASTM D-1692-74 and FAR 25.853 flame test methods and test results are listed
below:

ASTM D-1692-74 FLAME RESISTANCE TEST:

In this test a .5" thick x 2" wide x 6" long foam sample is placed in a horizontal
position. The 2" end of the sample is exposed to the flame of a Bunsen burner
with a wing tip attachment for 60 seconds. The time to flame extinguishment after
start of ignition and the length of the sample which was burned are recorded. Average
test values for LAST-A-FOAM® FR-3700 foams are given below:

EXTINGUISHMENT, AFTER START

LAST-A-FOAM® OF IGNITION, TIME, SECONDS BURN DISTANCE, INCHES
FR-3704 7129 1.65
FR-3706 75.0 1.45
FR-3710 69.0 1.40
FR-3718 65.0 1.30
FR-3720 61.0 1.30
(3)
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LAST-A-FOAM FR-3700

FEDERAL AVIATION RECULATION (FAR) 25.853, FLAME RESISTANCE TEST:

In this test a .5" thick x 3" wide x 12" long foam sample is mounted in a vertical
position. The lower (.5" x 3") end is exposed to a Bunsen burner having a 1.5"
high flame. The time of exposure is 12 or 60 seconds. The time to flame extinguish-
ment after removal of the Bunsen burner flame and length of the sample which is
burned are recorded. Average test values for LAST-A-POAM® PR-3700 foams are given

below:
FAR 25.853 (b)
12 SECOND ICNITION
LAST-A-FOAM® EXTINGUISHMENT, TIME SECONDS BURN DISTANCE, INCHES
FR-3704 0.3 %
FR-3706 3.0 5.2
FR-3710 2.9 35
FR-3718 6.1 2.7
FR-3720 5.5 2.9
FAR 25.853 (a)
60 SECOND ICNITION
LAS' '~ A-POAM® EXTINGUISHMENT, TIME SECONDS BURN DISTANCE, INCHES
FR-3704 0.7 5.6
FR-3706 0.8 5.4
FR-3710 -0- L.6
FR-3718 -0- 4.5
FR-3720 -0- 4.7
(&)
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LAST-A-FOAM®™ FR~3700

PHYSICAL PROPERTY TEST DATA
June 1982

95% LIMITS

LINE OF OF
PROPERTY TESTED BEST FIT CONFIDENCE TEST METHOD

COMPRESSIVE STRENGTH (psi)

Parallel to rise
@ 75°F 8.745p+6134 | ASTM D-1621

@ 250° F 4.537pt 6030

Perpendicular to rise

@ 75°F 3.456p) 9178 2.27% ASTM D-1621

@ 250° F 2.966p} " 7146 10.40%

——

COMPRESSIVE MODULUS (psi)

Parallel to rise
276,21+ 3413 ASTM D-1621

1.6396

@ 75°F
@ 250° F 144.0D

Perpendicular to rise

@ 75°F AST™ D-1621

@ 250°,F

When D = Foam density in 1bs./ftr.’

' n = number of densities tested, 1 - 5 specimens each density. *#*0 = ‘JECY-ijgﬂ
n
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TELEX 989134
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LAST-A-FOAM® FR-3700

PHYSICAL PROPERTY TEST DATA

June 1982
95% LIMITS
LINE OF OF
PROPERTY TESTED BEST FIT CONFIDENCE n* gk* TEST METHOD
TENSILE STRENGTH (psi)
Parallel to rise 29.68D1'u‘96 ¢  3.45% 6 3.00% ASTM D-1623
1.3852 Type “A"
Perpendicular to rise 14.74D7° + 6.62% 6 5.76% Specimens
TENSILE MODULUS (psi)
Parallel to rise 922.4p 87 1 . 7882 | 5 5. 68% ASTM D-1623
1 532‘ Type "Bll
Perpendicular to rise 286.5D7° ¢+ 14.81% 6 12.88% Specimens
SHEAR STRENCTH (psi)
1. 5443 4 =
Parallel to rise 7.530D : 5.99% 5 4.32% ASTM C-273
1.3754 Compressicon
Perpendicular to rise 11.60D°° + 1.80% 3 0.82% Shear
SHEAR MODULUS (psi)
1.8555 o
Parallel to rise 40,.53D t B8.302 5 5.98% ASTM C-273
1.4209 Compression
Perpendicular to rise 133.0D7° t 7.29% 6 6.34% Shear
FLEXURAL STRENGTH (psi)
Parallel to rise 8.287p1%%%0 | . g.s6x | 6 8.32% ASTM D-790
1.3614 Method 1-A
Perpendicular to rise 21.17p"° + 3.66% 4 1.99%
FLEXURAL MODULUS (psi)
Parallel to rise 151.2D1'808a + 11.48% 6 9.98% AST™ D-790
1.3628 Method 1-A
Perpendicular to rise 545.8D7° : 19.78% 4 10.56%
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LAST-A-FOAM™ FR-3700
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PORTLAND GENERAL ELECTRIC

