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Response to NRC RAI’
May 30 2007

Partl Chapter 2 Technlcal Questlons and Comments -

:'2.'1'_ "

L Resmnse Th|s questron was prevrously asked Our prevrous response remains f '
~"valid and the final draft of the SAR will lncorporate new Ianguage to address the .
: |ssue contamed in thls questlon ' o e v
" -publlcatlon of the American Meteorological Society with a rrange of densities. of

- 0.07 t0:0.15. ‘Clarify the text'to reflect that this range of densities is for freshly R -
"~ fallen sriow.- Verify that the correct date of the reference i is: 1989 and make any TR

_"The SAR text lndlcates that the. 100—year retum wrnd speed of 102 5 mph is -
_ within the uncertainty limits of the 1000 mph design of the Confinement Building.

The 102.5 mph value is calculated based on the 90 mph 50-year retumn. gust

. taken from ASCE 7- 98. However, virtually the entire country away from the -
- . coastline is rated with a 90 mph gust level. .In all likelihood, a more appropriate
- value for.the 50-year retum wind speed is somewhat lower, and as a result, the - . -~ -
© - "100-year return wind speed would be lower as well: in this discussion (Section - S

'2.3.1.5, Table 2.13, and Figure 2.7) provide a more refined estimate of the 100— .

_year retum wmd speed which should be Iess than the desrgn value.

The drscussron in SAR Sectlon 2.3.1 6 regardlng snow densrty references a - .

) - necessary correctlons to the text and references sectron

;Resgonse Thrs questlon was prevrously asked Our prevrous response remalns‘ o
- valid and the final draft of the SAR will mcorporate new Ianguage to address the g

issue contalned ln thls questlon

L fallen SAOW. Venfy that the correct date of the reference is 1989 and make any

_ necessary correctlons to the text and. references sectlon .

- Resgonse This questnon was prevrously asked Our previous response remams' - '_,' v
valid and the final draft of the SAR will lncorporate new: Ianguage to address the a
rssue contarned in thls questlon . . o



. Chapter 4 Technical Questions arid"Cctﬁ'ments:’ )

" 41 ~ Section 4.2.1.1, p 43, Inthe “Fuel Composmon” Sectnon itis stated that the

““fuel core is a slug type design.” Provide clarification of the term “slug type or
© use more descnptlve language to descnbe the fuel core des:gn

| ‘Agreed w;ll revise &s appropnate _ The phrase "‘Slug type” adds noth/ng to the o
descnpt;on of the fuel which-is an AI Us0s d/spers’ton described later in Sect:on» ,

"j4211

4 2 Sectlon 4 2.1.2,p. 4- 3 Provnde suffucnent overall fuel element dlmensmns for
' companson wnth the umt ceII dumensaons provuded in th|s sectnon and TS 5 3

) '-Agreed w:ll rewse as appropnate Rewsed F;gures 4 2 3 and 4 2. 4 are attached

These figures show all dimensions mentioned on pages 4-3 and 4-4, as well as the '\; R

deta/ls of the fuel plates and the fue/ element

Sectlon 4. 2 1 3 p. 4 5 Provnde clanﬂcatlon that the fabncatuon of NBSR fuel
elements is consnstent w1th ANS 15 2. _

. _b Fabncat/on of NBSR fuel elements isin accordanoe w1th ANSI standards (ANS 15 2 for '
- . the manufacture of MTR plate type fuel elements and the NIST spec;ﬁcat/on for -
o alumlnum clad fuel elements (NIST 2004a) o P

w44 Sectaon 4 2. 1 4 p. 4-6 The second paragraph states “Flow rates of 30 ttlsec
-~ which are over two tlmes those seen in-operation, (9.1 m/sec) were employed to-
measure flow conditions in each: channel...” Provide clarification of whether the
. 9.1 m/sec is the fiow rate seen in operation or the test flow rate. Also, provide
- discussion that justifies the use of test flow rates that are over two. t;mes the
' vvoperatuonal ﬂow rates for both the inner and outer plenums o

" Flow tests were conducted over a wide range of velocities to observe the behavior under .

- Jow-flow, normal operations, and well beyond expected conditions. A second series of -

- tests were performed when the fuel plates were modlfied ellmlnat/ng most of the "
r»unfueled portion of the plates ‘ . :



o 45 ,Sectlon 422 1 pp 4-9 10 The descnptlon of the “operatnonal travel of 41°and o
. 'amaximum travel of 50° appears inconsistent with the statement, “To prevent -

- over travel during normal operation of the shim am, installed .upper and lower.
. limit switches are setto. approximately 41° and 2°, respectrvely " ‘Clarify the -
»operatlonal shlm an'n travel ranges limits, and correspondlng angular posmons L

If the shrm arms could travel/ untr/ they struck the top gnd plate. above and the shrm arm L
- guide extensions” (catchers) below, they would travel from + 5° to — 45° a total of 50°, .
‘Instead the travel is limited to 40° to 41° by switches that prevent the tips of the shim
- arms from impact with core intemal components that could disturb the calibration of the
T posrtron measurement channel, or damage the shim arm drive motor. The shrm
posrtrons rndrcated on the console are measured from the down posrtron

T 46 o Sectlon 4222 p. 411, This sectlon states that the regulatrng rod is “21/2

. inches in diameter” and the Iast SER. (NUREG 1007) says the regulating rod is “g -

2.25 inch diameter solid aluminum rod.” Clanfy if the regulatlng rod de5|gn has
' been changed and descnbe any lmpact on the safety analysns

NUREG-1007 was wntten before the regulatrng rod was changed as part of the power
N " increase to 20 MW It is a2.5-in drameter solid Al rod ‘The safety analysrs is presented
B, rn E CN #293 proposed in October 1984 and rmplemented rn Apnl 1 985 L -

4.7 "'Sectron 4 2. 2 2 p. 4-11 This sectron states “The regulatrng rod acts as a pmson o
o i'desngned with a reactlwty worth approximately 0.58 ~.”. The reactivity worth is
.inconsistent with the- 0. 58% stated elsewhere. Conﬁrm'the magnitude of this
o ‘value and clarify if the reactlvrty worth is denved pnmanly from absorptron .
- (porson) or moderator dusplacement RN o :

The regulatrng rod is worth 0 5~ O 6 %Ap, its value dependrng on the Iocatron of the
i - shim arms. Its worth'is ‘measured at least once a year. ‘Although the rod displaces D;0 -
. asit moves through a thermal neutron flux trap, the reactivity is due largely to absorption -
_in the Al rather than the loss of the moderator. Al is not a poison, but the macroscopic
absorptron cross section of Al is more than 400 times that of heavy water. MCNP .
- calculations indicate that drsplacement of DO contnbutes 10-20% of the negatrve
o reactrvrty rnserted by the regulatrng rod SR v

4.8 - Section 4.2.:4, p. 4-16. This section states that the source is placed into one of
~ the existing experimental thimbles and does not contact the coolant. In the .
-~ following section, Core Support Structure (p. 4-17), it is stated that coolant -
 passes up through the experimental thimbles. -Clarify how the source does not- -
. contact the coolant and justify why no cooling is required. . Describe the source
_encapsulatlon material of constructlon (MOC) and the desrgn and testmg o
requrrements . , o



The startup neutron source isa1.9- Cr encapsulated Am-Be source Its rntegnty rs -
' monitored by a Health Physics surveillance program. The source rs cooled drrectly by
~ the D,0 in the expenmeéntal thimble. It is checked for leaks before it is loaded rnto the S

;' . 'lcore and is. used only at very Iow reactor power

-’49  Section 4.2.5, p. 4-17. ‘This section states that the experimental thimbles are -

_* + held down by poison tubes from the top plug. Describe the design of the poison

~ . tubes, including materials of construction and any age related |ssues Describe -
' any other purpose(s) of the poison tubes : R

' The seven porson tubes are 4-in (10. 16 cm) OD Al tubes approxrmately 0 25 in (0 64
cm) thick, extending from the bottom of the refueling plug to the 3.5-in (8.89.cm).
thimbles in the core. -The tubes are latched to the plug preventrng any upward motion of

- . the thimbles due to primary flow. The center, 36-in (91.4 cm) portion of each tube . .-
. contains a 40-mil (1 mm) thick concentric layer of cadmium within the Al wall (refer to

“drawing D-01 -035). The Cd was included to lower the neutron flux above. the top grid

. - plate in order to minimize activation of the bottom of the refuel plug. As a result, the
. thermal neutron flux decreases from about 5x10" n/cm?-s to 10° nfcnP-s, so there are

T no l/fe-trme issues regard/ng the strength of the A/ or the bumup of the Cd

o 4 10 . Sectlon 4 3 1 P 4-18 “The descnptlon of the reactor vessel de5|gn dlscussed

;,v_,-the use of two stainless steel O-ring gaskets at the reactor vessel flange..

- 'Describe any penodlc inspection, leak testlng, and replacement reqmrements or S

. jUStlfy why these are not necessary

' 'There is no penodrc rnspect/on as these both seals are located beneath massrve sh/elds ”
that are rarely, if ever, moved. The helium and CO; systems are at very low posrtrve

' . pressures, and these seals are just two of many inaccessible . componerits of the system "
" boundaries. Helium and CO; leak rates have been measured, however, and the ‘ : _
. performance of the system boundaries is monitored via tritium and "Ar monrtonng, RN

R ,respectrvely, and the consumpt/on rates of the gases

-~ 411 Section 4.3.1, pp. 4-19 & 4-20. This section discusses “grazing tubes” as a
" separate vessel attachment. Relate the “grazing tubes” in the nomenclature
~_terms used in the experimental facility descriptions in Chapter 10, e.g., radial
: beam tubes through tubes, etc Ensure nomenclature is consrstent '

The grazrng tubes are tangent to the core adjacent to the north and south rows of fuel

elements. They are referred to as through tubes in Chapter 10." Since they completely
' penetrate the reactor vessel, their walls are part of the vessel, as are all of the radial

beam tubes, the cryogenic beam port, and the four thimbles for pneumatic tubes.
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412 Sectlon 4 3. 1, p 4 20. The fourth paragraph states “Slnce the vessel is. enturely |

. closed, there is no credlble mechanism of exerting such a tensile stress, or
~ impact, on the beam tube tips during reactor operation.” Describe how all
... credible mechanisms for stresses resulting from pressures or impacts on the -

- ‘outside (non reactor side) of the beam tubes have been eliminated. Justify that
" the change in matenal properties (reduced ductility and Charpy energy) dueto '
~irradiation from past and future operatlons (20 years) will not reduce the design
- . margins of safety to unacceptable levels. Describe the effect of the change in.
- material properties (reduced ductlllty and Charpy energy) on the reactor vessel .
desrgn ratlng and rellef valve set pressure. - y : -

. The only mechan/sm rdentlf ed for exertrng pressures on the beam tube t/ps is from an 'y '
. .experiment inserted into a beam tube. For all beam tubes, there is an aluminum o
.. diaphragm at the inner face of the thennal shield that prevents inadvertent.insertion of .
_ any experiment into the thimble. All expenments are reviewéd for safety, and no
~experiment or part of an expenment is allowed inside the biological shield unless itis-

surrounded by a container that can contain the maximum possible internal pressure or
force that could be generated by any cred/ble accident. In the case of cold sources,

. ', which actually are inserted beyond the inner boundary of the thermal shield into the
L thrmb/e the desrgn basrs requrres a contamer that can wrthstand a maxrmum ‘

. :_-;' | R mrxture of hydrogen and air at atmosphenc pressure

g The NBSR Vessel operates at very Iow pressure and has a desrgn operatrng pressure .
. of 343 kPa (50 psig), with a relief valve set for 50 psig. The criterion chosen forthe - -~
- * vessel was a leak before break analysis of the vessel under design pressure at the .-
- posrtron of highest stress in the most imradiated state after 40 more years of operation at

" design pressure, assuming an rnad/atlon level corresponding to the beam tube tip. A
. large margin of safety was found, with a crack propagation stress 100 times the design - .

. stress. This analysis incorporates the reduction in Charpy energy.. This analysis is

- contained ina memorandum to the Chief, Reactor Operations and Engrneenng form J
" 'M. Rowe and R. E. Williams dated Apnil 4, 2002. The reduction in elongation (lossof . =~ . - -
o ‘_ductllrty) IS not suff cient to cause any neductrons in safety marg:ns for the vesse/ desrgn. Lo

" '4 13 Sectlon 43. 1 p. 4- 21 The third paragraph states “The shlm safety-arm dnve

and shock absorblng systems are mounted on the biological shield so that only
‘the extremely small reaction between the outer faces and the balls is transmitted
to the vessel.” Descnbe what is meant by the “outer faces and balls "

This phrase is confusrng and far. removed from /ts context Sectron 4221, The shim -

- safety-arm drive and shock absorbing systems are mounted on the b/ologrcal shield so -
. that the rmpact of a scram is not transmrtted to the vessel : :



4 14 Sectlon 4 3. Descnbe any survelllance or |nspect|on programs for the penodnc
: assessment of corrosion or radlatron damage orwhy itis not needed

- While there is no vessel formal surveillance program the vesse/ was wsually /nspected
" in 2003." The vessel has been filled with D,O for 40 years. There havé never been any. -
- signs of corrosion on any vessel components or on the fuel elements removed each '
o cycle. Rigorous attention to the primary water chemlstry (pH and conductivity, described
- in"Section 5.4) assures that there will be no corrosion of the reactor vessel Rad/atlon
~ damage is discussed in the response to RAI 4. 12 » S

4.1 5 Sectlon 442, p 4-23 The second paragraph states “The results yreld a fast R
~ neutron flux 2.8x10-3 n/cm2-sec and a gamma flux of 2x10-7 mW/cm2 at the -
- -outside face of the blOlOQICal shield.” ‘Describe how these results were

calculated, and how the subsequent 25% concrete, 75% then'nal shield neutron L R

N R capture gamma fractlons were deterrmned

o The ﬂux est:mates at the face of the b/ologlcal sh/e/d ale taken d/rectly from NBSR-9 but

o 'mcreased by a factor of 2 for the increase to 20 MW. The source terms in Table 4.4.1

- were multiplied by the attenuation factors in Table 4.4.2, assuming the minimum _

‘. _thickness of concrete is 74 inches (1 88.cm). The methodology used to obtain the source’
- terms is outlined in NBSR-7, dated January, 1961. Clearly, detailed sh/eld/ng A

‘calculation's could be done with today’s codes and computers to refine these 40-year old”
_ estimates.. This analysis has not been done, however, because the biological shield has
. proven to be adequate over the operat/ng history of the facility. Neutron and gamma
radiation fields on the experiment level of C- 100 are dominated by unshielded reactor

~ -hardware (i-e., the thermal shield coolant “ring” header) and apparatus installed in

" neutron beams (collimators, beam stops monochmmators etc) and not by core

R j"-,ad/at/on penetratrng the b/ologlcal shleld

. 4.16 Sectron 4 4 3 p 4-24 The fourlh paragraph states “The radiation near the top of
~- - 'the center plug constitutes no health risk since it is in the well in the top floor that - -

is covered with a 6-inch (15. 2 cm) steel plate. This plate, an integral part of the -

- transfer system, is always in place when fuel elements are being moved. The
plate over each pick-up tool is penetrated by openings up to 6 inches (15.2 cm).

