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Gommo·riwealth Edison Company 
ONE FIRST NATIONAL PLAZA * CHICAGO, 

Add; • ., Reply fo, 

POST OFFICE BOX 767 *CHICAGO, ILLINOIS 60690 

Dr. Peter A. Morris, Director 
Division of Reactor Licensing 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

January 27, 1972 

Subject: Proposed Modification No. 72-1 to the Final 
Safety Analysis Report (FSAR) , Dresden Unit 2 
(DPR-19), AEC Dkt 50-237 

Dear Dr. Morris: 

Pursuant to Section 50.59 of 10 CFR Part 50, Commonwealth -
Edison Company requests that the FSAR for Dresden Unit 2 be modified 
to permit operation of the Dresden Unit 2 reactor core with a 
complete fuel loading containing Gadolinia as a means of supplementary 
reactivity control. 

On January 15, 1971, we submitted to you Modification 
No. 71-1 for Dresden Unit 2 for a partial core loading of Gadolinia. 
During the refueling outage which followed this modification, 215 
assemblies containing Gadolinia were inserted in the Dresden Unit 2 
core. Cdmmo~wealth Edison has decided to replace the remaining 509 
original Dresden Unit 2 fuel assemblies with fuel assemblies bearing 
Gadolinia. The core loading we anticipate using was not covered in 
the material which was sent to you with Modification No. 71-1. 

Pursuant to Section 50.59 of 10 CFR Part 50, an appropriate 
· safety analysis report in support of this modification to the FSAR is 
attached h~reto. This modification does not involve changes in the 
Technical Specifications attached to DPR-19 nor in our opinion, does 
it involve an unreviewed safety question, since the changes to the 
hazards analyzed in the existing FSAR, due to this modification, are 
insignificant. Specifically, there is (1) no increase in the 
probability of, or ( 2) no increase in th_e -possible consequences of, 
or (3) no creation of a credible probability of an accident or 
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Commonwealth Edison Colany 

Dr. Peter A. Morris - 2 - January 27, 1972 

malfunction different from accidents previously evaluated in the 
FSAR. Accordingly, operation of Dresden Unit 2 with Gadolinia fuel 

, presents no undue risk to the health and safety of the public. 

Appendix I to the safety analysis report contains infor
mation on the Gadolinia fuel assembly which is considered to be 
confidential proprietary information by the General Electric Company. 
This information generated by General Electric at its expense is of 
substantial competitive value and involves an invention or inventions 
believed patentable on which one or more patent applications are or 
will have been filed. Accordingly, it is hereby requested that the 
Commission withhold Appendix I from public disclosure in accordance 
with 10 CFR 2.790(b). 

It.is presently planned to shut down Dresden Unit 2 for 
fuel replacement on or about February 10, 1972. 

Commonwealth Edison's Nuclear Review Board has reviewed 
and approved proposed Modification No. 72-1. 

In addition to three signed originals, 19 copies of this 
proposed modification are also submitted. 

SUBSCRIBED and swo~ to 
before me this ~ day 
of~ , 1972. 

Very truly yours, 

w~~t~~ 
Nuclear Licensing Administrator 



• • DRESDEN UNIT 2 

REPLACEMENT FUEL LICENSING SUBMITTAL 

I. INTRODUCTION 

This submittal provides the results of the evaluation of 

the refueling scheduled for February 1972 for Dresden Unit 2. 

The purpose of this planned outage is to replace all of the 

remaining Dresden Unit 2 initial fuel bundles. The objective 

is to assure the availability of the plant at full power 

during 1972 and to minimize the off-gas release rate. Five 

hundred and nine replacement bundles of an average 2.12 WT % 

U-235, · the same as those used in the first refue.ling last 

February, will be available at the site for the outage. All 

remaining original Dresden Unit 2 fuel bundles and temporary 

control curtains will be removed from the core. Replacement 

fuel bundles will be inserted in the center of the core. 

This submittal describes the replacement fuel and presents 

the results of core analyses based on the replacement of 509 

bundles. The reactor will be able to operate at 2527 MWt after 

the outage and satisfy all license requirements. This submittal 

is for the operation following the February 1972 outage. 