Preparer

Venfier

Nuchde

H-3
C-14
Sh-125
Le-144
Mn-54
Fe-53
Cob0
Ni-63
Sr-9()
iR
Pu-239/40
Pu-241
Cm-242
Lm-243
Lm-244
Am-241

'u-242

culation No /% z ‘009 Rewvision O

a4

CALCULATION S

vdn A
%J/Vlof 5

Sheet
Date __54/7¢
Date /4

Fuel Assembly Surface Contamination Levels

Half Life
(Mays)

451E+03 7
2 09E+06 7
1 OIE+03 7
2 R4E+02 7
3I3E+02 7
9 ROE+02 ~
| 93E+037
351E+04°
| GEE+04 °
3.20E+04
2 39E+06 ~
5 26E+03 °
| 63E+02 7
1 17E+04 -
6 42E+(3 -
| SRE+05 *
| 3TE+08

Sample
Results
10731/94

6 25E-03
7 4BE-03
231E-01 "
4 39E-02
6 33E-02 -
3 90E+00
9 STE+00 -
1. 33E+00 -

646E-02 -

5.57E-03 -
6.07E-03 -
IBIE-O!-
1 OTE-04
2 50E-03
2 50E-03 -
7.22E-03 «
3 06E-05 |

15.62
{uCvsample)

Fractional
Activity
Sample

4 00E-04
4 79F-04
| 48E-02
2 81E-03

4 05E-03
2. 50E-0)+
6 13E.01 .

8 50E-02
4 |4E-03

3 56E-04 -

3 89E-04
2 44E-02

6 BBE-06°
| 60E-04 -

| 60E-04
4 62E-04
| 96E-06

Fractuional
Activiny

Lambhda Decaved To

(Davs-1)

| 54E-04
3 32E-07
6 B6E-(4
2 44E-03
221E-03
7.03E-04
3 59E-04
| 9TE-03
6 S4E-05
2 17E.05
2 90E-07
| 32E-04
4.25E-03
5 93E-05
| ORE-04
4 39E-06
5 D6E-09

01/01/98

3.35E-04 7
4 79E.04 7
6 T0E-03 -
| 6BE-04"
3 13E-04°
1 11E-0)°
4 05E-0] -
8.30E-02 -
3 84E-03

3 48E-04

3 89E-04°
2 09E-02°
5 OSE-08

| 49E-04"
| 41E-04
4 60E-04°

| 96E-06’

-

063 ~

Activaty
Normalized
01/01/98

5.293E-04 -
7 56TE-04 -
| O58E-02
2 648E-04 -
4 953E-04 -
1 750E-01] -
6.396E-0] -
1.312E-0]-
6.062E-03 -
5 493E-04 -
6 142E-04
331iE-02 -
7.974E-08 °
2.362E-04-
2.233E-04°
7 269E-04
3 096E-067

Surface
Activity
(uCrem2)

6352E-03 -

9081E-03

| 270E-01

3 178E-03
5 943E-03 -
2 100E+00
7675E+00"
1 57SE+00 -
7.274E-02°

6 592E-03
7.371E-03

3.973E-0] -
9 569E-07
2 B34E-03
2 680E-03"
8 723E-03-

3. 716E-05.

-
l‘)

-

>

Total

Activity
Basket
{Cunes)

’

5.37E-02
767E-02 7
| OTE+00 °
2.68E-02 -
5 02E-02
1.77E+0| -
6 48E+0] -
| 33E+0]
6.14E-0] -
5. 57E-02
6.23E-02
3 36E+00 -
8 O8E-06 °
2.39E-02 -
2.26E-02 -
737E-02 -
3. 14E-04 -

1.OIE+02
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APc R -
At A Shed 3of

SITE BOUNDARY DOSE FROM RUPTURE OF HELIUM SUPPLY LINE - VENTILATION '