_in diameter that normally are plugged.” It appears the dose rate of 0.5 mrem/hr
‘'stated in this section applies to an inaccessible area. Clarify what the radiation

- - field would be in the area above the top shleld plug where personnel may be

w_located dunng transfer operatlons . :



The first sentence of the 4" paragr‘aph is confusing. The radiation near the top of the

5 center plug constrtutes no health nsk because the plug /s covered wrth a 6-mch ( 15 2- o

7 cin) steel plate

S The measured value in the lmmedlate wcmrty of a p/ck-up tool be/ng mampu/ated by one

B of the operators /s about 0.5 mrem/hr

| 4 17 Sectron.4.5.1.2.2 p. 4- 29 The fourth’ paragraph states “Thrs ‘Ioss of matenal

- was dealt with by adding elemental Zr and Sn, and 138Ba, to mock up those
flssron products " Provrde the Justlflcatlon for this substltutron b

' ,Zr Sn and ’”Ba were added to keep the densrty of the fuel constant as . v
MONTEBURNS rejected fission products from ORIGEN for which there are not MCNP o
- cross section data. These particular isotopes were chosen because they have smal/ '

B .absorptlon cross sections and have masses characteristic of ﬁss;on products. It is L
- .. assumed that all of the major neutron absorbers among the f ssron products were in the B
: MCNP data I/branes , Co S S

R 4 18 Sectron 4, 5.1.3. 1, p 4-29 The reactnvuty change , is defined and the method -
o for calculatlng presented Elsewhere in the chapter the values of reactivity are
- presented as k/k. Provrde consrstent termrnology or addltlonal defmrtlons and .
_ methodology ‘ . :

- SAR Sectzon 4 5. 1 3 1 (page 4-29)

. The reactlvny chanoe Apx, between a reference case thh react-v:ty prer a'}d some other -
conﬁguratlon Px, _1s calculated as follows: - ' - :

APX Px pref - (kX - ])/kX - (kref 1)/kref
= 1/k,ef— l/kx

, We used the units of 4, p and Ak/7r mterchangeably, and were not mdzcatmg with dkka
. di ﬁ”erent quantity . The calculations in Chapter 4 should have units of Ap, because they .
were calculated as indicated on page 4-29. Chapter 4 is not consistent with Appendix A, -
however, in which Ak/k was sometzmes calculated explicitly (See response to 1 321 and -
S 13.22, below) : : -



L 4. 19 Sectuon 4.5.1.3.2 p 4- 30 Explam how the reactnvnty change of 0. 34 % from

“$U183" to “sucold” is consistent with the reactivity temperature coefﬁcnents e g “ B

the calculated moderator reactwuty temperature coefflment

_— ’The apparent moderator temperature coefﬁc:ent MTC estlmated from the k-eff values
" forthe. su183" and “sucold” input files (Ap=+0.339 %Ap, AT = -28 K, MTC = -.012
" %Ap/K) appears to be less than half of the value for the MTC (- 031 %Ap/K) for the SU-

- ‘core m Table456

A calculat/on of M TC us:ng MCNP has to mclude three contnbut/ons ( 1 ) the mass
density for the cells filled with moderator, (2) the input temperature of the moderator -
- material from the TMP card and (3) the fixed temperature of the S(a,B) thermal neutron
- scattering kernel for the material.  The contribution from (3) was not evaluated above,
" however, and Table 3-1 in Appendix A shows that (3) dominates the MTC calculation. =~

. Adding (-.0222 %Ap/K)*(28 K) to Ap gives Ap = 0.961 %Ap and MTC = -.034 %ApK. -

- 4 20 Section 4.5.1.5.1, p. 4-34. The second paragraph states "M“"'F"Y'"g the

.+ differential shim bank reactivity worth by the speed of the shim arm dnves
- --0.0445 °/s, one obtains the reactivity insertion rate vs. position, shown in an o
4519”7 Thls does not appear to be what is shown in Figure 4.5.19. Clanfy the -
';statement or modlfy the ﬁgure to be cons:stent wnth the statement R

o The correct Flgure 4 5.19is below o

Shlm Arm Bank Reactuvaty lnsertlon Rate (% 6—rholsec)

0050 = R S
o5 KadaddTrows
- 0.040 ‘
9035 Y
‘o e e e T
e ooao‘, e e ]
£.0025 +——& —— - e
S S P Lo - - el |
. é e ] .. §
oo1s. - - -
oot0 L e e
o005 ty—— i — e, —
‘ ,} 0.000 L T T — 7 ™ —T -‘#—0———-11

. S0 5 - 10 1 = 20 . 25 {» 30 . 35 0 a5
- Degrees above Scram Position =~ :



- 4.21 Sectron 4 5:1. 5 3, p. 4—34 The first paragraph states |ts average reactrvrty
" insertion rate is 3. 8 x 104 “/sec.” Provide the maximum differential rod worth ™
L and msertron rate and provrde a companson with the TS 3 4 lrmrt . :

E - The maximum measured reactrvrty rnsertron rate for the regulatrng rod is 4 5 X 1 O"’ Ap/S
- which is below the TS limit of 5 x 107 Ap/s. (Strictly speaking, the maximum reactivity -

insertion rate limit in TS 3.4 is for the bank of shrm arms; no limit for the regulatrng md is
o specrfed ) ’ » ~

4 22 Sectlon 4. 5 1 6. 1 p 4 35 The second paragraph states “The fuel mass in F-5 is o

~"just 138 g, so the normalized worth is 7.6 % /kg.” In. Figure 4.5.2A, p 4-86, the ,- ‘
F 5 mass rs grven as 1259 Clanfy the apparent difference.” = - '

| IJFrgure 4.5. 2A shows the estrmated masses used in the MCNP model before the

' * MONTEBURNS analysis. The calculation described in Section 4.5.1.6.1 uses the L
.. masses from the BNL model with the bumup analysis. The calculatron is self-consrstent B
= v-:,»but the masses are not consrstent wrth the earlier model ' :

o 4 23 Sectron 4, 5 1.7, p. 4- 36 “The second paragraph states “There are only three -
* “means of adding posrttve reactivity to the reactor while itis critical: (1)
‘withdrawing the shim safety arms, (2) Iowenng the inlet D20 temperature, and -
(3) rapidly removrng expenments Justrfy not rncludrng the regulatrng rod in thrs
: ,Irst : L . : , _ : _

" | _The regulatrng rod can certarnly add posrt/ve reactrvrty but not very much Change (1 )
" above to read “( 1 ) wrthdrawrng the shrm safety anns or the regulatrng rod T

424 -:.Sectron 4523 2 P 4-47 The 0. 2 % - timit for the pneumatrc rrradratron system
- andthe 1.3 % limit for movable experiments are not included in the criteria

. -section of TS 3.12. Provide justification for why these lrmrtatrons are not cntena
- in TS 3 12 or modrfy the cntena accordrngly ' : :

- We are in the process of revrsrng the 1.3 %. Ap maximum reactrvrty /nsert/on in 0 5 sec ’

" because it is an incredible accident, requiring operators to pull three different .

experiments from the core inadvertently in 0.5 second. Likewise, the operators control
the use of the pneumatic irradiation systems, or operat_e_the systems themselves.



= 4. 25 Table 4 2. 3 p. 4—61 Provrde operatmg condmons and calculatrons for the 3 66
. m/sec channel ﬂow velocrty under the “NBSR” column in‘the table ‘ .

. Table 4. 2 3. was prepared in the. 1960 s and rs out of date F/ow cond/trons are ,
. ‘-“presented m Sectrons 4.6 and Appendrx A~ : .

- .4.26 Table 4.2.3, p.4-81. The units for Max. Heat Flux in the first column appear -
B ‘inconsistent with standard heat flux units, e.g., “BTU/hr-ft2 (W/m2).” Also, the
_ max. heat flux given for NBSR as 1.54 x 105 W/m2 appears inconsistent with the -
hot spot | heat flux given on p. 4-54 for element H-1 and the conversion between p
" heat flux units appears mcorrect Clanfy or correct the dlfferences as ,fj IR
.appropnate . S :

- See RAI 4 25

427 .Sectron 4214, p. 4. Thls sectlon mdncates that the bypass flow was

. -~ measured at: ‘substantially hrgher flow rates than the flow rates typically found o
... during normal operation. As the dimensions of the gap for the bypass flow resuit -
* from hydraulic drag, Justrfy that the measured bypass ﬂow rate is correct for
' normal operatmg oondrtcons - v

. 5The gaps for bypass ﬂow are rndeed opened by hydraulrc drag from the pnmary flow = - f .
' '.through the fuel elements. .The gap size, however, does riot continue to increase wrth KR

o - rncreasmg flow as there is a mechanical stop; the fuel element makes ‘contact with the .
- - latch pin (see F/gure 4.2 5) Once this occurs, the bypass flow area is fixed, and the

o - bypass flow wr/l remain proportronal about 4%, to the total flow. See also the. response o

N to RAI 13. 16.

.~ .4.28 Section 4.2.5, p. 4-17. Provide clarification regarding the potential for the poison -
. {ubes to buckle due to upward coolant forces on the expenmental thimbles. If
P -buckhng of the poison tubes is credible, provrde analysis that shows it cou(d not
o cause an accrdent not bounded by the maxrmum hypothetlcal accrdent

'V The porson tubes ha ve adequate mechanrcal strength to hold the 3 5-rnch (8 89 cm)
thimbles in place, and they are located above the top gnd plate where there will be no

L rad/at/on induced damage to the alumrnum (see the response to RA/ 4 9)

f & tube buckled, the thimble would be pushed upward until most of the flow through e

: " 2.375-in (6.03cm) ID opening in the bottom grid piate bypassed the thimble. . The worst | 1 _
- case would be the central thimble, for which the opening is 3.5 in (8.89 cm) ID. The flow -

- . area would twice that of the plated sections of the fuel elements. The flow through each
.. of the six elements would be reduced by about 25%. - There would be no fuel damage. -

10



- 4. 29 Sectlon 4. 5 2. 1 1 p. 4 37 The delayed neutron fractlon is presented for steady A
reactor power.conditions. Describe and quantify any vanatlon that may occur |n
‘this parameter dunng transuent condmons :

o 3 The pornt klnetlcs model used in the RELAP code assumes. that the delayed neutron o
‘precursors are always pmduced in the same ratios (constant B.j) for fission of %°U, and

- they are indeed constant for steady state conditions. The code does, however, calculate e

- the varying concentrations of the precursors as a function of time during a power
- “transient, and introduces the dela yed neutrons accordlngly, to correctly ca/culate the
.power as a function of t/me . A _

'4.30 Sectlon 42 2 2. The regulatlng rod w:thdrawal rate has been changed since
" NBSR-9 from 30" per minute to 120" per. minute. The design of the regulating -
rod has also been changed. Describe how these changes affect the reactivity -

o msertlon rate of the regulating rod. Provide the- evaluatlon that was perfom'led to o S

: ‘, determme that the change did not |mpose any | unrevuewed safety questnons

. .~.' ECN-002 appmved in. October 1965 (two years before the startup of the NBSR)
. recogmzed that the onglnal hollow rod would have insufficient reactivity to offset. the

-insertion of the maximum allowed moveable experiment.” The rod was changed froma-. ;

" "hollow rod to a 2.25-in (5.72-cm) OD solid rod. A solid Al rod also has the advantage of =~ = -
. precluding an unanticipated reactivity insertion due- to fiooding the hollow rod. The =

~ increase in rod velocity also occurred before the December 1967 startup The speed
- was lncreased to the point that the insertion of the regulating rod could offset the - . -

o withdrawal of the shim arm bank, a maneuver required several times per cycle. The

. reactivity insertion rates of. the regulating rod and the shim arm bank are nearly equal;

_ _both are Iess than the maxrmum react/wty /nsert/on rate llmlt (see response to RAI 4 21 ) SERPURAI

- .431 - Sectlon 4.5.2.3.3. The analyses use 30 fuel elements mstead of 24 fuel
- . elements allowed by TS 3.3 when the comer positions of the hexagonal lower -
' . grid plate are filled with plugs. Provide analyses to show that the use of 30 fuel
' elements in these analyses represent the limiting case. Explain how the hot-
channel factors account for the uncertainties in instrumentation and fuel

fabrication tolerances Descnbe how the uncertalntles are treated (statlstlcal VS. . Co

determmlstlc)

B -TS 3 3 was changed ln the rev:sed Tech Specs TS 3. 1 3 requ:res a 30 element core

" "Any other conﬁguratlon would require an analys:s for react/wty and thermal hydraullc
. safety o .

‘ The hot channel factors account for the uncertalnt/es in lnstrumentat/on and fuel
- fabrication tolerances in a statistical manner. See response to RAI 4.32, below. .-

11



:_ _5.32 ‘-"Sectlon 4, 6 3. Justlfy the assumptlon that the coolant wnthln a smgle channel o
L “mixes completely Justify the ‘assumption that. the coolant mixes completely i |n L

. the unfueled gap between the upper and lower core. ~Justify treating the .
- uncertainties in a statistical manner. Describe the conservatism built into the -
" “correlations for DNB and OF! and quantltatwely estimate the conservatnsm
prowded by these correlations for the NBSR analyses. . :

" Flow thmugh the coolant channels of the NBSR fuel elements is extremely turbulent
" having a Reynolds number of about 36,000. When the D,0 enters and exits the -
- unfueled gap, there are abrupt velocity changes. Small, local variations in density.and
_velocity owing to hot spots.promote further mixing. The assumption of complete mixing
.. -under these flow conditions is more reallst:c than any other assumpt/on regard/ng '
' vposszble flow pattems _

We use a stat/stlcal treatment of uncertamt/es in our calculatlons of CHF and OFI
because it is not credible that every physical parameter and .instrumental uncerta/nty

- entering the calculation will simultaneously be at their most unfavorable value at a given . - - |
“location in a given instant. Our calculations use a statistical factor of 1.3 which is '

approx:mately the 95% confidence Ievel The statlstlcal treatment is detalled on. pages '

D-1 to D-16/nAppendle o

12



”; Chapter4 Editpri_al' _Questipn_s_' a_n_d COmments:'
' j4.‘34- Sectipn42 1.1, Fuelléomposition p. 4-3. It is stated that the aiUmtnurn powder -

usedis ATA 101 (or equlvalent) Clarify the “ATA” abbreviation and add to the |
‘Acronyms” hst : :

o ‘A TA-101is a commercral product name from Toyal Amenca Inc. The desrgnat/on

implies a specification for the part/cle size and rmpunty concentratrons ATA is a brand '
'name not an acmnym ' _ o , _ : :

i 4 35 Sectlon 4 2.1. 2 Fuel Element Descnptlon p. 4 4 It is stated that “the fuel plate
- ~ core frames and cladding are aluminum Alloy 6061-TO (ASMT B209).” ThIS is
|ncon5|stent with Table 4. 2 2 _which has “alumlnum clad” as 6061 T6 '

2 Agreed erI revrse as appmpnate

o ‘4".',3‘6 " Section 4.2.1.2, Fuel Element Description, p. 4-3. It is stated that “fuel is
. contained in fuel plates approximately 13 inches in Iength by 2.793 inches in- .
‘'width....” The width dlmensmn is mconsustent wnth that in Table 423, p 4-61
(2.415 m) - : o _

' Agreed erI revise as appropnate Table 4. 2 3 IS out of date ‘

B 4. 37’ Sectlon 4. 2 1 2, Fuel Element Descnptlon p 4-4 The fi rst Ime states “curvature |

is 5 5 mches (13 97 cm) " There is an extra space in “5 5 mches »

A

g Agreed will revise as appropnate

4. 38 Sectlon 4 2.1 3 Fabncatnon p 4-5. It is stated that “Dents greater than O 250
mch (O 06 cm) in dlameter ” These dumensnons are inconsistent.