Topical Report to DPR-19 Modification 71-1 Refueling, and 

Supplement No. 1 thereto, do not disc.uss the case of control 

cells loaded with only one type of Gadolinia bearing fuel and 

elimination of control curtains. The use of this cell, along 
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with the planned insertion of up to 30 rods containing a 

new design.fuel pellet, are the bases for the submittal 

of this refueling plan. 

II. SUMMARY 

Because of the increasing off-gas release from Dresden Unit 2, 

a refueling outage is planned for February 1972. The 

projected core average exposure at that time will be 

3318 MWD/T. The projected average exposure for the 215 

bundles remaining after refueling is 1872 MWD/T. Consequently; 

the design refueling for this submittal is a central load of 

509 bundles of Gadolinia bearing fuel identical to the 

Quad-Cities fuel as described in Amendments 9 and 10 to the 

Quad-Cities· docket (AEC Dkt Nos. 50-254 and 50-265) and a 

complete curtain removal, as .shown in Figure 1. Fuel bundles 

currently on the periphery will not be shuffled. The reload 

fuel bundle is of the same standard mechanical design that 

the General Electric Company has been manufacturing for 

several years. Two Gadolinia bearing fuel rods are used in 

the bundle for control augmentation. 

Performance of Gadolinia bearing fuel has been successfully 

demonstrated in over ~00 assemblies in the Dresden Unit 1, 

Dresden Unit 2, Big Rock Point and Humboldt re.actors. The 

use of Gadolinia in the Quad-Cities reactors has been 

reviewed and approved by the Atomic Energy Commission. 
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Fuel pellet design modifications are presently being 

implemented by the General Electric Company.· If scheduling 

permits, up to approximately 30 rods of the new design 

containing 2.47 w/o U-235 will be incorporated into the 

fuel in place of the original undished 2.47 w/o U-235 rods 

in two replacement assemblies. These rods will not contain 

Gadolinia. The nuclear and mechanical characteristics will 

be equivalent to the reload fuel as discussed in Topical 

Report to DPR-19 Modification 71-1 Refueling, and Supplement 

No. 1 thereto, with the exception that the 30 rods have 

different pellet dimensions. 

Cold shutdo~n margins are based on the use of 509 reload 

bundles plus the removal of all the curtains. Ample cold 

shutdown margin throughout the cycle has been calculated. 

The replacement fuel is designed to operate within the same 

constraints on maximum linear heat generation rate (MLHGR) 

and minimum critical heat flux ratio (MCHFR) limits as the 

initial fuel and initial replacement fuels as described in 

.Topical Report to DPR-19 Modification 71-1 Refueling, and 

Supplement No. 1 thereto. The proposed replacement will 
/ 

have no significant effects on transient or accident analyses. 

No changes in technical specifications are required. All 

license requirements are satisfied for the proposed usage. 
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In summary, the replacement fuel is of standard General 

Electric design with no new features which have not previously 

been used in other reactors with the _exception of the 30 rods. 

The design basis for all the replacement fuel is the same 

as for the initial core, as discuss~d··in Section.3 

of the Dresden Unit 2 FSAR, Topical Report to DPR-19 

Modification 71-1 Refueling, and the Quad-Cities FSAR {AEC 

Dkts. 50-254 and 50-265). 

III. MECHANICAL DESIGN 

The Type 2 replacement fuel for Dresden Unit 2 is designed 

with the same envelope dimensions as the initial core fuel. 

It can therefore be inserted in all locations within the 

reactor core. Table 1 describes characteristics of the 

replacement fuel assembly and summarizes the significant 

characteristics of the initial, replacement fuel and the 

new rods. 

The changes in the Type 2 replacement ~uel as compared with 

the initial core fuel is the use of gadolinium oxide instead 

of curtains for supplemental control. The average enrich-

ment of the reload fuel is 2 .12 w/o which is the same as the 
\ 

initial core. 