ISOLATED | / a@m 5/”/& 5

Nuclide CEDEWB CDE Thy CDERBM CDE Lung CDEBS CDE Gona CDE Breast CDE Reman /Lfl/ 5’/; l/qc
(mrem) {mrem) {mrem) (mrem) (mrem) {(mrem) {mrem) (mrem)
H-3 IBBE-06 ~ 388E-06-  388FE-06 - 388E-06 « 388E-06 - 388F-06 - IRSE-06 - 3 88E-06
C-14 LO6TE-04 7 167E-04.  1.67E-04° LO6TE-04-  167E-04 ° 1.67E-04° LO6TE-4 1 67FE-4
Sb-125 L36E-02-  134E-03.  2.68E-03 BOSE02- LI13E02 - 1.48E-03 1L72E-03 S99E-03
Ce-144 LOAE-04 - 1.94E-04-  2.76F-03 R8IBE-02 - 469E-03. 247F.05 204E-4 1LO6E-02
Mn-54 JSOE-04-  143E-4 320 4 L2RE-03 - 494E-04-  1.71E-04 1.76E-04 4044
Fe-55 496E-02 - 371IE-02° 3S52E-02- 1.23E02 3 S0E-02 3.58E-02 JATE-2 826E-02
Co-60 LABE+01 - 404E400° 4.29E +00 864E+01° 337E400 - 1.19F 400 459E+00 897 +00
Ni-63 RTOE-02- 8. 70E-02 8T0E-02 LSSE-21 870FE-02. R70E-02 STE-02 S T70E-02
Sr-90 BI0E-01 - 6.23E03 TOIE-0F 6.76E4+00 1.72E+00 - 6.23E-03° 6.23E-03°  135E-m2
Pu-238 227E 401 206E-04  325E+01° 682E+01 406E+02° 6.01E+00 2. 14E.04 1L.SOE +01]
Pu-239/240 277E+0) 2ZA6E-04° 40ME+01- 7.76E+01° SOSE+02° 763E+00 221E-04 1 81E+01
Pu-241 I8TE4+O01 1.60E-04  432E4+01 4.1 TE+01 © S40E402 - 877E+00 J9E-4 169E 401
Cm-242 LASE-04° 292E.0% L2IE-04 . 482040 1 S1E-03% L77TEAQS 293E-08 762E-05
Cm-243 TOSE+00-  353E(4° [.09E40] LT9E+00- 136E+02 191E+00 SBOE-04. S31E+00
Cm-244 SBOE40C 88305 820E400 LO9E+00 - 102E+02° 1.39E 400 YO9E-05 48E+00
Am-241 34IE401 454FE-04  494E40) S22E4+00 - 6E+02° 922E+00 TS8E-04  222E 401
Pu-242 L3E-01 1L06E-06 195E-01- ATIEOL. 243E° 000 3.65E-02. 1L14E-06 S.68E-02
LASE402- 4176400 1.90E4+02 289E+02  231E403  363FE+01 A73E400 9 10F +01



R %-ce. i
NE-VENTILATIONRUNNING ¥ (2., spgke

Nudide  CEDEWB CDEThy CDERBM CDELung CDEBS CDE Gona CDE Breast CDE Remai —7\//1‘,,/ stat/se
(mrem) (mrem) {mrem) {(mrem) (mrem)

SITE BOUNDARY DOSE FROM RUPTURE OF HELIUM SUPPLY |

{mrem) (mrem) (mrem)
H-3 2.36E-05 2.36E-05 236E-05 - 236E-05 - 2.36E-05 236E-05  236E-05 236E-05 .
C-14 330E-07 - 330E-07 330E-07 330E-07 3.30E-07 3.30E-07 IZ0E07T 33007
Sb-125 269E-05 - 265E-06-  S30E-06 L7TEA4-  223E-05  294F-06 3.40E-06 1LIVE-0S .
Ce-144 207E-07 - 385E-07- SATE-06 LO2E-04° 929E.06- 4. R9F-08 403E-07  2.11E-05
Mn-54 6.93E-07  283E-07 635E07 254E-06 - 979E-07-  338FE-07 3 S0E-07 79907
Fe-55 9 82E-05 T34E-05- 697E-05 1 43E-04- 6.94E-05  7.08F-05 6.861-05 Lo4E-04
Co-60 293E-02° BOOE-03- 8S0E-03 L7IE-O1 - 6.68F-3 2.35E-03 910E-03 . 1L.78E-02
Ni-63 1.72E-04 L72E-04° L72E-04  3.12FE-04- L72E-04°  1.72E-04 1.72E-04 1.72E-4
Sr-90 FOAE-03 - 1.23E-05 LSTE-03 - 134E 02 - 3.40FE-03% 1.23E-05 1.23E-05 268E-05 -
Pu-238 449E-02° 408E-07 ° 643E-102 - L3SE-01-  805E-0 119E-02 424E-07 298FE-02
Pu-239/240 SSOE-02 428E07 - S01E-02 LSAE-01 1OOE+00- 1.STE-02 43707 IS9E-02 -
Pu-24) SOYE-02 © 316E-07 8.55[3-92 8 HME02T 107E+00 1. 74E-02 1.19E-07 I E02
Cm-242 288E-07 * S79E-11 - 2.40E-07 9S55E-07° 300E-06° 3SIE-08- SSIE-11 " 1.51E-07
Cm-243 LS2E-02 - 7.00E-07 - 2.16E-02 ASAE-03 0 269501 IT8E-03 LISE-06 1.OSE-02
Cm-244 L16E-02 - L75E-07°  1.62E-02 - 334E-03° 203E01. 27SE-my 1 80E-07 R.28E-03
Am-241 6.75E-02 - 89907  978E-(2 LO3E-G2° 1.22E+m00 1.83E-02 1.50E-06 4 4002
Pu-242 266E-04 ° 210E-09  385E-04 735E-04-  481E03 7.23E-65 226E-09 1. 72E-4