Agreed erI revise as appropnate The sentence should read “Dents greater than

. 0.250 inch (0.635 cm) in diameter and/or greater than 0.006 inch (0 015 cm) deep shall o )
- result in the reject/on of the plate '

13



a '__,4 39 Sectron 4 2:2. 1 Shlm Safety Arm p. 4- 9 Itis stated that “Hehum at Just slrghtly- :
~above atmosphenc pressure (15 psig) is left in the void.” Is the pressure N
approxrmately twice atmosphenc pressure or 15 psra'? - _' S

'_Agreed will revise as appropnate The helrum pressure over the reactor vessel is
. nomrnally 4 rnches of H,0O ( 1 kPa or O 001 bar) close to 15 psra o

4 40 Sectron 4 2.2. 6 Technical Specnfrcatlons p 4- 14 TS 4 3, rtem no. 5 states “a
. comparison of power range indication with flow time’s delta T " The
apostrophe in “tlmes appears unnecessary ' :

Agreed wrll revrse as appropnate : _ 3

o 4.41 | Sectron 4 2. 2. 6 Techmcal Specrflcatrons p. 4-15 TS 4 3, the basrs sectron i
: states “The shim arms shall be considered operable if they drop the top five (5%
- within 220 msec " The “top five (5°)” apparently should read “top fi ve: degrees
'(5°)”«' ' coe A y A

o -V'O'IA"g'ree.d, will rewse-as 'app’r_o'priate.l.», 0

442 -'Sectron 4 2 5 p 4-16 Thls isa general comment about umts formattrng, but |t o
" .. occurs here because this section switches from using English units with SI units -
e in parentheses previously, andin this section that convention is intermittently -

- ‘swapped. ANS-15.21-1996 states “Sl units shall be used, with English units

., postedin parentheses except where the regulatlons requrre a drfferent B

presentatlon _ _ . .

_ Generally our SAR used notatron that is opposrte the conventron crted above in ANS- _
15.21-1996. As’ NIST employees we certainly want to use the correct Sl units. But, the
- NBSRwas desrgned 40 years ago, and its dimensions, tolerances, and specifications
' were presented and approved in English units. - The 2’“’ paragraph of Section 4.2.5
3 should be consistent with our conventron of crtrng ongrnal Englrsh unrts with Sl or CGS ’
~units /n parentheses : : : S

443 Sectron 431, Desrgn p. 4-20. The thrrd paragraph has “2x1023 n- cm-2-s 1 "
: From the context |t appears the unlts should be ‘2x1023 n-cm-2." -

Agreed wrll revise as appropnate



444

?;Sectlon 4 4 . 4-22 In the first paragraph of this sectton the sentence “Chapter
10 of NBSR 9 (NBS, 1966a) contains a thorough description the design .
- considerations and shielding calculations for the construction of the blologrcal

~_'shield,” is apparently missing an “of" in the phrase “description of the design....

445

o Agneedwrll revise as appropﬁa,te; X

‘Section 4.5.1.3. 4, Fission Product Ponsons and the Equmbnum Core p. 4 31

The second paragraph states “The reactivity difference between the SU

benchmark, “su183,” and the BOC equilibrium core, “eqlib,” is keff = 0. 97911
and =- 2 86 %k/k or —$3 78 " Clanfy the reactlwty umts - :

‘{ B ‘Agreed will rewse as appmpnate

_ Sec’tion '4._5.1'.‘5.1,,','_Iv'he-»Shim "S'afety Arrns, p. 4-33. T_he first:paragraph states o,
- “After the initial shim arm movement, there is a gradual withdrawal until the shim

- safety arms are above the core and larger withdrawal steps are needed to -

~achieve the same negative reactivity insertion.” In this context |t would appear
I the word “negatwe should be “posltlve v '

Agreed w:ll rewse as. appmpnate

447

: Sectlon_4.5.1.5.1 The Shlm Safety Arms p 4 34: The second paragraph states : '

“The maximum calculatéd rate is 4.5x10-4 (% k/k)/s. The technical
specnftcatlons limit the rate to 5.0x10-4 (% k/k)/s.” The Technical specifications -

- ‘use the reactivity. unlts /s Clanfy the dlfference between these unlts and those _
~ usedin the TS ' : = : :

_ Agreed will revise as appropnate The TS limit is 5. 0x10“ Ap/s not %Ap/s See the
_ response to RAI4 18. L _ .

448

 Section 4.5.2.3.3, Hot Channels and Hot Spots from the Updated MCNP Model,

p. 4-42. The last paragraph states “The rate of consumption of 235U is 1.17

- times the fission rate, or 7.1 x 1018 fis/cm3/day.” Clarify if this value and the

15



appropnate unlts represent the average fISSlOﬂ rate (ﬂs/cm3/day) or absorptron ,> .
‘rate (abs/cm3/day) - : _ S

- Agreed will revise as appropnate The reference is: to the absorptron rate not the
ﬁssron rete ' o : S S _

449 Section 45312, Moderator Dump, p. 4-46. In the first paragraph Under “Basis”
: “the phrase “with one shim arm know to be inoperable,” is apparently missing an-
“n”in “known as in “W|th one shrm arm known to be rnoperable

;Agreed will revise as appropnate

. 450 " Section 4.5.3.1.2, Moderator Dump, D. 4-46. In the second paragraph under -
' “Basis” the sentence beginning “The analysrs showed that the most sever .

‘ ""acmdent ” is. apparently mlsslng an ‘e’ in severe as in. "The analysrs showed
: that the most severe. accrdent ' S S ,

: A'greed, will revise as»appropna‘te.., y

451 - A;S.'_ection 4.5.3.3, Safety Limits and Limiting Safety System Settings, p. 4-49. The ..
. ‘Basis” sectron for TS 2.2 uses the term “bumout ratio” whereas the term “Critical - - .-

“Heat Flux Ratio” is used on the previous page under section 4.5.3.3.1 . When '
' '_ practlcal use conS|stent termlnology between the SAR and TS '

s Agreed wrll revise as appropnate

4 52 _ Sectron 4. 6. 1.2, Power Dlstnbutron in the Core p. 4 51. In}thrs sectron the terms R _
' -“honzontal strrps and “vertical strips” are used. Clarify the use of these terms as - B

compared to the terms sllces and stnpes defrned prevrously
Agreed erI revise as appropnate | ) |
4.53: Sectron 462284, 62 3, Departure from Nucleate Borlrng & Onset of Flow
o Instabrllty p. 4-53. The definition of the term “Ts” (both.sections) is given as
- “saturation pressure.” It would appear from the context this term should be -

saturatron temperature

‘ Agreed erI revrse as appropnate

16



‘ T _. : 3,4 54 Sectlon 4. 6 3 Determlnatlon of leltmg Condrtrons p. 4- 54. The pressure at the R
s “hot spot'is estrmated as “3.34m D20, or 138.5 kPa, or 1.37 bar.” The conversion

from kPa to bar |s 1 bar = 100 kPa so these numbers appear rnconsrstent

| ‘_ ;'ij.Agreed will revise as. appropnate

- 4. 55 Sectron 47, References p 4-58 Correct the date in the reference for “NIST
’ s Center for Neutron Research (sOO4b) ? : .

N Agreed wrll revrse as. appropnate

4 56 Table 45. 5 p. 4-67 In the second column N the vatues appear to be in.

percentage unlts |e r(%) :

Agreed erI revrse as appnopnate

4 57 Table 4 6 1 p 4-72. Check the grammar in the statement "These are the o
: mrnrmum flows to assure that there be no nucleate borllng at any point in the
core - S S : _

e Agreed,.wrll, revise .as'appropriate. _'

' Chapter‘: Technrcal Questrons

ﬁ 5.2 X Sectron 5.2. 14 1 p 5-17 The SAR states “Mamtalmng the mtegnty of the fuel
' . cladding requires that it should remain below its’ melting temperature.” The
- limiting criteria appears to be “blistering” temperature, as:is stated in the next _
. sentence. Provrde clanflcatron on the use of “meltlng temperature vrce
- v“bhstenng : ‘ o . o

The blrstenng temperature is the cntenon

. 83" Sectlon 5.2 142 p: 5—17 This sectlon states that |f aII three parameters , ;
" ' simultaneously reach their safety-system settings, the burnout ratio is at least '
. 1.3.” Provide reference to where in the SAR.or elsewhere this analysis is-
performed or provide an analysrs that demonstrates a bumout ratio of 1. 3 glven
- those condltlons . : :

17



o "'- The analysrs of safety limits is grven in SAR 4 6.3, where the value of 1 3is I/sted y

54

under the conditions used.in the analysis. The analysrs is based upon .

i marntarnrng the CHFR (bumout ratro) greater than 1. 3

v' Sectlon 5 2 14, 3 P. 5-18 The second paragraph states “Under thlS condrtlon
- the hot spot of the hottest plate remains below 160 °F (70 °C) (Chapter 13, o
Accident Analyses).” Provide reference to where in the SAR or elsewhere the

corresponding analysis and results are presented supporting this temperature o

S ~and explaln if this temperature |s con5|stent wnth values in Table 5-5 p 5- 18 of
-7 . Chp.13. _

{ The analysrs was performed in Appendrx A, and does not support the statement

i Chapter 5, Section 5.2.14.3. The data presented in-Table 5-10 on page 5-18 -

55

. of Appendix A shows that the fuel centerfine temperature remains below 135°C. ..
~following loss of off-site power. ‘The analysrs in Appendrx A rs conect andthe
o reference in Chapter Sis rncorrect . -

"‘Sectlon 5, 2 14.3, p. 5 18, The second paragraph states “Further analyzmg the
- - case of no-shutdown coolnng flow (Chapter 13, Accident Analyses) the_ maximum
 ‘temperature of the fuel plate would be less than 500 °F (260 °C), well below the

temperature that would cause any damage Provide reference to where in the

e f‘SAR or elsewhere the correspondmg analysis and results are presented

o supporting this temperature.” Explain if this temperature is consistent with values

in Table 5-10 p. 5-23 of Chp 13 and wuth the temperature crted in TS 3 2as 107 -

°c(225 °F)

R Thrs accrdent starts from the Ioss of oﬂ’-srte power scenario drscussed rn questron
.+ 5.4, .The maximum temperature occurs at very short times as shown in Table 5.
.5, Appendix A, at the time of the reactor scram. Table 5-10 shows that the fuel
- plate temperature remains below 110 °C at longer times when shutdown cooling
~ .is also lost. ‘Therefore, this accrdent is bounded by the simple loss of shutdown .
- cooling. However, the statement in Section 5.2.14.3 that the temperature o
" - remains below 500 °F is consistent wrth the fact that the temperature remarns

: -below 275 °F (135. °C) for thrs scenano _

:Sectlon 5. 3. 2 1.2,p. 5-21 Thls paragraph states “At flows of 65 gpm (250 lpm)
© on the primary side...,” while Section 5.4.2.3, p. 5-35, states “At flows of 35 gpm

- (132Ipm) on the pnmary'5|de " Both are apparently referfing to the D20
- Purification Heat Exchanger (HE-2) Clanfy the dlfference between these flow .

s

CL rates _: e

:Flow through the pnmary S|de of HE 2is 35 gpm (132 Ipm)

Section 5 3 2.5, p. 5-24 The flrst paragraph states “The 150 psi (1 MPa) airto

" operate the pneumatic control valves....” Similar wording appears in Section

5.4.2.6, p. 5-36. Chapter 9, p. 9-12, states “The NBSR is supplied with a source -
of 100 psig (680 kPa) air from the main NIST compressed air faclhty ” Clanfy the

_ dlfference between these air pressures

: ‘,'Alr is. supplled 1o pneumatlc control valves ata nommal pressure of ‘lOO p3|g
' (690kPa) - - . : .



‘5.8 Sectlon 5.3.8.1, p. 5-32 Th|s paragraph states “Usmg th|s value the Ilmlts
: ensure that tritium concentratlons in effluents will be as low as practicable, and
" below concentrations allowed by 10 CFR20.303 for liquid effluents and 10 CFR
. 20.106 for gaseous effluents (Chapter 11, Radiation Protection and Waste _
Management).” Explain the applicability of references to 10 CFR 20.303 and 10

- - CFR 20.106 in both the SAR and the TS, or update these references to current

fregulatory reqmrements, as apphcable T

o 'Sectlon as wrttten

- 5 3.8. ] Techmcal Spemﬁcatlon 3.6, Secondary Coolmg System

.. This Techmcal Specification applies to the Main Heat Exchangers in the |
. Primary Coolant System. Its objective is to maintain tritium releases as low -
- as practicable. The reactor is required to be shut down and corrective actlon‘--. =

= taken if the leakage of primary coolant through a heat exchanger to the -

secondary systemn exceeds the daily, weekly, and ‘yearly limits estabhshed n- |

R “-the spemﬁca’uon Using. thrs ‘value, the limits ensure that tritium-

s concentratlons in efﬂuents will be as low as practicable, and below s
,concentratlons allowed by 10 CFR 20.303 for liquid effluents and 10 CFR -

**20.106 for gaseous effluents (Chapter 11, Radiation Protectron and Waste

'Management) The specified daily and weekly leakage rates Tepresent the

s . lowest limits of positive detection of D,O losses under both operating and
- shutdown condltlons The specified yearly leak rate represents an estlmate of

the smallest s1zed leak that can be posrtlvely located and reparred

- Response |

R The citations referenced here lO CFR 20 303 for 11qu1d efﬂuents and 10

CFR 20.106 for gaseous ‘effluents, are outdated and not applicable. The

- sentence should read, “Using this value, the limits ensure that tritium

" concentrations in efﬂuents will be as low as practzcable and below ,

.concentrations allowed by 10 CFR 20.2003 and 10 CFR 20.1302 for liquid.

eﬁluents and 10 CER 20.1302 for gaseous eﬁluents (Chapter 1 1, Radiation
Protectzon and Waste Management)

5.9 ' Section 5.3.8.2, p. 5-33. The 2nd and 3rd paragraphs mention a “36 gallon/day”
“value regarding primary to'secondary leakage. The TS uses 40 gpd for minimum

o sensitivity in survelllance TS 4. 5 Clanfy the dlfference between the Ieakage rate -
o sensmvuty values. : : '
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5.0

, T
o leted

_5.11:.:

. NBSR Technlcal Specrfrcatrons revrsed versron replaces these leakage rates o :
',.wrth a pnmary trrtlum concentratlon lrmlt : S

e

‘Sectlon 5 4. 2 p 5-34. In the 3rd paragraph the Iast sentence states

“Consequently, the minimum time to treat all of the primary coolant is-

‘approxrmately 217% hours Provrde analysrs to support the treatment trme

he treatmen tt.. & is, lncmmﬂrant The reference to treatment trme will be

_ Sectlons 57. 2 1& 5 7.2. 2, p 5—42 The heat load is specmed as “9. 54 x 105 -
- Btu/hr” and the heat sink is specrﬁed as “60 x 103 Btu/hr Explaun how these two :

e values relate to one another

- AHE 2 has a heat removal capacrty of 32x 106 Btu/hr (1000 kW) The steady

state total
: »'_system heat Ioad on HE- 2 is approxrmately 420 X 103 Btu/hr (120 kV\/)

","‘Sectlon 5. 2 2.6. 2 p 5 8 The temperature ranges for TR 2 TR 3, TR-4 and TR- B
" 5have mcons:stent temperature ranges listed as the values for Fahrenheit-and
“Celsius. - Provide clarification as to which are the correct values and the

Co appropnate temperature range conversmns

Al ranges are nommal The range of TRA-Z 1S 50-200 °F rtO to 93 C) The. range_‘ L "'

" for TRCA-31is 50-130 °F (10 to'55 °C). The range for TRA-4 is 50-150.°F (10 to.