Fuel rods containing small amounts of gadolinium oxide as 

supplemental reactivity control have been used in the design 
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TABLE l • 
INITIAL ·coRE AND TYPE 2 RELOAD FUEL ASSEMBLY DESIGN SPECIFICATIONS 

Fuel 

Material 
Initial Enrichment w/o u235 

High 
Medium 
Low 
Average for Bundle 

Pellets, Undished 
Pellets, Dished 
Pellet diameter, inches 

·. ~ ! ~ . • • 

Pellet height, inches 

Density (% of Theoretical) 
Melting point, OF 

Cladding 

Material 
Thickness, inches 
Fuel Rod O.D., inches 
Melting point, °F 

Fuel Rods 

Active length, inches 
Gas Plenum Length," inches 
Fill Gas 

Fuel Bundle 

Geometry 
High Enrichment Rods 
Medium Enrichment Rods 
Low Enrichment Rods 
Poison Rods per Bundle 
Rod Pitch, inches 
Water to Fuel Volume Ratio 
Heat Transfer Area, ft 2 

·Channels 

Material 
Outside Dimension, inches 
Wall Thickness, inches 

.Channel Length, inches 

Initial 
Core Fuel 

Sintered uo 2 Pellets 

2.44 
1.69 
1.20 
2.12 
23 rods 
26 rods 
0.487 dished 
0.488 lindished 
0.75 

94.3 
5080 

Zr-2 
0.032 
0.563 
3371 

144.0 
11"'."l/4 
Helium 

7 x 7 
30 
16 

3 
None 
0.738 
2.41 
86.5 

Zr-4 
5.438 
0.080 
162-1/8 

--~--. 

Type 2 Replacement 
Fuel (1971-1972) 

Sintered U02 Pellets 

2.47 
1.70 
1.20 
2.12 
23 rods 
26 rods 
0.487 dished 
0.488 undished 
0.75 
-0.50* 
94.3 

. 5080 

Zr-2 
0.032 
0.563 
3371 

144.0 
11-1/4 
Helium 

7 x 7 
30 
14 

5 
2 

0.738 
2~'41 

86.5 

Zr-4 
5.438 
0.080 
162-1/8 

*Up to 30 rods will contain 0.5 inch long chamfered-edge pellets. 
No change in cny other dimensions. 
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of reload fuel by General Electric since 1965. These fuel 

rods are the same design as the uo2 rods with the exception 

that these rods contain small amounts of Gadolinia with the 

uo2 • The design criteria applied is the same as for uo2 rods. 

IV. THERMAL-HYDRAULIC CHARACTERISTICS 

The Type 2 replacement fuel is designed for operation within 

the same operating limits as the initial core fuel, namely: 

MLHGR ( 17. 5 KW/ft 
MCHFR >- l~ 9 

The thermal-hydraulic characteristics of the replacement 

fuel are essentially the same as for the initial core fuel 

and previous replacement fuel and are covered in Topical 

Report to DPR-19 Modification 71-1 Refueling, and Supplement 

No. 1 thereto. 

Power peaking factors of the core for the proposed fuel 

loading are pro~ided in Table 2. 

The design power distributions shown in Table 2 conservatively 

yield MLHGR's greater than will _occur during operation and 

MCHFR 1 s less than will occur during operation. The use of a 

high local peaking factor of 1.50 ~or a peripheral bundle 

. / 

conservatively accounts for the effect of the fuel being 

located next to the larger water volume. 
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Power Peaking Factors 

Radial 

Axial 

Local 
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TABLE 2 

DESIGN POWER DISTRIBUTION 

Replacement Fuel (1971) 
(Periphery) 

.95 

1.57 

TOTAL 2.24 

/ 

Replacement Fuel (1972) 
(Center) 

1.47 

1.57 

1.30 

3.00 
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V. NUCLEAR CHARACTERISTICS OF THE FUEL AND CORE 

A. core Effective Multiplication, Control System Worth and 
Reactivity Coefficients 

The nuclear characteristics of the initial core and of 

the reload core are provided in Topical Report to DPR-19 

Modification 71-1 Refueling, and the Quad-Cities FSAR 

{Amendments 9 and 10, AEC Dkts 50-254 and 50-265). The 

nuclear characteristics of the replacement fuel are 

sufficiently close to the characteristics of the initial 

fuel that temperature and void dependent characteristics 

of the reload core will not differ significantly from 

the initial core. The location of the maximum worth rod 

in the cold ebndition is in the center of the reactor. 

The design shutdown margin of ?1.00/obk with the strongest 

rod withdrawn is always achieved. 