2.82E-01 829E-03  3.76E-01 STIEO1 4S8E+00  7.19E-02 939E-03 LROE-01



DOSE CONVERSION FA O}S - SITE BOUNDARY DOSE RUPTURE OF HELIUM SUPPLY LINE

40

Nuclide DCF DCF DCF DCF DCF DCF DCF DCF

Whole Bod  Thyroid RBM Lung  Bone Surf. Gonad Breast  Remainder
H-3 6.40E-02  640E-02  6.40FE-02 - 6.40E-02 - 640FE-02 6.40F-02 640E-02°  640FE.02 -
C-14 209E+00 " 2.09E +00 2Z09E400 ° 209400 2.09E 400 2ZM9E+00. 209E400 . 2.09E + 00
Sbh-125 L2ZE+01 1206400 2.40E +00 BOE401- LOIE+01  133E 400 LSAE+00  S37E+00
Ce-144 ITE400 - 696E 400 0 KKFE 4] 293E+03 168E4+02  SR4E.01 T29E4+00  381E+02
Mn-54 6.T0E+000 2746400 6.14E 400 SAOEH01 94TE400  327E400 338E+00 7.73E+00
Fe-55 2Z69E4+00 201E+00 FOTE+00 © 392k, . 1 90F 400 LY9E+00 1.88E+00° 448 +00
Co-60 ZI9E407 - S99E4+01  6.36E401 - L2BE+3  Soue .01 1761401 68IE4+01 133E4+02
Ni-63 6.29E+ 00 - 6.29F 400 - 6.29E4+00° 1LI4E401 6.29E 400 629E 400 6.29F +00- 6.29E + (0
Sr-90 L30F 03 - 977E400  1.24E4+03- LOGE+04 269E403  977E 400 VITE+00  2.12E+01-
Pu-238 392:405° 356E 400 562E4+05 LISE+06- 7T03E4+06  1.04E405. ITOE+00° 2 60F 405
Pu-239/240  42/E405° 334E 400 6.2SE405° 1.20E406° 781E 406 LISE+GS ° 341E400- 280E 405 -
Pu-241 8 SE4+03° 459E.02- 1.24F+04- LISE+04° 155E+05 252E+03- LI3E-01- 485E+03-
Cm-242 F73E404° 348FE 4000 1.44F 404 STE+04- 180E4+05 21 TE4+03° 349E400 907E+Mm3
Cm-243 TOTEH0S: 142E4+01 - 437E405 - TIBE+04 - S44E+06  7.66FE 404 233E401° 213E 405 -
Cm-244 LABE40S - 3.74E400° 347E405 THE+04 433E406  S88E404. IBSE400° 1.77E 405
Am-241 AHEL05 SRE+00° 6.44E405 - 68IE+04- BO03E+06 120405 YBRE+00- 289 405"
Pu-242 4AHE+05 325E400 596E 405 LIE+06 744E4+06  1.12E405 ISOE+00 - 266k +05

Activity
Relcased
(Curies)

260E-03
3TE-03
SA9E-02
1.30FE-03

243E-03 -
R.SSE-01 .
IHE+00 -
644FE-01 -
297E102 -
26903 -
IME-03
1L.62E-0] -
3I91E07 -
1L16E-6G3 -
LIOE-03 -
3STE03 -
L.SZE-08 -
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1 5 years olé er slder, the mest jgperzant radie-
A compilation of measured cobelt-60 maximuz

sgpot” activity densities ané visual observations Versus che mumber of
rods. assamblies, ©F samples examinad, 1§ given im Tables 2 andé 3 for PWR
and BWE fuel, respectively The activitTy density ranges T Tables 2 and 2
are distribuced BY rod number "he reader 5 referred o Appendix 1,
gection 1.5 for the dezails of this digsribution. A hLiSTOETAR WAS
constructad for PVR and BUR fuel shown in Tables 2 an¢ 3 @ display the
percentage of rods in selected accivity densiTy intervals. Both TYpes of
fuel rods exhibit bimodal aiseribuctions that are dominated by an
essentially CRUD-free mode (see Figures 3 and &).

For shipments of fus
puclide in CRUD i coball-60.

rributions Are not vepresentative of CRUD

deposits om the entire syon:-fual rod populatiss. CRUD seasurements &I8
normally made during routine fue. quazifica:ion anéd surveillance programs,
or when there is an in-resctoy problen which is suspected o be caused DY
cRUD.  The CRUD aesivizy éistribution pay be skawed To che higher "spet’

sctivities, anc may therefore pIo {uppor-bouad) measure

of the activity densicy associate on spent fuel. The
sumber of rods in the ¢irst mode of Figures 3 and & (i.e., The CRUD-free

modes) are axpected o increase with rime because the control of reactol
wacer chemistTy nas improved in recent Years. Rods recently irradisted and
those irradiated in the future will most likely €all in the lower part of
che CRUD discribution. The second mode ancompasses & guch larger CRUD loal
put represents & i £4 o AnLAN ~ assamblies.