B3

66 °C). The rangefor TR5|s 50 150 F(‘lOt066 C) TR- 5 The range forTR 1 lS:--:~ RS
- OZOF(18to—7 C). ' : : . S . Co

, Sectlon 5. 2. 2 7. 1 p.. 5—10 Provnde clanflcatlon descnblng methods used to ‘
- preclude the introduction of objects into the primary coolant system dunng
- _"malntenance assocrated wuth removal of the. stralner ' o

:‘-'Good engrneenng practlces are used for the stralner lnspectlon and any other _-‘if,

o openlng of the main. coolant system

'Sectlon 5.3.2.5, p 5-24 Provrde clanfrcatron on the response of the

. pneumatlcally posrtloned secondary valves to a loss of mstrument alr f

" No fallure in the secondary system can credlbly cause a reactor accrdent due to o
" - loss of secondary cooling. Therefore, the failure of any. pneumatlcally posrtroned

- secondary valve lncludlng a failure due to loss of air, has no affect upon reactor .

- - safety.

5185

5.16 .

,’Section 5‘2 4. 3 p 5-11. In the 2nd paragraph the phrase “and a reactor scram -
o occur dueto...,” is apparently mrssrng an “s” at the end of occur

“'Agreed wrll revrse as appropnate

Section 5.2. 14.3, p.5-18. The thlrd paragraph states “Calculatrons show that

'tntlum releases OffSlte are below concentratuons allowed by 10 CF R 20 (Chapter o



5;17 .

15.18

S 11, Radlatron Protectron and Waste Management) TS 3. 2 references Chapter
13 for these calculations. Clarify the dlfference between the Iocatrons of the
._-Supportlng calculatlons o LT

-The supportlng calculatlons are in Chapter 15 .'

Sectron 5. 3_2 p 5-20 ln the 3rd paragraph the word “Demrnenzer" appears |

. lncorrect
' The correct spelllng is " Demrnerallzer

Sectlon 53, 2 8 p. 5-29 In the 2nd paragraph ln the phrase “on room D100" it _ _{ o

appears the word ‘on” should be * |n

B .Agreed wnll revase as approprlate

519

»Sectlon 5.3. 8 2 p 5-32 Thrs paragraph states “It also requires that when the N- ‘ : |
16 monitor is lnoperable the secondary cooling water is sampled and analyzed U

for tritium at least monthly.”™ ‘The word moperable should apparently be -

- “operable” to agree with the TS

~ .Agreed wrll rewse as approprlate

"~ 520

521

52
o ‘the 1 1/z-mch (3 8 cm) prpmg” appears to be missing an “|n v

- Sectron 5. 4 2.5, p 5-36 |n the 1st paragraph should “cellulose acetate
-cartndges be hyphenated as rn “cellulose-acetate cartndges”’> :

. The reference to the type of cartrldge wnll be deleted

' Sectron 5. 7.2. 1 P. 5-42 & Section 5.7. 2 6. 1 p. 543, Two uses of nomenclature -
o appear mconsrstent wrth the “Cold Neutron Source” termrnology used elsewhere -

| Heavy water coollng ﬂow is for the cryostat assembly

Sectlon 57.26.2,p. 5-43 ln the 1st paragraph, the phrase "thennowell Iocated -

Agreed Wlll revise as appropnate i -

‘ ChapterG Technlcal Questlons

6.1

' Section 6.1.1; p. 6-1. The first paragraph states “a minimum of 28 minutes of
~ ‘coolant flow is always available to the core from the Inner Reserve Tank....". In .
“Chapter 13, Appendix A; p. 5-8, the last paragraph states “For at least 20

minutes after shutdown the tank flow is more than adequate to cool the fuel -
elements by boiloff.” Clarify these statements regardmg the amount of coollng

vtrme that would be provrded by the IRT
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" In Figure 5-6 of Appendix A, the flow rate is shown as a function of time, along

o "with the flow required to remove decay heat. The flow remains above that

e2
. water makeup capacity must be i in excess of 25 gpm (95 Ipm), which was

. calculated as adequate to prevent fuel damage.” Provide an analysis and - .
. discussion of how this value was determined and compare with the flow from the

S requlred until 1700 seconds, which is more than 28 minutes. Both statements
“are accurate (28 minutes is longerthan 20 mmutes) but the statement on page

5-8 of appendlx A is overly conservatlve

Sectlon 6.2.1.2.1, p. 6 9 The Iast sentence in the second paragraph states "The

D20 Storage Tank and the Emergency Sump Pump dunng a loss of coolant

o accrdent

o In f gure 5-6 of Appendzx A the ﬂow requzred for adequate coolmg is shown to be -

.. approximately 0.5 kg/s or less than 8 gpm. The value given in Section 6.2 was -

-+ based on an earlier overly conservative analysis, and is incorrect. . The correct

_analysis is based upon the results in Figure 5-6 of Appendix A, which shows that
“the flow from the storage tank is adequate for more than 28 mlnutes -The sump

- . pump ﬂow is szzed to provzde 40 gpm ﬂaw and is adequate fo provzde coolmg at

. ‘all tlmes

Secton 6.2 3, p. 6'13 Explarn Why the flowrates on Frgure 6.4 are drfferent from'

those on Frgure 6. 5 and the descnptson on pp 6-13 & 6-14

L All references to re- crrculated process room arr and wmter/summer rates are

deleted, as these modes of operatnon no Ionger exist. There are now

e »_'conﬂguratlons for maximum air flow and normal air flow for the basement -
~ ventilation system:. Ventilation drawings now depict desrgn flow. rates and

o descnotrons match the exnstlng equrpment

L B4

.Sectlon 6. 2 3 3. 4 p 6-18. The second paragraph states “The helght of
-approximately 100 feet (30 meters) above grade level was chosen to meet the
. criteria of dilution and reduced potential exposure.” Describe how the stack

“height compares to the guidance in Regulatory Guide 1.111 and GEP stack.

By _height criteria for elevated releases. -If correctrons are requrred also apply the

65

- correctrons to all affected analyses
5 The stack |s 100 feet (30 meters) ta!l The prevnous detarls were superfluous

- Sectlon 6. 2 3. 3 5 p 6-19. The thrrd and fourth paragraphs state that the o

Emergency Exhaust Fan motors (AC and DC) for EF-5 & EF-6 are powered from

'MCC DC. It appears from Chapter 8 that the power source for the AC motors is
* the A5 emergency bus. Explain and differentiate the power source and

o swrtchgear locatlons for these motors.



“The AC motors’ power source is Miscellaneous Power Panel on MCCAS andthe -
- 'DC motors’ power suppty is the MCCDC: All of the controllers are in the MCCDC S

o cablnet because of space hmrtatrons at the tlme of rnstallatton

6.7 : "Sectnon 6. 1 1, p. 6-1 The flrst sentence appears to contaln a typo |n “Frgures :

6

I '-Agrped erI revrse as aooroonate

6.8

‘Section 6.1 1 p. 6-2. The third paragraph apparently contains a typointhe -
- Phrase “thls tank will start dramrng though the two nozzles.” :

o Clanflcatron wili be provuded 50 rt is understood that th/s tank is the inner reserve

' o _phrase “power drstrrbutlon gears

tank

Sectlon 6. 1 2,p.6-2. The first paragraph apparently contarns a typo in. the

)

- Agreed wrlt revise as approprrate

: Sectron 6 2.3.2.2, p. 6- 17 The first sentence in the second paragraph lists - R
 “filters F-26, F- 27 F-59 in subsystem A Flgure 6.4 shows F-26 F- 27 and F-57;E

l 3 Clanfy the apparent mrsmatch

The correct futer desi ndtIOﬂS are F- ¢6 F 27 and F-57.'f',' e

611 S

Sectron 6 2:3.2. 2, p 6-17 The sentence "Slnce one of the two tralns is |n

- 'operatronal dunng an emergency apparently contarns a typo

SR Agreed wrll reV|se as approprrate

812

: Sectlon 6 2.3.3. 4 P- 6'18 The first paragraph states dnscharge from Reactor -
- Basement Exhaust System fan EF-27. through ACF 3 The “ACF 3is . e
B apparently a typo for “ACV 3 _

o "'Agreed wil revise as appropnate

813
R : out the abbrewatron on frrst use and add to the acronyms list. _'i

Sectton 6 2 34. 4 p 6-21. The Iast sentence uses the acronym ‘WSSC Spell

'ngreed waH revise as approprrate

S _Chaptér?: Technical 'Q_uestions

Part |: Technical Questions and Comments: "

}A .A.23 | .;,
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Section 7.2.1, p 7-5. 'Explarn why pnrnary coolant temperature is absent from"
the list of marn parameters Whrch are monrtored and prov:de rnputs to the logrc

- charns

- Existing Lanquaqe 1. anary coolant ﬂow level and pressure

72

Revised Language: 1. Primary coolant flow, level, and differential ternperature
Explanation: This is a typographical error. The second bullet under ltem 1 on

‘page 7-4 lists Reactor AT as an input to the RPS that |n|t|ates a reactor scram.
_We do not monltor primary coolant pressure :

Section 7. 2 3 p. 7-10. Provide a schematic of the control loglc for conflnement
building isolation, i. e, door scram reIays fan scram relays ventllatlon system

i alrgnment etc.

VResponse The text from Section 7. 2 3 on page 7- 10 is repeated here The Major: .
. 'Scram function is part of the RPS. The Normal Air Monitor Channel, Irradiated

Air Monitor Channel and the Stack Monitor Channel control relays in the Major -
Scram circuit. Upon the detection of an excessive activity level by any of the

“three channels, the Major Scram relays scram the reactor and initiate A
"TConflnement Building isolation... The Major Scram relays open contacts inthe = .~
_Scram logic string; thereby initiating a reactor scram. The relays also shutthe -

doors-at the entrances to the Confinement Building by tripping the Door Scram -

~ "Relays (DSR), shift the ventilation lineup to recirculation mode by tripping the AR
* *Fan Scram Relays (FSR), and ciose the Neutron Guide lsolatlon Valves Anew .
' _.srmplrﬁed schematrc of the control logac rs found below ~ : ‘

Sectlon 7. 3 12, p. 7- 16 Provide’ an. explanatron of the “all rods seated" contacts E _'
and the purpose of thls interlock. : : : ‘

| Exnstr ALanquaqe Contacts assocrated wuth the Emergency Cooling Tank Level ; DT
_Indicator Alarm Channel LIA-2, Reactor Vessel Overflow Indicator Channel FIA-. . .

2, Shim Safety Arm Clutch Current, Nuclear Instrument Test Fault, and Process
lnstrument Test Faults are wired in series with the Startup Prohibit relays.. This

" ensures that the level in the Emergency Tank is in its normal operating range,
. that there is flow of primary coolant through the overflow line and that the Shim
- . Safety Arm clutches are. energrzed before any reactrvnty control devrces can be
- withdrawn. '
" Revised Lanquame Contacts assocrated wrth the l'(OdS Not aeated Alarmi f-\\l‘-r o

42, Emergency Cooling Tank Level Indicator Alarm Channel LIA-2, Reactor.

‘i. o Vessel Overflow Indicator Channel FIA-2, Shim Safety Arm Clutch Current, _
R Nuclear Instrument Test Fault, and Process Instrument Test Faults are wiredin

 series with the Startup Prohibit relays. This ensures that all reactivity control

devices are fully inserted, the level'in the Emergency Tank is in its normal
operating range, that there is flow of primary coolant through the overflow line

- and that the Shim Safety Arm clutches are energlzed before any reactrvrty control .

devices can be withdrawn.
Exglanatlon This was a typographrcal error and the mrssmg words have been

. added. The Startup Prohibit Circuit requires that the reactor be in a specific
.. known state prior to the operator being able to reset the scrams and commence N
) reactor startup. Before being able to reset the scram relays the circuit ensures.

that the four shlm arms and the regulatmg rod be fully mserted

24
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Part ll Edrtonal Questrons and Comments

75

' Sectron 7 2 3 p 7 9 In the 4th paragraph the 1st sentence refers to Flgure 7. 7 .
“and the “relay logic ladder.” 1t appears that this paragraph is referring to the !ogrc
. -diagram in Figure 7.8. If this is true, check and correct the subsequent a
.;references to Frgure 7. 7 in thrs chapter as appropnate '

Existing Language The Reactor Safety System, shown in Frgure 7 7,08 a .
" hardwired relay logic ladder with multiple inputs and muitiple functrons .
. Revised Language: The Reactor Safety System, shown in Figure 7.8, isa -
 hardwired relay logic ladder with multiple inputs and multrple functrons -
L Exglanatron The text referenced the wrong flgure

Sectron 7.3.3. 1 p. 7- 19 Item 6 (2) and the defi nltron of Reactor Shutdown in the ‘ o
.~ TS are not the same. Clanfy the difference between the wordrng in the two C
: Iocatrons : .

Existing Lanqu g (2) The reactor control power and the rod dnve power key SRR
switch are locked in their “off’ position.

- Revised Language: (2) The reactor control power and the rod dnve power key

switches in their OFF position with their keys removed

- Explanation: The wording of the two passages crted is essentrally |dent|cal but for‘ o

. clarlty s sake, the two will read the same.