B. Reactivity of Fuel in Storage 

The spent fuel storage pool was reviewed du.ring the 

preparation of Amendment 1 to DPR-19 submitted 

December 7, 1971 requesting permission to possess and 

use up to 6,000 kg of uranium 235. The amendment stated 

that the keff would be no greater than 0.90 with the 

replacement fuel in its most reactive condition. The 

kef f of new replacement fuel in the new fuel storage 

vault is less than the keff of the initial fuel _assemblies 

,•;:.--
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without curtains, due to the presence of the burnable 

poison within the replacement fuel. 

c. Control Rod Worth 

The worth of in-sequence control rods for a critical 

reactor has been determined to be less than those 

described for comparable conditions in the FSAR. 

VI. SAFETY ANALYSES 

A. Core Safety Analyses 

The margins, damage limits, and operating limits are 

described in detail in Topical Report to DPR-19 

Modification 71-1 Refueling, and Supplement No. 1 

thereto. They are briefly described below: 

1. Fuel Damage Limits 

Fuel damage from perforation of the cladding and 

a subsequent release of fission products can 

result from overheating or excessive strain of 

the cladding. The former can occur when NCHFR 

reaches 1.0 and the latter can occur when MLHGR 

reaches 28 KW/ft. The mechanical design criteria 

and bases of the reload fuel, as discussed in 
/ 

Section III herein, are the same as that of the 

initial fuel and the same damage limits are 

applicable with the exception of the cladding strain 
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limit on the gadolinia-equipped rods. (As discussed 

in the Topical Report mentioned above~Section 3.0, 

however, power on these rods is always low enough so 

that margins from the operating points to the damage 

limits are always gr~ater ·than on maximum powered 

standard rods in the same bundle~ 

2. Operating Limits 

The reload bundles are designed to operate within 

the same operating limits as the initial fuel in. the· 

same environment. That is, MCHFR's will be 

maintained greater than 1.9 and MLHGR's will be 

maintained less than 17.S KW/ft. 

3. Operating Margins 

With the same damage limits and operating limits as 

the initial fuel, operating margins for the replace

ment fuel will be the same. This is based on design 

values. However, expected operating conditions of 

both the initial and replacement fuel serve to provide 

operating margins which will actually be greater than 

those described herein based on the design values. 

This allows afnple margin for transient variations and 

uncertainties in operating parameters, as described 

in previous Dresden Unit 2 submittals. In particular, 

reference is made to Topical Report to DPR-19 
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Modification 71-1. The previous results and 

conclusions will be applicable for the refueling. 

The transients analyses from the FSAR were reviewed 

and the results are discussed below. 

B. Transient Analyses 

Because the applicable reactivity coefficients with 

the replacement fuel are not significantly changed, 

the results of the transient analyses previously 

described in the FSAR and the topical report on the 

first refueling of the same replacement fuel, are 

nearly the same. As described above, these results 

.. are also conservative since actual operating margins 

will be greater than those obtained using design values. 

Because of the lower operating power level of the 

specific rods containing the Gadolinia as noted above, 

affects to these rods, when considering specific fuel 

effects during transient analyses, will also be sub-

stantially less than those analyzed previously. 

c. Accident Analyses 

. ./ 
The most recent analyses pertaining to the design basis 

loss of coolant accident were reported in-Quad-Cities 

Amendments 27 and 28 (AEC Dkts 50-254 and 50-265) and 
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are directly applicable to Dresden Unit 2. The peak 

central temperature for this design basis accident is 

within the current AEC guideline value of 2300°F. Other 

accidents are only affected in a minor manner and the 

results previously reported on the Dresden Unit 2 docket, 

including last February's refu:eling, are applicable. 

VII. TECHNICAL SPECIFICATIONS 

The bases and specifications contained in the Technical 

Specifications are derived from the safety analyses contained 

in the FSAR and the amendments, changes, etc., thereto. Most 

of these come from the core performance evaluation, transient 

analyses and accident analyses. These have all been reviewed 

and evaluated in conjunction with the preparation of this 

submittal, as well as in Topical Report to DPR-19 Modification 

71-1 Refueling, Supplement thereto~ and the Quad-Cities FSAR. 

The changes caused by the insertion of replacement fuel in the 

core are small and of minor significance as reported herein. 

/ 
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