.3 GRUR SReaaasagD

ipute te the ra-iologic
tien only if it spalls from the rod and ®
depend on The condition af the CRUD at the time
effeczs of poel scorage, and gubseguent handling.
bacome airborme willi depenc on che pq;::clo size Gistri

spalled CRUD.

in all Like.ihood, Thess dis

vide 2 conservative
4 wizh CRUD deposits

al source teI® during tramsportac
ecomes airbemme. Spallation will

of fuel dischaTge, The '
whe ability of CRUD ©o {
purion of the

CRUD can conts

i

sudy of CRUD adhesion ©oF eohesion. A

flocsulent CRUD can easily be removed £rop the rod with a soft brush. ©On
108 samples LTOR Brunswick-2 BWR fuel rods, €98 of the CRUD vas of the
flacculent Type [AST78). spallaction of this reddish flocculent CRUD has
been observed cur:ng handling in ‘spent - fuel pucls; the Tesuiting phenomendt
ig known as hé sromato sSOuP affecz.” In conzrast, @ egnacious CRUD is
usually found on PR fuel rods Gemerally some SOTT of silicon carbide
stone of paper o8 nesded to Temove this sype of CRUD.

There is b publighed systemstic §

*he zenacity of The CRUD may be afiected Ly the length of time in che
e comdiztion 0f the watel in che pool. fxaminations ef

scorsge pool ané h

Dconee PWR fuel perween 578 and 1582 indicated chaz CRUD whieh appeared
cacher adherent 1T 1678 had a flocculent appearance 7 1982 (NEBG, palbl,
1082). The dats. howeve?> 6 atTe insufficient to determine if adherence wi

degenerate in eveIy Tase.
There are & number of observations of CEUD behsvior i stagnant &Y alr

and nitrogen atmospheres. CRUD spallacion WAS obparved on a stess”

eanarating heavy-watrer reactor (SCHWE] fyel rod when the teoperaturé

P
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Table 2

Range of Cobalt-60 Maximum “Spot®
Activity in PUR CRUD Deposit

Activity
Demns i y'®
_Beasigr ~  ®Reds =Asssablisa #Samples (wCi/cwd) Visval Ingpectieon
Yankee Rowe 10 140
Oconee 1 300 L 27 0
Point Beach 1 280 5 0.1-2.0 Very thin
Benzau 1 2100 35 C.1-16
Zion 1 600 16 37-73
¥.3. Robinmson S 19
peaver Valley LS e-210
a Trojan 3700 24 ius 1-2200 5§ -crudded,
remainder-
CRUD-free
Zorita Nany 2 Thin
Surry [ b Not significant
calver: Cliffs 98 liccle
Turkey Polnt 320 Very thin
Maine Yankee 27 “ Very thin
ANO- 1 480 e 390-no CRUD,
90-minimal
g AND-2 38 o CRUD- 70
BR-3 7 - Thick
- Farley-l 13é 2 Light
Point Beach 112 Light
- (a) At =ime of fuel discharge.
2 (b) CRUD lavels given in uCi/gm were comverted o uCi/em? using thickness
) and density Deas.repents.
8
air "
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1sble 3
e of cobelr-60 Max ios =spot
Activity CROD Deposit

— e ———_

AcSivViTY

pensity‘®’
_Baasial - eRRCx wAcSSmALAEE ssaapied L W
peach Botte® 125 ) 11 cxUD-free
Menticelle - 5 0-350 Light
Tsurugh 5 i 140-1250
Willscone A 100-650 i
Nipe Mile re 23 IR 200 -408®
presden 19 b observed
3is Rock Pt ié very chin
Oyster Creek 30 Light
5155-660“1 5 o very thick
-—_’-—/

ra) At time of fuel aischaTth®. .
(®) CRID Llevels given in were corve
sapsurensnts and & density value ©
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Table 4 Lists a nuaber of transportation conditions that cover the
ané pechanizal stresses prescribed im L0 CPR 71, In the
first two thermal cases, astimates of the spallation fractions can be made
¢rom existing dare [ECEL. OLBL). Although the tests by Einziger and Cook
[ECB4) and Olsen (OLB4) ware at only 230°C, they should be applicable to a
, ~ —300°C surface tamperature because surface cryout due to evaperation should
)l heve occurred in bothk caves, ané no significant cladding creep vill occur
ke @uring the relatively short period of transportation [EIB4b). Although
spalliation {yactions for these tests are guoted at 62 for PVR rods and St
for BWR rods, when uncertainties aTe considered, the upper limit of the
The similaricy

spallstion fractions in both cases appears tn be about 8%,
berween spallation fractions observed during these tests for PWR and BUR
fuels msy be attributable to spallation cf the loose fleceulent CRUD on che
BUR fuel rods during handling in the reactor pocl prior to testing

range of thermal

-

f- ‘.’,; i —

" : the higher temperature of 450°C, cladding ballooning might eccur at \

/ inciplent crack sites and cause additzional spallation [STBE]. Tests by /
\ ssahl et al indicated that wher ballooning does occur, deformation is
1£ 1008 CRUD

localized in ar approximately 0.15-m-long region [STBé .