'- Sectron 7 3.3.1, rtem 8 top of. page 20 TS defi nrtron 1 3 mcludes an rtem (4)
“Moderator Dump Clanfy the drfference between the wordrng in the two

o Alocatrons

RAAN

Exrstrng Language No item 4) currently mcluded in Sectron 7. 3 3. 1 |tem 8
Revised Lanquaqe (4) Moderator dump.- .

S Exglana ion: Thrs was madvertently omrtted from the ongrnal draft and wrll be
"Q“added ’ : _ o v : L

'Sectron 7 3 3 2 p 7-20 In the 1st paragraph clanfy that the 3rd rtem |s mtended N 3
to be operable |n accordance wrth Table 3 1.0of the TS R

o Exrstrng Language 3 The Scrams and Major Scrams are operable Table 3.1 of

- 7 . the Technical Specifications (NBSR 15);and =~ - R
- Revised Language: 3 The Scrams and Major Scrams are operable in- accordance

_with Table 3.1 of the Technical Specifications (NBSR 15); and

'- A Exglanatlon Thrs phrase was rnadvertently omrtted from the ongrnal draft and wrll o
"~ be added. ' , ,

178

g Section 7.3.3.2,' p. 7-26; ln the fird paragraph, check and correct the wording ‘
. and grammar in the 1st sentence “A rod withdrawal accident for the NBSR has' :

been analyzed and are discussed Chapter 13 and Appendrx A of thrs SAR

. . Existing Lanqu age: A rod wrthdrawal accrdent for the NCSR has been analyzed
- and are discussed Chapter 13 and Appendix A of this SAR using the maximum

insertion rate, corresponding to the maximum beginning-of-life rod worths with - '

. the rods operating at the design speed of their constant speed mechanisms.

27



*Revised Language: A tod withdrawal accident for the NCSR has been analyzed

~and is discussed in Chapter 13 and Appendix A of this SAR Using the maximum . -
“insertion rate, corresponding to the maximum: beglnnlng-of-llfe rod worths wrth _
- the rods operatrng at the design speed of thelr constant speed mechanisms.

e Exglanatlon These were typographlcal errors and the wordlng and grammar

79

. .have been corrected

- Sectlon 7. 4 1, p 7-23. In the 2nd paragraph check and correct the wordmg and
- capitalization in the sentence “A minimum of one decade of overlap is designed *

into the transition between the Source Range and Intermediate Range Nuclear =~

" Instrumentation and between Intermediated Range and Power range Nuclear
Instrumentation.” In the following sentence, check and correct the use of the

- -word “fonn in “channels fonn the source range

B Exrstrng Language “A minimum of one decade of overlap is desrgned into the . -

" transition between Source Range and Intermediate Range Nuclear .

~ Instrumentation and between Intermediated Range and Power range Nuclear -
* Instrumentation. The degree of overlap between the channels form the source .
~range to full power operation is shown in Figure 7.5, Flux Coverage of the NBSR o

" Revised. Language A minimum of one decade of overlap is designed mto the

transition between Source Range and Intermediate Range Nuclear

:lnstrumentatlon and between Intermediate Range and Power Range Nuclear

" Instrumentation. The degree of overlap between the channels from the source
- range to full power operation is shown in Frgure 7.5, Fiux Coverage of the NBSR

710 T
"~ . usage of “from” and “the" in the second llne’ “power from dlrectly from the the +~ o -

Explanation: These were typographrcal erors and the wordrng and grammar _

- -have been corrected

Sectron 7. 4 1 p 7 24 In the 1st sentence on p 7-24 check and correct the

o 10Vdc

e Exrstnnq Lanquaqe The Source Range and Power Range channels as well as .

‘the Nuclear Safety System receive their power from drrectly from the the ;t10 Vdc '
- Nuclear Instrument Power Bus. ‘

Revised Language: The Source Range and Power Range channels as well as

. . the Nuclear Safety System recerve thelr power dlrectly from the +10 Vdc. Nuclear
Instrument Power Bus. ‘
- Explanation: These were typographrcal errors and the wordlng and grammar
IR have been corrected o _

AT

V.T'Sectlon 7.6. 1 p.7- 26 Check and correct the word “mn :ln the sentence o
~beg|nn|ng, “The mstmment panels inn the control room dlsplay o

Exrstlgg Language The instrument panels inn the control room dlsplay the '

nuclear and process variables required by the operator for reactor operation. -

‘Revised Language: The instrument panels in the control room display the nuclear' .
. and process variables required by the operator for reactor operation. -

o Explanatron ThlS was a typographlcal error and the spelllng has been corrected v

72

- Section 7.6. 3 p.7- 27 ln the 5th paragraph the last sentence appears to be l -
"mlssmg a “the" before reactor operator T



- ‘Exrstmg Language Alarm Panel AN- 2 Iocated on Panel F presents mdrvrdual ‘
- alarm windows that alert reactor operator to the status of conditions in me

Auxiliary Systems.

. - Revised Language: Alarm Panel AN-2 Iocated on Panel F presents mdrvrdual

. 7.13

alarm windows that alert the reactor operator to the status of condrtlons inthe’
Auxiliary Systems.

" Explanation: This was a typographrcal efror and the wordrng and grammar have'
_been corrected . . , o

Sections 7.7.1 through 7.7. 5 pp. 7-30 & 7-31. ' The're are multrple references to -

. Appendix 8 (8A, 8H, 8l, 8J, 8E 8G 8F) Explarn or correct the use of these
- reference numbers '

: Exrstrng Language:

- In Section 7.7.1: (see Appendrx 7A, Appendrx 8A and Table 7. B 2)
In Section 7.7.2: (see Appendix 7A and Appendix BA)

o In Secticin 7.7.3; - The instrument channels are descnbed in detarl in TN

. Appendix 7A-8H, 81, and 8J. :
In Sectron 7 7. 4:. " The instrument channels are descnbed in detarl in"
‘Appendix 7A-8E and 8G. - S
, In Sectuon 7.7.5: ‘(see in’ Appendix 7A-8F)
Revised Language: - - : o :
. n Sectron 7.7.1: ,"’he rnstrument channe.s are r*escrrbed in detarl in oo
» . Appendix 7A Section 8, Radiation. n
- In Sectlon 7.7. 2:, ‘The instrument channels are descnbed in detarl in
o ‘Appendix.7A Section &, Radiation. R
',In Sectlon 7 7.3: The instrument channels are descnbed in detall in. -
"~ Appendix 7A Sectron 8, Radiation. .

. Sectlon 7. 7 4; The instrument channels are descrlbed in detail in S

: , ~ Appendix 7A Section 8, Radiation. - o
In-Section.7 7.5 The instrument channels are described in- detalt in '
" Appendix 7A Section 8, Radiation.

' Exglanatron These references were maccurate and the proper references have

' .been added

B AT

715,

) Sechon 7.7. 3 p 7-30 ln the Iast I|ne check “AN47” for correctness E

. Exrstlng Language Remote mdrcatron and alarms (AN47 AN4—6 and AN4 8

respectively) are provided on the Main Control Panel in the.Control Room. -
Revised Language: Remote indication and alarms (AN4-7, AN4-6, and AN4- 8
respectively) are provided on the Main Control Panel in the Control Room. o R
Exglanatron This was a typographrcal error and the wordrng has been corrected.--' "

Sectron 7 8 p. 7-32 Explarn the use and apphcabrllty of the ANSI/ANS 15 20

_standard for the NBSR I&C system desrgn '

e ANSI/ANS 15.20 rmplementatron is no dlfferent than any of the other ANS 15

standards. The standard is not met to be used as a demand model for back fitting

purposes but should be helpful for the facility undergoing changes or

. modlfrcatlons and rt use should ease the burden of regulatory agencres



716

Sectlon 7.8, p 7-32. The lEEE Standard 7-4 3.2 tltle appears to contaln an extra Lo '
“Systems after "Computers -

s Emstmq Lanquaqe Instltute of Electncal and Electronics Englneers |EEE

e ' Standard 7-4.3.2, “IEEE Standard Criteria for Digital Computers Systemsin

i Safety Systems of Nuclear Power Generatlng Statlons Plscataway, New

" Jersey, 1993 :
" . Revised Lanquaqe Institute of Electncal and Electronrcs Engmeers IEEE

747

Standard 7-4.3.2, “IEEE Standard Criteria for Digital Computers in Safety

' Systems of Nuclear Power Generating Stations,” Piscataway, New Jersey;, 1993 |
‘ Exglanatlon Thrs was a typographlcal error and the wordlng has been corrected ’

'Table 7 SB P. 7-35 Check and correct the 1st column headlng in the table

Exrstlng Lanquage MCP Panel A

" Revised Language: MCP Panel B

: Explanatlon ThlS was a typographlcal error and the column headlng has been o

o corrected

S 748

'Table 7. 5G p. 7-41 Check and correct the range on the DZO IX lnIet/Outlet
"Conductlwty Recorder 2 -

fExrst ing Lanquaqe O-uS
- Revised Language: 0-2uS - o ‘ _
' - Explanation: This was a typographlcal error and the recorder range has been S

7.9 ,Table 7. SG p. 7-41 lt appears there are several rnstances of “HE” that should

" be “He ie., to represent hellum mstead of heat exchanger

L _corrected

Explanatron There is no error HE is. used for both hellum and for heat o

R exchanger L

T 720

Tablo 7.51, p. 7-43. The 1st column lists “Storage Pool IX InletOutiet
: .Conductlvrty’ and “Thermal Shield lnlet/OutIet Conductlvrty ” It appears that

' "gthere are only “Outlet’ instruments.

721

Existing Lanquaqe Storage Pool lX lnlet/Outlet Conductrwty, Thermal Shleld :

. Inlet’QOutlet Conductivity.

Revised Language: Storage Pool lx Outlet Conductwrty, Thermal Shreld Outlet L

- Conductivity.

ggglanatlon This was an error and the lnstrument names have been corrected._.,

- Engineering Change Notice (ECN) number 444 replaced obsolete temperature -
--and conductivity channels with modemn equipment. During this replacement, .
_these two ion exchanger inlet conductivity channels were deleted as they were

found to be redundant wrth the system conductuvrty channels

., Table 7. 7B p. 7-46 The nomenclature of the. 1st column header “Cublcle”
. appears to be mcorrect e o . '

30



Existing Languag e: Cubicle
Revised Language: Breaker

» Explanation: This was a typographlcal error and the nomenclature of the f|rst ' '

. 'column header has been corrected

- 722

Flgures 74B&7. 4C p. 7 54 & 7 55 The figure tltles appear to be backwards for'

~ these two figures, i.€. “Intermediate Range Channel” should go with Flgure 7 4c
"and “Power Range Channel" wrth Flgure 7.4b. - : :

N ‘EXIStInQ Lanquaqe n/a

723

- Revised Language: n/a . ' ' ' ,
- Explanation: The titles are correct for Figure 7. 4b and 7.4c but the flgures L

associated with them were inadvertently swapped ThIS was done in the onglnal S

- draft and wrll be corrected in the fi nal version.

Appendlx 7A Sectlon 5 p. 7-75 In the se_cond paragraph the source range :
channels in the last line are referred to as “ND-1 and ND-2.” These appear to be -

‘ typos for “NC—1 and NC- 2"

e Exrstlng Language: Tnaxual sngnal cables are used for the source range channels R

ND- -1-and ND-2. R
Revised Language Tnaxral sngnal cables are used for the source range channels, L
_NC-1and NC-2." D

- Exglanatlon This was a typographlcal error and the source range channel

T724

desrgnators have been corrected

'Appendlx 7A Section 5 p 7-77 In the 3rd paragraph the 1st sentence appears )
to be missing an “of after “rate of change ‘ . T

Exlstlnq Lanquage The Penod portlon of the drawer calculates the rate of

. change reactor power.

Revised Language: The'Penod pomon of the drawer calculates the rate of

- change of reactor power.

Exglanatlon ThlS was a typographlcal error and the wordlng has been corrected

725

1 7.26

Appendlx 7A, Sectlon7 p. 7 83. In number13 check and correct the unlts -
plsg in the last sentence . T

- 'Exrstlng Language The range of the channel is 0 15 pisg.”

Revised Language: The range of the channel is 0-15 psig.

" Explanation: ThlS was a typographlcal error and the unlt has been corrected

'Appendlx 7A Sectlona pP. 7-88 ln number11 the Iast sentence is apparently
B mlssmga“than” after “rather.” : L

Exrstlng Lanquag_ ThIS channel is pnmanly used for qualltatlve rather

_quantitative analysis.

Revised Language: This channel is pnmanly used for qualltatlve rather than :
quantitative analysis. -

- Explanation: This was a typographlcal error and the mlssrng word has been :

added
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Chapter9 Techmcal Questlons n :

Dunng the onentatlon tour it was noted that neutron shleldmg for the cold

_neutron source and neutron guides consists of lead shot mixed in paraffin. The
- quantity of shielding material was significant. The paraffin is both alarge . .
" _transient combustible Part I: Technical Questions and Comments: .-~
- load, but also can melt and pool resulting in more dangerous fires.- The SAR
~ 'does not mention the paraffin as a fammable material that is present even
- though it is most likely the largest single combustible source in the confinement

building. Provide a description of the paraffin in the shielding blocks and the

B 'de5|gn features. that prevent or mitigate lts mvolvement in a fire.

f 'Reswnse The: shleldlng for the cold neutron source and neutron gurdes c_onszsts

of paraffin and shot filled steel assemblies. Various shaped shields are -

*  assembled to form the walls and roofs over the cold neutron source and the

neutron guides. Each individual shielding assembly is formed from % in. steel--
" plates welded together to form a leak tight volume. During the fabrication of each

shield, hot, liquid paraffin and shot are’ poured into each assembly through a’

© - limited number of 7 in. diameter fill holes located on the. top of each shield. Once

= cooled the paraft' n solldrfles and holds the shot in place

_‘Whlle the quantlty of shleldlng matenal may be srgmﬂcant the desrgn and

placement of each piece around the cold neutron source or the neutron guldes

- ‘ensure that the paraffin cannot leak from a shield assembly and pool on the floor, . :
" acting as a source for any fire that might occur. The design of each piece- of
.~ 'shielding not only ensures that any paraffin that does melt is contained by the ~*

" steelplates of the assembly but also that only a small surface areas is exposed

S92

to any flame. Early inthe process of developing the structure of the shields used - -
. in either the Confinement Building or the Guide Hall, the director of the NCNR
" consulted with the NIST Fire Chief on the use of paraffln in the shield - L
... assemblies. It was determined that the design, mlnlmlzed the chances of. the o
- ,paraft' in actlng as a-source in any f|re » . D

1 Sectlon 92. 4. 1 p. 9-7 Prov:de Justlflcatlon for the extrapolatlon used to
~detemmine the minimum time a fuel element must remain submerged in the ,
N pnmary coolant prior to transfer. ‘Include dlscussmn/analyses of power .-

&F distribution for both the 10 MW core and the 20 MW core, decay heat for worst: -

" .case fission densnty and irradiation time for fuel elements in both the 10 MW.core -

- and the 20 MW core, and any assumptions made and all uncertainties

- (measurement, instrumentation, fabrication, etc.) in all relevant analyses. The - o
- discussion/analyses should clearly show that nowhere will the local clad - ‘

temperature ofa worst-case-lrradlated fuel element |mmersed in hellum reach

o 4s0C

Response In an ORNL report1 on fuel element handllng at the 20 MW (at that tlme)
ORR, one element, ORR #164 was extensively analyzed and reported. This element E

: operated at a fission power of 770 kW, and was studied 19.25 hours after reactor- -

Surface temperatures of Irradiated ORR Fue] Elements Cooled in Stagnant Air’, J.F. WetL Jr ORNL
2892 (1960) .
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... shutdown, following a total iradiation time of 536 hr. The highest tempera‘ture ,
S measured with the element hanging in stagnant air.inside a dry box was 640 °For
1 '.338 °C, well below 450 °C. ORNL used the Way-Wgner result to calculate element "
‘powers: _ L , S '

£ :"6,22561'0'.2.[1 02 (7 4102
For element 164 thlS |mpl|es a power of 25 KW, whlle lf the |rrad|at|on tlme were.
'-|nt” nlte then the power 19.25 hours after shutdown would be 5.2 kW.

Chapter 1 0: Technical O'uestions"-‘

o 101 Sectlon 10 3 of the SAR references TS 6. 2(2) and 6.2(3) regardmg the

requirement of the SEC to review éxperimental proposals. Verify that these 'are
o the correct references and change the references if appropnate -

The correct reference is TS 6. 5 of NBSR Technlcal Specnﬂcatlons B

Chapter11 Technlcal Questlons :

| 1'1.1Af Sectlon 11 1.1 2 p. 11-3 The dose l|m|t to members of the general publlc
~ due to airborne effluents is 10 mrem/yr (10 CFR 20. 1101(d)) Revise thls
- sectlon to reﬂect the appropnate dose I|m|t o

_ Sectton as wrttten

© " 11.1.1.2 Airborne Radiation Sources , - T

" The pnn01pa] airborne sources of rad1oact1v1ty as5001ated w1th the operat1on e
~_of the NBSR are ' Ar and tritium ( H). The only release path for air from the

RERES V’vanous conﬁnement building ventilation systems is via the bu11d1ng stack .

~ " ‘exhaust, which has a nominal flow rate of 30,000cfm (850 m3/sec) Annual

. emissions of 'Ar typically ranges from 800 101200 Ci and °H ranges from . -
400 to 800 Ci. This constitutes a dose of less than 2 mrem of éxposure to the
- closest member of the pubhc WhJCh 1s less than 2% of the NRC dose limit to
- the public. This analys1s was performed with the EPA COMPLY computer -
" code using local wind rose data and computing the dose based on the closest
resident in each wind sector, which constitutes conservative analytical o
boundary conditions. Momtonng in both the stack and in the building -
~ventilation systems utilizes both installed and periodic samplmg This
~ provides redundant methods for assessmg both occupational and pubhc
' _exposure Occupatlonal exposure 1s dlscussed below '



, ,Response o o .
- The dose hrmt for 1nd1v1dua1 members of the pubhc is stlpulated in 10 CFR _,
" °20.1301. The referenced citation, 10 CFR 20.1101(d), establishes an .
ALARA constraint for air emissions of radioactive material to the |
- environment such that the highest exposed member of the publrc will not be

o expected to receive more than 10 mrem per year from these emissions. This |

. isan ALARA goal and not a dose hmrt The dose hmlt referenced in section B

| : 11 1 1 21s correct.

‘4Also,- 850 m3/sec ‘shotjld "b'e 'correCted to 8_50'f'1n3'/mi_n,f_:.., S

’ 11. 2 Section 11 1.1.4.2, p 1 1 -9.. Prowde more detall in this sectuon to clanfy
"* actions related to the disposal of the shim arms. Briefly describe the processes

- used to remove the shim arms from the reactor vessel (mechanical detachment

" and phystcal transfer), including discussions of ALARA practlces and the =

U : locatlon where the neactor shlms decay for three months ,

' Sectton as wrttten

"-‘.111142ReactorSh1ms o

o ’Control shlms are the- only other hrgh actlvrty component routmely removed‘ '_
. from the reactor. This occurs usually every4to5 full-power years. Aftera
- 'minimum decay period of 3 months, the stainless steel hubs are separated :
. from the Cd-Al body and shipped with the other radioactive non-fuel - ,
" element metal pieces. The Cd-Al shim body is stored in the storage pool or

" in'shielded dry storage wall cavities. Radroactrvrty for the hub is typically

- about 20-25 Ci, and the shim body is typically less than 1 Ci. Personnel. 3
exposure when performmg preparatory operations for shipping is controlled o

L through the use of shielding and the delay between when the shims are

- ‘removed from the reactor and the preparation of the offs1te shrpment begms e

| Response . a - - : : ‘
~ The control shims drscussed in thls section, as stated are routmely removed
from the reactor typically every 4 to 5 full-power years. This process is

- accomphshed by procedure under the control of a radiation work permit with

- strict adherence to ALARA pohcy All dlsassembly work is conducted from

‘the reactor top area through access ports to the reactor vessel usmg extended o

34,



" ‘tools. Transfer operations are done remotely using cameras and remote
‘crane controls from a shielded locatlon when practical and possible. Al
unnecessary personnel are removed from affected areas during this work.

- When performing preparatory operations for shipping, personnel exposure 18

. controlled through the use of shielding and the delay between when the
. . shims are removed from the reactor and the preparatlon of the offsite ...~
Vshlpment begms . . S

) After allowmg for a mlmmum decay perlod wh11e stored under water n the ‘
. spent fuel storage pool the stainless steel hubs are separated from the Cd- Al
* body and shipped with the other radioactive non-fuel element metal pieces.
The Cd-Al shim body is stored in the storage pool or in shlelded dry storage .
3 _'wall cavmes o ‘

Aﬁer holdmg for seven years' decay, the blades quallfy for .

'+ macroencapsulation and disposal at the Envirocare facility in Utah. We have -
- constructed special aluminum storage boxes for these blades. The boxes
~have compact drmensmns that make them easy to store. We currently have

- some in dry storage ‘with existing storage capacny for an addmonal forty -
operatmg-years worth of these spent blades . e

SRAE 3 Sectlon 11 1 1. 4 4 p 11 10. Provude more detall as to the type of “matenals_ !
- designated as radioactive waste” that are transferred to H wing. Describe what
o methods are used to control access to the H wing, or jUStlfy not requmng access

control R : , . : _ .

: Sectwn as wru‘ten _ ’
o 11 1. l 4 4 Sohd Radloactlve Waste Dlsposmon

B All radloactlve waste 1S drsposed of in accordance wrth IOCFRZO Subpar_t
- 'K: Solid waste is transferred to organizations specrﬁcally authonzed or
o hcensed to receive the material, such as the Department of Energy. Materials

o : designated as radioactive waste are transferred to the H wing of the facility

for characterization, packaging, and preparation for transfer to authorized |
recipients. Annual radioactive waste volumes and activities are typically in

 the range of 126 to 423 ft3 (11 to 36 ms) and are less than 1Ci.In years when - o
* un-fueled element shipments occur, or major facility modifications -

performed, larger quantities of radioactive material will be involved. Based
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. on past expenence these are mfrequent occurrences on the order of once
o every 5 Or more years : ’

}._Response

. As stated, all radroact1ve waste is d1sposed of in accordance w1th lOCFR20 - |
- Subpart K. Solid waste is transferred to organizations specifically authonzed
" or licensed to receive the material, such as the Department of Energy

‘ "Matenals designated as radioactive waste are transferred to the H wing of
" the facility for characterization, packaglng, and preparatlon for transfer to
“authorized recipients. All of thls waste is lOCFR6l 55 Class A waste -

o unless otherwrse noted

1

S Routme waste 'collectlon and '8creeni'ng;'

B All reactor support systems that ﬂow elther hght water or heavy water

circulate through cartrrdge-type partlculate filters and through H-OH bead— |

- type ion exchange resin beds. Reactor operations personnel perrodrcally

o replace these filters and resins with new material as part of the routine -

) _mamtenance of those systems. We collect about one 55-gal drum of ﬂlters
-per year, and change one or two resin beds per year. Each resin bed change

) 74 produces one 55-gal. drum that i is about 3/4 full of de-watered resin beads. -

- These filters and resrn are stored in a shrelded area of H100 untll shlpment
: for dlsposal ‘ : : o

B :— Any reactor support maintenance that requires a Radiation Work Permit -

o ,»results in non-routine waste that is specific to that job, and which i s

E f momtored by Health Physrcs and transferred to HlOO as radwaste

x -For reactor mamtenance 1f a spemﬁc component that 1S actrvated w1ll be B
removed for replacement, the activities and procedures for transfer to H100

~ as radwaste are reviewed beforehand on a case-by-case basis. A component
_ ‘may require shielded transfer and may have specific activities that require

_ disposal as 10CFR61.55 Class B waste, but this is seldom and comprrses S

L less than O 001 per cent of the volume of waste transferred to H100..

- All ventllatron systems have partrculate ﬁlters that are replaced annually
- Those filters that are collected from systems that service radioactive matenal
~use areas are collected and transferred to HlOO as radwaste '
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- Aqueous radroactrve lquId wastes that are collected frorn radloactlve

- systems are transferred to Hl 00 in 55-gal drums for dlsposal if the water o o v'
: .. cannot be evaporated: . R
I evaporated the resrdues are subsequently collected and transferred to

= ‘HlOO as radwaste

s Waste solut1ons from laboratory analyses and separatrons are neutrahzed
" by the researcher prior to Health Physrcs acceptance for transfer to HlOO as

. aqueous radwaste

- Drscrete radroactlve sources that have decayed OT No longer are needed are

~ only picked up by prlor arrangement with Health Physics, as the spec1fic '
- activities usually require special handling and disposal procedures, and in
E ‘many cases the specific activity results in Class B or Class C 10CFR61. 55
- _.-cla551ﬁcat10n These are not generally transferred to the H100 annex, butare.”

kept in secure storage untll they can be drsposed of as part of a tum-key o

. prOJect

o '_'._-‘T_h_e "con_t_mua_l‘ redesign and upgrading of reactor"eXpeﬁrnental _'vfac‘ilitie‘s"] }g
results in the reconfiguration of instrument shielding. The old shielding -
generally has slight long-lived, act1v1ty that is not removable and does not

- contribute to personnel doses. That shreldmg is bulky and heavy and is.

generally kept ina de51gnated storage area other than H100 until it can be -

i disposed of. Occasronally, some component or block of obsolete shielding . N

. ‘f ‘will have a relatively high | mduced actrvrty, and w111 be transferred d1rectly
. :'to the HlOO annex. : : 2 L : o

o - All contents of vacuum cleaners that are used in access—controlled work "
~ areas where the use of radioactive material is authorized, are emptied by

'A ».f_Health Physrcs personnel and transferred to HlOO as radwaste

- ,_ Smoke detectors and statlc charge dev1ces are accepted and transferred to j:
| HlOO : , . o ,

- Health Physrcs will respond to any spec1al needs or requests for non- ,‘ -

L ,routme waste collectlon ot otherw1se mentroned above

'Access to the H w1ng annex is smctly controlled Only authonzed persons | '
- _wrth proper trammg and clearance are perrmtted to gam unescorted access.
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S Dlrect access controlled is accomphshed by stnct adherence to fac1hty
. security procedures and pohcy : A

' Ch:ap'ter 13- Responses to 'Tech'nic‘al Q'uesti()ns and Comments: "

E 131 Sectlon 1321 p 135 Provudeadrscussron/analy&s of potentral metal-water .

reactrons and assocrated potentral consequences

. No detarled event progressron has been camed out srnce the MHA assumes that a
: complete fuel element blockage occurs, and that this results in the instantaneous

- release of all fission products. As pointed out-in the SAR, this is a very conservative

" assumption, as there is a screen upstream of the fuel with a 0.25 inch square mesh.
Simple estimates indicate that in the single element, the fuel and clad and matrix would
completely meltin appr'oxrmately 3 seconds, and that if one assumes that the fuel
-remains in a high flux regior until the reactor scram, the temperature could reach or .
exceed 1000 °C. If the fuel plates melt, however, the fuel will not stay in the high flux -

- region, but will either drop down to the bottom of the element or slump andendupina

_clump of U/AI. Either of these scenarios would result in a drastic reduction in heating
rate and in reactrvrty Within two seconds, the sweep gas will reach the stack and initiate
.- ‘an immediate major scram, after which the power would. raprdly drop down to levels at

" which the fuel would be adequately cooled and the possibility of water-metal rnteractron
- ‘would be ended. Thus, the' temperature of the metal would not remain above 1000 °C
" for any signifi cant Iength of trme and any water-metal reactrons would be of minor -~
L srgnrﬁcance LT R : :

13.2 Sectron 13 2 1 p. 13-6 The 1st paragraph states “The mventory of noble gases
. and iodine frssron products in‘the most heawly irradiated element is given below
' in Table 13.1, as determined by the computer code ORIGEN2 (Croff, 1980).”
‘Describe or reference the assumptions on |rradrat|cn times, power levels,

- peaking factors; etc. to verify. that this element has the maximum rodrne and

noble gas concentratlon ' : :

R Thrs element was chosen because it would maximize total f ssron product releases :

' rather than gaseous fission product releases. Since the maximum power factor in the

NBSR at any stage of prolonged full power operation (at startup, the gaseous inventory.
~ will be relatively low) is 1.16, then it is possible. that in the worst case, the gaseous

. releases could be 16 % hrgher Given the results shown rn Chapter 13 thrs would not

‘ }matenally change the conclusrons - -

13, 3 Sectnon 13 2 1,p. 13-6 The. sectron states “. consrderatlon of these effects
' ~ leads to the conclusion that less than 3% of the total iodine release will be -
- present as 12.” Provide the analyses on which this conclusion is based. Include
. your analyses related to the effects of temperature, pH and the presence of other
fission products and chemical forms on iodine release fractions. Evaluate the
effect of differences in fuel material design and configuration. Specifically, the
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: type of fuel used at NIST (U308) is dlfferent than the type of fuel for the NUREG
" 1465 analysrs (UQ2), on which it is understood the 3% is partially based. =
R .ConSIder reviews such as presented in “The Technology of Nuclear Reactor -
. 'Safety,” Volume 2, Copyright 1973 by the Massachusetts Institute of Technology, -

| Chapter 3, “Frssaon Product Release” by G. W. Parker and C. J..Barton of ORNL, "

- - Section 3.3.2, “Uranium Oxide, U308." Also, since some of isotopes have
relatlve|y short half-lives relative to the accsdent duration, the daughter products-
" may be released from solution. Describe how these parent and daughter
‘products are accounted for in the source term and dose estimates. Provrde a
descnptron of how the iodine daughter products were consrdered :