\
spallation in cthe 0. 15-p-lo region is assumed and B% spallation on the
< m. *50 @ Siia. Spailazior between 12 anc 15t would be
) 2523&539_{;;_?!5 rods. Less spalistion can be expeczed for BUR rods
because thelr lower .nternal gas pressure leads %o a lower cladding stress,
and hence ballooning, than in PWR fuel rods.

The spallszion fraction cannot be estimated in the other four cases
1isted in Table & because of insufficlent data.

e. 4 2 1 é
; The abilisy of CRUD te tramspert through the cask fill-gas is s strong
function of particle size. CRUD parzicle size may cepend or vhether the
(s flocculent or adherent, and on whether it is associated with PWK or

: BB fuel. For inszance, the thick. perous CRUD layer on the rods from the
3 th pocr adherence,

Dodewvaard BWR reactor was observed To bk quite loose, wi

and could easily be brushed away as powder [BDEZ]. On the other hand, CRUD
£lakas that had deer scraped from cthe Oconee 1 Cycle 1 PVR fuel rods [BA75]
vere agglomerates cf smaller particles and weTre as large as 2 mo?
Quantitative dats on CRUD particle £lze are summarizec i{n Table 5.

apu

Wher CRUD was gathered from undervater sampling, {t was deposited om &
0.45-um filter paper. The particulate size wvas derermined in a fev samples

by scanning electron micrescopic (SEM) examinacion of the filter paper.
¢uel rod was composed of amorphous

The fluffy L2UD on a Brunswick-2 BER

particles ranging from 0.1 um %o 0.2 um in ciemeter, and iIreguiAl-shaped
particles with well-defined faces ranging from 1 wm to 3 ua in dinmeter
[ANB2). The temacious CRUD was gimilar in shape to Ihe fluffy CRUD but
consisted of agglomerates of 0.1 um o 0.3 um diameter primary parricles.
CRUD from che Moncicellc BWR fuel rods contained loose cluszers of 0.1 um
to 0.3 um diamerer partitles and larger particles ranging from 0.5 um to
2.0 um (ANBZ) A SEM examimation of CRUD froz a Nime Mile Point BWR fuel
tod indicated sgglomerates of 0 1 um ciameter primary particles [ST8S].
These CRUD samples were all taken underwater using 2 ecraping stone of

bmsh e i. maehad ~f abraining the samples Bay have affected the
TOTAL P.28




Y SNC

Sierra Nuclear Corporation

fhe F-oog
/;r}éﬂv/,« I ﬂé—f% 7c///

6.0 CALCULATIONS

6.1  ACTIVITY CALCULATION

Cobalt® Surface Comamination

Cobalt™ is found in a reactors priman s'stem and .n its spent fuel pool. As such. it coats the
outside of each fuel assembly and control components with a substance called crud. While this

crud contains mostly nonradioactive components. it can contain appreciable amounts of Cobalt®

From NUREG/CR-3285. crud deposits a maximum 140 uCi/em” of Cobalt® on fue! assemblies

and control components.

Fuel
R T : . oo inches”
Agr =nx D, x L == x0374inches x 160.0inches = ]88 — =
ro
* Conservativels assume the rods exten: the total length of the assemois 10
10 calculate the end titing surface ares.
inches’ , _.. _ rods .. assv , Al ‘
Agy = 188 ——x (17X17) x 24— = 130 x 10°inches” = 84 x 10%em’
rod ass: Basker
* Itis conservatinve to assume | "N T rods compared (0 the actual number of 254
i . . el o Jal
Actyy = |40 —E— (84 x 10%cm’) = 1] 76—
em’ Basket
Chent Projec:: BNFL 01-02 | Revwion [ Frepared | Date | Cheches | BnteJ Shezs |
~ .ubject: Sior™ Shippi ' inmen L O | 4R 2%l il B-72-9¢ | 15 |
| Analvsis (PWR) L l n | n of I
!

! L I l =2

| Caiculation Number: BNFL 01.10.06.03
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nx D, x
\ “* “~ Base “Baser

RCC RCC 11 ANELOZ Onen s | - 0 L
Ay tow = Ay, x11=326858cm” x 1] =4.7x10cm
* A factor of 10% 1s conservatively used 1o estimate the

surface area of the RCC's odd geomerry 's.

-
-~

s pCi o em® Ll .
ACTey r = 130—86% x 4.7 x 10* ——— x 24RCC = ] 58—=
em” Basket Basks:

The total surface activin

+RCC A 158 LI;\«"‘ +1.176 C;;a"' = 1334 C'IC;“’
Basker Basker

L

’ ' - 3 " . 4 : s 1 60 ‘. -
L's1ng tne expenenual law of decay. shown beiow., the COO&HD CUVITV IS dcca_‘-':;‘ J vears.

s the isotopes half life

/. 18 @ unique decay constant for the 1SOlope

| Ome | Cheskes | Date | Sheet
.

anssnon, Prepareg | .
=“F J3'7’96 I

O

-lient Project: BNFL 01-02 ,
tyecr: TranStor™ Shipping Cask Containment | 0 | 4@ 12-26-% |
Iy i 1 [ : | o
| | i

Amalveie (PW
Calculation Number: BNFL 01.10.06.03 [ l |
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5.6 Passive Failure of Basket Pressure Test Line

5.6.1 The Baske: free gas volume at 7 psig is converted to an equivalent volume at

standard conditions:
Ve = 359,716 in’ /WC - co?
/ﬁ-bv//i 8 Shat Nof

ag 3914 7 psia + 7 psi :
V.ﬂp . (359,716 in )(14“psza psi) - 531,000 in®
14.7 psia )
V reiease™(Vgree (Vo) = 171,293 in” = 99.1 scf

5.6.2 Airborne Paruculate Concentration:
"

Aca = 690.2 Ci Co™ per basket [Ref 6]
Apur = (0.15)A s = 103.5 Ci Co® [15% goes airborne]

= (103.5 Ci)/(5321.009 in’) = 1,949 x 10~ Ci/in’

-
= 1189 uCi/ce

Total curies released to fuel building atmosphere:

L
o
L

Areiease™(1.949 x 10~ Ci/in*)(171.293 in’) = 33.39 Ci Co®

5.7 Basket Shield Lid Drop onto Basket During Placement
5.7.1 For a flat drop onentation. the analysis is presented in Appendix C.

7.2 For the edge drop orientation. the maximum number of impacted fuel assemblies:

s

Shield Lid OD = 64.10 in [Ref. 7]

Shield Lid thickness = 8 in [Ref. 7]

Distance to top of sleeve assemblies = 161 in [Ref. 7]
Length of fuel assembly with RCCA = 168 in [Ref. 10.11)

Distance from top of Sieeve assemblies to top of RCCA = 168-161 = 7 in

Chent’Project: PGE-01 Revision | Prepared | Date | Checked | Date | Shest
0 | Bac [YAr/e] e (42309 | !

Subject: TranStor™ FME A 4'
- N E -
| 15 |

Calculation Number: PGEQ1-10.02.05-03 |




ATTACHMENT 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




R AT

2% Sl ’l; :":‘ . Sy .“n’-;
2o CPY-03S -6

BC-TOP-4

: Revision 2

TECHNICAL LIBRARY, TNB-2
TROJAN NUCLEAR PLANT - June 1974

ol

TOPICAL REPORT

SEISMIC ANALYSES OF
STRUCTURES AND EQUIPMENT

FOR NUCLEAR POWER PLANTS

Bechtel Power Corporation @
- San Francisco, California







Bl E"E - -




Rev.

E B BE B O OB B T |




ATTACHMENT IX

Sections 2.1 1 2 and 2 1.2 | of the Trojan Defueled Safety Analysis Report
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2.1 GEOGRAPHY AND DEMOGRAPHY

The Trojan site was originally selected to minimize hazards to the general public. The
site environs have low populaticn densities and minimal usage for such activities as
farmiing and recreation. Some of the site characteristics associated with the Trojan site |
selection for the operational phase of the facility remain applicable to defueled condition :
and the storage of irradiated fuel. This chapter provides discussion of those site

characteristics applicable to defueled operation.

2.L1 SITE LOCATION AND DESCRIPTION
TRT B PR

The Trojan Plant site is in Columbia County, Oregon, and lies along the bank of the
Columbia River at approximately River Mile 72.5, 42 miles north of Portland. The
specific geographic location of the site is 46° 02' 25" N latitude and 122° 53' 03" W
longitude. In the Universal Transverse Mercator coordinate system, the site location is

5098352 meters N by 509000 meters E, and in the Oregon North Zone Lambert

Coordinate, the site location is 874375 N by 1394615 E.

The nearest incorporated communities are Rainier, Oregon, approximately 4-1/2 miles
northwest; and across the Columbia River, Kalama, 3 miles southeast, and Longview,
approximately 6 miles northeast. Within a S-mile radius of the site are three small
unincorporated communities with a total population of less than 2000: Prescott, Oregon,
1/2-mile north; Goble, Oregon, 1-1/2 miles southeast; and Carrolls, Washington, 2-1/2

miles northeast.