- . As stated in the SAR the assumptron is that all fi ssron products are released at once a
~ very conservative assumption. In this case, the real and interesting drfference inthe .

behavior of different fuels as discussed in the given reference (andina more recent

RERTR paper’) does not come into play. As stated in the response to RAI 13.1 (above)- o ) o

" no detailed scenario was calculated for this accident; rather, drawrng from the

- .experience ‘of other calculations, including the references given in the SAR, and at -

- MITR, the value of 3 % was chosen as a reasonably conservative estimate of iodine
' releases. The only detailed calculation for a research reactor was done at HFIR®, and

" that analysrs was for a full-fledged LOCA. Reference 1 contains a discussion of reactor . - SR

- | accidents and states that the jodine releases seen are very small (e.g. < 0.001 % =

 released into the air during melting of one element during a 30 MJ excursion of the ISIS '

' _' _ reactor) NUREG 1465 whrch supersedes earfrergurdance used in NBSR-Q states

- “Ti he chemrcal form of rodrne entenng containment was rnvestrgated in Reference 18. On' L '
" the basrs of this work, the NRC staff concludes that iodine entering containment from the

reacfor coolant system is composed of at least 95% cesium iodide (Csl), with no more -
o than 5% | plus HI. Once within contarnment highly soluble cesium iodide will readily
o _'drssolve in water pools and plate out on wet surfaces in jonic form. Radiation-induced -
_conversion of the ionic form to elemental rod/ne will potentially be an important
mechanism. If the pH is controlled to a level of 7 or greater, such conversion to

- elemental iodine will be minimal. If the pH is not controlled, however, a relatively Iarge _' o

fraction (greater for PWRs than BWRs) of the iodine drssolved in contarnment pools in

L ronrc fom7 erI be converted to elemental rodrne

3 For the NBSR pH (pD) radiatron-rnduced conversion of Csl fo elemental / would ‘

: equilibrate at approximately 3 %. - Given these results, and others cited in Reference 1,

. the present assumptions are conservative. in fact, a publication® on calculations for the

o -HFIR (the only defailed. calculations pen‘ormed for a test or research. reactor) indicate

that the release fractions are as low as 10°® from the stack. This represents a-reduction.

o is elemental rodrne present of 1 0‘5 fmm that whrch would be estrmated by older methods R

- >',2“Fuels for Research and Test Reactors Status Revrew” D. Stahl, ANL -83 5 July 1982 | -
* Weber, C.F. and Beahm, E. C. (January-1993). Jodine Transport Duringa
' Large Pipe Break LOCA in the Pipe Tunnel With Drainage Qutside

o -' Confinement. Research Reactors Division CHFIR-92 032 Oak erge
e Nat1ona1 Laboratory Oak Ridge, Tennessee.

o Iodme Transport ina Severe Accrdent al the. Hrgh-Flux Reactor” Charles F. Weber and Edward C .
' Beahm, Transactions of the Amencan Nuclear Socrety 68 I 1993) 275 . .
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'Thus the present calculatron rs conservatrve when compared to the best calculatrons for o o

.. a researcn reactor

| The concentratrons of radrorsotopes at vanous tlmes after the release were based upon

L ORIGEN generated isotopic masses appropnate to the time period. ORIGEN tracks
. .-burldup and decay of fission products and therr daughters asa functron of trme

.134 vSectron 13 222 2 p 13 9 & the new calculatron provrded via emall [Mendonca -

’ - 9/29/2006] following the site orientation visit. The new calculation is for aramp
insertion of 0.5% in 0.5s, whereas the previous accident scenario is for a ramp
insertion of 1.3% * in 0.5s. SAR section 13.1.2.2.2 provides technical

. “justification for the change in the accident scenario from the existing SAR
however this is not consistent with at least one of the bases inthe TS.
Specrﬂcally, the basis for TS 3.12 refers to the 1.3% insertion transient. -

. Correct this reference and verify that any other renewal submlssmns are
consistent w1th the revised analyses »

" ) Agreed wrll revrse as appmpnate Conected in rewsed Tech Specs

135  Section 13.2.3, p. 13-10. Under the'assumptlons for this accident, it states “The

tritium concentration in the primary coolant is at the maximum level perrmtted by o

.. the TS (5,000 uCi/ml).” The statement regarding the estimated concentrationin . -
.~ - the Basis of TS 3.6 is not a TS limit. Provide a description of how and where this
- limitis protected in the TS. If there is no- Irmrtatlon estabhshed on this parameter :
. ﬂln the TS prowde such S _ :

o The rewsed Tech Specs have an explrcrt Irmrt of 5000 ,uCr/ml

;If the reactor is operated at full capacrty wrthout rnterruptron for non-mutrne malntenance )
- the maximum possible tritium concentration would be 5200 uCi/ml." Since the D,0 is.
e routlnely changed before reach/ng 2000 pC//mI the assumptron is conservatrve

S '13 6 Table 131 P 13 16. Several of the |sotopes in the flsswn product rnventory are o
' not in the HOTSPOT library. Provide a descnptlon of how these were modeled in.
the offsnte dose pro;ectlons . :

s '; 'Only the noble gas and iodine rsotopes that made srgnrf cant contnbutron fo doses were R

‘considered. All of these isotopes are included in the Hotspot library except '"Xe, which - -
has a short half life. Thrs rsotope would only contnbute a small amount to any dose, and
- was rgnored : S _ .

137 - Tables 13.3 & 13.4, p. 13-17. Provide the assumptions regarding iodine removal
" - rates in confinement from deposition and filtration for public and staff dose

estimates. What DCFs were used for submersion, mhalatnon and thyrord doses .
: for staff doses presented in Table 13 4’> . o .
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o No credrt was taken in thrs analysrs forrodrne deposrtron

'_ ' As stated in the SAR the crrculatron system is assumed to be in rts emergency

. _confi iguration, as described in the SAR Section 6.2.3.2, following a major réactor scram o

Two different components are directly relevant here — the Emergency Recirculation - ‘
" System (6.3.2.1) and the Emergency Exhaust System (6.3.2.2). Both of these systems :
- _incorporate filters which are assumed to be 99 % efficient for iodine removal and .

- completely ineffective for noble gas removal. The Emergency Recirculation System ,

- draws air from the building at a flow rate of 5,000 cfm (140 meter’ per minute), A -
_containing 2,000 cfm (60 meter’ per minute) from the second floor, 2,000 cfm (60 meter’
per minute) from the first floor, and 1,000 cfm (28 meter" per minute) from the reactor

. basement area controlled by ACV-11.- This air passes through the particulate filters F19 -

~ and F-20 and a carbon filter F-21 which is 99 % effective for iodine removal, before

being returned to the burldrng The Emergency Exhaust System pulls 100 cfm (3 m® per

. second) through a similar filter chain (see 6.2.3.2)-and discharges it directly to the- =

L atmosphere The use and eﬁ crency of the filters wrll be refened to the SAR Sectron
6.2. 3 2 ‘ : S , _

| i The dose conversron factors used were taken from Federal Gurdance Reports 1 1 and
12 issued by the EPA References are given rn the SAR. B :

| 13 8- Table 13.2, p 13-16. The values for removal rates from C 200 are not
' consistent. Determine the appropnate values and ensure that they are correct in.
both sets of umts : : .

o We agree The C-200 removal rate in Table 13. 2 is 19 x 10° 3/s The drfference was
‘due to roundrng, the values were ongrnally in cfm : .

-13.9 For each accrdent ana|y5|s provrde the Irmltrng assumptlons condltlons and
- safety system settrngs and where these limiting assumptions, conditions and .
. safety system settings are requrred by Technical Specifications as required by
. .10CFR50.36. Compare the assumptions, conditions and safety system settmgs
to those |n ANSI 161 and NUREG 1537 whrch are apphcabte to test reactors :

T ""We erI comply
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ggitoriaILCha_pter 13)“: -

3. 10 Sectlon 13 1 4 p 1 3-3, Thrs sectlon states "Flve d.fferent scenanos for loss of _
primary coolant flow have been analyzed and in Section 13.2.4, p. 13-11,it

- states “Four scenarios have been given for an accident of this type [Loss of
anary Coolant Flow] ” Clanfy the apparent drscrepancy

- Five scenahos were an_alyzed. . :
: 13 _11 Sectron 1321, p. 13-7 in the second paragraph the phrase "for estrmatron of

“long-term (>1 day) seems to be. related to dose. Should it be “for estrmatron of
long-term doses (>1 day)”'? _ :

g _We agree

13 12 Sectlon 13 22. 2 1 p 13 8. Inthe fll‘St paragraph the reactlwty msertlon rate

"5x10—4 k/s" appears to be mconsrstent Should the unrts be “5x1 04 /s”?

The value is 5x1 0“’ Ap’s

- 13.13 Sectlon 13, 2 3 p 13-10 ‘The 1st paragraph states ‘”Thus wrth only one operator .

action (which can be accomplished at any time in the first 20 minutes), the coreis o

o fully protected for several hours.” In Chapter 8, p. 6-2, the time the IRT and D20

Emergency Cooling Tank provide cooling is 2 % hours. .The term * ‘several’ u$ed - .

' |n the statement from sectlon 13 2 3 appears to be subjectrve

| We agree; text should say the core rs fuIIy protected for2 /z hours wrthout further t
' operator actron I L _ ; SR

4. -1:"'..13 14 Sectlon 13 2 3 p 13-11 The last paragraph states “For the condrtrons analyzed -
thls will resultin a concentratron approachrng 1 25x10-4 DAC Shouldn’t thrs be :
1 25x104 DAC'? -

" Wea }agree.,__ |

'13 15 Frgures 13. 2 13 3 & 13 4 p. 13-21 1322, Provrde clant"catron if these are plots
of MCHFR versus trme or CFHR versus tlme a , , o

| The f gures are conect The results shown are the MCHFR in the core asa functron of
time. The Iowest value rs then the MCHFR for the transrent S
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| 'Aggendix A-T eohnicaIQJeStions ahg Comm"e'h:ts:-' :

13 16 Sectron 2. 2 p. 2-4 The 1st paragraph states “About 4% of the total flow in each N
. _plenum bypasses the fuel elements and cools the in-core thimbles.” Chapter 4.
 (SAR), p. 4-4, states “A small amount of coolant, 4%, bypasses the external
. 'surface of the lower nozzle...preventing bulk stagnation in the moderator.” In’ o
~ Chp. 4 (SAR), p. 4-12, the description of the regulating rod states “A fixed orifice -
- "in the'nozzle of the shroud delivers a coolant water flow of 8 gpm from the outer -
_plenum.” In Chp. 4 (SAR), p. 4-50, the description of the core flow distribution
- states “Approximately 4% of the flow bypasses the core; this is treated
- conservatlvely in the next sections [T-H Analysis] by reducrng both flows to 95%
-when calculating the flow through any element.” In the “Core Bypass Flow” -

section of Appendix A, p. 4-5, the RELAP. model descnptlon states “About 4% of "

o the total primary flow bypasses the fuel elements. in RELAPS the areas of the
bypass flow junctions have been ad;usted so that 4% of flow to the inner and
 outer plenums is bypassed.” In Chp. 10, Section 10.2.6.1, p. 10-6, the = - .
. description of the seven 3 ¥ in. thimbles ‘states “The end fitting largely blocks the
_..normal flow, but contains a small ‘opening that allows ‘approximately 8 gpm (0.5
~-"l|ter/sec) to flow upwards through the tube to cool it,-and any experiment that

may be.in it.” In Chapter 10, Section 10.2.6.2, the description of the 2 % in.
thimbles states “These smaller sockets have a small hole at the bottom that

‘ 'allows approximately 10 gpm (0.6. lnter/sec) of plenum coolmg water to flow up. | . e
o ‘through the expenmental thlmble ' . - R A :

a ,There appear to be some dnscrepancres in the above statements regardrng '

: bypass flow. Some specm\. consrderatlons are:

L a | 'The 4% bypass flow is not predomlnately for in-core thlmble coollng, ;

. since these have individual orifices for coolant flow.

- b - Chp. 4 (SAR) indicates that fuel element flow is treated as 95% full flow

. while Appendix A mdrcates the RELAP model uses 96%. -

‘c. - If six of seven 3 % in. thimbles at 8 gpm and four 2 % in. thimbles at 10

. .gpm are fed separately from the outer plenum, then this accounts for -

-approximately 88/6400 =1 4% of outer plenum flow not accounted for i rn - B

~ the RELAP model

B Spec:f c cons;deratlon ais conect the 4% bypass ﬂow serves to cool thlmbles and fo

' remove the heat deposited directly.into the moderator. The actual flows are based uponf o
NBSR-9, Table 4.7-2, page 4-25. The relevant parts of this table are. reproduced below. : . -

. Note that this table is for a 24 element core at 10 M w W/th different ﬂows than the
cumsnt 30 element core at 20 MW :

Flow area - S T A'Flow A
1 Inner p_enum fuelelements =~ - . 1165 |
| Outer plenum fuel elements - o . 3745
BYLss flows e I G 3
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Reg-ulatingrod“? DR ) —8

4-2inchthimbles ~ -~ - " o 40
: 6 — 3 inch thlmbles s e |- 48
| Around fuel elements and other core components o %4
TOTAL FLOW S . - 1 5100 o

3 '. From this table the total bypass ﬂow is 190 gpm or3 73% of the total ﬂow of 5100 gpm B

as stated in the SAR. The relative magnitudes of these flows will be maintained as the
. "total flow is changed, so that the same proportions will be expected for the present flows
- (see the response to RAI 4.27). Of these flows, the central 3 inch thimble, two 2 inch

thimbles and 6 fuel elements are fed from the inner plenum, for a total inner plenum flow . o

 of 1216 gpm, with bypass accounting for 51/1216 = 4.2 %. The remainder of the

, o } _bypass flow, 139 gpm, is fed from the outerplenum for a total outer plenum flow of 3884 |

~ gpm, with bypass accounting for 139/3884 = 3.6 %. ‘Thus, the bypass flow is -
" approximately 4 % of the flow, and this ratio will continue to apply at other ﬂows suchas
. the present 20 MW flow. - Accordingly, within the errors of the data, bypass flow is

: pmperfy accounted for in the RELAP flows, in response to consrderatron c.. =

, vConsrderatron b requrres more drscussron The 95 % refers to the calculatron of the

- limits of safe operation only, and represents an added element of conservatism in these
.- -limits. This was a deliberate choice for this calculatron even though itis more o

. 'conservatrve than the RELAP calculatrons of Appendrx A. :

Provnde clanflcatlon of the foIIowmg comments (13 17 13 25)

1317 Flgure 3-5,p.3- 12 The 235U content in this f|gure differs from that in Fugure
. 4.52A,p. 4 86, in Chapter4 of the SAR Are these “BNL” versus. updated

model” dlfferences‘? o : L

No. The 235U mass values in Frgure 4 5 2A predate the BNL model See response to

RAI422.