Other than the Columbia River and tributaries, there are no nearby natural geographic
features of prominence offsite. The Kalama River joins the Columbia at River Mile

73.1, about 1/2-mile upstream on the bank opposite the site. Similarly, the confluence of

2.1-1
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the Cowlitz and Columbia Rivers is about 4-1/2 miles downstream at River Mile 68
Onsite, however, are the 499 feet natural draft cooling tower, which rises 589 feet above
mean sea level (MSL), an approximately 26-acre man-made reflecting lake and an

approximately 28-acre recreational lake

2112 Site Area Map

The Trojan Nuclear Plant site is an approximately 635-acre tract of land owned in fee by
Portland General Electric Company (PGE) in Sec. 35 and 36, T. 7 N, R. 2 WWM, and
in Sec. 1 and 2, T. 6 N, R. 2 WWM, Columbia County, Oregon. The tract is

all-inclusive of individual and separate parcels as described in the following deed records

on file in Columbia County: BK 168, Pages 13 and 14, 22, 23 to 26 inclusive, 81 to 83

inclusive, 117 to 121 inclusive; BK 171, Pages 935 and 936; and BK 174, Page 436

I'he exclusion area, is defined in 10 CFR 100.3(a). The exclusion area boundary

coincides with the site boundaiv on the Oregon side of the river and extends across the

Columbia River to the east where the Washington shore of the river forms the eastern

boundary

facilities are grouped approximately in the gcuguphu center of the

I'he major physical

exclusion area. The center of the containment lies 21/2 teet due south Ot the nearest

. y . . | " ” — v Q198 taat tr . ho n > 9
point on the exclusion area perimeter, approximately 31/ teet from the nearest point to
f'v\(. west l““li \pproximatel 4400 feet trom the closest sO ‘-f-,,.r‘\ yOyint [; Vol s of its
[, dNd ApProximalicly << feet from the ciosest soutneriy point €CAUSEe ( 11

M

e hana ha o 11¢ 1 - re ) 17 ) 2 ’ > Ittt rment
irregular shape the exclusion area comes within about 4200 feet of the containment at
(WG '{’-’“ILI\ approximately southwest of the building I.".L' containment center 1s located

) 't “'H'; taat tr oy the neares! noint ¢ "nnNr Vad ¢ \ the 2actarn b it am vt the
aboul <. 1eetl Iroi he nearest point of approach of the e€asiern ooundary ol e
vl N ro rml A ) ta YT ha (Yraaomnnm Bhan { 2 ST > \ by by
exclusion area. and 400 feet from the Oregon bank (mean low water) of the Columbic
) "
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2.1.1.3 Boundanes for Establishing Effluent Release Limits

As pointed out in the preceding section, the site boundary and exclusion area coincide on land
on the Oregon side of the Columbia River.

Programmatic requirements for specifications applying to releases of radioactive material in |
gaseous effluents are given in the Offsite Dose Calculation Manual. Doses and release limits |
have been evaluated at the site boundary and at off-site locations of actual exposure.

2.1.2 EXCLUSION AREA AUTHORITY AND CONTROL

2.1.2.1_Authority

The site boundary (owned in fee) extends to mean low water in the southern part of the site
and to mean high water in the northern part of the site. By written agreement with the State of
Oregon, who is owner of the submerged and remainder of submersible lands in the river at the
site, PGE has control of thie uses of such areas out to a line at approximately -20 feet MSL.

Beyond this line the U. §. Coast Guard has jurisdiction over rnver operations.

The provisions of the tidelands agreement with the State of Oregon include the following

conditions:

(1) RESTRICTED USE: Residential use of and overnight camping in the exclusion area
shall be prohibited by the State. Nonresidential activities and uses unrelated to the
operation of the Company's adjacent reactor shall be permitted only when no

significant hazard to public health and safety exists and then only under appropriate

limitations as provided in this Agreement.

Revision 3



(2) USE LIMITATIONS: In managing its lands within the above-described exclusion
area and in sales and leases made with respect to such lands, the State will insert in
each Deed, Lease, Easement, Permit or other instrument granted a provision to the
effect that the lands affected are within an exclusion area as that term is defined by the
Nuclear Regulatory Commission; that such lands are subject to safety regulations
established by the State, the Nuclear Regulatory Commission, and the Company with
which the grantee shall comply; and that the Company has a right to remove or order
the removal of all persons and their property therefrom in compliance with said safety

regulations.

(3) EMERGENCY PROCTDURES: In the event of an emergency or threat thereof,
which may atfect public health or safety, the State grants the Company the right to
enter upon its lands within the exclusion area and to remove persons and property
therefrom. The State also grants the Company the right to proclaim safety regulations
affecting persons and property occupying State owned lands within the exclusion area,
which regulations upon approval by the State shall be made by the State a part of
every Deed, Lease, Easement, Permit or other instrument issued by it as previously
provided. Such rules and regulations when so adopted shall also become a part of the

State's management policy for the administration of such lands.

Similar conditions have been negotiated with the Burlington Northern Railroad (1978).

Mineral rights not part of the original land purchase at Trojan have been subsequently bought

in fee by PGE.
2.1.2.2  Exclusion Area Activities Unrelated to Plant Operation

The basic reference for activities and facilities within the exclusion area is "The Trojan

Nuclear Power Plant: Master Plan Prepared by Lawrence Halprnin & Associates”. In this