o . “13 18 Flgures 3-13 through 3-18 pp 3- 16 to 3—18 The onentatlon of the plates in

" -these figures is north-south which differs from the east-west orientation in Figure -
. 4.5.4through 4.5.9, pp. 4-88 to 4-90. Is the orientation different in the two MCNP'
. models‘7 If so, provnde clanflcatuon of the effect this has on the peaklng factors s

- - The observatron is correct The plate onentat/on was in the ong/nal model NIST

. “provided BNL, and was used in the analysis in their report (Appendix A). Subsequent
calculations have shown that the analysis in Appendix A is.conservative with respect to -
more -recent models. The plate orientation does not change the fact that the hot spots

o ‘are at the comers of the fuel sections. The plate-to-plate power distributions and the

. transverse power drstnbutrons across the plates are almost rnterchangeable
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=__13 19 Flgure 3-28 p. 3—23 Provnde analyses Wthh demonstrate that the regulatmg rod o
-~ -maximum reactivity differential worth and withdrawal rates will not exceed the = .-
startup accident maximum reactivity insertion rate.” Alternatively, propose limits
.- ‘on regulating rod reactivity insertion rates to limit them to the same rate as
- specified for the shim rods. Additionally, provnde justification as to why the .~ :
regulating rod worth should not be consrdered in conjunctlon w:th shnm arm worth .
- in the startup acmdent : , . . _ ’

f I‘~The maxrmum measured reactrwty rate is 4. 5 x1 0“ Ap/s (see response to RAI 4 21 ), but'j '
.- can only be sustained for a few seconds. Although the operator is not physically - '
- prevented from withdrawing the regulatrng rod and the shim arm bank srmultaneously,

~."_such an action would not occur inadvertently when the power is increasing with a short

period. The regulatlng rod is not part of the startup accrdent because itis not a credrble
accrdent C A : o

R ~:v13 20 anure 3- 30, p. 3-24 The captlon for the figure mcludes the descnptron f S

. “Equilibrium Core at Startup” and the title includes the descnphon “SU Core.” In .
. previous nomenclature the “SU Core” is defined as the startup core priorto
. equilibrium fission product poison concentrations, and the "“BOC Core” as the
- startup core wnth equilibrium fission product poison concentrations. For which.
" core was this figure developed'? Provude oonsnstent references in the renewal
' apphcahon documents ' : e :

“We agree wrth the statement The same phrase is used in F/gures 19, 20 21 26 28 30
and 32. They all refer to the SU-core, not the BOC.core. Thus, the word “equilibrium”
. should not appear those captrons The last paragraph of Section 3.1 in Appendix A
g 'def ines the SU and BOC cores In a way that i is consrstent wrth Chapter 4 of the- SAR

e 13 21 Table 3-2 p 3 28 As prevrously mentloned the descnptlon for the v0|ded
. thimbles indicates 5 thimbles voided whereas. p. 3-6, App. A and Chapter 4 ~ - .
- (SAR), p. 4-39 indicates 6 thimbles voided. The values of k/k appear to be’ .
- calculated as (kvoid — kbase case)/ kbase case instead of (kvoid — kbase case)/
~*kvoid. What thimble volume was used for the void coefficients calculated for the -
ST voided thimbles case? These numbers appear to be inconsistent with those in
© Table 4.5.7, p. 4-67 of Chapter 4 of the SAR.  What case or analysis supports the
statement in Section 4.5.2.2.2, p. 4-39 of Chapter 4 of the SAR that “Finally, from

. the BNL analysis, if somehow only the unfueled regions between the upper and
' lower fuel sectlons were to be vmded the coefflclent would be-0. 025% /l

. ‘A review of the mput f les for the vord coeffi crent calculatrons shows that there mdeed six

. thimbles voided. Both Table 3-2 and 4.5.7 contained errors.. The ken values in Table 3-2 E

'. “are correct, however, so the void coefficients have been recalculated. Table 4.5.7 -
contamed mconect vord volumes The conected versron of Table 4 5 7is:

Table 4. 5 7A Calculated Modesrator Vond Coefﬁclents (6 Thlmbles)
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Core Model %Ap . | Volume of | Void Coefficient |
© . |'Void (liters) |  (YeAp/liter)

SU -205+£0061 4778 .| -0.043 £0.001 S
.._Eoc . 1-1.45:&0.06.' 4778 -0.0303:0.001' 1o

Table 4 5 7B Caﬂculated Moderator VOld Coefﬁclents (Coolant)

' Core Model | _%Ap_ ; Volume of Vond Coefﬁclent
e | Void (liters) |- (%Ap/iter) |
SU ~ [-600+006]| 1637 |-0.0367+0.0004 |
EOC -487d:006 }1637 g -00298:t00004 _

‘The fi nal entnes in Table 3-2 are not necomputed because coolant ﬂow cannot ph ys:cally ’ 'i, : } o

- leave only the gap. vo:ded The vo:d coeffc:ent however is mdeed negat:ve S
'-_everywhere ~ K : : : o

_13 22 Tables 3-3 & 344, p. 3-28 The values of Ak/k appear to be calculated as.
(kflooded — kbase case)/ kbase case instead of (kﬂooded kbase case)/
kflooded. Provide clarification as to Wthh is the correct method for determmmg

~the values of k/k o _ - , . .

- ,'The correct way to calculate reactlwty is Ap (kz- 1 )/kz -( K- 1 /K. However the
K dlfferences resulting from the d/fferent representatlons are qu:te small well below the

- Ievel of accuracy of the results.

, The values computed in Sectlon 4 5, 1 6. 2 are the correct values for the react/wty _
. _insertions that would be caused by the’ ﬂood/ng of the cold source, one rad/al beam tube,
. ‘orone grazlng tube : ~ :

o 13 _23 Sect|on 4 2 2. 4 p 4- 3 The fuel plate wndth is glven as 2 3734 in. in th|s sectlon
¢ ~and 2.436 in. on p. 4-3 of Chapter 4 of the SAR. The 2.436 in. appears '
consnstent with the peak heat flux glven in Chapter 4 on p 4 54 element H 1.

‘ "The nommal dlmensmn is 2 436 BNL used the smaller value /n the RELAP calculat/ons o |

Wthh /s w:thm allowed en'ors of fabrication, ‘and is conservat;ve

" ".13.24 Section 5.3, p. 5-3. This section states “The minimum CHFR is 1.28 and 1.18 for_
e - BOC and EOC respectively.” These values are both below the 99.9% limit
~values determined for CHFR on p. 4-10 of Appendix A. Prov:de Justlflcatnon to
' ": demonstrate that these prowde acceptable margms ‘
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,The MCHFR quoted above are fora reactrvrty rnsertron ansrng from wrthdrawmg three .
_experiments worth 1.3 %Ap in 0.5 second, an incredible scenario. The maximum -
_reactivity accident has been modified to an insertion of 0.5 %Ap in0.5 sec, and the SAR .
and the Tech Specs are be/ng changed to reflect the modrf catron . S

- 13 25 Table 5-13, p 5-26 This table presents CHFRs as determmed by the ershak
' and Costa correlatrons for 500 kW operatlon under natural circulation. Provide
Justrfrcatron that these correlations -are applicable for natural circulation flow.

Descnbe the flow velocrty ranges and condltrons where the correlatrons are valid, o "

s Whrle the Mirshak data were taken down fo1. 5 m/s and the Costa data were taken down
to 3 m/s, the calculated velocities (RELAP) for natural circulation at 500 kW are. only -
- about 0.06 nv/s. We have récalculated the CHF and OFI ratros usrng appropnate Iow- B

_ ﬂow conelatlons as shown rn the table below. '
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e TaBle 5‘-13.v‘Tlre_rmal Margins for 500 KW Operatlon under; Nat"n'r"al Convectinn . SRS

E :Innerml’lenum .

Outer Plenum

:, |- -Topof |
| Lower: |
| Core . |

Top of - |
Upper

‘Core

Top of

- Lower

" Core

Top of :

Upper

Core e

- Coolant j

o ''I‘.emperaftnre,_j =

3341 |

3425

3362

3447

- Coolant

1o Velocity, L

s

10,0585

00610

0.0643

- 0.0675

1 Wall Heat Flux,.__ _'3;.41,‘7*’1'04“_

W/m

1760 x10°

4192 x10*

2160x10° |

CHF

S ,(S.u(‘lyo/Kammaga)k

W/m

2.326x10°

2.387x10°

| 2.463x10° -

2538x10° |

Mlmmum |
" CHFR

| 136

1. 59

OFI Heat F lu.x

o (Oh/Chapman) ,-'1_

W/m

7.008x10°

5.654x10° -

' 6.706x10°

533810° | -

OFI Ratlo .

o 24.37 -

1 _ﬁSudo Y and Kammaga M, “A New CHF Correlatron Scheme

N _Proposed for Vertical Rectangular Channels Heated from Both: .
" Sides in Nuclear Research Reactors ” Journal of Heat Transfer )
Vol 115, May 1993.

. B 2 "':.'.'7'Oh Chang H. and Chapman JohnC “Two-Phase Flow Instablhty_ o

for Low-Flow Boiling in Vertical Umfonnly Heated Thin
‘Rectangular Channels,” Nuclear Technology, Vol. 113, March -
- 1996. See also: Saha, P. and Zuber, N., “Point of Net Vapor
. Generatlon and Vapor Void Fraction in Subcooled Boiling,” Proc.
" 5" International Heat Transfer Conference Tokyo J apan Vol 1v,
September 3-7, 1974 S . .




| §dit6£gl ("Appéndisz)':‘“ .

13 26 Sectlon 2.1, p 2 1 The 2nd paragraph states “The fuel elements are Iocated on .
0.177m (7 in) centers in a hexagonal array.” Chapter 4, p 4-4 mdrcates 0. 175m A
o " and p.4- 17 mdrcates a 176cm prtch for exp thrmbles S
The conect value rs 6. 928 rnches or O 1 76 m (see Fig. 4 2 1 1in SAR)
13. 27 Sectron 2.1, p. 2 2 Paragraphs 7&8 (next to last & Iast) mdrcate reactrvrty
-worths of 26% 6 %%, and 0.6%. Should theunitsbe % 2 -

o Yes The unrts of reactrvrty should be %Ap

- 13 28 Sectron 21, p. 2 3. The 2nd paragraph states “The uranium content is about 1
gm/cm3 ? Data from Chapter 4, p 4-3 rndrcates 1 23 gm/cm3 2

Agreed erI revrse as appropnate

oo13. 29 Sectlon 22,p.2-3. The 1st paragraph mdrcates a nomrnal core flow of 9000
C gpm. Chapter4 P-4 50 Table 4.1. 1 P 4 59 indicates 8700 gpm as nomrnal
flow ‘ o : , . . S

- BAL: 9000 gpm refers to the nomrnal operatrng condrtron 8700 gpm is the conservat/ve -

o {"pnmary flow used in the T/H analysis. Table 4-5 on p. 4-26 of Appendrx A provrdes a

.comparison of operating versus design basis values for process flow parameters

) 13 30 Sectnon 22,p. 2-4 The 1st paragraph mdrcates an outer plenum flow of 6700
‘ gpm. Chapter4 P. 4-50 Table 4 1.1, p 4 59 mdlcates 6400 gpm as outer o
plenum flow c L Lo

| ,BNl. 6700 gpm refers to the nomrnal operatrng condrtron for the outer plenum ﬂow 6400 L
- gpm is the conservatrve outer plenum ﬂow used in T/H analysrs : 4

- 1331 Sectlon 3. 3 p.-3-4. The 1st paragraph states “Also mcluded in thrs frgure is the |
o7 percent decrease in the 235U content for each fuel element during a snngle 38-
- day cycle " Flgure 3-5, p. 3-12 shows “Decrease in 235U (grams)

. Agreed erIrewse as appropnate



o ,'13 32 Sectlon 3 4, 3 P- 3 5. The 2nd paragraph states “The D-4 element is separated
- . <. fromthe. shlm arm by one row of elements ' Should the element descnbed .
“ D 12 S o . S

N , 13.33 Sectron 352, p. 3-6. The 1st paragraph states “In the first case, the SiX’ vacant L
.~ irradiation thimbles ...are voided.” in Table 3-2, p 3-28, thlS case |s descnbed as
' “SU with'5 thlmbles vouded » .

Agreed wrll revrse as appropnate See response to RAI 13 21

- 13 34 Sectlon 3 5 2, p 3- 6 The 1st paragraph states “The calculatlons were i
performed for the SU and EOC cores for two dlfferent vord cases Table 3-2 1
3- 28 shows three cases v A

' '-Agreed wrll rewse as appropnate thrrd case IS wrth vord m gap only, ,whrch is.
: rmpossrble to achreve ' . .

) 13 35 Sectron 3 5, 8 p-3- 8 The 1st paragraph states “In the present work the

maximum relative power peaking was 1.16. In the updated modél, the maximum i B

- valuewas: 1.11.7 in the SAR, Chapter 4, Figure 4.5.3, p. 4-87, the maxmum
- peaklng factor is 1 15 calculated wnth the updated model

. - 'Agreed will revise as appropnate Chapter 4 /s correct but Append/x A model is strll
conservat/ve S : . . .

R 13 36 Flgures 3 29 & 3 32 p 3-24 & 3-25 The y-axrs labels appears to be mlssmg the -
' umts “(°/) - ' . o R RO l

e “The axes are rndeed mrslabe/ed |

B 13 37 Flgures 3- 26 through 3-33 pp 3-22 to 3-26 The y-aX|s Iabels are not L
‘ dlscemable on provrded copy

The ﬁgures are correct on our cop/es we can supply better copres upon request
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" " 13. 38 Sectron 4 2 3 8 p 4-6 In the 2nd paragraph the sentence begrnnrng states "A '

.. set of power factor is determrned e Should thrs be “A set of powerfactors |s
determrned L o caE T . _ :

o Agreed wrll rewse as appropnate

- 13 39 Table 4-5 p. 4-26 “Normal” pnmary flow in the table is grven as 8800 gpm and B

s 9000 gpm |n the footnote

RO -jAgreed erI rewse as appropnate The nomrnal value is 9000 gpm

;,,"_13 40 Sectron 52,p. 52, In the 1st paragraph the shrm am wrthdrawal reac_trvrty rate,; o

rs grven as “5 X 10—4Ak per second Use consrstent reactrvrty unrts

o ‘;f'ngreed wrllrewse as appropnate

R ‘_-13 41 Sectron 5 4 p 5-3 In the 2nd paragraph it. states “After a0, 4s delay a reactor T

-scram is rnltrated at1.286s.” If the flow trip is mrtrated atO 896 s, shouldntthe L

K reactor scram be lnrtlated at 1 296 s'7

.BNL Agreed wrll revrse as appropnate The correct scram trme rs 1 296

. 13 42 Tables 51 through 5-4 pp 5‘ 14to _5—17 Shouldntthe column headrngs be T-.' - :

CHFR lnstead of MCHFR”

o No The values are the MCHFR at each step /n the transrent See response to 13 15

S5t



